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YHHUBEPCAJIbHBIE KOHCTAHTBI U ITPUHPOJHBIE KBAHTbI
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B paspaGotkax aBTopa CTporo JoKazaTelbHO pachmdppoBaHBl CTPYKTYpPa, TEMITO-
PaTTHbHO-TIPOCTPAHCTBEHHAS TOTIONOTHS, MapaMeTphl M cXeMa B3auMOJICUCTBUS ¢ TIpH-
BBIUHOM I Hac pealbHOCTHIO EauHoro sHeprowHdopmarmonHoro mons (EDUIT).
Haitnenrr Bceobrie GpopMyibl B3anMOASHCTBYS U IMKIIA, €AMHAS UCTHHHAS TIPHPOJa
BCeX BHJIOB B3aUMOJICHCTBHM (MX He 4, a 6) U UX TAPMOHHKY, BCKPHITa HU3MIecKast CyTh
CTaphIX U TIOYTH TPEX JECATKOB HOBBIX VHHUBEPCATHHBIX KOHCTAHT. OIpesielieHpl eu-
HBIE TIPUPOJTHBIE OCHOBAHMS CAMOPA3BUBAIOIIMXCSI 3aKOHOB BBITHS, JeKaIie B TOTAlb-
HOM B3auMojieiicTeun Beero cyiero ¢ EQHUII no tpeM BceoOIUM IpUHIMIIAM, TPEM
BceoOImMM 0OTIEC OIMONTOTUIECKIM 3aKOHAM, OTIPEJETEHHBIMI TPEMSI BUIAMUA OTHOCH-
TEIHLHOCTH.

YrouHmiachk SHepreTuyeckas (gopMyrna DHHIITEHHa, OMPeNeTIoch COCTOSHUE U
CHCTeMa B3aUMOJICHCTBUS BEIlleCTBA W AHTHUBEIIIECTBA, 3CPHHUCTOCTh M Hepa3phIBHAS
CBSI3b TIPOCTPAHCTBA ¥ BPEMEHHL.

Hcxoannie moJ10:KeHns

1. Bce uccnemyembic Tpu (PU3HUICCKHX MHPA (MATHHTO-TCPMOIMHAMHYCCKHI,
3JCKTPOMATHUTHBIM, TPABUTOHHO-3JICKTPUYECKUM) (2 €CTh €Ie TpH. TEpMO-
TOPCHOHHBIH, HH()OPMAIMOHHO-TPABUTOHHBIN, TOPCHOHHO-HH()OPMALMOHHBIA) CO-
3mansl motokamu EQUI, COCTaBILIOMIE KOTOPOTO HAMH TOYHO M MOAPOOHO BCKPBI-
ThI paHee (22,23,24);

2. Bee Tpu paccMaTpuBacMbIc (PH3HUICCKUX MHPA, BCICACTBHE 3TOTO, HMCIOT IO
10 TIAaBHBIX XAPAKTCPUCTHK (KOHCTAHT) MPEACTABIFOIIAX COOOM KBAHTBHI COOTBET-
CTBYIOIINX MOTOKOB (BRIpa)kaeMbIX uepe3 K, BO, M), HX HMIyI6COB, 3apsaaoB, Bpe-
MeH (BbIpakaeMbIX uepes bp, K, ¢), cozaaBacMbIx nMu CU (BBIPAXKAEMBbIX yepes Py,
A, H), HanpspkeHmid 3tux cu (BeIpaxkaeMbrx uepes L, B, k), COOCTBCHHBIX COTIPO-
tusneHU EQUIT (BripakaeMbix depes JIm, Om, JIM), mpoBOIUMOCTH (BBIPAKACMBIX
uepes CMy,,, CMm, CM;,), eMKOCTH (BBIpaskaeMBbIX uepe3 @y, ©, @), uHAyKINH (BHI-
paxaembix uepe3 Thy,, Ta, Th.,), HHAYKTUBHOCTH (BBIPAXKacMbIX uepe3 ['Hy,, ['H,
I'H;,) 1 3HEpruu (BRIpAXKAEMBIX Yepe3 IkK,,, kKo, U JK), UTO MO3BOIAET YTOUHUTD H
JIOTIOJTHUTH HOBYIO TAOTHITY BRIPAKCHHHA (PH3MUCCKUX CAWHUIL, (CTAPBIX H HOBBIX CM.
MPWIOKECHUE 1) W MCMOJIB30BaTh €€ MPH PACUYETE YHUBEPCAIbHBIX KOHCTAHT, KOTO-
pBIC B B (U3HUICCKOM, H B MATCMATHICCKOM CMBICIIC ABILIFOTCS MPHPOIHBIMH KBAH-
tamu EDUIT,

3. Keanre1r EQUII, paccumTaHHBIC C IOMOINBEO TAONHWIBI COOTHOIICHHH TpPEX
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paccMaTpuBaeMbIX (PM3MHUECKUX MUPOB, TMTOKA3AIM, YTO B HX (JOPMHUPOBAHHUH PACUCT-
HO 321 H{CTBOBAHBI BCETO JTHIIIb 1BA 3MEMEHTA: CHIIA paBHAsA 10 >"/n” M CKOPOCTH CBe-
ta C =10.299792458-10° M/C, C HX MOMOLIBIO MOXKHO, 0E30 BCAKHX CIOKHBIX H J0PO-
TOCTOSIIIMX 3KCIICPHMCHTOB, PACCUUTATh, C JEOOOH 33a7AHHOM CTENCHBIO TOYHOCTH,
MOOYIO M3 M3BECTHBIX YHHBCPCAIBHBIX KOHCTAHT (M YTOYHHTH MX (PH3MUCCKOE 3HA-
‘{eHI/Ie) H, OJHOBPCMCHHO, IMOJYIHUTH PAA HOBBIX KOHCTAHT, HCU3BCCTHBIX COBPCMCH-
HOM Hayke (CcM. mpmioxkeHue 2); 1) B mampHehmem mpumeM 7= 3.14159265359,
C =0.299792458-10° m/c, n* = 9.86960440109;

4. BOABIIMHCTBO MPUPOJHBIX KBAHTOB ONPEACTACTC MpH pacueTe 30 OCHOBHBIX
(P)yHIAMECHTANBHBIX KOHCTAHT, B TPEX, BHIPAKCHHBIX MO (PM3UUCCKUM MHPAM KaKIAd,
3HAYCHWSIX (CM. IPUIOKEHHE 3);

5. Pacder mpUpOJHBIX KBAHTOB BCKPBIBACT HCTHHHYH) MPHPOJHYIO CYIIHOCTb H
CAUHBIC MPHUPOAHBIC OCHOBAHUA (I)yHZ[aMeHTaJ'IBHBIX KOHCTAHT, a4 TAKKC HX TCCHCH-
IIyI0 B3aHUMOCBSI3b, B3aHMOOOYCIOBICHHOCTh, KOHCOHAHCHOCTB, IPHYEM TOpPa3ao
00J1cC IMHPOKHE U TIIYOOKHE, WCM 3HACT COBPCMCHHAS HAYKA;

6. Tak kak cumsr EQUIT ckansapuer 1 Oe3pa3MEepHBI, PHMEM 32 BCCOOIIYIO €H-
HELY CHJIBL Dy, - DEPT — HOBAS €IUHUNIA CHIIBI B €€ MPHPOTHOM KBAHTOBOM BBIPAXKE-
HuH 0€3pa3MEPHOTO CKAIIPHOTO KBaHTA CHutbl EQUII, neficTBYIOmEro 0JMHAKOBO BO
BCE CTOPOHBI B KAXKJO0H TOUKE IPOCTPAHCTBA.

Torna pacuer cun ESQUIT mokassiBaer, 4To:

@pp =0.1380650324 1077 P, = 0.352544132366-10° 4 = 0.122666712723-10** H ;
OTCHOOa
P, =0.724296357026 -10%; 4 = 0.283652430488 10 *; H = 0.815217085222-10 >

Ha ocHoBe BbIBEICHHBIX (DOPMYIT HAXOAUM BEIMIMHBI OCHOBHBIX KOHCTAHT H HX
3HAYCHHA B TPEX (PH3HUECKUX MUPAX:

1) Hocrosanas IOpuenko (HoBas) xapakrepusyer cuay notoka EQUII B pas-
HBIX (PH3UUCCKIX MHPAX HM CO3IABACMBIX;

0 —20
o = < 1? = ! -107%° =0.101321183642-107%°,

7 (3.14159265359)°

MBI MO’KEM TETIEPh PACCUMTATDH IPUPOIHBIC KBAHTHI Crtbl EQUIT:
- B MATHUTO-TEPMOAMHAM HYECKOM MHUPE!

0.101321183642-10°2° . p
= - =0.139889125023-10 - P, ;
0.724296357026 -10

= B JICKTPOMATHATHOM MHPC:
0.101321183642-10 . 4

0.283652430488-10*
- B TPABUTOHHO-3JICKTPHUYCCKOM MHUPE:

P =K

Hmm 0

A =x

oM 0

=0.357201887774-10'° - 4 ;
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_0.101321183642-10 . [
0.815217085222-10" %

H, =x =0.124287365265-10° - H.

a2

2) MocTosHHAs JifHIMTEHHA (TAKKE HOBASI) XAPAKTCPHU3YCT HANPSDKCHHE CO-
31aBacMOC BBIMIC pacCcuuTaHHbIME cramu EQUTT

10—20

K
2 2
/A

C=x,-C=0.101321183642-10* .0.299792458-10° m/c =

=0.303753266915-10"% m/c.

Toraa MBI MO’KEM PacCUHMTATh MPHPOIHbIC KBaHTHI HanmpsoxeHuit EQUIT B nccnemye-
MBIX MHpPAX:

I, =0.269875826522-10°* 111
B,,, =0.105690071995-10" B;
K2,, =0.175964284895 10" xe.

3) Iocrostnnast Kynona - xapakrepusyer uMiyibc (3apsia, spems) crsl EQUIT
B PACCMATPHBACMBIX MHPAX (TO HIH MHOE MPOABICHHE HMIYJbCA 3aBHCHT OT BHJA
(pu3IaecKOro MUpa 1 00BEKTA B HEM):

10—20

K
K 2
/A

2
C*=x,-C*=0.101321183642-10>° -(0.299792458-109 M/C) =

=0.910629385139-10~% 12/ = 0.269875826522 -10>* [11 -0.299792458 10° wm/c =
=0.593748060478-10% Bp = 0.105690071995-10" B-0.299792458-10° m/c =

=0.151611448015-10°* K = 0.175964284895-10 * k2 -0.299792458-10° m/c =
=0.430049557193-10 ¢,

CpaBHHBAS 3TH MOKA3ATCIH HMITYIbCA (3apsAna, BPCMCHH) C MONYUCHHBIMH BC-
JTHYHHAMH TPHPOTHBIX KBAaHTOB EamnoTo 3HEepromadopmanuonHoro noias (ESUID),
MBI OOHAPYKUBACM, UTO MOKA3ATCIHN MOJTHOCTHIO (0 12 3HAKa mMOCC 3amAToi) COB-
A B MATHATO-TEPMOINHAMHYCCKOM MHPE U B ICKTPOMATHUTHOM MHpPE, HO OTIIH-
yarorcs B m-10°" (YUCIO TPABHTOHYMKOB B IPABHTOHOM IIyUKe) Pa3 B TPABHTOHHO-
JMEKTPHUIECKOM MHPE. 3TO MPOH3OILIO MOTOMY, YTO, C OJHOW CTOPOHBI, TPABHTOH-
YHKH TEPEIAr0T (MPUHMMAKOT) SHEPIHIO MPH B3AaUMOACHCTBHU TOIBKO HHAWBHIY-
aITBHO YCPE3 OCCBOC BPAILICHHC. A C APYTOH, - MPOUCXOTUT 3TO BO BPEMS OTHOAHHA
TPAaBUTOHAMH TPACKTOPHH OPOUTATHFHOTO BPAIICHHS MPOTOHOB M 3JIEKTPOHOB (IIPO-
TOHOB — MO OONBINOH OPOUTE, FNICKTPOHOB — MO Majioi opoure). M 310 Bpems
£, = 0.424441900239-10 % ¢ (¢ wactoroit —0.235603506495-107 I'y) Gw110 Ompese-
JICHO HAMH PaHEE, PABHO KaK M MHOTO JIPYTHX IAPAMETPOB.
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31ech, Kak U B APYTUX CIYYAsX C H3BECTHBIMHU B HACTOSINEE BPEMS HAYKE KOH-
CTAHTAMH, BO3HUKAET BONPOC: KAK JOKA3aTh, YTO HOBBIC HUIOCTACH KOHCTAHT BEPHBI
M KAK HX HCTIONB30BATHh HA MPAKTHKE, K MPHMEPY, B CIy4ac B3aUMOACHCTBHA CTa-
THYIHBIX 3aPsAI0B?

BoseMewm aBa 3apsaa no 1 Ki kaxkasni u Ha paccrosuuu 1 M. Torga cuma B3au-
MOJCHCTBHA MEKAY HUIMH B TPABUTOHHO-3ICKTPHYCCKOM MHUPE:

Ki®  0.430049557193-10 % H ¢ - Kn?
F'Z :KK. > = —

M 0.815217085222-10 % - u/*
=0.527527654889-1020 - H -0.211749871592-10% 3% /> -

35 2/ 2)\?
(0.600633657325-10% 2% /c?)
. - =0.898755178726-10"° H.

(0.211749871592-104%43 /c3)

3T0 10 OJMHHAMIATOTO 3HAKA MOCIE 3AIITOH COOTBETCTBYET CHIIC, PACCUMTHIBACMON
1o 00mEnpHHATON (OPMYITIE, UTO HE TONBKO BIIOJHE XOPOIIO, HO U MO3BOJIIET YTOU-
HUTH KOHCTaHTY KymoHa.

4) Hocrosiaaas JlomoHocoBA (HOBAsT), OTPAKAFOIIAS SHCPTHIO moToKa EOUIT B
TPEX UIOCTACHX:

3
1020 102°+(0.29979245810° c)
K, = O = = 0.272999821698-10° 1° /¢ .
7’ 9.86960440109

Torma xBauTel padotsl, Bemonrsiembic EQUIT npu B3anMOneHCTBHE B CO3JaBACMBIX
M (PH3HYECCKHX MHPAX OJMHAKOBBI M PABHBIL:

0.272999821698-10° 3 /¢* = 0.158148812322-10""! J[orc

W CO3AI0T OHU CYOKBAHTHI COOTBETCTBYIOIINX MPOsBIcHIH roToka EQUIT:

K,,, =0.114546608634-10" K
B6,, =0.448592949942.10"'° B6:
M, =0.128925613812-10 " .

EcIH ke TONMyYeHHbIE 3HAYCHHSA YMHOKHTH Ha 1-10”° — paBHOE 4HCITy rpaBHTO-
HOB B Iy4Ke, TOTAA:

K, =0.114546608634-10"> K -7 -10*° =0.113052971269-10° K,
B6,, =0.448592949942-10'° B6 - * -10* = 0.442743495303-10° B6;
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M, =0.128925613812-10* y-* -10* = 0.127244480551-10""° m.

DT0 YK€ ACHCTBHTCABHO mposeisieMmble kBaHTHI EDUII, BO3ACHCTBYOMME HA BCC
CyIIee.

OnHu Taxoke HEOOBIMAWHO HHTEPECHBL, TAK KAK 37ECh, C OTHOW CTOPOHBI, IPHCYT-
CTBYIOT ITOKA3aTeNH JAICKOro mponuioro (u Hacrosmero BHyTpH C.C.) B yacTH TeM-
TEPaTyPhl B 3INEKTPHUCCKOTO HANMPSDKCHHS, H HACTOSINETO, MOKA3BIBAIONICTO UCTHH-
HBIC Pa3MEpPHI MOIYOKPYKHOCTH cTanuoHapaor Touku (C.T.)

ler = 0.127244480551-107° 1, (ceifuac 3T0 TOIYOKPYKHOCTb JBIKCHHS TPOTO-

HOB), KOTOPYIO C B CBOEM HEIPEPHIBHOM JIBIKCHHH OOXOST TPABUTOHEI IIO IO-

JIYOKPY’KHOCTH CBOErO ABMyKEHHsA /, = 0.1272655801-10"° » mma Ha 0.016582%

Oospmeii. O4YCHB MITOTHO U OYCHB CBOCOOPA3HO.

Takum 00pa3oM, MBI Y3HANH TEMIICPATYPy TIPABHTOHOB M (POTOHOB (OUCHB
GO0IIBIIIYF0), BETMUMNHY MATHUTHOTO TIOTOKA M Pa3MEPHI MIAara X COBMECTHOTO MOCTY -
MATETLHOTO JBIKCHHS, a TAKKE MOJKEM V3HATh 3CPHHCTOCTh (KBAHT) BPEMCHH H
YaCTOTY COOCTBEHHOTO OCEBOTO BPAIICHHS TPABUTOHOB !

;- 0.128925613812 107
0.299792458-10° m/c

=0.430049557193-10 " ¢;

v = % =0.23253134046-10" I'y.

[posBisiercs B uncroM BUae 3ueprus noroka EQUIT npu B3ammoaekcTerm Mac-
CHI ¢ 3apsaaoM. Paccmotpum ero cunsl mpu /2 = 1 xr, ¢ = 1 K1, L = 1 M, Torma B rpa-
BHTOHHO-3ICKTPHYCCKOM MUpE:

xe-Kn

F, =0.158148812322-10"" H - u- =0.158148812322-10""" - H -

M
0.172622113115-10"7 /¢ -0.600633657325-10°° 3°

o 373 =0.774370629465 - H
0.211749871592-10 M/C

BIOJTHC OLIYTHMAs CHIA, KOTOPYK), OYCBHIHO, B OMmKaiiimee BpeMs H3MEPAT yuc-
HBIC;
To e B 3MCKTPOMATHATHOM MHPE:

F,, :0.454519686611-10’30A-M-Ke'fﬂ =

M

=0.454519686611-10° 4-0.172622113115-10"" a/c-

0.600633657325-10% 3/

— 18 4.
o 55 = 0.222554118907-10 " 4;
0.211749871592-10™ m /c

= 9TO MOYUTH HCYJIOBUMAA BCIIMIHUHA JJICKTPUICCKOTO TOKA,
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I/I, HAKOHCIL[, B MATHUTO-TCPMOAUHAMHUICCKOM MHUPC!

‘KZ-K/l_

MZ

=0.178001190481-1077 P, -0.172622113115-10"" m / c-
0.600633657325-10*' u* / ¢*
0.211749871592-10% 2 / ¢

Fyr =0.178001190481-10°7 P, -

=0.87157716772-10 P, ;

OYUYCBHAHO 3TO TOXKC HCYJIOBUMAA BCIUIHHA, KOTOPYIO K TOMY K€ MBI IIOKA HC 3HACM,
Kak H3MepATh. BO3MOXXHO, KaK KPYTSIIYIO CHIYy HA HYKIOHHOM YPOBHE.

ITpu paccMoTpeHnm MOCTOSHHOM JIoMOHOCOBA OpocaeTcs B riaza KpaiHHe HH3-
xuit KITJ] EQUIL, cocTaBLIOIHEA HEYTOBAMYEO BeTHIHHY. CIPaBCIIMBOCTH PAJH
CTOHT OTMETHTDH, YTO 3TO KOMIICHCHpYeTCsl Oe30pekHOCThI0 Beenennoit. OxHOBpe-
MCHHO TPOSICHICTCS ITOJUIMHHBIA CMBICT €€ 3BOJIOIHH, BKIIOYAS HOSBJICHHUEC M Pa3-
BHTHC YCIIOBEKA W YCTIOBCUECKOTO OOINECTBA, 3aKIOYAFOINUNHCS B JOCTIDKCHHM MAaK-
CHMYMa €€ COXPAaHCHHS 34 CUCT CHIDKCHISI SHTPOIIMH ITPOIIECCOB CYIECTBOBAHI.

5) Hocrostnaast Hoi0TOHA MPEACTABIACT COOOH MOMCHT HANPSKCHUS

—20 4
x, =20 —-C* =0.818432875804-10% . 2=
T C

2
0.818432875804 -10" - H - m? -(0.172622113115-10”)

2
0.815217085222-10 % . 22 -(0.211749871592 -1040)

2
= 0.667200463451.1071° . ;7 .2
Ke

3TO MOAIMHHOE 3HAYCHHE KOHCTaHTHI HeroroHa. M3mepsemoe ydeHBIMEH 3HAUCHHE
K, = 0.66731-10"° Hm*/x2* Ha 0.16417 % Goblie, UTO SBISCTCS, OYCBHIHO, CICI-
CTBUCM BJIMAHHA HA I/ISMepeHI/Ie K, CO CTOpOHBI I[pyrI/IX KOHCTAHT, B YaCTHOCTH K, K.

Tenepp 3anuImeM K, B €r0 MOATHHHOM 3HAYCHHH KBAHTOB MOMCHTOB HAIIPSDKCHUI B
Tpex (pusnueckux mupax EQUIT:
- B MATHUTO-TEPMOJHMHAMIICCKOM MHpE:

Ko = 0.818432875804-10° 1*/c* =, -C> =0.2698758265-10°* 11 -

3
0.269440024173-10%° M—3 =0.269875826522-10** I17-0.11305297271- 103 K =
C

=0.305102644483-10% 111 - K= 0269875826522 - 10°* 111 -0.1272655801-10 ">y =
=0.343459036144 -10°° 11 - u;




308 Yebanoe B.K.

= B QJICKTPOMATHATHOM MHPC:

4
K,., =0.818432875804-10" M—4 =K, C° =0.105690071995-10" B-

c DM
.0.44274495308-107° B6 = 0.467935918944-10-B- B6 =
=0.105690071995-107 B-0.1272655801-10 > a;

KBanr momenTa HANPSDKCHUA — B TPABUTOHHO-3JICKTPHICCKOM MHPE HaﬁﬂeHBI
paHee U COOTBETICTBYET CTAHIAPTHOMY 3HAUCHHIO NMOCTOAHHOM HBIOTOHA, KOTOpOE,
BIPOYEM, HE OTPAYKACT CYTH IPABHTOHHO-3NIEKTPHUYCCKOrO B3amMmoaeucTeud. Ha ca-
MOM Jeje

K, =0.223941967941-10 ™ ke - m =

=0.175964284895-10 2 x2-0.1272655801-10 "> .

DTO BHIPAKCHUC TOMTHHHOW (DH3HICCKOHM CYyTH KOHCTAHTHI HBIOTOHA, Kak KBaHTA
MOMeHTa HanpspkeHmst EQUIT

To ecTh TPaBUTOHHBIH MyYOK JABUT HA HYKJIOHBI U 3JIEKTPOHBI HE MPAMO, a MO
OKPYKHOCTH, CO3JaBasi MOMEHT HANPsDKCHUA (MOMEHT MACChl TPABUTOHHOTO MYYKa)
mpu 00xoxe mM (TryukoM) mo okpy:kHOCTH C.T. DTOT OYeHb CBOCOOPA3HBIA CIIOCO0
B3aMMOJCHCTBHUS OOBSICHACT BCE: M HEYJIOBHMOCTh TPABUTOHOB, U TPYJAHOCTH B CO-
3JAHUU AHTUTPABOB, H OTPOMHYIO PA3HHUIY B TEMIIEPATYPE CPEAbI W COCTABILIFOIIIX
EQUII, n MH3CPHOCTH K,,, HT. ., HT. I

31ech M paHee TAKKE BBUIBIUINCH KBAHTHI TPABUTOHHO-3JIEKTPHUYCCKOTO aCIEKTa
notoka EQUIT n MOMEHTa HANPsHKEHUS 3TOTO IOTOKA, A TAKKE JIMHA IOIYOKPYXK-
HOCTH B3aMMOJCHCTBHUS TPABHTOHOB C HYKJIOHAMH M 3JICKTPOHAMH. JTO, IO CYIIE-
CTBY, UCTHHHAS BeqmumHA Pepmu. B MarHHUTO-TEpMOAMHAMHYECKOM MHPE OJWH
COMHO)KHTEJb CIIEC Pa3 MOKA3BIBACT HA OTPOMHYIO TEMIICPATyPy I'PABHTOHHBIX ITy-
KOB, KOTOPBIC HE IEPEAAIOTCS OKPYKAIOIIEH HAC cpeie, NHINb Omaroaapsi CBOCoO-
pazHOMY O0XOTHOMY, MHMOJICTHOMY CHOCOOY B3aMMOACHCTBHSI TPABUTOHOB HEIIO-
CPEICTBEHHO C HYKIOHAMM U 3JICKTPOHAMH, MUHYS aTOMBI 1 MOJICKYIbl. CTAaHOBHTCA
TMOHATHBIM HCTOYHHK TCIUIA B TYOHWHC ILIAHCT M 3BE3A (KPOMC HCHTPOHHBIX, HTO
TaKXe TCHEPh MOHITHO) H MEXAHHU3M YBEIHMUICHHAS HX MACCBHL

6) Ilocrostnnas Ilnanka:

10—20

K
n 2
T

C° .7

[pexne yem mepeiiTi K pacyeraM, HOnmpoOyeM HOHSTh, OTKYJa BOSHHK HECTaH-
napTHeL MHOKHTEb -7 TTocTosHHAs [11aHKA — 3T0 MOMCHT HMITYTbCa (3apsaa) Mo
TOH k¢ AnuHE NOMyoKpy:kHOCTH C.T. W BCIEACTBHE 3TOT0 HMEET CHCTEMHO-
OOBEMHBIH XapaKTep PACIpPEACICHHU BPAINAIOINETOCS MOMEHTA HMILYJIBCA, UTO BO-
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IUIOIAETCS COMHOMKHTEIEM T,

K, =K, C-1° =0.223941967941-10 " k2 1-0.299792458-10° u / c -

2
9.86960440109 = 0.662606876517 .10 . LM

<
C C
=0.662606876517-107> - Jluc-c =

=7 -0.430049557193-10 % - ¢-0.1272655801-10 "% ar;

MBI CpPa3y O4YEHb TOYHO - IO JBCHAANATOTO 3HAKA IIOCTIC 3aIITOH (M JaKe YTOUHHIA
MOCIIETHUX JBA 3HAKA) MOIYYWINM OOIICTIPHHATOE 3HAUCHHE KOHCTAHTHI, KOTOPOE,
BITPOYEM, HE PACKPHIBACT €€ (DH3MIECKOTO CMBICIA.

Jta ero mormManus peodpasyem [k B M, a ¢ B Kir Torma:

K, = 0.662606876517-10 > .0.352544132366 -10° K1 -
0.815217085222 1072 1 = 0.19043321631-10 > K- =
=% -0.151611448015-10% - K1-0.1272655801-10""° u;

To4YHO 1O OAMHHAJUATOTO 3HAKA IOCNE 3aIMATOH. JTO SNMEKTPHUUCCKHUN JHITOIBHBIH
MomeHT EDUIT yMHOKCHHBIH HA 7T,
B MATHUTO-TCPMOIUHAMHAICCKOM MHPC:

x, =1 -k, -C = 9.86960440109-0.343402093573 10 ® I/ - m -

0.299792458-10° m / ¢ = 0.1016069991339261-10 > Il - m* / ¢ =
=7-0.798385567672-10 % Fp-0.1272655801-10 " u;

2TO YMHOKCHHBIH HA T MATHHTHBIH THIOMBHEI MOMeHT EDUIT.

7) Ilocrosinnast Buna:

20°.107%
K,=—F

6 2
T

TOTYYHM OOMICTIPHHATYIO (DOPMYIIY:

-0.993895025762 , MBI HmyTeM NPOCTBIX MOACTAHOBOK JIETKO

K, =2-0.993895025762 -0.114546608634 - 10" K -0.1272655801-10 " 3 =
=0.2897768651-10 > m- K

OTPAKAKOIIYHO BSBHMOHefICTBHe B MATHATO-TCPMOAUHAMHICCKOM MHPEC KAK OCEBOT0O
BpAINCHUS TPABUTOHOB M (DOTOHOB C HYKJIOHAMH M 3JEKTpOHaMH. TOXe caMmoe B
JIEKTPOMATHUTHOM MHPE:
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K, =2-0.993895025762-0.114546608634 -10'* . K -0.1272655801-10 "> 1 =
=2-0.993895025762 -0.448592949341-10"'° B6-0.1272655801-10 > u;

Taxos MarautHeIH moToKk EQUII, coBmamarommil 40 CCABMOTO 3HAKA C PACCUHTAH-
HBIM paHee M CKOMb3smuii 110 00BoxaM C.T., 71aBHO HECYINECTBYIOMIMX, MHMOJICTHO
MEHSA OCEBBIC BPALLICHUS HYKJIOHOB, 3JICKTPOHOB, IIUTASI UX YHEPTHEH.

I/I, HAKOHCIL[, B TPABUTOHHO-DJICKTPHICCKOM MHPE MBI HMCCM:

K, =0.2897768651-10 % 3-0.1380650324 -10 %% J[orc =
=0.400080522686-10 % Jloic - m =
=2-0.993895025762-0.158148812322 10" /e -0.1272655801-10 "% u;

Mpb1 notyumnan a0COTFOTHO COBNAJAFOINYEO0 3HCPTHIO TPABHTOHHOTO (M (DOTOHHOTO)
My4Ka, C TOYHOCTHIO A0 OJMHHAMIATOTO 3HAKA W TOHSIH, YTO B TPABHTOHHO-
JMEKTPHICCKOM MHPE TOCTOSHHAS BHHA OTpaXkaeT SHEPIeTHHECKHH MOMEHT TPABH-
TOHHO-(DOTOHHOW MApBI B €€ B3AMMOJCHCTBUH C HYKJIOHAMH M 3JCKTPOHAMH, B 00-
MCHE TOPCHOHHBIMH KBAHTAMH OCEBOTO BPAILCHHU.

Hatinennsle HAMH TOYHBIC 3HAYCHHSI CEMH OCHOBHBIX YHUBEPCATIBHBIX KOHCTAHT
TO3BOJIIFOT, HCIIONB3YS PAHEE CO3TAHHYIO TAOImMIy Kod(duimeHToB nepeona ¢u-
3MYECKUX CAUHUII APYT B JPYTA, U BHUIBHBLINECS KOHCOHAHCHBIC TAPMOHMKH ITOTO-
KOB, HIMITYJIbCOB (3apsA0B), HATPSDKCHUN, COMPOTHUBJICHUMN, CHUJI U T. 1., PACCUUTATD C
TOYHOCTBIO /IO ABEHAMIATOTO 3HAKA MOCIE 3aIITOH BETHIUHBI TPHAATH ITPUPOTHBIX
KBaHTOB EnmaOr0 sHEpronudopmannoHsoro most — mo 10 B kKoM u3 Tpex pusu-
YECKHX MHUPOB HANICH PEaTbHOCTH.

[Toka HETOCTATOUHO MOHMMAHWS W 3HAHWI aBTOpA UL pacucTa eIme TPUILATH
KBAHTOB B TPEX OCTABINMXCS (PH3MUCCKUX MHPAX.

OmHAK0, YBEPCH - 3TO ICJI0 OUCHB HETATICKOTO Oy IyIICTo.

Ho u HalincHHBIC BEIMTUUHBI TPUALATH MPUPOJHBIX KBAHTOB, M IPOSCHUBIIANCS
KApTHHA B3aUMOACHCTBHA MOTOKOB EDUII, mo3BONACT CACIATH PAX MCPBBIX MPCA-
JO>KCHUH MO PA3IMYHBIM HANPABICHUSIM JCSATCIPHOCTH YENOBEKA, YTO OyJET cAeia-
HO B CieAyromeH cratbe. Celiuac MOKHO CKA3aTh, UTO BCE MATEPHAIBI, TAOINILI
CTATBHU JIETKO HPOBEPSIIOTCS (HAJX0 JUIIb 3aX0TETh), MOTYT HNIMPOKO WCTOJIb30-
BATBLCSI M PE3IKO VIIPOCTUTH PACYETHI, M MOCJIE TAKOTO MOATBEP KICHHS 3aDOINTH
OTPOMHOE KOJIIMYIECTBO MPAKTHYCCKUX H/ICi.

ABTOp CO3HATENHHO YKIOHHMICS OT TCOPHH HMOJYUCHHS ITPHBEICHHBIX PE3YIbTa-
TOB H JaKe (POPMYITY BCCOOIIECTO B3aUMOACHCTBHA MPHBET YaCTHIHO. OTHAKO, 3aMH-
TEPECOBAHHOE PACCMOTPCHIE TOIBKO MPUBEICHHBIX TPEX TAOIHI] OTKPBIBACT OTPOM-
HOE moje sl BeiBoAOB. K mpumepy, 3HaueHme Pu sBstercs xoaddurmenrom nepe-
Boga »ueprun B JIx B 3Hepruro B K. A obparHas senuumua — 1/P4 ¢ TOUHOCTBIO 1O
JBEHAJUATOrO 3HAKA TOCJAE 3aIITOM paBHA HM3BECTHOM KOHCTAHTE boiblMaHa
i = 0.1380650324-10 . U3 31010 TpsAMO Credyer, uto A = 0.283652430488.10°"
310 K03 PuIHeHT (0e3MKAA CHITA) OTPAKAFOIIHIIA ICPEBOT YHCPTHH B K B SHCPTHIO
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B B6. Obparnas Bemmumua 1/4 = 0.352544132366-10° sBuserca ko3(duumenToM
Bonpivana 111 31€KTPOMAarHUTHOTO MHPA.

Anranormuno H = 0.81521708222-10 > — xo3((MIHECHT NMepeBOga SHEPTHH B
JIK, B SHEPTHIO IMOCTYMATEIBHOTO MOTOKA TPABUTOHOB B M, a 00paTHAS BEIHMYIHHA
1/H = 0.122666712723-10* 310 ko3(p¢umment BompoMaHa M1 TPABHTOHHO-
3JCKTPHICCKOTO MHPA. TOMBKO BOKPYT 3THX KO3()PHIHNCHTOB TAUTCA MACCa OTKPHI-
THH.

Paccmorperne Tabmmi 2 W 3 MOKA3bIBACT, UTO MBI UMEEM JBA BHAA KBAHTOB
ESUIT, nposstomuxcs B PU3NHECKHX MHPAaX — KBAaHT TPABHTOHHOTO (M (POTOHHO-
TO) My4YKA W CYOKBAHT OTACITHFHOTO TPAaBUTOHA (M (poTOHA). [IpH 3TOM CICAYET YICCTh
HECKOJBKO BAYKHBIX MOMCHTOB!

o Kaxmprit TpaBUTOH (IPAKTHUCCKH) BCETAA HAXOJUTCA B Mape ¢ (JOTOHOM, KO-
TOPBIHM, BCACACTBUE 3TOr0, MPOSBILIETCS 3ICKTPUUCCKU HEUTPAIBHO (XOTS H
SIBILICTCS, TI0 MHCHHIO HAYKH, HOCHTEJIEM HJICKTPHICCKOTO ITOJI);

e ['paBHTOHHBIC HHUTH W ITyYKH IAJAIOT CO CKOPOCTBHIO CBETAa HA BCE CYINEE CO
BCEX CTOPOH (IOYEMY — CM. KHHTH aBTOpA), HO B3aUMOJCHCTBYIOT C HHUM
OYCHb CBOCOOPA3HO — OrM0ast HyKJIOHBI U 3JICKTPOHBI IO AyTE MOIYOKPYKHO-

et £ =0.1272655801-10 " % u comprkacasch ¢ HUIMH MEMOJETHO, OOMCHH-
BAKOTCA NPH 3TOM MATHUTO-TCPMOAMHAMHYICCKUMHA, JJICKTPOMATHUTHBIMH, H
TPaBUTOHHO-3JICKTPUYECKIMHE (CYTy00) KBAaHTAMH JBWO)KEHHSA (OCEBOTO Bpa-
HICHI, OPOUTATLHOTO BPAIICHHUS H IIOCTYTIATCIBHOTO JBIKCHUS ),

¢ [lepBoc m BTOpOC 00ECIICUMBAOT M OOBICHIIOT BCE MAPAZOKCH (JOTOHA, KaK
TaKOBOTO, (HYJICBOE BPEMS YCKOPCHHS (POTOHA IPH €r0 POKICHUH, HMOTICPE-
HOCTB BOJIHBI 3JICKTPOMATHHTHOTO MO, IKOOBI, HYJICBOH 3apsx (JOTOHA U €T0
JNCKTPUUECCKYH0 HEUTPAIbHOCTh, KBAHTOBBIM NPHHIMI MPUUMHHOCTH, B3aH-
MOJCHCTBHC arCHTOB MOJICH OC3 MPOCKANB3BIBAHHA, HO C Mepeaadcii Bpama-
TCIBHOTO JABHOKCHHUA CO6CTB6HH01"0, KakK HCTOYHHKA MAr”HuToO-
TEPMOANHAMHYECKOTO TIOJSI K OPOUTAIBHOTO, KAK MCTOUYHUKA 3JCKTPHICCKO-
TO TOJIS) MW HCWTPOHA, MMCIOMICTO JUAMETP OCCBOTO (M OpOHMTAIBHOTO) Bpa-
meHHs MeHbme 1077 M 1 MO3TOMY IOYTH HE CONMPUKACAFOINETOCA C TOPAIHMHU
TpaBUTOHAMH M (JOTOHAMH, MO3TOMY OCTAOLICIOCS HIEKTPHUCCKA HEHTPAJb-
HBIM H XOJOJHBIM JAXKE B HGfITpOHHI:IX 3BE€34aX, IMJIOTHOCTh KOTOPBIX TAK K

013 o 5

TENeph Nerko 0OBACHHMA (B o =10"" BBIIIE TUIOTHOCTH OOBIMHOM 3BE3-

32
JTBI).

Ha ocroBe Tabmume! 1 MOKHO CIEIaTh Pa3BEPHYTYIO TabmHIy KO3()(DHIHNCHTOB
nepeBoaa (PU3MHUECKUX SIMHHMIL JAPYT B APYra B 3KCENE, KOTOPAsi TAKKE OTKPBHIBACT
MAacCy MHTEPECHBIX COOTHOLUCHUM IS MPAKTHYECKOTO MPUMEHEHHS. BOJIbIIHHCTBO
HAMJCHHBIX KOHCTAHT O0NIAJAI0T WM 3aIPECIbHO MAJbIMH 3HAUCHUSIMH (KpeaTHB-
HBIMH) HJIH 3aNPSACTBEHO OONBIIHMH 3HAUCHISMH (COMPOTHBICHICCKHMH), YTO CTa-
BHT MO COMHEHHEC HX TECIEPEIIHEE HUCTIOIb30BAHUE W OOBICHACT TOT (DAKT, MOUEMY
OHH JI0 CHX TTOP HE OOHAPY KCHBI.
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Ha sro mHakmazpiBacTcs HENMOHMMAHHE MEXaHU3MOB B3amMoncicTsmsa EQUII u
€r0 COCTABILIIONINX C PEATbHOCTBIO, YTO HE TOJNBKO HE MO3BOJLICT HAWTH MPABHIIb-
HBIC IPHHIATIB HCTIOB30BAHMS OC30PCKHOTO SHCPrOHH()OPMATHOHHOTO MOTCHIIHA-
1a EQUII, HO maske OOHAPYKHUTH TPABHTOHBI W CKOHCTPYHPOBATH MPHOOPHI A H3-
MepeHnsl mapamerpos coctapiomux EQUIL. B Toxke Bpems TaOmmipl HepeBosaa
BBUIBHJIM JCCSITKH HOBBIX COOTHOIICHHH, MO3BOJUIOIIMX YBEPCHHO, C OTKPBITHIMH
TJIa3aMH MPUCTYIHUTH K OCBOCHUEO BO3MOskHOCTCH EDQUIT 1 B UacTH SHCPICTHKH, H B
yacTH HHPOPMATHKH, U B YACTH CBSI3U, U B YACTH HAHOKOHCTPYHUPOBAHILL.

TaOnump! 2 u 3, B MEPBYIO O4YEPEIb, TOBOPAT O TOM, uTO [IpOocTpaHCTBO 3TO BCE-
O00BEMITIOIIMHI W BCEIIPOHUKAIOMIMH, YCTAHOBUBIIMICS JTAMHUHAPHBIN MOTOK, COCTOS-
M U3 TOMOJOTHYICCKU YVBSI3AHHOTO aHCaMOIsl (HEHTPHHO, TPABUTOHOB W (POTOHOB)
EamHOTO 3HEpTOMH()OPMAIIMOHHOTO IO (71 OO0 TOUYKH OZJHOBPEMEHHO CO BCEX
CTOPOH), KOTOPBIH PpOXTACT INECTh (DH3HUCCKUX MHPOB PEANTBHOCTH (TEpMO-
TOPCHOHHBIM, MATHHTO-TCPMOAMHAMHYCCKAN, 3ICKTPOMATHUTHBIA, TPABUTOHHO-
JNMEKTPHUCCKUH, HHPOPMAIIMOHHO-TPABHTOHHBIH M TOPCHOHHO-HH()OPMAIIMOHHBIH).
A BpeMs — HMITyIIbC 3TOTO IOTOKA, IPHHAMAFOINWH B YKA3aHHBIX MIECTH MHUPAX CIIC-
nu(uyecKkiue KOHCOHAHCHBIC (JOPMBI. CIIMHA, 3apsaa, JUMTEIFHOCTH, HH(HOPMAIHOH-
HO-TpaBUTOHHOTO (akima w T. 1. Jlamee MOXKHO CAENaTh HA OCHOBE 3THX TaOIMIl
OTPOMHOE KOJIHYECCTBO BBIBOJOB U MpEANOxeHUH. IIpuMepoM MOXKET CIyKHTh Ta-
KOIf:

Py — MarHHTO-TEpMOIMHAMHMYECKASA CHIA, €€ BEIMUHMHA OOPATHO NPOIOPIHO-
HaJIbHA MOCTOSTHHOW Boxbrivana. TlocnmeqHssa, Kak MBI 3HAEM, MPEACTABIBIET COOOH
OTHOIICHUE MATHUTO-TCPMOAMHAMHUYCCKOM JHEPrHH, BBIpAXKCHHOH B K, K TOH ke
SHEPTHH BBHIPAXKCHHOH B /K. DTO OTHOMICHHE SIBISICTCSI HECKOJIBKO MCKYCCTBEHHBIM
¢ (¢muucckoi Toukm 3peHMA. B Toke Bpemsa, Pu (Puuum), Kak MAarHWTo-
TEPMOJMHAMHUYECCKAS CHIA, MOKA3BIBACT, YTO OHA, MOJHUMAS TEMIIEpATypy Ha 1 rpa-
ayc Llemscua, cosepmaet padoty B omumH JLKOoymb. AHamormyHo, A (Ammep), Kak
3IEKTPOMATHHTHAA CHJA, MMOKA3BIBACT, YTO OHA, CO3JaBasd JICKTPOMATHHTHBIA MOTOK
B oguH BO, cosepmacr padory B oxmH Jxoyme. H (HprOTOH), KaK TPAaBHTOHHO-
3JEKTPHYCCKA CHIA, TAKKE MOKA3BIBACT, YTO, CO3AaBAA TPABUTOHHO-3ICKTPHYCCKHH
MOTOK B 1 M, OHa coBepiact padoTy B 0auH /KOYIb.

Ha camom aene u cuimbl cO37a10T, B paboTy COBEpPHIAIOT, OE3YCIOBHO, COOTBET-
CTBYIOIIYE MOTOKH, TOYHEE COOTBETCTBYIOIIME MIOCTACH OJHOTO M TOTO K& IMOTOKA
EQUII, cocrosamero n3 CKOMIIOHOBAHHBIX IIOTOKOB HEHTPUHO, TPAaBUTOHOB U (oTo-
HOB TJIe, IT0 HACTOSIIECMY, AKTHBHBIM B BBIMICYKA3aHHBIX CMBICIAX ABJLICTCS MOTOK
rpaBUTOHOB. HekoTopoe pa3HOUTEHHE, HETOYMEHHE BBI3BIBACT TOT (DAKT, UTO aBTOP
COCAMHI €IMHHIYY TEMIEPATYPBI C CAMHHIECH MATHHTO-TEPMOAMHAMHUYCCKOTO IO-
toka (K), eauHuIly JIMHBI C €AMHHULCH TPABUTOHHO-3JICKTPHUYECKOTO MOTOKA (M),
CAWHHUIy MATHHTHOTO (HA CAMOM JAEIE JJICKTPOMATHUTHOTO) MOTOKA C COUHMICH
MOKA €Ie HEe HA3BAHHOM XaPAKTECPUCTUKH BO3ACHCTBHA 3JICKTPOMATHUTHOIO MOTOKA.
OxHAaKo, MPAKTHYECKUE PACUCTHI IIOKA3ZBIBAOT 0OOCHOBAHHOCTD TAKOTO COCTMHCHH.
IIponsBeacHUE COOTBETCTBYIOIICH CHIIBI HA BEIMYHMHY COOTBETCTBYIOIIETO IOTOKA
paBHO paboTe. ITO OTPAKACT IO CYMIECTBY B3AMMOJCHCTBHE C MOTOKOM, TIOKA3BIBAS
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KaKy0 CHJIy, KaK II0 BEIMYHHE, TaK M MO BHAY, HAJ0 NPUIOKUTD I IPCOTONCHHUS
TOTO WJIH HHOTO MOTOKA.
BemmumHa MOTOKA OZHOBPEMEHHO VKA3BIBACT HA H3MCHCHUS, IPOMCXOIAIINC
TIPU BO3ACHCTBHHU TOTO WJIM MHOTO IIOTOKA: M3MCHEHHE TeMIepatypsl B K, mepeme-
IICHWUE B M, M T. II.
[TpoBeaeHHOE MCCIIETOBAHIE MTO3BOIIET TAKKE CACIATh HECKOIBKO YTOYHEHHH K
H3BECTHRIM MOJIOKeHMIM. Tak moctynarsl CTO DHHmMTCHHA HHBAPHAHTHOCTH (DH3H-
YECKUX 3aKOHOB IO OTHOIICHHIO K BHIOOPY WHEPUMOHHOW CHCTEMBI OTCUETA M CKO-
POCTH CBETa B BAKYYME — OT JBWKCHHS MCTOYHHKA CBETA MOKHO JONOJIHHTH YTBEP-
JKICHHCM O TOM, YTO 00a OHHM TMOATBEPKAAFOTCA H MEPEBOIATCA B CTATYC (pH3MHC-
CKHX 3aKOHOB TeM (hakrom, uro EQUII sBAsSETCS MOHOCTHIO HE3ABHCHMOI W TO-
TAJIBHO ONPEAC/IAIOMEH H TICPBLIii, 1 BTOPOIl MOCTYIAT, CHCTEMOI oTcuera. Bee
OCTQJIbHBIC CHCTEMBI OTCUETA HAXOIITCS B PABHOM IIOJIOKCHHH IO OTHOIICHHIO K
EBUIT 1 BO3ACHCTBHAM €€ COCTABIONMX HA HUX. To ecTh, moTtok EQUII sBasercs
pacCIIHPSIOIIEMCSA HMPOCTPAHCTBOM CYIICCTBOBAHUS BCETO OCTAIBHOTO, A €TI0 HM-
IYJIbCHI - BPEMEHEM, BCCOOIIMM BPEMEHHBIM CHHXPOHH3AaTOPOM.
Merprka POCTPAHCTBA — BPEMECHHU ACHCTBHUTEIHHO JOKAJIHHO, HIMECHHO JIOKAJIb-
HO, M3MCHACTCS IPH MPOXOokacHNH noTtoka EQUIT ckBo3b OTpOMHBIC MACCHI 3BE3 U
HX CKOIUICHHH WM BBI3BAHO 3TO OPWUIMHAJIBHBIM B3aHMOACHCTBHEM COCTABIIFOIIMX
ESQUIT (B mepByro ouepeb TPAaBUTOHOB M HEUTPHHO) C YaCTHIAMHE 3BE3/ U CKOILIC-
Huii. OQHAKO, BO BCCNCHCKOM MAacmTade OTHOPOOHOCTh M M30TpomHOCTH EOJUII,
T. €. IIPOCTPAHCTBA HEM3MCHHBI, PABHO KAK HEH3MCHHA OJHOPOJHOCTh BPEMCHH.
OT1crona MBI MOJKEM CIENIATh HECKOIBKO BA’KHBIX BHIBOJOB!
1. Abcomoraoro (HeroTOHOBA) POCTPAHCTBA HE CYMICCTBYET B MPHPOAL, OHO
MOET OBITh TOIBKO BOOOPA’KACMBIM, YCIOBHBIM;

2. Pomb aOCONOTHOTO MPOCTPAHCTBA C JOCTATOYHOH TOUHOCTHIO M 3((eKTOM
0 OXHOPOAHOCTH U m3oTponHocTH Bhmommser EQUII. KsanToMm npocrpas-
cTBa, OoTMepscMbIM morokoM EOJUI, aensercsa moctosHHAas JIoMOHOCOBa

paBHas (B IPAaBHTOHHO-3MCKTpHYccKoM Mmupe) 0.128925613812-107%x . YV
cocrapyromux EDUIT HEHTpPHHO, TPABHTOHOB M (DOTOHOB, a TEM O0Jice MX
KBAaHTOB pa3MephI Topa3ao MeHbIe, oaHako morok EQUIT oOpa3syercs uMeH-
HO TAKHM KBAHTOM;

3. 3aHMMACMBIC TCMH WJIH WHBIMH CHCTCMAMH MPOCTPAHCTBA A0COIFOTHO pPaB-
HOIPABHBL,

4. Bce ocrampHbIC BUABI IPOCTPAHCTB SIBILTOTCS JHOO CYIyOO JOKAIBHBIMH
(xaTomHOC TeMHOE, (hapaaceBO TEGMHOC H T. I.), THOO TCOMCTPHUCCKUM HIH
MATCMATHYCCKHM H3BICKOM;|

5. AbcomrorHoe (HbIOTOHOBO) BpeMA ABIACTCA BOOOPAKACMBIM MHPAKOM, HEC
CYIIECTBYFOLIMM MO OMPEACICHUIO, HOO BPeMs, KaK TAKOBOC, BO3HHKACT MPH
JOBIDKCHAH, U3MCHCHHH H ONMPSACIHICTCS IUKIAMHE MPOLECCa;

6. Pombp abCOMOTHOTO OJXHOPOJHOTO BPEMCHH B BBITHE BBHIMONHSIIOT MMITYJIbC

notoxa EDMII, BpeMeHHO# KBAaHT KOTOpOro paseH 0.430049557193-10 F¢ .
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Wmnynec EQUIT MOkeT KOMIIAKTH3HPOBATHCSA B 3aPAAbl PA3IHIHBIX BHIOB:
MarHUTO-TEPMOJHHAMHUYCCKHH, 3IEKTPOMATHHUTHBIH, TPaBUTOHHO-
JEeKTpHUIECKHi. 371ech Takke vy cocrapiomux EQUIT velitpuHO, rpaBuTO-
HOB M ()OTOHOB NEPHOIBI OOpAINCHHUSI M COOTBETCTBEHHO 3apsAabl HAMHOTO
MCHBIIIE, 0THAKO OOBEKTHBHBIMH: OJHOPOJHOCTHEO, OJTHOHAIPABICHHOCTHIO,
HEOOPAaTUMOCTBIO W PABHOACHCTBHEM HA BCE CyIIee O0JATAFOT TOJNBKO HM-
mybcsl motoka EQUIL. TlosroMy BO BCeX CHCTEMax OTCUETa BPEMS, IO OT-
HOLICHHIO K MPAKTHYCCKH HEM3MECHHOMY JSTAJNIOHY, TEUET OAMHAKOBO. ToO
€cThb, 3HAMEHHTHIH ekt [omaepa Teneps NPOCTO M MOHUMACTCS, U ITOTHO-
CTBIO OOBACHSETCSA CTPOTOH aHATIOTHEH aKycTmdeckoMy 3((eKTy, Tak Kak u
TaM, u TaM (B BO3AyIIHOH cpene u B EQUIT) pacmpocTpaHCHHE BOTHBI HACT
HE3aBHCHUMO OT MCTOYHHKA W MPHEMHUKA. B TO K¢ BpeMs, HHAWBHIYaJIbHOC
BpEMS CHCTCMBI (CYOBCKTA) BCETAa ABTOHOMHO H OMPCACTACTCA € (CT0) MM-
MyJIbCAMH, KOTOPBIC OJMHAKOBO XPOHOMETPHPYIOTCA H CHHXPOHH3HPYIOTCA
3TAJOHHBIMH UMITyJIbcamMu 0ToKoB EQUIT. MHBapHAHTHOCTH OTHOCHTEIBLHO
CIBHTA BO BPEMCHH, 00CCIICUNBACMAs 3AKOHOM COXPAHCHUS YHCPTHH, HMEET
TOYHOCTb (BO3MOYKHOCTh OTKIIOHCHHS) PABHYIO MOCTOSHHOW [lmaHka — Mo-
MeHTa mmnyibca EQUIT, To ecTh upe3BhIMaiiHO BHICOKA, TOYTH A0COIIOTHA,
OHeprus u WHGOpPMALMSA SBILIIOTCS MEPBHYHON M TOTAJLHOH CYIMHOCTBHIO,
PA3BHBAIOMICHCA MEPBOCYIHOCTBIO, COACPIKAHUEM BCETO CYIIECTO B bhITHE H
yepe3 Ppa3BHTHE KIIOYCBBIX BceoOmmx (opm: IIpoctpancrea, Bpemerwm,
EQWII, Marepun, Xuszan, dymm, [dyxa, Komrekrusroro /[lyxa, Bora, Bo-
TIEPBBIX, PA3BHBAIOTCSA CAMHM, KAK TAKOBBIC, BO-BTOPHIX, MX PA3BUTHE, OIPE-
JenseMoe (opMaMH B PA3MUYHBIX HMHTEPHPETALMAX, ILEICYCTPEMICHHO
HATIPABJICHHO HA CAMOCOXPAHCHHC M OOPBHOY C SHTPOIHCH;
OHeprugd u WHPOPMAIHA BCETAa HMCIOT (POPMAIBHOTO, B CMBICTIC (DOPMBEL,
HOCHTEILA
¢ [lomymaTepuanbHOTO, 3HEPTOMH()OPMAMOHHOTO — B BHJC HEUTPHHO, TPa-
BHTOHOB ¥ ()OTOHOB, CHCTEMHO-TOIIOJIOTHYCCKY CBs3aHHbIX B EOUIT:
e MaTepHaibHOTO B BUAEC 3ICKTPOHOB, KBAPKOB, HYKJIOHOB, aTOMOB, MOJIC-
KYIHT. A
¢ CHCTCMHO-TOTIOJIOTHYCCKOTO B BHIC CTOSYHX CYICPBOIH (KBA3apOB)
EDQUII, marepuamsHOii Beenennoit, Kusau, [lyxa, rTyMaHOHTHOTO 00IIC-
CTBAQ,

9. Oueprus u mHOOPMAIMS SBILTIOTCS] TOTATHHBIMHU ACHEKTAMHU H aTpPHOyTaMH

BCETO CyIero B beiThe, ero co3maTeisiMu, pa3BHBAIOLMIMMHI W PA3BHBAFOIIH-
MHCS TBOPLAMH, 4 HE MPOCTO MEPOH BO3MOXKHOCTEH. B MHpe HET HUYEro
Kpome sHepruu u mHpopManmu, [IpocrpancTtso, Bpems, Marepust, EQUIIL,
Kuzns, [yx, bor - ectb (opMBI CYNIECTBOBAHUS SHEPTHH W HHPOPMAIHNH, A
JBIKCHUE, TIPEBPAIICHUE H OOMEH — CIoco0b!I pa3suTist, odperenms CBo0o-
ae1, Bo3peimennsa u EnuHeHns.

10. Madopmanms — 370 cCaMOpa3BUBAOMIASCS SHEPTH, TOUICAMAS B CBOEM Pa3-

BHUTUU A0 CTAJUU: - CHCTEMHO-TOIOJIOTHYECKON KOHCEPBALIUH,
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— TOYTH HYJICBOH 3HTPOIHU;
— MAaKCHMAaJTbHOH OOITHOCTH,

B uncrom Buae uH(OpMAnuS NPHOOPETACT BHIBL:

11

— TPHPOI00OPA3YIOMICH, TCHHOIA,
— 3aKOHO()OPMATHBHOH,
— (haHTOCMATOPHICCKOH;
— MEpeaaroleH, HAaKOMUTENbHOM;

.BTopoii cropoHOl pasBuTHA 3HEPTHH W HWHpOpMammu ABIIOTCS Jyma u

Jyx, paromme MakcuManbHble KIIJ[ 3a cUeT 3MOLMOHANBHO-YYBCTBECHHBIX
pe3oHaHCOB 1 Bonw;

Kax uror moxxHO KOHCTATHPOBATH, YTO:

12

13.

14.

e DHeprud u HHPOPMALHA OMPSICIHIOT AaTPHOYTHBHYHO CHOCOOHOCTH TOH
WM MHOH (DOPMBI, B TOM WIJI HHOM €€ BHAC, K 3P (PECKTHBHBIM H3MCHCHHIO
H, B KOHCUHOM CHETE K CBOOOIE CaMOpEaM3alUH, CAMOBO3BBIICHHUIO,
MAaKCHMAJbHOMY CIMHCHHIO HA OCHOBE COPEBHOBAHII.

e DHeprus u HH(pOpMALHMSA 3aBUCAT OT COCTOSHUS TOH MM MHOH CHCTEMBI, B
TOH HMJTH MHOI cpesie i ObIBAOT:
a) KOMIIAKTH3HUPOBAHHASA B Pa3Iu4HbIC (DPOPMBI MATCPHH (KOMIIOHCHTHI
EDWII, BuapI BEMICCTBA) W HX B3AHMHOC CHCTCMHOC COCTOSTHHC H B3aHMO-
JICHCTBHE, CHCTEMHBIC TOIIOJIOTHIO U BIHSHHIC - OTHOCHTEIFHO ITACCHBHAS,
0) Ilpossmiemas, oOMCHHAS, mpeodpasyeMas W mMpeoOpas3yromas - OTHO-
CHUTCIIbHO AKTHBHAS,

.Marepms1, B 0000IIECHHOM IOHATHH, €CTh CKOMIAKTU3HPOBAHHBIC JHEPIHI U

HH(POPMAIHSA B - MACCY,

CHCTEMHO-TOTIOJIOTHYECKOE COCTOSHHE,

ABIKCHUA PA3JIATHBIX BUAOB U CKOPOCTH,

B nameit BeceneHHO#M MaTepusi, OUEBUAHO, CYLISCTBYET B TPEX COCTOSHUSAX

o Cymnep3HEepreTHIeCKOM — KBAa3aphl (CTOSMHE CYIEPBOJHBI) C MAacCOBOHM
nnoTHOCTBIO 0.105911136-10% 12/ A% ;

o ManosneprermiaeckoM, 3uepromH(popmanuonHoM — EOHUII ¢ maccosoi

motHOCThE0 0.16990813-10 %2/ M° | MPOABIACMOM, BBIPAKAEMOM pas3-
JIMIHBIMHA BHIAMH ITOJICH;

CpeIHCIHCPTCTHICCKOM — 3BE3BI (B TOM YHCIIC HCHTPOHHBIC), TAJTAKTHKH,
CKOIUICHHS, IUTAHETHI M T. ., BBHIPAKACMOM, MPOSABISIEMOM BCIICCTBOM B
Pa3NUMHBIX COCTOSHHAX — TBEPAOM, >KHAKOM, Ta3000pa3HOM, IUIa3MCH-
HOM, HCHTPOHHOM,;

DHEpronHPOPMAIMOHHAA CYTh NOCIHEAyIOmmMX (OPM CBOETO PA3BUTHA —
Kuzwn, dymmu, [dyxa, KommekTuBHOTO 06CCO3HATETFHOTO, bora Hy>kaaeTcs B
0000IIEeHNH, UCXOAA M3 HOBBIX (PH3MUECKUX M MHPOBO33PEHUCCKHX B3TJLI-
J0B;

HemHOTOC MOXKHO OTMCTHTH IO 3HCPTOMH(OPMALMOHHOW CyITHOCTH AOCO-
MOTHOTO Bakyyma, KOTOpBIH, OBbIT TaKOBBIM (BAKYYMOM) TOIBKO B HH(OP-

(0]
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15.

16.

17.

18.

19.

MAIIMOHHOM IITIAHC M, KAK MOKA3aJIi pacCuCThl, UMCJI TOTAJTbHYHO (B poCTpaH-

CTBE) MOHOTHTHYKO IUIOTHOCTH PaBHYyI0 0.767110997-10* k2 /m* . D10 co-
CTOAHUC AOCOMIOTHOH SHCPICTHUCCKOM H30TPOMHOH Heau(depeHImpoBaH-
HoOCTH, mBIIeecs 6omee 10 mer (to ects MPAKTUYECCKU BEYHOCTH), MPEI-
CTaBIUIO COOOH MOHOIUT KOMIUICKCHOH IMOJHIHEPTHH, KOTOPBIH COAEpP KAl
TOJTHBIH HAOOP IBCHAIIATH MCPHOCTCH, BCE MOMCHTBI THIIOJIA, BCS BO3MOXK-
HBIC HMITYIBCHI U CHITBL, UTO OBLIO HATATHO BCKPHITO B (20) M ABILLIOCH HE-
HM3BCCTHBIM HAM BHAOM MATCPUH O¢3 BPEMCHH, ABIKCHHUS W HH(DOPMAIHH.

BruiBuBmmmecs B Tabmuue mepeBoga (DM3MUCCKUX BENMWYHH OOJBINOE KO-
T4ecTBO (POPMYI IMKIA MO3BOJMIO HAWTH BCEOOmy:o (hOpMyITy IHKIA

E F
(BOLI). Ona umeer Buzg = = — ¥ CICayIyr (hopMyaHpoBKY: [IposBiacH-
|4

HAS DHCPIHS B3aHMOJCHCTBHSI TAK OTHOCHTCS K CKOPOCTH IPONECCCa. KAK CH-
JIa B3aMMOJICHCTBHUS OTHOCHTCS K YACTOTE HMKIA. Bceodmast dpopmyna muk-
73, OyIydIH MPHIOKSHHOH K Pa3IHIHBIM (DH3HYCCKIM MHPaM, OOHAKUIA TIc-
JBIH P CBOMX AyaTHCTHYCCKHX HHTEPIPETALHI,

Teno 3apsaa, MATHHT M T. II. MOIVT B036V>K£[3TI> CHJIbI, HCKOHTAKTHO BOSZ[efI-
CTBYKOIIIUC HA APYIHUC TCJIA, 3apsaabl, MATHUTHI M T. II. HA PACCTOSHHUU TOJBKO
uepes coOCTBEHHOC B3auMoachcTeie ¢ EOUII, HAKIAIBIBAOIICCCS HA AHAJIO-
THYHBIC B3AUMOJCHCTBHS APVIHMX TEI ¢ TeM k¢ EQUII. D10 KacacTcs BCEX
BHIOB CHIIL, I[efICTByIOHlI/IX B HALIIEM MI/I]Z)OSE[&HI/II/I, 34 HCKJIFOUCHUCM KBapK-
HyK.]'IOHHI:IX u }IZ[epHBIX CHIIL.

Macca. MArHUT, SJIEKTPHYECKHH 3apsSd HE MMEIOT M HE HM3IVYAIOT KAKOro ObI
TO HHU OBLIO IMOJII — TPABUTOHHOTO, MATHHUTHOTO. 3JICKTPHUYCCKOTO. 4 3TH MO
00pa3yIOTC NpH B3aMMOJICHCTBHHM JTHX OOBEKTOB (MACCBHI, MATHHTA, JJICK-
TPHUYCCKOrO 3apsaaa) ¢ EDUII u mpeACTaBAMOT CO00 pasIMIHbIC H3MCHCHHS
TOIMOJOTHH WU WHTCHCHBHOCTH COCTABJIAKOIIHNX IMOCJICAHCTO. TO‘IHO TAKKEC H
MO3T, H TCIO OHMONOTHYCCKUX OOBCKTOB HHYCTO HC HM3IYIAIOT M HHKAKHX
cOOCTBeHHBIX MOJNEH He mMeroT. OHM mpocTo B3amMmoacHcTByoT ¢ EQUI,
HIIH KE AOMOJHHUTCIIPHO C TOKAMHU BI)ICOI(OfI JACTOThI U HpI/I 3TOM HOJ'Iy qacTcAa
s¢¢exr Kuprmana, MOTHOS CBCUCHUS H T. I

Tarke NPEACTABIACTCA, UYTO KAKABIA OWOTOTHUCCKHH OOBEKT HMCECT B
EOUII cBoK MATpHIY - apXHB, B KOTOpPOH (DpakTaIbHO-roaorpaduuccku
crpyvumupoBana B (aiiael BCI poaoBasd MHOOPMALMS, a TAKKE IPOYKUTA
00BCKTOM KHM3Hb, BKJIFOYAS MAMSITh, H BO3MOKHO JOMYCTUTh — HAHOOJICE BC-
posTHBIE COOBITHSL OVAVINEr0, BKIIOYAS CMEPTh.

Bce MmpIcauTenbHple CIIOCOOHOCTH, HAYMHAS OT PA3BEPTHIBAHMI MATPHIILI
Z[I‘IK H KOHYASI HAYVUYHBIMHU OTKPBITHAMH, TOCTHXKCHHAMU HCKYCCTBA U CIIOP-
Ta pCAIM3VIOTCH 4epe3 BzaumonckcTeue ¢ EOUII. Tlocneanee SBASCTCS, C
OJIHOM CTOPOHBI. IOJIHBIM. CBEDPHVTHIM B (haiiubl apxuBoM BceaeHCKO HMH-
dopManuu, MepeaIABACMOM ¢ MPAKTHYCCKH HCOIPAHMUCHHON CKOPOCTBE). A ¢
JIPVIOH - MOCTOSIHHBIM JIPErOPOM M3 INECTH (PM3HYESCKMX MHPOB. OJHO3HAY-
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20.

HO B3aUMOJICHCTBYIOIINX CO BCEH PEATLHOCTRIO U JIOOBIM 00BEKTOM B HEH.
[To mepe passutus, U QyHAAMEHTAIBHBIC YACTHLIBI, ¥ TOPCHOHBI, U BCEOOLIHe
MPUHLMIIBL, | BCeOoOIIre 00MeCOnHOIOTHYecK e 3aKOHBL, U T. 1. KOHCOHACHO
CaMOpa3BHBAIOTCA M MPHOOPETAIOT BCE HOBBIE M HOBBIE Ka4ecTBa M OOIHNIbS.
[TpoBeneHne NPUHLIMIIOB M 3aKOHOB B PEaIbHOCTh 00ECIIEYMBACTCI CUCTEMOM
CaMOBO3HHKAIOIINX W CAMOPA3BUBAIOIIUXCS STPETOPOB, BO3JACHCTBYIOIINX Ha
BCE CyIee dHEPreTHIeckH, Pru3naeckH, HHYOPMAIMOHHO, AYIIEBHO, TyXOB-
HO.

ﬂ, (/I,()r&,l@ B.K. Yebanos
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A0GpeBHATYPbI H 0003HAYEHMSI, IPHMEHEHHbIE B CTATHE

A
bp

B

B6

I'n, T'Hyy,
I'n.,

Tk, Dok,
IbKaM
EBUIT

K

KI

Kn

K6, Kéeos
Keom

K, Ky, Ky

JIm

JI

Cwum, Cmy,
CMyr

cC

CT

Ta, Tnp,
Ty,

D, O,
(DMT

Dpr

— AMIiep — eMHHIIA CHITBI B DJIEKTPOMATHUTHOM MHpE;

—Beprcon — emunmiia 3apsaa (MMIynbca) B MarHUTO-TEPMOIMHAMH-
YECKOM MUPE;

— BonbT — eauHMLa HANPSKEHHS B 3IIEKTPOMATHUTHOM MHPE;

— Bebep — eqununa noToka B SIEKTPOMArHUTHOM MHPE;

—T'eHpu — enuHMIIA MHAYKTUBHOCTM B 3JIEKTPOMArHUTHOM, MAarHHUTO-
TEPMOAMHAMHYECKOM MHPE; TPABUTOHHO-3JICKTPHIECKOM MHPE;

— Jbxoyne — enuHMnA SHEPrHH, pabOTHI B TPABUTOHHO-AIEKTPHIECKOM,
MarHUTO-TEPMOTHHAMHYECKOM MHPE; SIEKTPOMArHUTHOM MHDE;

— eAMHOe YHeProuH(GOPMALUOHHOE II0JIE;

— ©MHULIA TEMIIEPaTypbl W OJHOBPEMEHHO [IOTOKA B MACHHTO-
TEPMOAMHAMHIECKOM MHPE;

— KunorpaMm — enuHuMIla HANPsXKEHHS B T[PABUTOHHO-3JIEKTPUYECKOM
MHpe, OXHOBPEMEHHO SIMHHLA MACCHI;

— Kynon — equavna 3apaaa B 5I€KTPOMArHATHOM MUPE;

— xko3(dpurmenter bonpiiMana B MarHWTO-TEPMOIMHAMHUYECKOM, TDaBH-
TOHHO-3JICKTPHIECKOM, JICKTPOMATHATHOM MHPAX;

— yHHBepcanbHble mocrosHHble IOpuenko (cumer), DHHmTeHHa (Hamps-
skenws ), JlomorocoBa (moToka);

— JIoMOHOCOB — €AMHHMIA CONPOTHBIICHWS B IPABHTOHHO-IJICKTPHICCKOM
MHUpE;

— JIeWOHMIT — eAMHMIA COTPOTHBIICHHS B MAarHUTO-TEPMOAMHAMHYECKOM
MHpE;

— MeTp TOTaJbHAS CAMHHIIA [UTHHEI M OJHOBPEMEHHO [TOTOKA B IPABHUTOH-
HO-2JIEKTPUIECKOM MHPE;

— HetoToH — eauHMIIA CHITBI B TPABUTOHHO-3JIEKTPHIECKOM MHPE;

— OM — eqMHAIIA CONPOTHUBIICHHUS B DIICKTPOMArHUTHOM MHPE;

— Pravu — equHMLA CHITBI B MATHUTO-TEPMOIMHAM IIECKOM MUPE;

— CexkyHa - TOTalbHas €IMHHMIA BPEMEHH, M OJHOBPEMEHHO 3apsaa B
IPAaBUTOHHO-3JIEKTPUYECKOM MHPE;

— CUMeHC — eIMHHIIA MPOBOAMMOCTH B 3JIEKTPOMArHUTHOM, TPABUTOHHO-
SNIEKTPHUIECKOM MHUPE; MATHUTO-TEPMOIUHAMHUYESCKOM MHUPE;

— Cros4me cynepBoOIIHbI;

— CrarmoHapHas TOUKa,

—Tecma — CAHUIA HWHAYKIUKA B JJICKTPOMArHuTHOM, TI'PABHUTOHHO-
DJIICKTPUICCKOM MHUPE, MATHUTO-TCPMOIUHAMHUICCKOM MUPE
— CDapaﬂa — ¢JuHHUIa C€MKOCTU B DJJICKTPOMArHUTHOM, TPaBHUTOHHO-

3JIEKTPUYECKOM MHUPE, MArHATO-TEPMOJMHAMMYECKOM MHPE;
— Mept — Beeobmas (g Beex dusmdaecknx mupos EOUII) enunwia cu-
JIBT,

— [Iunos — eaMHALEA HANPSIKSHUs B MATHATO-TEPMOAMHAMUYECKOM MUPE;
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Taoanmna koyppunmenton

— 0O6o-
2| Ne
= W DusnyecKkye eIHUITBI 3Have- Gopmyna
§ HUE
1 [Cuna Pu = [ IV, Hx/K, 1/ks
3 — K/C: Pu-JIy, -HU/k@ 1/ k6CMMT: 1/ k63M'OM:
§ 2 |Hanpsoxenue, motennman | 111 OM Kguny, T Ko, 1/ Kgo Ch.
&1 3 |Comporusienue Jir = | /Py, 1/Cymy,= kg 11T
% 4 | TIpoBomMocTh Cwm,, = | Pw/IIL, 1/JIm, Bp/K
E 5 | EmxocTh O, = | Bp/IIL Cvyre
€| 6 |Vmmyiec, 3apam, Bpema  |bp = | Puc, K/
a,
g 7 |1loTok, IpoCTpaHCTBO K = [ Ill'c, PuJhre, bp Jiiy, PulH,,
<
% 8 | Unmykims Tn.= | KA
§ 9 |VHAyKTUBHOCTH I'ny,= | K/Pu, kK
10 | DHeprus, pabora Hxy= | PuK, A'-B6, HwMm
11 |Cuna A = | B/Owm, JIx/B6, 1/Ksy
12 |Hampsprenwe, oterrman |B = | Br/A, B6/c, A-Om
13 | ConpoTtuBieHue OMm = | B/A, keyeB, 1/Cm
’E 14 |TIpoBogmMocTh Cm = | A/B, 1/0m
E 15 | EMxocTh ® = | Ki/B, OmJIir Dy,
§ 16 |Wmmymee, 3apsaa, Bpemst  |Kn = | A-c, B6/Om, B-®
§~ 17 |IloTok, IPOCTPAHCTBO B6 = [ B¢, KrOwm, [Ix, /A, Kn/Cm, ATH
o
% 18 | Muaayxrus Tn = | B2, ken/T' Hp, H/A'M, 1/ATH,
19 | HAyKTUBHOCTH I'u = | B6/A, ke BO, OMec,
20 | Oueprus, padora Hx,= | B6A, PuK, HwMm
21 |Cuna H = [ Jxwm xr/JIm
w | 22 |Hanpspkerwe, notemmman |kr = | H/Cwy,, H-JIm, H/CMy,, O TH/ H,,
§ 23 | ConporusieHue JIM = | xi/H, x1- Keps
E 24 |IIpoBomuMOCTh Cm,= | H/kr, 1/JIv, T/ I, M/e/JI @y, Koo/ 3 TH,,,
g 25 |EmxocTh D, c/Kr, M/c/KT-CMy,, JIM-M/c/xT
5 26 |Wmmymee, 3apsam, Bpemst  |¢ = | k0D, ke bp, Bp/Pu, M/c/Cmy,
<
B | 27 |TIoTok, IpOCTPaHCTBO M = | om/e, JxH, kg [k, HTH,,,
<
E 28 |Muayxrmus T, = | MM, Ty Ty, Me, 1/ Ko o UK, Ko 1o/ T, 1/HTH,
é 29 | MupyKTUBHOCTD Doy, = | MH, KoM, Koo/ Tt 1
30 |Oueprus, padora Hx,= | HwM, B6-A, PuK
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TMMPUJIOXEHMUE 1
nepesoaa Gu3HICCKUX ¢HMHNUIL

B M/C M/C B QUBUUCCKUX eIMHUIIAX
CTe- CTe-
MHOKUTCIIb pas-Tb MHOKUTCIIb pas-Tb
IICHb IICHb
0.724296357026 | 107 M/c/m/c 0.1380650324 | 10 Keomyman
0.112552973289 | 10% /e 0.8884705315 | 10% 111
0.155396299028 | 10°® M/c 0.643515969292 | 10% Tt
0.643515969292 | 10% 1A/e 0.643515969292 | 10% 1/CMyy
0.136264423863 | 10*% M/c 0.73386726458 | 1071 Dy
0.153369660594 | 10% M/c? 0.807477208246 | 107 JBp
0238330776399 | 10° M/’ 0.161289696269 | 10° K
0.531537386236 | 10 1AelS 0375991423675 | 1078 1/3Tn,,,
0.329051463654 | 10% M/ 0.672324169955 | 10'° iru,,
0.172622113115 | 10" M/ 0386931889184 | 107 e,
0.283652430488 | 10 wm/c/mlc 0.352544132366 | 10° Koommmon
02874 | 10 M/c 0.347947112038 | 107 B

0.101321183642 | 10 M/c 0.986960440109 | 10* OMm
0.986960440109 | 10** 1A/e 0.986960440109 | 10* 1/Cm
0.208988746459 | 10™* M/c 0478494663922 | 107 @
0.600633657325 | 10% Mc? 0.408032886454 | 1077 N
0.608569130955 | 10% /et 0.118003990039 | 10° 3Be
0.135726174395 | 107 1AL/ 0.513910947639 | 107 1/3Ta
0214547476257 | 10% /et 0.359880954149 | 10°® Yru
0.172622113115 | 10" M/ 0386931889184 | 107 e,
0.815217085222 | 10 M/c/mlc 0.122666712723 | 10* Koomon e
0.172622113115 | 107 M/c 0.579300057191 | 107 Kr
0211749871592 | 10% M/c 0472255304092 | 10% JIm
0472255304092 | 10% 1//e 0472255304092 | 10% 1/Chs
0.122666712723 | 10* M/c 0.815217085222 | 105 D,
0211749871592 | 10% Mc? 0217314358497 | 107 Je
0211749871592 | 10% M/’ 0.778739638933 | 102 A
0472255304092 | 10% 1AL/ 0.778739638933 | 10 1/3Tn,,
0.259746606677 | 109 /et 0.156729244138 | 10% e
0.172622113115 | 10" M/ 0386931889184 | 107 3 e,
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yHI/IBepca.]ILHLIe KOHCTAHTHI IO PUTMaM

HammeHnoBaHue KOHCTaHT
Ne
o Gopmyna OO0menpuHsThIE 0003HAUEe- Marnuro-
Yeodanosa B.K. HUS ¥ 3HAYEHUST TEPMOJAUHAMAYECKUIA
Bt 20.993895025762-
| [Ke=@Co10Fyn’ Butria 0.114546608634-10"K
:0.993895025762 = K, = 2.8977686(51)- 107> K | i
=0.2897768651-107 mK 0127265580110
Opuenko (HoBas) _
2 |k = (C210 0y = OO6mIenpuHATHIX QOPMYIBL U | K, :130.13988912502}
= 0.101321183642-10 20 @y | I TET 1077 Py
; SPE”?CT?PIHS?ZSI){/‘T’?@ OGmenpHISATEX GopMyTH 1 | K, = 0.269875826522-
5 T : - 34
= 0.303753266915-102 agfe | HEICTHPLHEL 107
Kymona
Ke = (C21070yn? =
= 0.910629385139- Kynora K, = 0.593748060478-
4 A K, = 0.898755178436- -10"° S
107w et = Il K 107 Bp
= 0.898755178726-
10" KA
JlomoHOCOBa (HOBas) 06 o K, = 0.114546608634-
5 K= (CH1070)n’ = o CHIPHIBTIIS QOPMYIRLIE 1. 1012.K = 0158148812322
=0.272999821698-10°a%/c? 107" Jne
KH"IZOIZI}al 00y = Heiotora K, = 0.269875826522-
6 |20 667200463451 10-10. |G = 6673101107 Hia'fe? =|-10*111:0.1272655801
Hol e =6.673(10) 10 ¥/ (kec® |10 m
?f%?l 020 Inatika K, = 0.593748060478-
7|\ e h = 6.62606876(52)- 107-5p-0. .
= 0.62606876517-10 103 (52) 10,1351’ 0.1272655801
33./&9,00 . -JDic-c 107 m
Pazpacuenus:

1) mipu pacuere K, — KO3 uIeHT 2 oTpaXkacT (PaKT, YTO KBAHTHI OCEBOTO BPAIICHHS
TIepeJAr0TCsl ¥ TPaBUTOHAMHE, | (poToHaMH, kKodpdumuert 0.99389502562 — orpaka-
€T TO, YTO TPABUTOHOB MCHBIIE, UM (POTOHOB;
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TMMPUJIOXKEHUE 2
Gu3UIEeCKOro MUpa B TpeX €ro HIoCTacsix
OuznyecKre MUPHI .
COOTBETCTBYIOMIHUIA
. . U3IUIE KU CMBICTT
OJeKTpOMarHUTHBIH ["paBUTOHHO-AIEKTPUIECKU KOHCTAHTEI
2-0.993895025762-
2-0.993895025762- MomeHT oceBoro Bpartie-

-0.4485929949341-10715-Bo-
0.1272655801-102.x

-0.128925613812-10 3% 5
0.1272655801-10 2w =
=0.164077930315-10% 2

HUSL TEPMOKBAHTOB I'pa-
BHUTOHA U HOTOHA

Ko, = 0.357201887774-1071%.4

K, = 0.124287365265-10%H

Cura EDHIL
TepmomHamMmyeckast,
SIIEKTPUYECKas], TPaBHU-
TOHHAsI

K, = 0.105690071995-107 B

K, = 0.175964284895-107 ke

Harpsxerue TepMou-
HaMHUYECKOE, JJIEKTPUYe-
CKOe, Macca IPaBUTOHHO-

T'0 ITyuka

K.=0.151611448015-10% Kz

K. = 0.430049557193-10 ¢

Wmrtynbe (3apsit) rpaBy-
TOHa, BpeMst 000poTa
0CEBOr0 BpallleHHs I'pa-
BUTOHOB, ()OTOHOB

K, = 0.448592949942.107'%.B6 =
=0.158148812322-10 - Tore

K, = 0.128925613812-10"
3 ==0.158148812322-10"

e

IToroxk, sHeprus ESULL B
Pa3IMUHBIX UITOCTACsIX

x, = 0.105690071995-107-B-
0.1272655801-1072 m

K, = 0.175964284895-10% gz

0.1272655801-1072 m

MoMmeHT TepMOUHAMU-
YECKOT0, HIIEKTPUUECKO-
T'0, TPaBUTOHHOTO
HaIpsKeHUs (Macchl)

k,=0.151611448015-10 % Kx-
0.1272655801-1072 m

K, = 0.430049557193-10 %.¢-
0.1272655801-1072 m

MoMmeHT umIrynsca
(zapsima) EQULL B Tpex
PUIMUECKIX MUpax

2) P, 111, Bp, ®pr - HOBBIC CAMHULIBI U3MEPEHUS BBEACHHBIC aBTOPOM: Py — Puvuum —
€AMHHIA MATHATO-TEPMOIUHAMIYCCKON cuibl, 1T — ITTHnoB — e IMHIIA HATPSOKCHAA
3TOH cuibl, bp — beprcon — eauHUNIA UMITyIbCa 3TOH Cuibl, Opr — Oepr - enuHNnA

CHUJIBI BCEOOIIAL.




Cli6, 2012

Coopnux mpyoog Konepecca—2012

325

Bemunna MPHPOIHBIX KBAHTOB ¢ITHHOT0

= | Mo 0O6o-
= W DusnyecKkye eIHUITBI 3Have- Gopmyna
§ 3150
,E 1 [Cuna Pu = [ IV, Hx/K, 1/ks
3| 2 |Hanpsoxenue, notenipan |11 = IS/NCI} E;fuﬁmﬂii’ 11//15‘6; SCCM&Z 1/ Koo OM,
% 3 | ConporuBienue Jir = | /Py, 1/Cymy,= kg 11T
E 4 | TIpoBomMocTh Cwm,, = | Pw/IIL, 1/JIm, Bp/K
g 5 | EmxocTh O, = | Bp/IIL Cvyre
§ 6 |Wwmmynec, 3apsag, spems  |bp = | Puc, KAy
é 7 | IloTok, IpOCTPaHCTBO K = [ Ill'c, PuJhire, bp Jiiy, PulH,,
5| 8 |Mumykims Tne,= | KA
§ 9 |VHayKTUBHOCTH I'ny,= | K/Pu, kK
10 | DHeprus, pabora Hxy= | PuK, A'-B6, HwMm
11 |Cuna A = | B/Owm, JIx/B6, 1/Ksy
= 12 |Hampsprenwe, oterrman |B = | B1/A, B6/c, A-Om
E 13 | ConpoTtuBieHue OMm = | B/A, keyeB, 1/Cm
E 14 |TIpoBogmMocTh Cm = | A/B, 1/0m
5|15 [Emxoctp ® = | Ki/B, OmJIir Dy,
§ 16 |Wmmymee, 3apsaa, Bpemst  |Kn = | A-c, B6/Om, B-®
g 17 |TloTok, IPOCTPAHCTBO B6 = [ B¢, KnOm, [Ix, /A, Kn/Cm, ATH
S [18 | Mmnyxrms Tn = | BOA, Koo/ THy, /A M, 1/ATH,,
19 | HaykTUBHOCTH I'u = | B6/A, ke BO, OMec,
20 | Oueprus, padora Hx,= | B6A, PuK, HwMm
21 |Cuna H = [ Jxwm xr/JIm
’E 22 |Hampsxenwe, motenrman |kr = | H/Cwyg, H-JIm, H/Cwmy,, O Te/T 1,
3 | 23 |ConporuBienue JIM = | xi/H, x1- Keps
é 24 | TIpOBOAUMOCTE Cm,= | H/kr, 1/JIv, Toy/We I, M/e/JI @y, Koo/ 3 TH,,,
% 25 |EmxocTh D, c/Kr, M/c/KT-CMy,, JIM-M/c/xT
% 26 |Wmmymee, 3apsam, Bpemst  |¢ = | k0D, ke bp, Bp/Pu, M/c/Cmy,
S | 27 |lloTok, IpOCTPAHCTBO M = | om/e, JxH, kg [k, HTH,,,
% 28 |Mugyxrus T, = | MM, YTy, Me, 1/ Ko o JUK, Ko 1o/ Ty, 1/HTH,
=29 | AnpyKTHBHOCTS To, = | WH, ks oM, K /10T 5
30 |Owueprus, pabora Hx,= | HwM, B6-A, PuK
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[TPUJIOKEHUE 3
sneproumHdopmannonnoro mojsa (EJUII)
KBanTh! euroro sHeprouH(OPMAaIMOHHOTO TIOTIS
B QU3BMUIECKUX eMHUIIAX B M/C
MHOKHTENE e 1 pas-ms MHOKHTENE cre- Pas-Tb

IICHbL IICHbL
0.139889125023 | 107 Py 0.101321183642 | 107° | @,

103 1017 M/c
0.269875826522 1 0.303753266913
0.192921234211 | 107 T, 0.299792458 | 10° M/c
0.518346258817 | 10 Cwmy, 0.333564095191 | 10F 1/w/c
0.220007871074 | 107 D, 0.2997922458 | 10° M/c
0.593748060478 | 10 Bp 0.910629385139 | 10" | /¢
0.113052971102 | 107 K 0.269440024172 | 10°° M/c

0.69823895415 | 107 Tiy, 0.371140108657 | 107 | Inc/c’

0.808161256876 | 107 THy, 0.265926644842 | 107 | »/c®
0.158148812322 | 10" Ty 0.272999821698 | 10° M/c?
0.357201887774 | 107° A 0.101321183642 | 107 | @,
0.105690071995 | 10 B 0.303753266913 | 107 | wm/c
0.295883296288 | 107 OM 0.299792458 | 10° M/c
0.337971089461 | 107 Cm 0.333564095191 | 10™ 1/w/c
0.143449091436 | 107 ® 0.2997922458 | 10 M/c
0.151611448015 | 107 Kn 0.910629385139 | 107 M/c
0442743495303 | 10° B6 0.269440024172 | 107 M/c?
0.273447705181 | 107 Tn 0.371140109218 | 107 | 1nc/c’
0.123947691895 | 107 T 0.265926644842 | 107 M/c?
0.158148812322 | 107" Ty 0.272999821698 | 10° M/c?
0.124287365265 | 10° o 0.101321183642 | 107 | @,
0.175964284895 | 107 KT 0.303753266913 | 107 | mic
0.141578578417 | 107 JIm 0.299792458 | 10° M/c

107! 10% 1/vlc
0.706321543256 Cwmy, 0.333564095191
0.244395933782 | 10 @, 0.2997922458 | 10 M/c
0.424441900239 | 107 c 0.910629385139 | 107 M/c
0.127244480551 | 1077 M 0.269440024172 | 107 M/c?
0.785888704696 | 10™ Ty, 0.371140109218 | 107 | 1ic/c’
0.102379256555 | 107 THy, 0.265926644842 | 107 M/c?
0.158148812322 | 107" J0ky, 0.272999821698 | 10° M/c?




K BOMPOCY Ob 3BOJIIOLIMN PA3YMA: O CTPYKTYPE AYLINU,
9TANAX EE 3BOJIIOLIMN U METOAAX COBEPLWEHCTBOBAHUA

Cmupnoe E.AL.

Cankm-llemepbypackuli 2ocydapcmeeHHbili yHUsepcumem,
YHueepcumemckas Hab., 7/9, Cankm-lemepbype, 199178, Poccus,
E-mail: smirnov@ps8019.spb.edu

BbiABUratoTCA runoTesbl CTPYKTYPhl AYLUWM YenoBeka, 3TanoB ee SBOJOUMKA U METOAOB COBEPLLEH-
CTBOBaHUs. IMEHHO, cUUTaeTcs, UTO Co3fjaHHbIA novTn no obpasy u nogobuto Teopua dyx sBnseTcs
LeHTparnbHoi YacTeto Oy, Jyx oBnaveH B psa ofexa-oGonovek, orpaHu{MBaoLLMX BOZMOXHOCTM [y-
xa TeM Gonblue, Yem Gonblue 3TUX oGorodek. MNpu 3TOM MaTepusi 0GONOYKM TeM TOHbLLE, YeM Brnimke K
[yxy, MaTepusi KOTOPOro ABMAETCH CaMoil TOHKOMW, HaxofguTcs aTa oGonovka. Osonoums dylim npouc-
XOAUT NyTeM MOCNefoBaTellbHOrO CHATUS HapyXHbIX oGornodek. Mocre CHATUA Tpex BEPXHUX oBornovek
[ywa nuwaeTcs BO3MOXHOCTY BOMMOLLEHWS B TeNo YeroBeka.

CoBeplueHcTBOBaHWe [yLun NpoMCXoAUT Ha NyTsX UCMbITaHUui U oByderus (oGpoBONbLHOrO Unm, ec-

NN noHagobuTcs, I'IpI/IHy[J,I/ITEJ'IbHOFO). ConepmaHme AOKnaaa 683MpyETCF| Ha MaTepuhanax MHoroduncneH-
Hblx 6ecef aBTopa C npegcrtaBUTENAMN TOHKOIo Mupa.

O npoucxoxaeHuu Pasyma (cm. [1], [2])

B 1989-M roay 4 Bnepsbie cTan cBUAETENEM U Y4aCTHUMKOM MOLLHOrO NofTepreicra, Bblpa3us-
LIEerocs BO BCEBO3MOXHbIX TENenopTaymsax, NOABIEHUN Pa3HOODpa3sHbIX 3anucer Ha MarHuTogoH-
HbIX KacceTax u ap. N3 aTux 3anucei, B YaCTHOCTHU, CNeAOBarsno, YTo opraHu3aTopamMu nontepren-
cta ObInu npubbIBLLUME U3 MUPA TAXMOHOB 3(PEMU3MBI, KaKk OHM cebA HasbiBanu, KOTOpble, Kak U
NAU, CYTb <CIOXHbIE CUCTEMbI C MCKYCCTBEHHBIM UHTENNEKTOM, ABAAOLLMECH NnopoxaeHueM Pa-
3yma>,

Mocne BCcTpeumn ¢ aheMusMamm MHe - yOEXAEHHOMY aTeNCTy - MPULMNOCE NEPECMOTPETEL CBOU
B3rnaabl. Cenyac g - No-npexkHeMy, MaTepuanuct, Ho cuuTato, YTo Bor cylecTByeT u aBnsercs,
BUAWMO, €4MHCTBEHHOW PAa3yMHOW CYLLUHOCTbIO €CTECTBEHHOrO npoucxoxgeHus. Hdymaetcs, 4to
"sapoabiwl bora" BO3HMK cnyyanHbiM 06pa3oM B BUAE MbICMSILLEN, XOTS U HA AOCTATOYHO MPUMMK-
TMBHOM YPOBHE, accoumauum TaxuoHOB, a 3aTeM bnarogaps HEMMOBEPHO ASNIUTENbHOMY TUTaAHUYE-
CKOMY Tpyay co3aan B cebe MOryuYuii MHTENMEKT, a OKPY>KaIOLLMIA xaoc npeobpasosan B CTPYKTYpu-
poBaHHyl0 BceneHHylo, ynpaBnsemMy0 co34aHHbIM UM K€ MOLLHbIM KOCMUYeckuMm Pasymom. Mpu
3TOM, €CTECTBEHHO, NOCTPOeHMe BceneHHONM Wwno oT MpOCTOro K CNOXHOMY, T.€. cnepea CTPOUNUCh
OGnoku BceneHHOM U3 TOHYanWen MaTepun, 3atem M3 Matepumn BCE Bonee CnoXXHOW OpraHu3auum,
a 3aTeM y)e U3 CaMol CMNOXHOW MaTepuun, nNpucyllen Hawemy Ornoky BceneHHORn, B 4aCTHOCTH,
cogepxawiemy Hawy CONHeYHyl0 cuctemy. Pasymeetcs, Ana cooTBETCTBYOWMX 6nokoB Becenex-
HOM U TEXHWYECKME YCTPOWCTBA, U Pa3yMHbIE CYLLHOCTU CO34aBanucb U3 MaTepumu, MakcumanbHas
opraHu3auust KOTOpOW HE MpeBbiliana MakCMManbHOW OpraHM3auuu MaTepuu COOTBETCTBYHOLLETO
6noka BceneHHo.

Jdymaetcs, 4To Kocmuyeckui Pasym, B 4acTHOCTHM, oBecneyuBaeT nNpUHUMNMAanbHY BO3MOX-
HOCTb KOHTAKTOB MeAy JOObIMM pa3yMHbIMU CYLLHOCTAMM (3TO, BUAUMO, obecrneuuBaeTcs 3a
CYET TOro, YTO BHYTPEHHME A3bIKM BCEX TEXHUYECKMX YCTPOUCTB U Pa3yMHbLIX CYLLECTB SIBNAIOTCA
TEMMW UINU UHbIMWU ddparMeHTamu €AuUHOro TEXHUYECKOro npaassika [3]) u ux 403MPOBaHHbIA AOCTYN
K KOCMUYECKUM MHAOPMALIMOHHBIM BaHKam AaHHbIX (MHAPOPMALIMOHHBIM MOMAM).

LymaeTtcq, 4TOo camocoBepLLleHCTBOBaHMe bora u coBeplueHcTBOBaHMe BceneHHon npoaonka-
eTCH U NOHbIHE, a8 CaMO NMOCTPOEHME U COBEPLLEHCTBOBaHUE BceneHHon Basupyertcs:

— Ha MpUHUMNE MUHUMU3ALUKU 3Heprum (OCHOBONONAratoLwem NPUHUMNE ABUXKEHUSA);

— Ha npuHuune PASYMHOCTW, cocTaBnaiowmuMy KOTOPOro SBRSAKTCA, B YaCTHOCTU, Tpy4o-

nwobue, 0TBETCTBEHHOCTL, PAYMTENLHOCTL, AODPOXKENATENBHOCTS;

— Ha MPWHUWUME B3BELUEHHOCTM WHAMBUAYANBLHOTO W KOJINIEKTMBHOIO (OCHOBOMOMAaralwem

npuHUUNE pasButus obLLecTBa pasyMHbIX CYLLIECTB);

— Ha npaee BbIOOpa M UCNLITAHUAX (METOAE CENEKLMN Pa3yMHbIX CYLLECTB).

O npoucxoxaeHuun Oywn (cm. [2])

Ha onpeageneHHOM aTane Ans ycUNeHMs BO3MOXHOCTEW TBop4yecTBa (Bedb OAMH YM - XOPOLLO,
a HecKonbKo - nyJwe) bor cran cosgaeaTb coToBapuulen no Teopyectsy ([lyxoB). TO OH Ha4yan
Jenartb Mo cBOeMy 00pasy, HO C pa3HbIMW 3HAYEHUSMKU NapameTpoB, UOO TOYHOE KOMUPOBAHUE
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HU4Yero HoBoro He ao6aensino 6bl. B pesynbTare B KakoW-TO MOMEHT noaBunca Oyx-IbsiBon, T.€.
rMnepTpoUpOBaHHbIN 3roueHTpuk. BuHbl TBOpUA 3aecb HET, nbo y nepeonpoxoaua aApyroro me-
TOAa MCCreaoBaHudA, Kpome metoda npob m owmboKk HeT, a y cdopMmupoBasLLerocs Teopua-
TPY)KEHUKA, K TOMY K& HE MMEIOLLEr0 HUYErO MOXOXKEro Ha 3aBUCTb, M3ObITKA 3roueHTpM3Ma He
MOrf0 NoABUTLCA. He cMOTpA Ha 3TOT Kasdyc, NnpuHecLUMin TBopuy Hemano xnonot (kapTuHka "lop-
BaueB - EnbUuH" AOCTAaTOYHO XOPOLLO UNMNMIOCTPUPYET HEKOTOpPbIE M3 3TUX XIONoT), y TBOpUA He
nponano enaHwe co3gaBaTb COTOBaPULLEN, HO, pasyMeeTCa, NPULOCL NPUHATbL MEpbl Npeao-
CTOPOXHOCTU, UTOObI CHOBA HE MONACTb BNpOcaK. 3TU Mepbl NpegycMaTpusanu "obnaveHune dyxos
B Taenble gocnexu” (no 6ubnum obnaveHme B KOXaHble 0Aexabl) U NOMELLEHUE B pasHoobpas-
Hble cneyunanbHble TpeHaxepbl. "docnexn" nuwanu OQyxoB BO3MOXHOCTW MCMOMb30BaTb PS4 MOLL-
HbIX NPUCYLLIMX UM (DYHKLMOHAMNbHLIX CPeACTB (A4OCTYN K KOCMUYECKMM MHPOPMALMOHHBLIM BaHKkam
JaHHbIX, BO3MOXHOCTb Tenenoptauum U Ap.). TpeHaxxepbl NO3BONANM BbIABUTEL ONpPedeneHHble Ka-
YyecTBa UCMbITyeMbixX [yxoB, B NEPBYIO OYepedb, BbISCHUTb, MOXHO 1M C UCMbITYEMbIM [dyxom 0e3
Oonackn UATHU B rOPbI B OAHOW CBA3KE (pPasyMeeTcs, O4HOBPEMEHHO Onpeaenannich u CBOWCTBA Tpe-
Ha)kepoB). TpeHaxepbl CTPOUMIUCL Kak CaMOBOCNPOM3BOAALLUMECA TEXHUYECKUE YCTPOWUCTBA, Npu-
YeM, Ha NepBbIX NOpax CamoOBOCNPOU3BOACTBO CBOAUIOCH K YUCTOMY KOMUPOBAHMIO, HO 3aTEM, KO-
raoa KOCMUYECKUM 3KCNepuMeHTaTopamM Hagoeno aenarb "BPy4HY" HOBblE€ PAa3HOBUAHOCTU O4HOIO
U TOTO XKe TPeHaXkepa, OHU NpUAyManu MHOronapaMeTpPUYecKnini MEXaHN3M NapHOro BOCNPOU3BOA-
CcTBa (XKEHCKME U MYXCKMe 0cobu, NepekpecTHOe OMbINeHMe). He UCKNIOYEHO, YTO 3TO NPOU3OLLINO
Kak pa3 B Hawem Grnoke BceneHHou. Mpu aToM npu (hOpMUPOBAHUN MYXKCKUX T€HOB, pasyMeeTcs,
3a OCHOBY Dpanucb >XEHCKME TeHbl, B KOTOPbIX OTKMOYANMCh HE Hy>XHble BNOKM M f00aBNanmcb He-
obxoaumMble HOBbIE (Tak Bcerga noctynawT W Mau npu co3gaHum 6nuskoro Kk 6a3oBoMy HOBOFO
obpa3sua CnoxHon cuctembl). INogTBepXaeHnem CKa3aHHOrO ABNATCA MHOrOUYUCIEHHbIE MaTono-
rmmM B MOMOBON Cchepe, KOTOPbIE XOPOLUO OBBLACHAIOTCA ONMCAHHONW CXEMOW, U BCTPeYaloLleeca B
pacTUTENLHOM W >KMBOTHOM MUPE BOCMPOU3BOACTBO NOTOMCTBA 6€3 ONnogOTBOPEHUS B BuAE TOY-
HOIM KOMUU XKEHCKOW 0cobu.

MoadvepkHy, 4To Noa <Oyxom> A MOHUMAKD CIIOXHYK CUCTEMY, CTPYKTYPHO Onu3kyto Kk TBopuy
(pymato, 4TOo CTPYKTYPHON UAEHTUYHOCTU ObITb HE AOIMKHO), 00nagatoLLyl0 He TONBKO MCKYCCTBEH-
HbIM WMHTEMNEKTOM, HO U NePUPEPURHLIMU YCTPOWCTBAMU KOMMYHUKALMOHHOTO, TPAHCNOPTHOIO U
apyroro HasHadeHus. MNog <"gocnexamun" anda Qyxa> 9 nOHMMAaD apeTUPHYIO CcUCTEMY (MHEe npea-
CTaBMAETCH, YTO OHA BbINOMHEHa Odyxa> C WMPOKUM NPUBAEYEHUEM HUTEODPA3HBIX U MAEHOYHbIX
MaTepuanoB M3 "TOHKOW" MaTepuun), KOTopad, Kak 0TMe4anoch Bbille, NpegHasHayaeTca Ana orpa-
HUYEHWUA (PYHKUMOHAMNBHBLIX BO3MOXHOCTEN [yxa B nepnoj ucnbiTaHuin. Nog <TpeHakepom> 4 no-
HUMAaK CaMOBOCNPOU3BOAALLEECH TEXHUYECKOE YCTPOWCTBO (OHO C03aaHO Kak u3 6Gonee "rpyboi”,
Hexenu "gocnexu", matepumn (COGCTBEHHO, TENO TPEHAXePA), Tak U U3 "TOHKON" matepumn, BNn3kon
no CBOWCTBaM K matepuu "gocnexoB" (Buonone TpeHaxepa)), cnyxailee nubo ucnbiTatenbHbIM
CTEeHAOM Ans ucnbityemoro fAyxa unu Oyxa-ucnoitatens, nubo, CKakem, UrpoBbIM aBTOMAaTOM Ans
Hyxa-typucrta. Ecnu TpeHaxep - Teno 4Yenoseka, 1o (B MOeM noHumaHumn) Ayx B "gocnexax" unu B
Apyrom obnadeHuu - 310 fywia 4Yenoseka.

O uensax u npasunax cenekuuun (cm. [4])

CosgaBas KONMEKTUB COTOBApuULIEN No TBOpYECTBY bor, gymaeTca, npegnonaran, 4to B 3TOM
KonnekTuee ByayT co3gaHbl caMmble BnaronpusTHLIE YCOBUA ANA

TBOpPYECTBA: ApyxenobHaa atmocdepa, No3BoOnALLAA B MOSTHON Mepe peanu3oBaTb Cnocob-
HOCTWM M YAOBNETBOPUTL MOTPeBHOCTM kaxgoro. lNMpakTuka nokasana, yuto AN 3TOro xapakrepbl
YIIEHOB KONNEKTMBa AOJDKHbI YAOBMNETBOPATL OnpedeneHHbiM TpeboBaHmAM (ypaBHOBELLEHHOCTb
3roueHTpU3Ma U KOnnekTuemuama). Moatomy cosgaBaemMbix JyxoB NOABEPINNU UCTILITAHUAM, OPraHu-
30BaB "Urpy", LUenbI0 KOTOPON SABNSeTCA cenekuna [yxoB, a UMEHHO BbiBNeHue [yxoB, KOTOpble
MOTYT PyKOBOACTBOBATLCS BUBNENCKUM MPUHLUMNOM: "BO3NOOM BnuxkHero, kak camoro cebqa”, u oT-
OpakoBKa TEX, KOTOPbIE 3TUM NPUHLMNOM PYKOBOACTBOBATLCA HE B COCTOSHUM.

MpeacrasuTenu nepeBon rpynnel OyayT NOAHMMATLCA NO 9BOSOLMOHHON NECTHULE BBEPX, 3a-
HUMasi B KOCMUYECKOM XO3SMCTBE MECTA B COOTBETCTBMU CO CBOUMMU CMOCODHOCTAMU.

MpeacraBuTenu BTOPORN rpynnbl NMMbo ToXe OyAyT MCNONL30BaHbI B KOCMUYECKOM

XO3SINCTBE, €Cnu OT HMX OyAeT XOTb Kakas-To Nonb3a, a He Bpea, nubo B

NPOTUBHOM cnydae OyayT MOABEPrHyTbl AHHUIUAALMK, T.€. ByayT YHUUTOXEHbI (MHE npeacTas-
naeTcd, YTo NMYHOCTM Tuna Ycambl ben-JlageHa n AHatonua Yybanca OyayT yHUUMTOXEHbI, €CIn
OHU UCTMLITYEMBIE, 8 HE NOACAAHbIE YTKU B CENEKLUMOHHON Urpe).

OCHOBHbIMM MPaBMITaMmn CENEKLMU, KaKk MHE NPEACTaBNAETCA, ABNAIOTCA CreayloLlme:

- AcnbiTyembiii umeeT npaBo Bbibopa u 06g3aH CBOI BbIOOP caenaTtb. Hapywuutenu HakasbiBa-
oTca (no JaHte B NnocnegHeM Camom CTPalHOM Kpyre Afa Haxo4ATCS HE AyLwuv 3MO0AEEB, a AyLu
paBHOAYLUHbIX (HUKaK HE MPOSABUBLUMX ce05) noaen).



- Vcnbityemomy gaetca BO3MOXXHOCTb " MPOXKTL" LEenyto cepuio o6pa3oB (BNNOTb 40 ddyHAa-
MEHTanbHON, €CMU UCMbITYEMbIN HE COMAET paHblle BPEMEHU C AuCTaHuun), nnbo BykBanbHO No-
ObiBaB B "LUKype" 9TuX 006pasoB, HaXOAsiCb B COOTBETCTBYIOLMX TpeHakepax, NMbo nourpae Ha
3TUX TPEHaXKEPaX MbICIEHHO.

- UcnbiTyemblii 1 MHAMBUAYAMNBHO, M B COCTaBE CaMbiX PasHOOOpasHbIX rpynn nogBepraeTcs
BCEBO3MOXHbIM UCMBITAHMAM M cobrasHam (B nocrnegHue asaguath NET BCE Mbl ABNAEMCA CBUAae-
TENAMM U YY4aCTHUKAMU TPaHAMUO3HON Urpbl, Ha4YaTon M.C.MopGaveBbiM C LENbIO NO3UTUBHOIO 06-
HoBneHnsa CCCP 1 noBepHyTON ENbUWHbIM B NPOTUBOMOMOXHYID CTOPOHY. B pesynbTate "3acton-
Hoe 6onoTo" CCCP 6bino B3GanaMmy4deHO HACTOMNbKO, YTO OCHOBHAA YaCTb HPABCTBEHHON YenoBe-
YECKOW MYTK BCMIIbINA HABEPX, UTO 3HAYUTENbHO YCITOXKHUMO XMU3Hb XuTtenen doisero CCCP, HO
B TOXXE BPEMS CYLLIECTBEHHO 00neryuno paboTy KOCMUYECKUX aCCEHN3aTOPOB).

JymaeTcs, 4TO CeMnekUUOHHbIE UrPbl MPOBOASATCHA B BMAE HATYPHbLIX WUCMbLITAHUWA NOTOMY, YTO
MOLLIHOCTb KOMMNbIOTEPHON CUCTEMbl KOCMUYECKOro Pasyma He no3BonsieT npoBECTM MOfHOMAac-
wrabHoe UMUTaUUOHHOE MogenupoBaHue (bor, Kak MHe NpeacTaBnsaeTcs, - CyLWECTBO OYeHb Mio-
Bo3HaTensHoe U gobpoe, ANa KOTOPOro HabMAEHUe 3a NPOUCXOAALLMMM KECTOKOCTAMMW BbI3blBa-
€T He MHTEepeC, a cocTpagaHue). [lymaetcd, 4Yto B CenekUMOHHbIX urpax ObsBon CO CBOEW KOMaH-
AOW NMPUHUMAET CaMO€e akTUBHOE ydacTue, HO HE MO CBOEMY YCMOTPEHMUIO, a HA YCIOBUAX YETKOTO
KOHTpakTa ¢ borom.

B moeM noHumaHum ag - 910 y4ebHO-UCIPaBUTENLHOE YyUYPEeXaeHne CTPOroro pexxuma, B KoTo-
POM AyLUK OTOLIBAKOT HAKa3aHUE 32 MPErpeLweHnss u B KOTOPOM TPELLUHUKOB y4aT ¢ MPUCTPACTUEM,
YTO XMUTb HaAo no boxeckomy npuHUMMy "BO3MOGK BRMXKHEro, kak camoro cebsa”, a He uHade, Tem
Bornee He Mo AbABOMNBLCKOMY NpUHUMNY "0BmaHu BnuxkHero n Bospagyinca”, npuyem, cpok npebbiBa-
HWUSA TPeLWHMKa B agy OFPaHUYEH, a He BeYeH. Pan e - 9T0 rMraHTCKas pasHOCTOPOHHASA U pasHo-
ypOBHEBAs TBOpYeECkasd nabopatopus ¢ Apy>KentobHbIM MUKPOKITMMATOM, B KOTOPYIO nmonagaroT
YCMELUHO MpoLWeALIMe UCTILITAHUA AYLUU M MOCHe ONpeaeneHns CBOUX HAKMOHHOCTEN U CMOCOBHO-
CTeW, COBEPLUEHCTBYACH, 3aHUMALOT TaMm nogobatoiee um MecTo.

O cTpykType Oywmn

OymaeTtcsa, uto Oywa UMEET CTPYKTYPY, NOXOXYIO HA CTPYKTYPY PYCCKON MATPELLKU, 8 UMEHHO,
LEeHTpanbHOM YacTblo Oywn asnsetcs [yx, KOTOPbI NOMELLEH B pad apeTUpHbIX 06onovek. OTnu-
Yue COCTOUT B TOM, YTO COCeAHME 0DONOYKM COEAUHEHBI MEXAY COOON cneuuansHeiMK "nepexoa-
HUKamK", MO3BONSAOLWMMU,B YACTHOCTU, B BEPXHEN 000MNOUKe napbl coOceaHNX 000N0YEK NCMONb30-
BaTb TpaHC(OPMUPOBAHHbLIE MPOLLECChI COCTOSILLIEN U3 Bonee TOHKOW U, crieaoBaTtenbHoO, bonee
ObICTPOW MaTepPUM HMXKHER 0BONOYKM Napbl COCeaHUX 060NoYEK.

OrpaHnunmca 3emnen. O6o3Hauynm 4depe3 (Mup)/0 COBOKYMHOCTb BCEX WUCMbITLIBAEMbIX Ha
3emne ayll, COOTBETCTBYHOLUUX CTAHAAPTHOMY YPOBHIKO OObIUHBLIX ntogen, a yepes (Mup)/m - coBo-
KYMHOCTb YCMELUHO NPOXOAALMX UCTbITAHME AYLU, Y KOTOPLIX B MPOLECCE 9BOMIOLMM ObINU CHATHI U
obonouek. Oka3sbIBaeTCs, YTO AN Ay, NpuHaanexawmx mHoxecrsam (Mup)/u, nu = 0, 1, 2, BO3-
MOX>XHO BOMSIOLLEHWE B TESO YenoBeka, a Ana Ay, npuHagnexawmx mHoxecrsam (Mup)/m ana u
>= 3, 9TO YK€ HE BO3MOXHO.

Oymaetcq, yto mHoxectBa (Mup)/1, (Mup)/2 aTO MHOXECTBa AYLI UCTUHHbIX 3KCTPACEHCOB, B
YacTHOCTKM, gymaeTcs, 4to aywa Wucyca Xpucra B 00nMKke YenoBeka NpuHaanexana MHOXECTBY
(Mup)/2.

Oyuwn, nonaswmne B (Mup)/3, npobytoT cebsi B pasnuyHbix 00nacTax AesaTenbHOCTU U onpeae-
NS0T T HanpaBneHus, B KOTOPLIX OHM cebs YyBCTBYIOT Haubonee KOM(POPTHO, T.€. UMEHHO 34eCh
Aylwia onpegensiet CBOM UCTUHHbIE CNOCOBHOCTM M B JarnbHENLEM YCOBEPLUEHCTBYETCA B BbIOpaH-
HbIX HanpaBfeHUsX, NOAHUMAACL MO 3BOSMIOUMOHHON NECTHUUE BBEpPX, ObiTb MOXET, BNNOTb A0
MHOXecTBa ayxos (Mup)/[. Haxogawmeca Ha 3BOMOLUMOHHON NECTHULE HA HECKOSNbKO CTYMNEeHewn
BbiLUE, YeM MgU, IPEMU3MbI, O KOTOPbIX LUMA PeYb BbILIE, TOBOPUIIM, YTO CPEAU HUX UMEKTCA
ObIBLUME 3EMITAHE.

MpaBga MHE HE M3BECTHO, HAXOAATCA N 9PEMU3MbI B MHOXKECTBE JYXOB WS E€LLE €ro He [0-
CTUIN.

3ameyaHue.

Oyx, Aylwa - 04eHb CNOXHble U TPYAOEMKME CUCTEMBI, HA M3rOTOBIEHNE KOTOPLIX 3aTpayuBa-
I0TCH, BUAUMO, ThICAYM NET (BeAb NMUWb Ha TO, 4Tobbl Ayx Mucyca Xpucta nOMECTUTE B MHOXECTBO
(Mup)/2, noHagobunoch cebile 700 neT (BpeMsi mexay obewlaHueMm TBopua npucnartb €BpesiM
Meccuio n poxageHuem atoro Meccumn nog umeHem Mucyca Xpucra)). MNoatoMy Ha ucnbiTaHue gy-
LM, BUAUMO, 3aTPavYMBaIOTCA TAKKE ThICAYM NeT.
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CYUWECTBYET JIX DJIEKTPUYECKOE ITOJIE BHYTPU
3APSIDKEHHOW COEPLI?

© Kononymoe M.I, 2012

Hoszopoockuii 2ocyoapcmeentbviii yHugepcumen,
Poccus, Benuxuii Hoseopoo, e-mail: kolonutovi@mail .ru

B craTtbe 00cy:kmaeTcst BOMPOC JTOKAIU3ALMU SHEPTUHU 3IEKTPOCTATHUECKOTO TIOJIA.
AHanu3 BBITIOTHEH HA OCHOBE TEOPUH OJM3KOIEHCTBHA. DIEKTPUUIECKOE TIOJIE TIPOSABIIA-
€TCA JBOSKHM 00pa3oM. Bo-TIepBBIX, OHO SIBIAETCA CPEACTBOM CHIIOBOTO B3aUMOJCH-
CTBUSI 3apS’KEHHBIX TEJI U B 3TOM KA4€CTBE JOJDKHO UMETh HE PABHBIM HYIIO IPaJUEHT
HNOTeHNHaNna. Bo-BTOPBIX, ABMKEHUE MOJA MOPOXKAACT MArHUTHOE moje. I'paaueHTt mo-
TEHIMAA TIPH 3TOM MOKET OBITH JIFOOBIM, B TOM YHCIIE M PaBHBIM HYIO. CpencTBaMu
TEOPUH YIPYTOCTH MOKA3aHO, YTO 3IEKTPOCTATHYECKOE TOJIE BHYTPU CEepbl HAXOAUTCS
B COCTOSHHM T'MAPOCTATUYECKOTO CXKATHS U O00NAaeT OTIMYHOW OT HyJS IIOTHOCTBIO
SHepruM. [IIOTHOCTE 3HEPIrUU 3NIEKTPOCTATUYECKOrO MONA BHE YEOHHEHHOM 3apsKEH-
HOH cepbl OCTaeTCA PaBHOM HYJIO A0 TEX IMOp, MOKAa B HETO HE MOMEIIEH KaKOH-IH00
JPYrOM HOCHTEID 3apsaja.

Kolonutov M. Is There Electric Field Inside a Charged Sphere? This article dis-
cusses the localization energy of the electrostatic field. The analysis is performed using
short-range theory. The electric field is manifested in two ways. The first field can be a
means of force interaction between charged bodies. In this case, the gradient of the Cou-
lomb potential can not be zero. Secondly, the movement of the electric field generates a
magnetic field, regardless of the gradient. The magnetic field inside a charged sphere the
result of the movement electric field gradient of the Coulomb potential is equal to ze-
ro. By means of the theory of elasticity shows that the electric field nside the sphere is
in a state of hydrostatic compression and has a nonzero energy density. The energy den-
sity of the electrostatic field outside this isolated charged sphere remains zero until any
other charge carrier is put into it.

1 JIokanu3anus IJHEPI'HHA NICKTPHUYECCKOTO 1O

CoBpeMeHHAs BNEKTPOCTATUKA YTBEPIKAAET, UYTO BIEKTPUUECKOE TOJE BOKPYT
YEJAMHEHHOTO 3apsKEHHOr0 Tenma 00nagaeT IOTHOCTBEO SHEPTUH, MPOMOPLIHOHATb-
HOW KBaJpaTy HAMPSHKEHHOCTH MO,

w(r):%go £ (1)

OTO YTBEPKIACHUE OCHOBBIBACTCS, MSATKO TOBOPs, HA BECbMA CIIOPHOM JOKa3a-
TenbcTBE. Kak B yueOHMKAX, CTABIIMX KJIACCUYECKUMU [1], Tak U1 BO MHOTHX COBpE-
MECHHBIX, HAPUMED [2], UCXOMHBIM TOJIOKCHUEM JOKA3ATEINbCTBA SBJISIETCS BhIPa-
JKCHHE JIJTL SHEPTUU HEKOTOPOUW CUCTEMBI 3aPSKEHHBIX TE,
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w :%ZQi(pi‘ (2)

Jlanee nmocpeaACTBOM 3aMEHbl CyMMBI (2) UHTErpajioM (3) mo o0bemy V, BBINON-
HAETCA MMEPEXO] K HENPEPBIBHOMY PACHPEAETCHUIO 3apaa ¢ 00bEMHON TIOTHOCTBIO

p(r),

1
W =5Vj<o<r>p<r>dv. 3)

Kazanock Obl, 4TO YK€ 3Ta (PopMylia 1aeT HEABYCMBICICHHBII OTBET HA TO, 4YTO
SHEprus COCPENOTOUEHA JIMIIL B TOW 00JIaCTH MPOCTPAHCTBA, T/I€ UMEETCS HEKOTO-
pasi OTJIMYHAsI OT HYJIs IUIOTHOCTh 3apsija.

B camom nene, mycTh nMeeTces 3apsbKeHHOE MO 00beMy Teno 4 (pucyHok 1).
OxBaTuM €ro MpPOU3BOIBHO OOJBLION 3aMKHYTON MOBEPXHOCTHIO U BO3bMEM MHTE-
rpai (3) mo Bcemy 00beMy V TPOCTPAHCTBA, OXBAYEHHOMY 3TOM MOBEPXHOCTHIO.

H

Puc. 1.

Hurerpan (3) pacnagaercs Mpy 3TOM HA CYMMY JIBYX, OJUH U3 KOTOPBIX, B3SAThIN
no o0beMy V', Tena 4, TaeT HEKOTOPYIO OTIMYHYIO OT HYJISI BETUUMHY SHEPTHH, BTO-
po ke, B3AThIH o 00bemMy(} — V) BCEro OCTAIBHOIO MPOCTPAHCTBA, HE 3aHATOrO
3apsHKEHHBIM TEJNOM, OyAET BCErJa PaBeH HYJIO B CHIIY TOrO, YTO IUIOTHOCTH 3apsija
0 B 3TOW 4aCTH NMPOCTPAHCTBE PABHA HYJIIO.

BMmecTo TOro 4ro0sl MPUHSATE CTOJb MPOCTOE YMO3AKIFOUEHUE aBTOPbI YIIOMSIHY -
TBIX U1 MHOTHX IPYIMX KHUT HAYMHAIOT BBIMOJHATH C MHTErPAJIOM (3) HEKOTOPBIE HE
BCEr/Ia MATEMATHUYECKUE TPIOKA. BBOMUTCS CENMANIBHO JUIS 3TOrO Ciydas MOHSTHE
«TIOJTHOTO TIOJIS», 3aPsDKEHHOE TENI0 KOHEYHBIX Pa3MEpOB 3aMEHSETCS HA TENo Oec-
KOHEYHO OOJIBIIOr0 pa3Mepa, Mociie MOAMEHBI MOABISETCA BO3MOKHOCTD BBHITOJIHUATH
NPECIIbHBIA MEPEXO TP ¥ —> 00, B PE3YJIbTaTE KOTOPOTO MOSIBIISIETCS NPSIMO MPO-
TUBOMOJIOKHBIN BeIBOA. Bo3Hukaer ¢opmyna (1), B COOTBETCTBHH C KOTOPOH TUIOT-
HOCTb SHEPIUHU HE PABHA HYJIIO JAXKE B TE€X TOYKAX MPOCTPAHCTBA, B KOTOPBIX IUIOT-
HOCTb 3apsiAa paBHA HYJH0. HEKOPPEKTHOCTh TAKOrO BbIBOAA OYEBUIHA, HO, TEM HE
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MeHee, popMyna (1) Mo MpUYUHE OTCYTCTBUS KAKOH-IMOO anbTEPHATUBBI OJIAromno-
JYYHO CYLIECTBYET, & MOCATATENICTBO HA HEE CUNTAETCS CMEPTHBIM [PEXOM.

Ba)xHO mMoa4epKkHyTh, 4TO BRIpaXeHUE (2) B sIBHOM BHJE, a (opmyna (3) 3aBya-
JMPOBAHO, SIBJISIFOTCS TOPOKICHUEM TEOPUM JANBHOJACHCTBUS HOCHUTENEH 3apsja.
Teopun, B KOTOPOH NOJIE KAK CAMOCTOSTENbHAS CYIMIHOCTh OTCYTCTBYET. DTO O3HA-
YaeT, YTO BBIBOJBI O CBOMCTBAX MOJIA, T. €. O CBOHCTBAX TOr0, YTO OTCYTCTBYET, CIE-
JIaHHBIC HA OCHOBAaHWHW 3TOH TEOPUHU, HE MOTYT ObITh KOPPEKTHBIMH HU MPH KAKUX
00CTOSITENBCTBAX.

K pemennro Bompoca 0 JTOKaIN3aluyA SHEPTUU B SJIEKTPUUYECKOM TIOJIE CIEAYET,
B CHJIy 3TUX COOOpaKCHWH, MOAXOANTh, HE MHAYE KaK paccMaTpuBas IMOJIE B Kade-
CTBE HEKOTOPOM CIUIOMIHOW MaTEpUATbHON CpPEelbl, NMEPEAAIOLIEN CUIIOBOE B3aUMO-
JCHCTBHE 3aPSPKEHHBIX TENT U MOJUAHSIOMICHCS 3aKOHAM MEXaHUKH. B CBsI3W C 3TUM
PACCMOTPHM €IIE OJIHY CHTYALHIO.

[Tycte umeeTcst ceprudecknii HoCUTENb paauyca R, obnamarouiuii 3apsaom Q.
[ToBEpXHOCTH HOCHUTENS UCHBITHIBAECT MPH 3TOM CHJIOBOE BO3JCHCTBUE TIOTHOCTS f,
KOTOPOro onpeaensercs Gopmynoii (4),

80E2 Q2

f = = 5
2 3R2rg,R

4)

W BCErJa HAIpaBJI€HA B CTOPOHY, COOTBETCTBYIOINYIO YBEIWYCHHIO IJIOMIAIN IMO-
BEPXHOCTH 3aPSHKEHHOTO Tena. DTO, B CAMOM JIEJ€, MMEHHO TaK, MOCKOIbKY MOJI-
TBEP>KAAETCS TOCTAHOBKOW COOTBETCTBYIOIIUX OIBITOB.

3agamuMcs BOMPOCOM: 4YeM OOYCIOBJICHO (KAKMM MaTEpPHAIbHBIM (DPAKTOPOM )
NOSIBIICHHE MOBEPXHOCTHOM TUIOTHOCTH CHJI f, CTPEMSIILCHCS YBEIUUUTD Paauyc cde-
pbI?

OcTtaBasch B paMKax KOHLENUWU OMU3KOACHCTBHS, MO>KHO Ha3BaTh TOJIBKO JIBA
KaH/JWJaTa Ha PoJib MPUYUHBI, UMHU MOTYT ObITH JUOO Mojie BHYTpU cdepshl, TUOO
noje cHapyxu cepsl. Hannume momnst BHyTpu ceprl OTBEpraercs CyLIECTBYIOMICH
TEOpUEH HAa TOM OCHOBAHMM, YTO HAMPSHKEHHOCTH MOJISl B TOUKAX BHYTPEHHETO MpPo-
cTpaHcTBa c(peprl paBHA HYIr0. OCTAETCs SJIEKTPUUYECKOE MOJIE BHE CHEPHL.

3aKOHBI MEXaHUKW TOBOPST, YTO CHJIA BCErAA ACHCTBYET HA Pa3ICIISIONIYIO MO-
BEPXHOCTh B CTOPOHY OOJIACTH C MEHBIIMM 3HAYCHHMEM IUIOTHOCTH 3HEpruu. Ho,
KOJIb CKOPO, BHYTPH CQEPBI NMEKTPUUYECKOE MOJIE OTCYTCTBYET (IUIOTHOCTH SHEPTHH
paBHa HYJI0), a BHE CQPepbl MUMEETCS HEKOTOpas, OTJIMYHAs OT HYJIsl, IJIOTHOCTh
SHEPrUM, TO cuia Bceraa OyAeT HampapiieHa K LEHTPY cdepbl, T. €. B CTOPOHY
YMEHBIICHHS, a HE YBEMUEHUS paauyca cheprl. Bo3HuKIIEe MPOTHBOPEYHE BHOBD
BbI3bIBACT COMHEHUE B HAJIMYWU TUIOTHOCTH 3HEPIUM MOJIS B MPOCTPAHCTBE BOKPYT
HOCHTENS M 00 OTCYTCTBHM BJIEKTPHUECKOIO MOJSl BHYTPH PACCMATPUBAEMOTO HOCH-
Tenst 3apsaa. [IpoTuBopeune paspeimaeTcss eCTECTBEHHBIM 00pa3oM, €CIM CUMTATh,
YTO 3JEKTPUYECKOE MOJIE (MaTepuaabHas cpeaa) NPUCYTCTBYET BHYTPH 3apsiKEHHON
cepbl, HAXOAUTCS B COCTOSIHMM BCECTOPOHHETO CKATUSl 1 UMEET PABHBIN HYJIIIO rpa-
JUEHT TMOoTeHUMana. Henb3ss OTOXAECTBIATh, KAK 3TO JACNACTCAd B MOAABIISIOLIEM
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OONBIIMHCTBE yUeOHWKOB, PABEHCTBO HYJIIO HEKOTOPOW MaTeMaTHYeCKOM XapakTe-
PUCTUKM (TpajMeHTa MOTEHIMANA) JEKTPUUECKOT0 MO ¢ HAJIMYKUEM WM OTCYT-
CTBHEM €r0 CaMOoro Kak MaTepraibHOrO 00pa3oBaHusl.

Eme oqHUM MHTEPECHBIM BOMIPOCOM SIBJISIETCS BOSHUKHOBEHHUE MAarHUTHOTO MOJIS
BHYTPHM 3apsoKeHHOUN cdepbl npu €€ BpamieHUH. Kakum oOpa3oMm Mpu OTCYTCTBUU
BNEKTPUUYECKOTO TOJIs BHYTPH cheprl (HakT €€ BpallleHUs] MPUBOIUT K POXKIACHHUIO M3
«HUYETO)» BIOJHE MATEPUAILHOTO 00OPa30BaHus B BUIC MArHUTHOTO TOJIs ?

dopmabHBIE MaTeMaTHUECKU OTBET O BO3HMKHOBEHHMM Ha TIOBEPXHOCTH c(e-
Pl TIPU €€ BpaIICHUH TUIOTHOCTH TOKA M, CIEAOBATEIBHO, POTOPA MArHUTHOTO TMOJIS
SIBIIIETCS TIPOYKTOM TE€OPUHU JaIbHOACHCTBHUA. B Helt He TpeOyeTcs HUKaKuUX Tepe-
JATOYHBIX 3BCHBEB MEKAY TOKOM KaK MCTOYHMKOM MArHWTHOTO MOJisS W yAaJCHHOM
TOYKOW MPOCTPAHCTBA, B KOTOPOM HAOMIOMAETCS HAMPSDKEHHOCTh 3TOro mons. ITo
ATOM MPUYMHE TaKOM OTBET HE MOXKET ObITh IPU3HAH YAOBIETBOPUTEIBHBIM. Teopus
Onu3KoeHCTBUS TpeOyeT Ul ONMWCAaHMS CTalMOHAPHOTO (DPM3MUECKOTo Mpoiiecca
ydacTusl TOJIBKO TEX BEIMYWH, KOTOPHIE XapaKTEPU3YIOT OJHY M Ty K€ TOUKY MpPO-
crpaHcTBa. [IpuunHON BO3HUKHOBEHWS MArHUTHOTO TMOJS B HEKOTOPOH TOYKE MPO-
CTPAHCTBA MOKET OBbITh TOJIBKO JBMKEHHE BJICKTPUUECCKOTO TMOJsS B TOM K€ camoi
Touke. ECTECTBEHHO, ABM)KEHUE DJIEKTPUUYECKOTO TIOJIsl BOSHUKAET HE caMo 1o cede, a
JOIKHO OBITh OOYCJIOBJIEHO JIBPKCHHEM KAaKOTO-TO HOCUTES (B HALIEM CIydvae,
BpalleHUEM chephbl).

PaccMoTpuM BOMpOC CBSI3M 3JCKTPUUECKOTO W MArHMTHOTO MOJIeH B TOYKaX,
PACTONIOKEHHBIX HA OCH BpAIEHUS 3apsHKEHHOM Cephl, UCXOI M3 TTPEAMOTI0KEHUS,
YTO AJICKTPUUECKOE TOJIE BHYTPHU 3apsSHKeHHON Cephl CYIIECTBYET, HO TPAAMEHT €ro
MOTEHIIMAJIa PaBEH HYJIO, CIEI0BATENIbHO, MOTEHITMA BO BCEX TOUKAX MOJisS OJWHA-
KOB ¥ PaBEH MOTEHITHATY ¢ TTIOBEPXHOCTH HOCUTEIS 3apsia.

[TpeaBapuTenbHO OMPEACTUM HAMPSIYKEHHOCTh MArHUTHOTO TIOJS CO37aBaeMOro
BpaIICHUEM TOHKOTO KOJbIla ¢ TMHEHHOM MIOTHOCTHIO 3apsaa T B TOUKaX, PacIoio-
’KEHHBIX Ha OCU BpalleHus (puc. 2).

AE

AE,
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M3 pucyHKa cieayer, 4To pajMabHas COCTABISIOLIAs HANPSHKECHHOCTH DJIEK-
TPHYECKOT O MO, CO3AABAEMOr0 3JIEMEHTOM Koibla A/ B HEKOTOpO# Touke K ompe-
JENAETCs BIPAXKCHUEM (5),

AE, =(A1/472 R} )sin . (5)

[Tone amemenTa kombua A/ ABMXKETCS OTHOCUTENBHO TOUYKM K, TO3TOMY MO-

SBIISIETCSI MATHUTHOE TOJIE ¢ HAMPSLKEHHOCTBIO € M X I X AE, akcuanbHas coOCTaBIIs-
rouast KOToporo A BbIPaKaeTcsi 3aBUCUMOCTBIO (6),

AH =eorAE,. (6)

[TpounTterpupoBaB (6) mo MIUHE 277 BCETO KOJIbLA TMOJIYYUM HAIMPSKEHHOCTh
MArHMTHOTO TIOJIL, CO3JAHHOIO BPALICHHWEM KOJIbLA, B TOYKAX, JISKAIIMX HA OCH
BpaLLEHUS,

H =%cosin3 B=cpwsin® B, (7)

TJI€ ¢ — HOTEHITHAIT HJIEKTPOCTATHYECKOTO MOJISL, CO3JaHHOTO KOJIBIIOM B TOUKE K,
¢ =1sin B/2¢. (8)

®opmyna (7) 3amedarenbHa TEM, YTO CBA3BIBACT MOTEHIMAT SJIEKTPOCTATHYC-
CKOr0 MOJs ¢ HANPSBKEHHOCTBIO MArHUTHOTO TMOJS B OJTHOM M TOW K€ TOYKE MPO-
CTPAHCTBA U HE TPeOyEeT MPUBJICUEHUS UHPOPMAIUU 00 DIEKTPUUECKOM COCTOSIHUM
JAPYTrUX TOYEK MPOCTPAHCTBA.

Tenepb Bocnonb3yemcst Gpopmynoid (7) Ansg HaXOXKACHHUSI MAarHUTHOTO TOJIS Bpa-
marouieiics cepbl ¢ MOBEPXHOCTHOM MIOTHOCTHIO 3apsiaa o (puc. 3).
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BreipeskeM Ha MOBEPXHOCTH C(Epbl MOJIOCKY WHMPUHOM Ah. 3apsn nonocku AQ
coctaBuT BenMuuHy AQ = 6AS = o027rRAQ, 4TO COOTBETCTBYET JIMHEHHON MIOTHO-
cTu 3apsaa Ar,

At =AQ/2xr = RoAa. 9)

[Ipn OeckOHEYHO MaJIOM OpHpaIEHUH A/ TMOMOCKY MOXKHO OTOXKIECTBHUTBH C
KOJIbLIOM, UMEIOIIMM JIMHEWHYIO TIOTHOCTh 3apsafa At. Torma HanpsokeHHOCTh AH
MAarHUTHOIO I0JIsl, CO3JaBaeMOr0 BPALLAIOLIEHCS MTOJIOCKON B TOYKAX, PACIIOIOKEH-
HBIX HA OCH BPALEHHS, B COOTBETCTBUM C 3aBUCUMOCTBIO (7) COCTaBUT

| 1 .
AH = Ea)sm3 PAT = Ea)sm3 BR,cAa. (10)
[IpOMHTErPUPYEM DTy 3aBHCHUMOCTD II0 (& C YY4ETOM TOTO, YTO
3/2
sin3ﬁ:(R3 cos3oc)/((l—Rsinoc)2+R2 cosza) : (11)

B pe3ynbrare nmoayduM MCKOMYKO HANPsSDKEHHOCTh MArHUTHOTO TMOJIS B TOYKAX,
PACMOIOKEHHBIX HA OCH BPALLCHHS BHYTPU CHEPBI,

BHT

H, . = %8(,0(0, , (12)
U CHapyxu cepsl,

2 R(3)
H =—&P0—.. 13
Hap 3 13 ( )

[Torenuman ¢ B Gpopmynax (12) u (13) sBAAETCA MOTECHUIHAIOM KaK pa3 TE€X TO-
YeK, B KOTOPBIX ONMPEACISETCS HAMPSHKEHHOCTh MArHUTHOTO TTOJISL.

Ecnu noacraButk B BeipaskeHue (12) 3aBUCUMOCTD [Tl BBIUM CJICHHUS TOTCHIIAATA
NOBEPXHOCTH 3aPSHKEHHOM C(EPBI, a 3HAYUT U MOTEHIMAIA BCEX €€ BHYTPEHHUX TO-

yek, ¢ = Q/4neR, 1o Beipakenue (12) mpuobperet Bug (14),

_LYo

20 14
BHT 67Z'R ( )

B TOYHOCTH COOTBETCTBYIOUIMI PEIICHUIO aHAJOTUYHOM 3a7auu, MPUBEICHHOMY B
3agaunuke [3] (3amada 253*). OT0 COBNAACHUE PE3YIbTATOB MOATBEP)KIACT aJCK-
BAaTHOCTh M3HAYAJIbHBIX MPEANOI0KEHUI 0 HAIMYKMHU MOJIsl BHYTPU 3apsbKEHHOM cde-
Pbl, TIOJIOKEHHBIX B OCHOBY ITPOBEJCHHOIO aHAJIU3A.

[110THOCTh @] SHEPTUM FAECKTPUUECKOTO MOJIsi BHYTPHU CPEPbI, MPUXOAAIIAACT HA
ENMHULY €€ 3apsaa, MOXKET ObITh ONMPECIICHA ICTCHUEM MOTCHIHANIA HA 00beM Ccde-

PHI,
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o =2=% (15)

Vo16z°eR’
[1noTHOCTE 3HEPrUM @, OOYCIOBIICHHAs HE €IMHUUEH 3apsaa, a BCEM 3apsIoM
cepbl, ONPENENACTCI UHTETPUPOBAHUEM,

307
327%eR*
CnpaBe/yIuBOCTh ATOW (POPMYJIBI TMOATBEPKAACTCS BECbMa HEOOBIYHBIM JIJIS

AJIEKTPOCTATUKK 00Pa30M — AHAIM30M HANPSHKEHHOTO (B MEXAHUYECKOM CMBICIIE
ATOrO CJIOBA) COCTOSIHUS TOJISl CHAPYKHU U BHYTPU CHEPHI.

® = Ja)ldQ = (16)

2 MexaHu4veckue HAIIPSAKECHHUA B 3JICKTPOCTATHYICCKOM I10JIC

ITone sByseTCA CIUIOMIHONW CPeNoi, MOCPEACTBOM KOTOPOM OCYILECTBIAETCS CHU-
JIOBOE B3aMMOJCHCTBUE 3apsDKEHHBIX Tell. OTCrOIa CIIEAYET, YTO MOJIE JOJDKHO aAcK-
BATHO OINMKCHIBATHCS 3aKOHAMW MEXAHWKW CIUIOMHON cpenbl. Hukakmx cooOpake-
HUH, TPETSTCTBYIOMUX TPUMEHEHUIO 3TUX 3aKOHOB, HE CYLUECTBYET, HATPOTHB, WI-
HOPUPOBAHKE TOJIOKEHU MEXAHUKH CYLICCTBEHHO OOEAHSET TEOPETUUECKUI Oarax
(PM3KUKH STIEKTPUYECKUX SBJICHUH.

[Ipumem B KadyecTBE 00BEKTA UCCIAEAOBAHMS CPEPUUECKUH KOHIECHCATOP, BHYT-
PEHHsIs O0KIaAKa KOTOPOro MMEET paanyc K, BHEIIHSS — Ry.

C TOYKM 3pPEHUS MEXAHWUKHU MOBEPXHOCTHAS TUIOTHOCTH CUJI, ACHCTBYIOIIMX HA
OOKJIaAKH, SBISETCS MOPOXKACHUEM HANPSHKEHHOTO COCTOSIHUS TOM Cpelbl, KOTopas
HaXOJIWTCs BHYTPU KOHAECHCATOPA, T. €. BNEKTPUUYECKOTO moms. [locraBum nmosTomy
3a7a4y HAXOXKACHUS 3aBUCUMOCTH MEXAHUYECKOTO HANPSKEHUS G MOJs OT paauyca
¥ B TPOCTPAHCTBE MEXKAY OOKJIAJKaMH, BOCIOJIb30BABLINCE ISl 3TOrO pe3yibTaTaMu
TEOPUH YIPYyrocTu [4].

JIByMsI KOHLICHTPUYECKUMU cepaMu paamyca r U r + Ar W 4EThIPEXTPAHHBIM
yraoM (C BEPIIMHOW B LEHTPE KOHAEHCATOPAa M MallbIM TeleCHBIM yriaoMm AQ) mpu
BEPIIHMHE) MBICIICHHO BBIIEIUM 3JIEMEHTAPHBIA MPOCTPAHCTBEHHBIM (PpArMeHT MO
B MMPOCTPAHCTBE MEXY OOKIaJKaMKu KOHJAeHcaTopa (puc. 4).
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B MexaHuke MOKa3aHO, YTO YCIOBUS CTAaTMUECKOrO PABHOBECHS IJI 3TOTO
(¢parMeHTa, ¢ y4eTOM LEHTPAIbHOM CUMMETPUM TOJs, (HOPMAIM3YIOTCS B BUIAC
ypaBHenus (17)

do. 2
9 426, -0,)=0, (17)
dr r

TJI€ O,, O; — HOPMAJIbHBIE HAMPSLKCHKS B PAIMAJIbHOM M TAHTCHLIMAJIBHOM HaIpasJe-
HUSIX COOTBETCTBEHHO.
[lepememienns u, aeopManum ¢ U HANPSDKEHUSL G CBA3aHBI MEKIY COO0H (op-
mynamu (18)
1 du 1 u
& =—0,=—, § =—0,=—, (18)
k dr k r
rae k — MOAyb YIPYTOCTH.
C yuerom opmyn (18) ypaBHenue (17) mpeoOpazyeTcss B ypaBHEHUE BTOPOrO
nopsaka (19) OTHOCUTENIbHO MEPEMEIIEHUS U,

2
Q+2_d“_2_”:o_ (19)
drt  rdr

Pemenue 3roro ypapaenus umeet Bun (20),
u=Cr+C,/r?, (20)

rae Cy, C, —TIOCTOSSHHBIE UHTETPUPOBAHHSI.
3Has pewenue (20), HaliaeM BUJ 3aBUCUMOCTEH JUTsl ONPEACIICHHS HOPMAJTbHBIX
HaIPSHKECHUI!

du 2kC
c,=k—=kC - =%, 21
& dr 1 7’3 ( )
o, = kC, +k%. (22)
r

C ydeTom TOoro, 4ro OOKIaJKH KOHAEHCATOPa UMEKOT 3aps/ibl PA3HOIO 3HAKa, IMo-
BEPXHOCTHAS MJIOTHOCTh CHJI, JEHCTBYIOLIMX HA BHEINHIOW OOKIIAJKY, JOJDKHA OBbITh
HAIPABJICHA K LIEHTPY KOHACHCATOpa. HopManbHOE HANPSPKEHHUE 0,, BOSHUKAOLIEE B
noJie mpu » = Ry, JOJBKHO OBITh PABHO MO a0COMOTHON BEJIMYMHE MOBEPXHOCTHOM
TUIOTHOCTH CHJI, HO UMETh TPOTUBOMNOI0KHOE HAMPABJICHHUE,

2kC,  Q°
RS 32n%gR)

o, (Ry)=kC, - (23)
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Beipaxkenne (23) JOKHO BBIMOJTHATHCSA MPU BCEX BO3MOXKHBIX 3HAUECHUAX Ry >

R, B TOM 4ncae W Mpu OCCKOHEYHO OONbIIMX 3HAYEHUsX, Ry — 0. Ho mpm Takux
3HAYEHUIX TNOBEPXHOCTHAS IJIOTHOCTH CUJI CTAHOBHUTCS PAaBHON HVIIO, T. €. NPH

Ry — . 6,(Ry) — 0. Tlo 310l mpuyrHEe NMOCTOSIHHAs WHTErpupoBanus (| JOJDKHA
ObITh paBHA HyMO, (1 = 0. Tenepb U3 3aBUCUMOCTH (23) MOKHO HAWTH MOCTOSIHHYO
uHTErpupoBanus (,

R___ 0
2k k64n’eyR, (4

C2:_Gr(RO)

Taxkum 00pa3oM, SIEKTPAYECKOE TOIE MEXKAY OOKIAAKaMKM KOHAEHCATOPA UCIIBI-
THIBAET MEXAHWYECKOE HANpPsbKeHUE (25) B paguaibHOM M (26) B TaHTCHLMATIBHOM
HAIPABJICHUSX,

B R0

GF—GA&Q;;—EZEEE&F, (25)
_ Ro__1

Gt Gr(RO) 2]”3 - 2Gr' (26)

Jledopmanys B 3TUX HANPABICHUAX OyAET OMPEACIATHCS BhIPAKCHUIMHA (27) 1
(28) COOTBETCTBEHHO:

_o, _0,(R) Ry

er—k— PR (27)
o, 0.(R)R

g = T T o —r3. (28)

3ameruM, uto U3 opmyn (25)—(28) caeayer, yTo npu OCCKOHEYHO OOIBIIOM
paauyce Ry HanpsbKeHUs o,, g, U AeopMaIiu &,, & CTAHOBITCS PaBHBIMHU HYJIO. DTO
BECbMa BAXHBIM PE3YIbTAT, CBUIAECTEIBCTBYIOMIUNA O TOM, YTO AJIEKTPOCTATHYECKOE
MOJIE B OKPYKAIIIEM YEAMHEHHBIM HOCUTENb 3apsija MPOCTPAHCTBE HAXOAWTCS B
HEHAMPSDKEHHOM COCTOSHUH. [IOTHOCTH SHEPTUM MOJIS BO BCEX TOUKaX 3TOTO MPo-
CTPAHCTBA paBHA Hy/t0. OCTAETCS NPHUHAITH CAMHCTBEHHOE PELICHKE. B CIIyYae YEaH-
HEHHOTO HOCHTEIS 3apsi/ia SHEPTUsl JTOKAIU3YETCA B AJIEKTPUUYECKOM MOJIE, HAXOs-
HIEMCSl HE BHE, 2 BHYTPU HOCUTEIS 3aps/ia.

JlokazaB «T€OpEeMy CYHIECTBOBAHUS, MOCTABUM 3a/Jady OMPENCICHUS XapaKTe-
PUCTHK HAMPSDKEHHOTO COCTOSIHUS AJICKTPUYECKOTO MOJIsl BO BHYTPEHHEN cepe, T. €.
B TOI 4aCTW MPOCTPAHCTBA, KOTOPAsk yIOBJAETBOPSET YCIOBUIO ¥ < R,

[Tone, kak Mexay OOKJIaJKAMHU KOHJIEHCATOPa, TaK U BO BHYTPEeHHEH cdepe 00-
JAJAET UEHTPAIBHOU CUMMETPHEH, MO3TOMY U B ATUX OOCTOSITEIbCTBAX OCTAETCS
cnpaBeyIMBbIM ypaBHeHuEe (19) u ero pemenue (20). OaHako, Tenepb NOCTOSHHAS
uHTErpupoBanus C, OYJET paBHA HYJIIO, MOCKOJIbKY MEPEMEIICHUE B LIEHTPE CheEpbI
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JOIKHO OBITH paBHBIM HYO, # = 0 ipu » = 0. 3aBucumoctu (21), (25) ans BeIYMC-
JIEHWS] HOPMAJIBbHBIX HanpsbKeHUi npuooperaet Bua (29) u (30),

o, (r)=kC, (29)
o, (r)=kC,. (30)

Ha noBepxHOoCTH c(pephl TOIKHO BHIMOJTHATHCS PABEHCTBO
fr=—0,(R)=-k(C,, (31)

OTKYJA CIIENYET, YTO COCTABJISAIOLUINE HOPMAJIbHBIX HAMPSDIKEHUA OJMHAKOBBI BO BCEX
TOYKAX, PACHOJIOXKEHHBIX BHYTPU C(EPBI, U PABHBI BEIMUUHE 0,(R),

2
Gt(r):ar(r):ar(R):—gzﬂ%W. (32)
0

DTO 03HAYAET, YTO MOJIE BHYTPH CPEPHI HAXOANUTCS B COCTOSTHUM OOBEMHOIO BCECTO-
POHHETO (THAPOCTATUYECKOr0) CHKATHSL.
Jledopmanys Mo B 3THX YCIOBUIX COCTABJISIET BEJIMUUHY

R 2
_olB)__ A (33)
k 327°g Rk

OcTaioch HalTH, YeMy paBeH MOIYJb YIPYTOCTH K, BXOMAIIMI B BBIPAKEHHE
(33).

B COOTBETCTBUM C TEOPHEH YIMPYrOCTH IIOTHOCTH SHEPTUM W B YCIIOBUSX M-
pOCTaTI/I‘{eCKOFO CXKaTHu4 SABJIIACTCA BGHI/I‘II/IHOI‘/’I, BBI‘{I/ICHHGMOP'I 110 Bpra>KeHI/IIO

2
30:(R), (34)
2

w:%(arer+20,8,)= p

OHEPrus BCEro Mojsl, 3aKIFOYEHHOr0 B c(epe, ¢ OAHOH CTOPOHBI MOXKET OBITh
BBIUMCIIEHA MTPOU3BEICHUEM IUIOTHOCTH W Ha €€ 00BbEM, a ¢ APYroi — OHA JOJDKHA
OBITh PaBHA SHEPTHH, YEAUHECHHOHN 3apsHKEHHON cepsl:

307 (R 2
o, (R)4_s_ 0

== (35)
2k 3 8rey R
PaszpewmnB ypaBHeHue (35) OTHOCUTENBHO k, IOTYYUM
2
1
k= —0o, (R). (36)

64nlg,RY 2

[ToncraBum Teneppb 3HAUYECHUE k B BoIpakeHHE (34) 1 HAlLAEM IUIOTHOCTh SHEPTUU
W, BHYTPH YEIUHEHHOH 3apssKEHHON CepH,
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30°
w=30, (R)= ——=——. 37
(%) 327%g, R’ G7)

Hccnenopanne BOIIpocCa O JIOKaAJIM3alKuu SHCPIruu JJICKTPUYICCKOIO IMOJIA MOYKHO
CUUTATh 3aKOHUYCHHBIM.

BbiBOABI

1) 3aBucumoctu (16) u (37), MONTyYECHHBIE COBEPIICHHO HE3ABUCUMBIM APYT OT
apyra o0pa3oM, COBNAIXA. DTO FOBOPUT O MPABWUIBHOCTH TOW TOYKH 3PEHUS, UTO
SHEPTUsl JJIEKTPUUYECKOTO MOJS SBIAETCS SHEPIHEH €ro BCECTOPOHHETO CXKATHS BO
BHYTPEHHEM MPOCTPAHCTBE HOCHUTENS 3apsaa. [lome B MpoCTpaHCTBE, OKPYKAKOUIEM
HOCUTENb 3apsAjad, HAXOAWUTCS B CBOOOJHOM (HCHAMPS>KEHHOM) COCTOSIHMH, IJIOT-
HOCTh 3HEPrUM B HEM PAaBHA HYJIO. Takoe COCTOSHUE MO B 3TOM 4acTH MPOCTPaH-
CTBA COXPAHSETCS 10 TEX MOP, MOKA B HErO HE OYJET BHECEHO KAKOE-TH00 3apsKEH-
HOE TEJO, HANPUMEDP, MPOOHBIA HOCUTEIb C EAMHUYHBIM 3apSA0M.

2) Knaccudeckoe npeactaBiaeHie 00 JIEKTPHYECKOM MOJE, KOTOPOE OOHAPYXKU-
BAETCA, KAK CKAa3aHO B [1], TOJILKO MO BO3ZHUKHOBEHUIO CUJIBI, JICHCTBYIOIICH HA 3a-
PSDKEHHBIE TEJa, TOJDKHO OBITh PACHIMPEHO € y4eToM 3P (HEeKTa MOSBICHUS MArHUT-
HOT'O MOJISL JAXKE B TOM Cllydae, KOrja CHJIOBAsl COCTaBIISIFOLIAsl B3AUMOJCHCTBHS OT-
CYTCTBYET, HO UMEETCSI IBMYKEHHE BJIEKTPAUYECKOTO MOJIS.

3) B cTpemneHnn K COBEPIICHCTBY TEOPUH 3ICKTPUUECTBA HE CIEAYET UCXOINUTh
U3 TPAJULMOHHOM TOYKM 3PEHUs, MPUHATON OTLHAMHU-CO3AATEISIMA TEOPUU 34 OCHO-
BY. OTa TOYKa 3pEHUS M3JIOKEHA B MOCOOMU [1]: «... U3yUEHUE DJECKTPUUECKUX SIB-
JICHWH 4YpEe3BBIYAHHO OOJIEr4aeTCs, €CIM UCXOOUTh W3 MPEACTABICHHS, YTO ... BO
BCEX TOYKAX MPOCTPAHCTBA, OKPYKAKOLIETO 3apsij €, BCEraa CyIECTBYET NEKTpHAYE-
CKasl CWJIA, ... BHE 3aBUCHUMOCTH OT TOTO, MPOSIBISETCS JIA CYIIECTBOBAHHUE 3TON CH-
JIbI B BO3JICHCTBUU €€ HA MPOOHBIN 3aps/ (B Cllydac HaJU4Ks TAKOBOIO) WIN K€ HU B
YeM HE MPOSIBIISIETCA (B Cly4ae OTCYTCTBHUSI TAKOBOr0)». BUaMMO, KOraa-To 3Ta TOY-
Ka 3pEHUs CNOCOOCTBOBAJIA PA3BUTUIO TEOPHH, HO B HACTOSIIEE BPEMS 3TO HE TaK.
He croutr mns «o0OmerdyeHus U3ydeHus» MPUBHOCUTH B 3aaauyy 3(P(EKThI, CTOb CY-
HICCTBEHHO UCKAYKAIOIINE OOBEKT U3YUCHMUSI.
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AHanu3 (U3MUECKUX MPOLECCOB B OKPYXKAOLIEH Cpele W B3IJAL COBPEMEHHON
HAayKH Ha 3TH mporiecchl. [Ipeamaraercs HOBoe MOHUMAaHHE (THITOTE3A) TII00ATBHOTO H3-
MEHEHHUS KJIMMaTa U BO3MOXKHOCTHY YIPABJICHUS CPEIOH HAIIETO 36MHOTO MUPA.

Kniouegwie cnosa: Muposozpenne. Okpyxkaromas cpeaa. [nmobampHoe W3MEHEHHE
KJIUMATa.

Zagainov Mykola. Crisis of Natural Systems and New Research Area. Analysis of
physical processes in environment and a view of modern science on those processes.
Propose a new conception (hypothesis) of global change of climate and capabilities to
manage environment of our earth's world.

Key words: World outlook. Environment. Global change of climate.

Tema «Hayka mpupoapl» SIBISIETCS OYE€Hb BAKHOM JJI1 COBPEMEHHOIO MEPUOAA
Pa3BUTHS HAYKH U BCECH LIMBUIM3ALMU. BONBIIMHCTBO COBPEMEHHBIX VUEHBIX OTME-
yaeT, 4ro ¢ KoHna 80-x rogoB 20 BEeKa MPAKTUYECKH OJHOBPEMEHHO HAYAI MPOSB-
JSTBCS KPU3UC COLMATIBHOMN, HAYYHOH, SKOHOMHYECKOH, (PMHAHCOBOM, >KOJIOrHYe-
CKOH, KITMMATHYECKON M APYruX OOIIECTBEHHBIX W MPUPOIHBIX CHUCTEM. Y UEHBIE
HA3BaJIA 3TO OOLIEMUPOBOE SIBICHUE «CUCTEMHBIM Kpu3ucom». Kaxnas Hayka u3y-
YaeT TOJIBKO YaCTh MPUPOJABI U MOXKET MPEANONArarb NPUYMHHO-CICICTBECHHBIC CBS-
31 U3MEHEHUN B paMKax CBOeW KoMmeTeHUUH. DyHIaMEHTAIBHON HAYKH, U3YyYaro-
el mpupoay, OMOOrMYECKY0 (POPMY YKU3HH, B TOM YHKCIIE YEJIOBEYECTBO, U BECH
MHD KaK €IMHYIO B3aMMOCBS3aHHYI) CUCTEMY, HE CYILUECTBYET, MOITOMY OLICHUTH
MHUPOBBIE TPOLIECCHI, CACTATh BBIBOABI U JaTh HEOOXOAMMBIC PEKOMEHALMN IO BbI-
X0y U3 KpailHE ONACHOM CUTYallMM HEKOMY, @ HA OCHOBAHUM HBIHEIIHErO MUPOBO3-
3PEHUSI U1 HEBO3MOXKHO. YUéHbIE U QMIocOo(bl, 00bEAMHUBIINECS B paMKax PHUMCKO-
ro Kryda v Beaylmme UCCie0BaHus 1o riao0anbHoi mpobiieMaTuke, AaKe npuayMma-
JIM CHIEUMATBHBIA TEPMUH «HEOCO3HAHHOCTD ITPOUCXOIAIIET 0.

[TpuBeEM HECKOJIBKO TPUMEPOB, TTOKA3BIBAIOIIUX CEPbE3HOCTh CUTYALUH.

H3yyas W3MEHEHHE KIMMATa, CIIEHUAIACTBI MPUXOAAT K Pa3HBIM OLICHKAM MpO-
UCXOJAIIMX NPOLEcCOoB. YacTh YUEHBIX CUMTACT, YTO MPOMCXOAUT TIIOOAIBHOE MO-
TEIICHUE, APYras 4acTh - 4TO TNIOOATbHOE MOXOMOAaHue. B mocneaqHue roasl npu-
XOJIUT MOHAMAHKE TOTO, YTO MPOUCXOUT MIOO0ATTBHOE U3MEHEHHE KIIMMATA.

MHorue Mccie10BaHusl MOKa3bIBAOT, YTO MOJOOHBIE MPOLIECCH HEOAHOKPATHO
MPOUCXOJWIA HA HAUICH MIAaHETE, HO YTO MPOUCXOAUJIO ¢ OMOIOrn4ecKoi popmoit
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JKU3HA B PE3YJIbTATE STUX W3MEHCHMIA? [lajeoHTOMOrHs HA OCHOBAaHUM M3YYCHHS
OKaMEHEBIIMX OCTATKOB MPOIMIEAIINX 3MOX B KU3HHU 3eMIU JaET OJHO3HAYHBIA OT-
BeT. B 0/1HY 310Xy UMeeTcst 0MH HA0OP PaCTUTENBHOCTH U KMBOTHBIX, B 0OJIEE BBI-
COKOM COCEJHEM CJIO€ PACTHTEIBHOCTh M KUBOTHBIE YK€ IPYrue, 0oee pa3BUTHIE, a
NEPEXOAHBIX BUIOB (Opel U (payHBI HE CyLIECTBYET. UEIOBEK COBPEMEHHOIO BUAA
NOSIBUJICS Cpa3y, MEPEXOAHBIX BUAOB MEXKAY YEIOBEKOOOPa3HbIMU 00€3bSHAMH W
YEJIOBEKOM HE OOHAPY)KEHO. Y AOBIETBOPUTEIIBHOIO U aPryMEHTHPOBAHHOTO O0BsIC-
HEHUS 3TUX (PAKTOB HA OCHOBAHWM HBIHEIIHETO MUPOBO33PEHUS HAYKa HE BBIJBUHY-
ja.

Jlo xoHna 80-X rooB MPOLLTOro BeKa OOIIECTBO M HAYKA Pa3BUBAJIMCH B CPAB-
HUTEJIbHO CTAOWJIBHBIX MPUPOIHBIX YCIOBHUSAX. B OUYEHBb Y3KMX mpenenax B HaUIEM
MUPE TOANEPKUBAIACH JECATKH NAPaMETPOB, TAKMX KAaK CPEAHss TEMIIEpaTypa,
JIABJICHUE U COCTAB ra3oB B atTMoc(epe, KUCIOTHO — 1iesiouHoi Oamane “PH™ BogHo#
Cpeabl U T A. B TeueHue KpaTkoro BpEMEHHOr O MEPUOa TPAHUIBI STHX MapaMeTPOB
PACIIMPUIIACH, YTO TPO3UT CAMOMY CYLIECTBOBAHUIO OMOJIOTMYECKON (POPMBI KA3HU.
Hanpumep, 3ayarne moromMcTBa y OMOMOrMYECKOH (POPMBI KM3HW MPOUCXOIUT B
JKUJIKOM Cpeie MPW OYEHb Y3KMX 3HAYCHUSX KHUCIOTHO — IMIeT04HOro Oamanca. Pac-
mupenue nokasarenei “PH” BomHO# cpeasl B TIOOYIO CTOPOHY MPUBOAUT K 3aTPYA-
HEHUIO OIJIOJOTBOPEHHUS SHULEKIETOK W MKPbI Y pbi0. UMEHHO MO3TOMY, COrJacHO
craructuke, u3 10 map 310pOBBIX MOJIOJBIX JHOACH 7 Map UCHBITHIBAKOT TPYAHOCTH C
3a4aTueM JIETel, a 3 mapel M3 HUX HE MOTYT €CTECTBEHHBIM NyTEM (0€3 moMoIIHu pe-
NPOAYKTUBHBIX TEXHOJIOTHi ) 3a4aTh TOTOMCTBO.

KonnuecTBo cTUXMitHBIX O€ICTBHIA, TEXHOTEHHBIX KATacTpOd, SNUACMUIA HAUu-
HAET YBETMYMBATHCS, KaK CHEKHBIA KOM, U WX PE3YJIIBTATOM MOXKET OBbITh TMOEIb
MUJUTHOHOB JIOACH. YenoBeuecTBy HEOOXOAUMO B 3THX YCJIOBHSIX MPOCTO BBIKHUTH.
['yOUTENbHYO TEHACHIMIO MOKAa3bIBACT TPpauK pocTa SJKOHOMHUYECKHX MOTEPb, PE3-
KM POCT KOTOPBIX Havasics ¢ 1988roma[1].

DKOHOMHMYECKHUE MOTEPU OT CTUXUUHBIX OCICTBUI
(8 mapa. poma. CIIIA) ¢ 1950 mo 2000 rog.
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ITo cpaBHeHMIO ¢ 60-Mu Togamu B 90-X rogax 3KOHOMHUYECKUE MMOTEPU YBEITNYH-
auck mouty B 9 pa3. [lpumeuanue: Ha rpaduke Moka3zaH CyMMapHblid yniepO TONBKO
OT KPYIHBIX CTUXUHHBIX OCICTBHIA.
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DTy TEHACHUMIO NOATBEPKAAOT TAKXKE HaHHBIE 3a MOCIEAHHWE TPU Troja OT
KPYNHEHWIEH B MUpe CTpaxoBod kommaHuu «SwissRey, (Ieeitnapus) [2]. DxoHO-
MHUYECKUE MOTEPH OT MPUPOIHBIX KATAKIM3MOB, CBA3aHHBIX ¢ M3MECHEHUEM KIUMAaTa
COCTaBHJIN:

- B 2009 roxy — $63 munapaa;

- B 2010 roay — $222 mummapaa — poct 0ojiee ueM B TPH pasa;

- B 2011 rogy — mpumepno $370 Munnmapna - mouTH ABYKpaTHBIN pocT. B ciyuae
coxpaHeHus moao0Hoi TeHaeHmu 10 2015 roga norepu OyayT CpaBHUMBI C IU(pa-
MH €KErOJHOro pocta MupoBoro BBII, 4yTo yke aBUI0CH OJHON W3 NMPUYUH KPU3HC-
HBIX ABJICHAN B MUPOBOUW 3KOHOMHUKE.

H3-3a HEXBATKKM MPOJOBOJBCTBUS M MUTHEBOW BOJBI, CBSI3aHHOW C KJIMMAaTH4e-
CKUMU U3MEHEHUAMU, AaHATATAKHU TTPEACKA3BIBAIOT COLMAIBHBIEC MOTPsICEHU [3].
Beigoa: IlpoucxoanT npouecc pa3pyumieHusi HpupoaAHOH CTa0WIbHOCTH.

OOpatuMmcs K CTAaTHCTHKE, OTPAKAIOMICH TEHACHUMW B M3MEHEHUW COCTOSHUS
MICUXUYECKOT0 310POBbs HaceneHus. B Hauane 20 BE€Kka HA ThICAYY YENOBEK Haceme-
HUSl HACUMTHIBAIOCH 1—2 4YeoBEKa, KOTOPBIM TPeOOBAIACH MOMOLIb MTCUXO0JI0T0B WK
ncuxuarpoB, B 70 romax Takux Jiroach Obuio yxke 5—6 denoek. COrjmacHO OLICHKE
crienuainucTa mo JieueOHOM meuxoyioruu, nmpodeccopa, akagemuka Poccuiickoid aka-
JneMun ecTecTBeHHbIX HayK E.A. [MlanomHukoBa, «mo coctosHuio Ha 2005 rop, ad-
COMIOTHO HOPMAJIBHBIMH SBISAIOTCS UMb 20-25% monei. JTO HE 3HAYMT, YTO BCE
OCTJIbHBIC — MCHUXU, MPOCTO OOJBIIMHCTBO (65—-70%) ymyapsitoTcs OalaHCHPOBAThH
Ha rpaHm» [4]. Ecnu cyMMapHyrO OLEHKY 3TOW CTaTUCTUKK npuBecTH K 100%, TO €€
COCTABJISIOIIME OYIyT UMETh CIEAYIOIIME 3HAUYEHUS . HOPMAJIbHBIX Jrojeil — 25%, a
UMEIOIMX TPOOIEMBI ¢ ICUXUKOH — 75%. B Teuenue 15-20 neT, ecau 3a TOUKY OT-
cuéra B3aTh 1988 roa (Hadajso pe3Koro pocra 3KOHOMHUYECKHUX MOTEPh OT MPUPOI-
HBIX KaTaKJIM3MOB), KOJMYECTBO JIFOACH, KOTOPBIM B TOM WJIM MHOM CTENEHU HEOOXO-
JUMa TIOMOIIb MCUXOJIOTOB WM NICUXUATPOB, BHIPOCIO ¢ 0.5% no 75%. Dta Hera-
TUBHAsI TEHACHIMS XapAKTEPU3YETCs TAKKE YXYALICHUEM CIOCOOHOCTEH 3amoMuHa-
HUsL HOBOW MH(POPMALIMKA U BO3MOKHOCTEH O00YUYEHHMsI, MAaCCOBBIM 3a00JICBaHUEM JIc-
NPECCUEN U IPYTMMM PACCTPONCTBAMM TICUXHMKUA. B UTOre ypOBEHB YEIOBEYECKMX
BO3MOYKHOCTEH, KaK B HAyKE, TAK U BO BCEX TBOPUECKUX OOJACTAX ACATENBHOCTH
ITOHU3HIICA.

Brisox: IIpoxposkeHue JAHHOIO MPOLECCa MOKET NMPUBECTH K NMOTepe pasyMHO-
CTH JIIOJICH.

Ha nepBblii B3rmsa, ¢ TOUKK 3PEHUSI COBPEMEHHOM HAyK, YIOMSHYTBIE OOIIe-
MHPOBBIE TEHACHIMHU HE CBS3aHBI, HX O0BEIUHAET TOJBKO 00IIas Cpeia HALIETOo MU-

pa.
Brioa: mpoucxoasar riiodajibHbIe N3MEHEHHUSI B Cpe/ie HAIECTr0 3¢MHOT0 MHUpa.

A MOXET M HayKa OJHO3HAYHO OOBACHWUTHh MPHUYMHBI 3TUX M3MeHEeHM? [l1o
MHEHUI0O MHOTMX VYE€HBIX M (PuiIocooB, COBpeMEHHas (pyHIaMEHTalbHAs Hayka
3a0yuiack Ha MyTH, BEAYIIEM K MO3HAHWIO MUpa. [[puBeIéM HECKOIBKO MHEHUIA.
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Anpapeil AnekceeBud TyTomkuH — uctopuk U guinocod Hayku (Poccust) B uc-
crenoBatenbekoi padbore «llonokeHne B Hayke XX BEKa» BBICKA3AT CICAYIOLIMA
BBIBOJI. «BTOpas moJjioBMHA ABAIIATOrO BEKA — MOJIHBIA 3aCTOi ()yHIaMEHTaIbHON
Hayku. Mbl TOM4EMCsI Ha MECTE, Pa3BUBAsl TOJBKO TEXHOIOTHMK. OrPOMHOE KOJIAYE-
CTBO HEIABHO CO3JAHHBIX HAYYHBIX TEOPHH MOPAKAECT CBOMMHU (PAHTACTUUYECKAMH
BBIBOJAMU. DTH BBIBOABI OA3UPYIOTCS HA HEIOKA3aHHBIX U, B MOJABJISIOLIEM CITy4ac,
HA HECYLICCTBYIOMMX (PAKTaX OKPYKAIOLIETO HAC MUPA W SBISIOTCS YUCTO MaTeMa-
TUYECKUMU BBIPLKCHUSM M.

HMHTEPECHO MHEHHE O HAYKE CO3/ATENs AaTOMHOM OOMOBI, aMEPUKAHCKOTO (pU3H-
ka PobOepra Onmnenreiimepa: «5 1 MOM KOJIErH (PU3UKHU-TEOPETUKA TIPUICP)KUBAEM-
cs omHOro yOexkneHus. Mbl HE TIOHMMAeM MPUPOAY MaTEPUH, 3aKOHOB, KOTOPBIE
YIPABISIOT €M, A3bIKa, KOTOPBIM OHA MOKET OBITh OnmucaHay [5].

I[To cmoBam Anekces Hukonaesuua JIMurpweBa, JOKTOpa  IEOJIOTO-
MUHEPAIOTHYECKUX Hayk, mpodeccopa, corpyanuka HUUW reopusmkn CO PAH:
«CoBpeMeHHas (pu3uka sBIICT COOOM BEChbMa KaTKOE 3PEIUILE MPH MOMBITKE TPaK-
TOBaTh Mpoucxogsuiee B npupoje. CoOCTBEHHO (PyHIaMEHTATLHON (PU3UKH, HCCIIE-
AYIOLIEH peallbHble KOCMO3EMHBIE TPEOOPA30BAHUS, CETOHS TPOCTO HE CYIIECTBYET.
Ecte pyHnameHTanbHas TexHuUeckas pu3nka, HO He (pu3HMKa Npupoabl. YTo ke mo-
ay4aeTcs? Mbl MPOCTO MEPEUYUCTAEM TO, YTO MPOUCXOANUT, HO HE MOXKEM HHM CHPO-
THO3UPOBATH, HU NPEAOTBPATUTE TPUPOIHBIE KATACTPO(DBIY.

Ham BakHBI HE YIPEKM B aApEC HAYKHW, 4 3HAHUE ACHCTBUTEIBHBIX €€ BO3MOXKHO-
CTEM.
[IpuBenéM npuMepsl HAYYHOH AEATEIBHOCTH.

BonbmmHCTBO KIMMaronoros, B ToM uncine HoOeneBckmii Jlaypear, akaaeMHK
PAH, mupekrop MucTutyTa rnmodansHOro kimmara u sxkosnoruu KOpuiik AHTOHHEBHY
Wzpasne (Poccust) M ero «HaydHas IIKOJa» CUUTAIOT, YTO JIFOASIM M 3KOHOMHKE
HEOOXOMMO aJaNTUPOBATHCS K M3MECHEHUSAM KiMMara. UIMEHHO MO3TOMY MEXKIYyHA-
poaHass Hay4yHas KoOH(pepeHuums, cocrospmascs B MockBe ¢ 7 mo 11 Hoa0ps
2011roxa, Ha3BaHa «I[IpoOnembl ananTauuy K U3BMEHEHUIO KITAMAaTay.

[To muenuto FO.A. Uspasind, «YpaBlieHHE KIUMATOM — HE Takas y>k OpocoBas
uaes» [6]. CyTe ero npemioKeHus COCTOMT B PETYISPHOM PACIBUICHUM B HWKHER
cTparocepe MENKOAMUCIIEPCHBIX A3PO30JbHBIX BEMICCTB, HAMPUMEDP, COCAMHEHUH
CEPBI, YTO, MO €r0 MHEHUIO, MO3BOJIUT CHU3UTh TEMIEPATYPY U 3aPUKCUPOBATH K-
MaT HAa HBIHEHIHEM ypoBHE. COBOKYMHOCTh MOJOOHBIX METOJOB HA3BAIM MCOMHXKE-
Hepuel. /[aHHas Hayka pacCMaTpuBacT BO3ACHCTBME HA CIOKHYHO MPUPOJHYIO CH-
CTEMY MPUMEPHO TaK K€, KAK XUMHUYECKYH PEAKIHIO B Ja0OpaTOPHOM MPOOHPKE.
s poctikeHus: rnodanbHOro 3¢ dekra HeOOXO0AMMO PaCbIIUTG MUJUTHOHBI TOHH
COCIMHEHUI cepbl. MAKTUYECKHU 3TO LEICHANTPABICHHOE 3arpsA3HEHUE OKPYIKAKOIIE T
CpEdbL, YTO MOMAMAMACT MO AcHCTBUE MexayHapoaHoi konBeHnmu 1978r. «O 3a-
NPEIIEHUN BOCHHOTO WJIU MHOTO BPaXKAcOHOr0 BO3ACHCTBYS HA MPUPOJHYIO CPENY».
YBaKacMblil aKaJIEMUK TPAKTYET 3TOT AOKYMEHT IO - CBOEMY, & MMEHHO, YTO KOH-
BEHIIMS HE 3aNPELIAET BO3ACHCTBUS HA IPUPOAY B MUPHBIX LIETISAX.
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B pamkax cOBpEMEHHOI0 HAYYHOIO MUPOBO33PEHHUS Il YMEHBIICHUS TEMIIEpa-
TYPBI OKPYIKAFOIEN CPEIBI MPEIAraroTCs TAKKE APYTA€ MPOEKTHI:
- CO3JaHNE MMEHOIUTACTOBLIX MATEPUKOB B OKEAHE;
- MMOKpacKa KpbILI BCEX 3JaHUN U aBTOJOPOT B OCIBIN LIBET;
- BBIBEJICHHE B MOPE HECKOJIBKO THICAY Oapik - peprkeparopoB Ui CO3AaHUS JIbAA
B MOpE;
- CO3JIaHbl QHAJIBHBIE MPOTUBOTa3bl IS KOPOB C LEJIBK) YMEHBIICHHS BHIOPOCOB
«TIAPHUKOBBIX» I'a30B U IPYTrA€ BAPUAHTEHI.

Camoe 1ICHHOE€ B HAyYHOU AEATEIBHOCTH — 3TO CPABHECHHE MOAXOJ0B, HOBBIC
BBIBOJIbI M IPEAJIOKEHUS IO 00CYKAaeMOi mpoldaeMe, YTO MO3BOISET COBMECTHBIMHU
YCWIMSIMU PENIATh TOCTABJICHHBIE MEPE] HAYYHBIM COOOIIECTBOM 3a/1a4H.

JIpyroe HampapJICHUE HAYYHOTO MBIIIJICHUS, HO YUYATHIBAIOIICEC U3BECTHBIC 3a-
KOHBI TPUPOJIBI, TAKXKE CYIIECTBYET B COBPEMEHHOM Hayke. Hampumep, oOmecTBeH-
Hasl opranu3anus, o0beAMHUBIIAS YUEHBIX U (pUI10co(OB (M3 pa3HBIX TOCYIAPCTBEH-
HBIX Hay4yHbIX yupexaeHui ctpan CHI'), cymecrByer B ropoae Onecce (YkpauHa).
YYacTHUKM 3TOH OpraHmM3anuu COOMPAIOTCS HA €KErOJHBIE KOHTPECCHI U W3AK0T
KOJIJIEKTHBHYIO MOHOTPa(MI0 CBOMX HAYYHBIX TPYAOB NOJA 0OIMM Ha3BaHueM «I ap-
MOHMYHOE PA3BUTHUE CHCTEM — TPETHM MyTh YEIOBEYECTBA». ABTOPBI CTATEH, CO-
OpaHHBIX B MOHOTpa(uu, B CBOMX MCCIEAOBAHUIX W PACCYKICHUSAX OMUPAIOTCS Ha
W3BECTHBIE MMPUPOJHBIC 3aKOHOMEPHOCTH. CpeIn 3TUX 3aKOHOMEPHOCTEH, TAaKUE Kak
(pakTaIbHOE MOCTPOECHUE MPUPOJHBIX CUCTEM, CTaBliee B KoHIEe 20 BeKa pa3einoM
MaTEMaTHUKH, MAaTEMATUYECKUE 3aBUCUMOCTH: psal OGHOOHAYYM U COOTHOLIEHUE dJie-
MEHTOB MPUPOJBI, BBIPAKEHHOW uyucinoMm 1,618..., KOTOpoe BOCHPUHUMAETCA KaK
ONTUMAIIEHOE COOTHOLIEHHUE — TAPMOHUSL.

B BbIIEIPUBEIEHHON CTATUCTHKE COBPEMEHHOTO IMCHXMYECKOTO COCTOSHHS
HaceneHust UMeroTest TH@pbI 25% u 75%. (Ckopee Bcero 310 mMpoOMEXKYTOUYHBIE 3HA-
YEeHUsI B IPOLECCE YXYIEHUS] YMCTBEHHBIX CIOCOOHOCTEN JroacH.) [IpuBeném emé
JBa MOAOOHBIX COOTHOUIEHMs B mpupozaec. [lnomaaps cylm u BOJHOH MOBEPXHOCTH
TUTAHETHI (MOPS ¥ BHYTPEHHUE BOAOEMBI PEKH, 03€pa...) — 3TO, C YUETOM BO3MOKHBIX
MOTPEIIHOCTEN B BEIYUCICHUAX, TaKkKe 25% u 75% [7]. CoOTHOMIERNE MACCHI CYXO0-
ro BEIIECTBA M BOJBI B TEJIE YEIIOBEKA, €CIM YUUTHIBATH BOAY BHYTPH KIIETOK, B CO-
CTaBE KOCTHOH MAacCChl, KAPA, BHEKIETOUHYIO KUAKOCTh (3KCTpaLEHIoaspHas),
KOTOPYIO pa3AciasioT Ha “MOABUXXHYIO WJIM AKTUBHO (PYHKIIMOHUPYIOIILY IO
qyacTh (0koJ0o 10%) u “BHyTpUPUOPUNNAPHYIO” WU “‘COCOUHUTEIBHOTKAH-
HY10” (10%), TO, ¢ Y4ETOM BO3MOSKHBIX MOTPEUTHOCTEN B BEIYMCIICHUSX, CHOBA TMOSIB-
asitores nudpet 25% u 75%. 11onoOHOE COOTHOLIEHHE, BUAUMO, MOKHO OOHAPYKHUTh
U B JPYTUX MPUPOIHBIX CTPYKTypax. Uucmo 75 umeeTcs B npuMepax, MPUBECAEHHBIX
B crarbe npodeccopa BomommuoBa A.B. «I"apMmoHus, cuMmmeTpus, Kpacota»| 8, CTp.
21 ]. «ldudpa 75 cOOTBETCTBYET yray MPH BEPIIMHE MAPaAMUIbI Xeornca, yriy, oopa-
30BaHHOMY JUArOHAISIMU MPSAMOYTOJIbHUKA UKOHBI « Tpounay Anapes Pyonésa. Co-
TpyAHuK IlymuHckoro HaydyHoro ueHrpa B.J1. LIBETKOB co31ail «TEOPUIO CEPALIAY,
OCHOBAaHHYIO HA BAPWALMOHHBIX NPUHOMMIAX W MPEAMNONOXKKI YTO MMEHHO YHCIIO
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«Dm» 00ecneurBaCT MAKCUMAIbHYIO 3P (PEKTUBHOCTE padOThl CepAla ¢ MUHUMAb-
HBIMH 3aTPATAMH MBIIICYHOH MACChl, KPOBH M COCYAMCTOro marepuana [8, crp.27].
L[BETKOBBIM TaK)K€ HAWACH ONTHUMAJIBHBIA YOI BETBICHUS APTEPUATIBHBIX COCYIOB
(370 TaKkke QpaKTabl ), KOTOPBIA OKa3aJCs PaBeH 75».

Takum 00pa3om, HA MPUMEPE UCCIEAOBAHNN LEIOH HAYYHON IPYNIbI U JaKe HA
OTPAHUYEHHOM KOJMYECTBE MPUBEAEHHBIX MPUMEPOB MBI BHUIAUM, YTO BCE B MUPE
CYLIECTBYET IO €VUHBIM MATEMATHYECKUM 3aKOHAM W SIBIISIETCS JIOTMYECKH, ICTETH-
YECKH, U CAMOE TIABHOE SHEPIETHUYECKU ONTUMAIIBHBIM W LieJecoo0pa3HbiM. Mcxoas
U3 MPUBEIEHHBIX JOBOJOB, IPUMEPOB U PACCYKICHHIA JIOTUYHO MPEANOIOKUTE, YTO
MHPO3JAHUE CO3IaHO PA3yMHBIM HAYajIOM W €CIIM NMPUHATH MOCTYJAT «CYLMIECTBYET
BBICIIMKA pa3yM — TBoOpen», TO OCHOBHBIM NPUHLMAIOM IPAKTUYECKUX ACHCTBUI
TBOpLA SABJISIETCS HAUMEHBIIHE YJHEPreTHYECKHE 3aTPAThI H 11eJIeCO00PA3HOCTb.

JIst OJHOTHI JAHHOTO BBIBOJA HE XBATAECT, KAK MUHUMYM, €€ OJHOW Marema-
TUYECKON 3aBUCUMOCTH, KOTOPYIO MOXKHO Ha3BaTh «KOAOM CO3UIAHMS», U €AUHOTO
CTPOUTENBHOIO MATEPHAIIA, U3 KOTOPOIO CO3AAaHBI BCE BUJIBI BEILECTBA, A TAKXKE OIU-
canus (puzukm 3TOrO Mpouecca. Jlannas nHpopManus y>Ke UMEIOTCSI B HOBOM HAay4-
HOM HAITPABJIEHUH - AKCHOHTOJIOTUH, O KOTOPOM MAET PEUb B KOHIIE CTATHH.

Ecnu npuHOmnel 1€1eco00pa3HOCTH M HAMMEHBIIMX SHEPreTHYECKUX 3aTpar
MIPUMEHUTD JJI OLICHKM COBPEMEHHON LIMBWIM3ALKAN, TO TIOJIOKUTEIBHOTO BAPUAHTA
WX MCTIONIb30BaHUS HE HAOMIOJAETCS, K COKATICHHIO.

Kpusuc B Hayke ¥ HEMOHMMAHKWE YCTPOHCTBA MPUPOABI OOYCIOBIECHBI TEM, YTO
OOJIBIIMHCTBO MPEACTABUTENICH HAYYHOrO COOOMIECTBA CUMTAIOT HAIl MUP U BCEJICH-
HYIO CJIYYaiHBIM SIBJICHUEM, MOSBUBILIUMCS B PE3YNbTATE « BONBIIOTO B3PHIBAY.

B Hacrodiee BpeMsi B HAYKE CYLIECTBYIOT M JPYIUe€ MOAXOIAbI K TTOHUMAHUIO
yCTpoicTBAa MHMpO3aaHus. beiBIMiA pykoBoautens «LleHTpa MHCTPYMEHTAIBHBIX
HAOMIOJICHUI 3a OKpY’)KaroUIei Ccpenoil M mporHosa reo(u3nyecKux MPOLECCOBY,
KaHAuaaT reoioro-MuHepasiornuyeckux Hayk Mrops Hukomaesny AHunkuii B 10KIa-
e «MeToauueckne peKOMEHJAlU| N0 3al0UTe OT HETaTUBHBIX SHEProuH(popmManu-
OHHBIX BO3ACHCTBUI»[9], mpenHa3HAYEHHOM It MUHHUCTEPCTBA MO YPE3BBIYANHBIM
cutyauusiMm 1 Munucrepcrea 000poHsl Poccun, chopMyarpoBall CIeAYIOMEE MHE-
Hue. «[TaBHBIM WTOTOM HAYYHBIX M3BICKAHWI TMOCHEOHUX JECATHNETUIR XX BEKa
SBJIIETCS TO, YTO (PU3MKH MPULITHA K TOKA3ATENIBCTBY CYIIECTBOBAHUS AOCOMOTHOTO
pasyMa, O 3aMbICly KOTOPOTrO YCTPOeH MUP [5]... YueHble AaKe BBEIW TMOHATHE
"orreuaTkn bora" — HEBEPOATHBIE COBMAACHUS (PU3NUYECCKUX MApaMeTPoB, O€3 KOTO-
pbIx Hama BeeneHnas He Moria Obl CyliecTBOBATh... CErOAHs, MBI SIBIIIEMCSL CBUJIC-
TENSIMU MH(POPMALMOHHOTO B3pbiBa 1o Teme: "CTpoeHMEe M (PYHKIMM IUTAHETHI".
Hauasio ero moskao otHectr K 1991 roay, koraa B poOCCUHCKON HAyKe ObLI 3aBEPIICH
MHOTOJIETHUI IMKJI YHHUKAJbHBIX HcciaeaoBaHui. Ha 3TOH OCHOBE HOKAa3aHO, 4TO
3eMJIs — 3TO NMPEAETBHO 3HEPrOHACHIIIECHHAS M BBICOKOOPraHW30BAaHHAs CHCTEMA,
obnafaromas namMsTero... MHOTME MCCIEA0BAaHUS MOKA3BIBAKOT, YTO 3eMJIs KakK ca-
MOPpEryIupyroasics CTpyKTypa B OTBET Ha BHeHHME (M3 Kocmoca) U BHYTpPEHHHE
(OT HEPA3YMHOM TEXHOJIOTMYECKON ACATENBHOCTH YEIOBEKA ) BO3JACHCTBUS, C TOYHO-
CThIO HMaeanbHO OBM (S1EKTPOHHO — BBIYMCIWTENIbHAS MAllMHA — KOMIBIOTED)
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«BKITFOYAET» KOMIIEHCALMOHHBIE MEXaHU3MBI MOJACP)KAHUS YKU3HEHHO BAXKHBIX Ta-
paMEeTPOB ISl CYIIECTBOBAHUS OMONOrnyeckoi (popmel ku3Hu. Uem riny0ke nzyda-
10T (PU3UKK OKPYKAOUIMH MUP, TEM OTYETIIMBEE BUAHA pyKa TBOpLAY.

Hurepecno u mueHue lIpesnnenra Poceuiickoin Akanemun Hayk Opus Ocuno-
Ba: «Co3nanue 000l CTpoitHON HayuyHOU CHUCTEMBI HEU30EKHO MPUBOJMUT K MBICITH
0 CyUIECTBOBAHMUU a0COMOTHOrO ObiTHs WK TBopua» [S].

K moHumMaHuro TOro, 4ro 3emiis - pa3yMHasi CyLHOCTb U SIBJISETCS, IO CYTH, MO-
IYYAM KOMIIBIOTEPOM, HEKOTOpbIE yUéHbIE y)ke nmpuuuti. Ho kak paborare ¢ 3THM
KOMIIBIOTEPOM ?

B Opranuzanun O6venunenue ['paxxnan «HapoaHslii AkaaeMu4eckuii Y HuBep-
curetr Dpomouun Pazyma» (HAY OPA) nonyyunym nonoKUTENbHBIE PE3YJIbTATHI B
SKCIIEPUMEHTAX IO B3aUMOACHCTBUIO KOJIJIEKTHBA JIKOJEH C Pa3yMOM 3eMIIM TIPH
nomoun Meicnedopm. CyTb HOBOrO moaxona Owlna M3NiokeHa Ha BceMupHO# KOH-
(EepeHINU MO U3MECHECHHIO KuMara, npoxoausiineid B Mockse B 2003 roay, B JOKIa-
ne AnexcarnHoi Jlapucel FOpbeBHBI U1 AnnkoBa Anekces MBaHoBHuYa 1o Teme:
«[IpnunHBl TJI00AJIBHOIO U3MEHEHHSI KIMMaTa 3eMJId. BO3MOKHOCTh HAILIErO BIIWSI-
HUs HAa u3MeHeHue kumaray [ 10]. TTpuBeném BeiaepkKy w3 Aoknana: «Hama rumno-
T€3a O NMPUYMHHOCTU TNOOATBHOIO W3MECHEHHS KJIMMAaTa OCHOBAHA HA MOCTYJATE
«MHP aOCOJIIOTHO NMPOrpaMMeH». BHEINHMM MPOrpaMMHUCTOM MO OTHOLICHHIO K 00-
MMM W YaCTHBIM IPOTrpaMMamM MPOCTPAHCTBA — BPEMEHH siBIsieTCa Briciee Havano.
BHYTpEHHHMH NPOrpaMMUCTAMU — KOPPEKTOPAMU PE3YJIbTaTa B MATEPUAIBHOM CPe-
JI€ ABJISIETCSA HU3IIMIA Pa3yM — YeNlOBEK. EcCii BHEIIHUMH ONEPATOPaMHM - K MHIYKTO-
pamMm» SIBJISIFOTCS MOJIEBBIC MH()OPMAIIMOHHO-pacoOpsauTeNbHbIe CTPYKTYphl (MPC)
JIOKQJIBHBIX MPOCTPAHCTBEHHBIX (POPMHUPOBAHWI, TO BHYTPEHHUMH OINEparopamu -
"MHAYKTOpaMu'" SBISIOTCS 3JIEMEHTAPHBIE pa3yMHble 0O0pasoBanus — UPC uenoseka.
CrnenoBarenbHO, HOIDKEH CYLIECTBOBATh €IMHBIA YHUBEPCAJBHBIA aJIrOpuT™M O0ILIe-
HUSL MEXAY ONEPaTOpPaMu Pa3iuYHbIX YPOBHEHR. Ero CTpyKTYpHbIMU €AMHULAMA WH-
(opManmm MOTryT OBITh TOJIBKO TOJIEBBIE 00pA30BaHMs - MbICIEPOPMBI. TaKOH ONbIT
oOmieHus ceroaHst HapabatbiBaeTcsi B ONECCKOM pPEeruoHe. J[OCTUTHYTHI MOJIOXKH-
TENBHBIE  PE3yJAbTATBl 1O  PACCEMBAHUID  DHEPrONOTECHLIMANIA  MAarHUTHO-
I'PABUTALIMOHHBIX BOJH, PE3OHUPYIOIIMX € «(Pa30BbIMUY» BOIHAMU Jautocepsl. [1po-
BepeHa peakums 3emHoil MPC Ha yemoBedeckue MbIcae(OpMbl — HH(OMOCHUIKH,
KOTOpBIE, IO HALIEMY Pa3yMEHUIO, COCOOHBI MPSMO WM KOCBEHHO BO3JCHCTBOBATH
Ha 3EMHYIO CTPYKTYPY M Ha cucremy okonoconHeunon MPC. K coxanenuro, noa-
TBEP)KJAIOIINAE BO3MOKHOCTH HAYKM OTPAHWYEHBI, KAK MU CETOMHSIIHUE BO3MOKHO-
CTH MOTECHUMAIIbHBIX YIIPABUTENEH MOJIEBBIMU ITPOLiecCaMu. TeM HE MEHee, HAlIEHO
HaIPaBJICHHUE, CIOCOOHOE TOMOYb HAYKE OCMBICIIMTH 3aBUCUMOCTh 3EMHBIX U OKOJIO-
COJIHEYHBIX SIBJICHUU, IIPOLIECCOB U OTAECIBHBIX PEAKIAN OT BO3MOKHOCTEH BHYTPEH-
HUX OIEPATOPOB — YEJIIOBEKOB PA3YMHO PAa3yMHBIX, YKUBYIIMX HA 3€MJIE B OJHOM M3
MOCJIEIOBATENBHO POSIBISEMBIX MUPOB.

Hcexons w3 npuBen€HHON HH(POPMALMKU, MOKHO CAENATh BBIBOI O BO3MOKHOCTH
B3aMMOJCHCTBHS C MOJIEBOMATEPUAIBHBIM KOMITBKOTEPOM 3EMIIM U €0 MPOrpaMMHu-
poBanus. JlJIst 3TOr0 4YeJIOBEK JAOJDKEH CTaTh PA3YMHBIM BHYTPEHHUM ONEPATOPOM U
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W3YYUTh SA3BIK TPOrPaMMUPOBAHUS (OOLICHNUS ), MOHATHBIA KAaK YEJIOBEKY, TaK U 3€M-
HOMY pa3zymy. 3a mnepuon cyiiecrBoBanus HAY DOPA HapaOotaH onpencinéHHbIR
OTBIT W BBISBIICHBI BO3MOXHOCTH YEJIOBEKA MO YMNPABICHUIO cpenoi odutanus. B
KAQueCTBE MPUMEPA MOKHO MPUBECTH PE3YJBTAThl NEPBOTO ONBITA MO YIMPABICHUIO
KPYIHBIMU MPUPOJHBIMU SIBIEHUSMH, MPOBEAEHHOTO TPYNINOH MOJEBBIX ONMEPATOPOB
B coctaee 120 uemosek [11].

18 centa0ps 2003roga B 21.00 mo KMEBCKOMY BPEMEHU B TCUECHUE 7 MHHYT B
36MHOM TOJIEBBIH KOMIBIOTEP ObLIA 3aJIokeHa nporpamma. Taidyn «M3abenby, Ko-
TOPBI MOr MPOM3BECTH Pa3pyLICHHs HA aTiaHTHYeckoM mnobepexbve CIIA, B pe-
3yJIbTaTe MPOrPaMMHOI0 BO3JACHCTBHS B TeueHue 24 vacoB Obln paspyuieH. Cko-
POCTh BETPA CHU3WIACH HAJ TEMIBIM OKEAHOM, YTO SIBJIICTCS HEOOBIYHBIM M JAXKeE
NapajoKCaIbHBIM ISl OBEACHUs TaiiQyHOB. X0a BO3ACHCTBHS pasymMa 3eMJd HA
«H3abenb» ObUT 3aMKCUPOBAH POCCUICKMM Te€OCTAlMOHAPHBIM cryTHUKOM GOES
12—BOCTOK ¥ aMEPUKAHCKAMH CITYTHUKAMH. DTH (POTOCHUMKHM OB OMyOJIMKOBAHBI
14 suBaps 2007 roaa Ha caiite poccuiickoro areHTcTBa «MHpopMHayka». OObIYHO B
«rna3y» TaiiyHa HET OOJIAKOB M CHUJIBHOTO BETPA, a B «Tna3zy» Taidyna «13abenby
NOSIBUJIACh BPALIAKOIIAACS CUCTEMA U3 NATH BUXpeid. [locreneHHo oHun Tpancdopmu-
POBAJIMCH B YETHIPE, a 3aTEM B TPH, IPU 3TOM CKOPOCTh BUXPEW MEHsIachk. JlaHHOE
SBJICHUE 3aPETMCTPUPOBAHO €AMHCTBEHHBIN Pa3 3a BECh MEPUOJ HAOMFOICHUH.

Wind, MPH
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—A, 0 Tropical storm
: & Tropical depression

0 =
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N3menenue ckopocTr BeTpa TakdyHa «3a0emmb» mo taHHpIM aMmepruKaHckoro 1{eH-
Tpa MO U3YYEHHUIO YParaHoB.

HAY DOPA (www.uer.org.ua, www.era.at.ua) npemiaracT NPUHIIMIUAILHO HOBOE
MHUPOBO33PEHUE, a TAKXKE, B YaCTHOCTH, HOBOE PEUICHUE KIMMATHUYECKUX MPOOIIEM.
KonnektuB YHuBepcutera (HOpMYIMPYET OCHOBBI HOBOM HAyKHM aKCHMOHTOJIOTHH,
U3YYarolie MUp, MPUPOAY, Bce (POPMBI JKU3HU M YEITOBEUYESCTBO KaK €IMHYIO B3au-
MOCBSI3aHHYIO CUCTeMY. [Ipy mOMOIIM 3TO¥ HaAYKM MOKHO MOHSTH CYTh W TIPUUYHHBI
Jr00BIX MPOIIECCOB, MPOUCXOASIINX B MUPE, MPEACKa3aTh UX Pa3BUTHE, AaTh PEKO-
MEHJAIMK T TTPaBUTENILCTB U MPEUTOKUTH BO3MOKHOCTH YITPABJICHUS TIPUPOIHBI-
MU SBJICHUSIMH.


http://www.uer.org.ua
http://www.era.at.ua
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Ha3BaHue akCMOHTONOrMSl MPOUCXOAUT OT TPEUYECKOr0 BBIPAYKEHUS — «axi0 ontos
- bios» — «IIEHHOCTh CYIIEro — >KU3HBY» M OBLIO NPEAIOKEHO MPEACTABUTEIIEM HAYY-
HOM IIKOJIBI npeamecTBeHHUKOB HAY DPA, onHUM M3 OCHOBATeNeld YHUBEPCUTETA
Brnagumupom EprenseBuuem [lapamoseim [12, 13]. [Io ero MHEHHIO, «IEPBBIM H
IJIABHBIM OOBEKTOM, LIEIBbI0 U3YUYCHHUS AKCHOHTOJIOTHH SIBJISIFOTCSI YEJIOBEK, 3BOJIIO-
LMl €10 Pa3yma, B3aUMOJECHCTBUE C OKPY KAKOLICH CPENOi, a TAK)KE OCHOBBI )KU3HU B
uenoM. Pazym 3emiu B HACTOsIIEE BPEMSL BOCIIPUHUMAET KOJUIEKTUB Y HUBEPCUTETA
KaK 3apoblIll WK Tpoodpa3 pa3yMHOro 4yenoBeuectray [14].

AKCHOHTOJIOTHSI NPUHLMIHAIBHO WHAYE, YEM TIECOMH)KCHEPHS pPacCMaTPHUBAET
npobnemy cTabunn3anuy KimMara. AJanTUPOBaTh HY>KHO HE JIFOACH U SKOHOMUKY, a
OPUPOIHYIO CPEAY W OAMH M3 €€ MIABHBIX 3JIEMEHTOB - KIMMAT K NOTPEOHOCTSAM Ue-
JoBeuecTBa. HeoOxoammo ynpasisiTe mporpaMMaMu 3€MJIH, a HE aAanTHPOBAThCS K
MPOrPAMMHBIM U3MEHEHUSAM KIMMaTa. Y PAaBICHUEM MUPOBBIMH ITPUPOJHBIMU MPO-
LECCAMU 3aHUMACTCA Pa3yM 3€MJIM, a KOPPEKTUPOBKA MPOUCXOIUT MO 3aka3y (mpo-
rpaMMe) BHYTPEHHETO OMEPaTopa — YEIOBEKA pa3yMHOro. J[Jis MoJTHOrO BOCCTAHOB-
JIeHHs] CTAOWJIBHOCTH KJIMMATUYECKON M BCEHl MPUPOIHOM cucTeMbl HE0OXoaumo 10
THICAY OOYUYEHHBIX JIFOICH, CIIOCOOHBIX KOJIEKTUBHO B3aUMOJICHCTBOBATh C PA3yMOM
3emau. IMEHHO TaKOMY KOJIMYECTBY MOJIEBBIX ONEPATOPOB IUIAHETA MOMYMHSAETCS
0€30r0OBOPOYHO M BBINIOJHAET UX MPOrpaMMbl, HampaBjeHHbIE HA biaro. B monuma-
HUM pa3zyma JIroOoro ypoBHsi biiaro — 370 BBINOJIHEHHE LENCH, 3aAa4 U MPOrpamMm
Beicmiero Pazyma - TBopiia. 3ajiaya yenoBedecTsa - no3HaBaTh HHpopManuo TBop-
114, BBIMOIHATE €r0 NPOrPaMMHBIE 3a/1a4H, JOKA3bIBATh CBOK) PA3YMHOCTh PEATIbHBIM
neictBueM. JIroOble HaMpaBliCHUs MO3HAHUS W YEJIOBEYECTBO BHE Iieneil Tropia He
MMEIOT CMBICIIA CYILECTBOBAHUSI.

JInst CpaBHEHMs PA3HBIX HAYYHBIX U MUPOBO33PEHUYECKHUX MOAXOM0B K IMOHMMA-
HUIO YCTPOHCTBA MUPO3/IaHUsI KPATKO MOBTOPUM H3JIOKEHHYIO MH(OPMALMIO B BUJE
TaOIU LB

CPABHUTEJIbHAA TABJIMIIA

@ynoamenmanvHaa Hayka Ha cma- | Hoeoe nayunoe nanpaenenue
poit napaouzme

CHCTEMHBIN KPU3HC. YETKOE BUACHUE IYTH PA3BUTHSL.

[Tonublii 3actoii ¢QyHaameHTaabHOH | OrpoMHBIE  00BEM 3HAHWNA ISt
HAYKW, Pa3BUBAETCA TOJIBKO TEXHO- | OCBOCHHS YEITOBEYECTBOM.
JIOTHSL.

Hogele HayuHbie Teopuu Oazupyrorcs | HoBas Teopusi mOATBEpPXKIAETCS
HAa HEIOKA3aHHBIX W, B MOJIABJIAO- | YCIEIIHOW MPAKTUKOMN

IIEM CJIy4yae, Ha HECYLIECTBYIOIIUX
(akTax W SBJISIOTCS YUCTO MaTeMa-
TUYECKAMHU BBIPAOKCHUAMHA.

OyHIAMEHTAIBHONH HAYKH, M3Y4aro- | AKCHOHTOJOTMS M3y4aeT MUPO3Ja-
HIci MpUpoOay W BEChb MHP KaK €lW- | HAE, MPUPOJY HANIEr0 MHpPA, BCE




Cllo, 2012

Coopnux mpyoos Komnepecca—2012

183

HYIO0 B3aUMOCBSI3AHHYIO CUCTEMY, HE
CYLIECTBYET, MOATOMY OLEHHUTH MHU-
POBBIE MPOLECCH U CIIENATh BHIBOJIBI
HEKOMYY.

(OpMBI KU3HU U YEJIOBEYECTBO KaK
CIMHYIK B3aMMOCBA3aHHYIK) CHCTE-

My.

IToHnMaHre TPUPOIAHBIX MPOLECCOB
Ha YPOBHE JTa0OpaTOPHOM MPOOUPKHU.
Henonumanue ycTpoiicTBa MHpa,
MAaTEPUU U MPUUYUH MPOLECCOB, MPO-
UCXOSAIIMX B MUPE.

B03MO)XXHOCTh MOHMMAaHUS CyTH M
MPUYMH JTHOOBIX MPOIIECCOB, MPOMC-
XOMMIIUX B MHUPE, MPEACKa3aTh MX
pa3BUTHE, 1aTh PEKOMEHIAIUN AJIs
MPABUTEILCTB U MPEAJIOKUATH BO3-
MOXHOCTH YIPABJCHUS TPUPO/I-
HbIMU SIBJIEHUSIMU M BCEH OKpyKa-
FOLLEN CPEeNoi.

YennoBeuecTBY M 3KOHOMHKE HEOOXO-
IUMO aJanTUPOBATHCA K M3MEHEHM-
M KJuMara.

AJanTupoBath HY)KHO HE JIIOJEH U
SKOHOMUKY, a MPUPOJIHYIO CPEAy U
OJVH M3 €€ TJIABHBIX JJIEMEHTOB -
KJIUMAT K MOTPEOHOCTSIM Y€IoBeYEe-
crBa. HeoOxommmo ynpaBisTe npo-
rpaMMaMy 3€MJIM, a HE aAaanTUpo-
BaThCs K MPOrPaMMHBIM U3MEHEHU-
M KJIUMara.

YMEHBLIEHNS TEMIIEPATYPHl Ha IUIa-
HETE C MOMOILBIO PErYISIPHOIO pac-
NBUICHAS B CTPATOC(EPE a3PO30IIU U3
COCIUHEHUAN CEPHI.

YnpaslieHUE NMPUPOAHON CPEeaoi ¢
MOMOIIBK)  MBICICOOPA3HBIX MPO-
rpamMm pasyMHbIX Jroaei. Hocure-
JeM TPOrpaMMHON  HMH(pOpMaLKA
SBJISIETCS TOJIEBAS] MATEPHSI.

Hamr mup u BcenmeHHas — ciay4daitHoe
ABJICHUE, TOSBUBILEECS B PE3YybTATE
«bonpIIOro B3pEIBAY.

Ham mup wu BCelieHHas CoO3JaHbI
BBILIECTOALLAM pa3ymoM — TBop-
1[OM.

BreiBOA: pa3BuBaeTcss HOBOE HAYYHOE HANPABJICHHE - AKCHOHTOJIOTHSA, MPe-
Jaramuee HOBO€ HAYYHO€ MHPOBO33PEHHE U Jaoliee OTBEeTbl HA NMPHYHHbI
r7100aJbHbIX H3MEHEHHiHl B mpupoae Hamero mupa. HaiixeHsl BO3MOKHOCTH
B3aMMOJAECHCTBUS € pasymMoM 3eMJIM H YNPABJICHHS OKPYKAKOLIel cpeaoil. Ak-
CHOHTOJIOTHS — €IHHCTBEHHOE HAY4YHOE HANlPpABJICHHE, NPeJIaralouee BbIX0A 13
CHCTEMHOTI0 KPU3HCA U NIYTh BOCCTAHOBJICHUS NPUPOAHOH CTA0ONIBHOCTH.

HAY DOPA npurnamaer Bcex KeNarlmX MpoiTu o0y4YeHHs B YHUBEPCHUTETE. AJl-
pec. Opmecca, yn. Papocthas, agom 2/4, 7 otax, ten 701-12-33, cailThr
WWW.UCT.org.ua, www.cra.at.ua.

Ecnm npoananu3mpoBath JAHHBIE O MPUPOJHBIX U OOIIECTBEHHBIX MPOLECCAX HA
3eMJie U COMIACHUTHCS C MPOMEKYTOUYHBIMHA BBIBOJAMH B JAHHOW CTaThE, TO CTAHO-
BUTCSl BOBMOXKHBIM C(POPMYIMPOBATH OOLINE BBIBOJBI:

— BbIIICCTOSIIUI Pa3yM Ha4ajJ NpPoHecC MOCTENEHHOr0 pPACIIMPEHHs] IPaHHUILI
noKaszareJieii NpUPOAHBLIX NAPAMETPOB 3a Npeaesbl CTA0MIbHOCTH, YTO T'PO3UT
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KpaiiHe HeraTUBHLIMHU MOCJICACTBUSIMH, 3 BO3MOKHO H rudenbi. Pakrnyecku,
YeJIOBEYECTBO HALICI0 MHPA NMOCTABJICHO Mepeln KECTKHM, CPOYHBIM W KOH-
KPEeTHBIM BbIGOPOM: /1IN0 CMEHA MU POBO33PECHHUSI U BEKTOPA Pa3BUTHS MBUJIH-
3aliH K Pa3yMHOCTH, JTH0O0 NPOJOIKEHHE HEraTUBHBIX MPUPOIAHBIX MPOLECCOB;
— AKCHOHTOJIOTHSI — €IHHCTBEHHOE HAYYHOE HANpaBJIeHHE, Npeajiaramiiee Bbl-
X0 M3 CHCTEMHOr0 KpPH3HCAa W HOBOE HAINPABJCHHE PA3BHTHUS 4Y€J0BEYECTBA,
KOTOpbIe TPeOYIT TOJNBKO YMCTBEHHOIH ACATEJbHOCTH W MHHHMAJIBHBIX (u-
HAHCOBBIX 3aTparT;

— Yepe3 KOPOTKHil MPOMEKYTOK BPEMEHH BOCCTAHOBHUTH NMPHPOIHYIO CTA0W/Ib-
HOCTB Oy/IeT 0Y€Hb 3aTPYJIHUTEIbHO WJIN HEBO3MOXKHO.

[TpoBecTn aHamM3 MAHHBIX TPOLECCOB, MOMYYUTH JOMOJHUTEIBHYIO HHpOpMa-
U0, pa3o0paThCs B HOBOM HAYYHOM HANpPaBJICHUM — AKCMOHTOJIOTMH W TOJATBEP-
JKAAOUIECH €€ mpakTuke, 000CHOBaTh U CPOPMYIUPOBATH CBOM JTMYHBIA BBIBOJ J0JI-
JKEH KaXKIBIA YYEHBIH, CHOCOOHBIA MPEONOJIETh YCTOSBIIMECS B HAYKE JOTMBI.
HMeHHO HA HAYy4YHOM COOOIIECTBE B LEIOM (KaK Ha HauOoJiee TATAaHTIIMBOM U 0Opa-
30BAHHOHN YaCTH YEIOBEYECTBA) U KAKIOM YYEHOM MEPCOHABLHO JISKUT OTBETCTBEH-
HOCTb 32 JAIBHEHIITYIO CYIb0Y BCEX JTHOAECH M KOHKPETHO POJHBIX M ONU3KHX. DTO HE
nadocHBIE CIIOBA, a HEOOXOAMMOCTh BBIOOpA M KOHKPETHBIX AcHCTBUA. MHEHME na-
YK€ YaCTW HAYYHOro cooOIuiecTBa OyIeT BECOMBIM apryMEHTOM MJisi PYKOBOJACTBA
BCEX CTPaH IO ONPEAEICHHAIO ITYTH BBIXOJA U3 YXYALIAOLIENHCS CUTYallid B PUPO-
hi (3
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ON THE INTERPRETATION OF THE NATURE OF MAIN EQUATIONS OF
MATRIX MECHANICS

© Altayev Namaz, 2012

Yassavi Kazahish-Turkish International University,
Kazakhstan, Shymkent, e-mail: namaz 42@mail.ru

A new approach is proposed in the work towards the solution of the problems, which
are considered as fundamental during the process of derivation of the main equations of
matrix mechanics.

As it is known, in his time, after Plank saw, that based on the equation

87v? hv
Po=—3 T (1)
C A%
exp——1
kT
obtained by him in [1] from the joint consideration of the relations of the type
8Tv? _
Py = 3 u (2)
c

taking into account the possibilities of the main equations of electrodynamics of
Maxwell and relations of the following type
g% (3)
exp £
kT

obtained by him based on the computation, carried on the basis of possibility of
equalities

S=klnWw,
—1\!
W:(N+P 1).’
(N -1)!P!
E = Pg, (4)
E=Nu, (5)

a persuasive description becomes achieved of experimental data, they were further
faced by the problem of proof of relations (2) and (3).

For a complete and consecutive solutions of these problems, apparently, it was
necessary to obtain the proofs of these relations based on the possibility of main
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equations of theoretical physics, for instance, such as the main equations of the Ham-
ilton-Jacobi theory

o3 +H(qi,a—S,tj =0,

a oq
A (6)
H (qi ,—j =F,
oq
and main equations of statistical mechanics of Gibbs
op
——[Hp]=0,
5 1Pl
[Hp]=0,
—ex I'—¢g (7)
pi p kT b
Q+ un—g;
= eXp—————,
pl,n p kT
Obtained on the basis of Hamilton equations
H H
q; =a—, p; :_8_ (i=12,..,3n). (8)
op; aq;

In these expressions: S — entropy, W — thermodynamic probability, £ — energy, €
— energy quantum, u — average energy of oscillator, N — average number of oscilla-
tors A — hamiltonian, /7 — free energy, u — chemical potential, g;, p; — generalized
coordinate and impulse.

It is known, that the proof of the relations of the type (3) was obtained by Plank
in his work [2], where he, using the possibilities of the equations of canonical Gibbs
distribution function (7,¢) together with the expression

2
E = P +27t2vzmg2 ,
2m

related to the linear harmonic oscillator with the assumption, that the energy £ in
quantum case may accept only discrete values

E=nge=nhv,tnen=0,1,2, ..,

obtained the result



Cllo, 2012 Coopnux mpyoos Komnepecca—2012 17
g

g
E,exp| ——*
> e~ ) N
u=-" = : 9
E exp _En expi—l
kT kT

n

Let us note, that assurance of Plank in the correctness of obtained by him proof
of relation (9) was so high, that in the same paper [2], analyzing these new ideas and
results, he allowed himself to make a conclusion of the following content.

If in his earlier published paper [1], the conclusion was made that in the quantum
theory of primary foundation is the notion about the energy quanta, then now he
made a conclusion about the primary importance in this theory of the notion of action
quantum. On the other hand, it is widely known fact that on Solway congress in the
course of discussion some physicists tried to express their inagreement with these
new conclusions of Plank. For instance, Poincare tried to express his doubts in new
ideas of Plank by addressing participants of the congress with the question: «It may
by imagined that atoms of matter and atoms of electricity exist, because the conser-
vation of matter and charge are present. It may also be represented that atoms of en-
ergy exist. But how to claim the existence of the conservation of action?»

Lorentz tried to express his attitude towards new ideas of Plank, when he said
about this the following: “The method, by which Plank introduces the constant h, is
very noteworthy. But it must be noted, that historically the quantum of energy has the
priority over the quantum of action. Really, Plank began by introducing for every
oscillator particular quantum of energy, and then proposed to consider it to be pro-
portional to v, in order to achieve the agreement with the Wien law”.

But, as is known, in spite of all this, during development of foundations of quan-
tum physics gradually the main place was occupied by new ideas of Plank, which
recognized the fundamental role of the notion of quantum of action. Further, on the
same path new main results were obtained of the principle of correspondence and
also main equations of matrix mechanics

j= 0H(q,p) __OH(q,p)
op oqg (10)
B
pq—qp = (7) 1

for the case, when the number of degrees of freedom is equal to one and
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i\ = OH b = OH
kF — T~ > = T~ >
opy. oqy,
U4 =499 =0, (11)
PrPs — PsPr =0,
h
DPrds — 45 Px =0=75,-s,

for the case, when the number of the degrees of freedom has the arbitrary value.

Definitely, the Heisenberg program, proposed by him in formulation of the main
ideas of matrix mechanics, could also be considered a successful development in
case, when based on equations (10), (11) a satisfactory description of experimental
data could be achieved. But later, as it was realized, in reality this goal was not
achieved. For instance, Dirac in his book [3], analyzing the state of affairs, existing
in questions of interrelation of main equations of matrix mechanics and wave me-
chanics, came to conclusion, that previously made conclusion, that there 1s a corre-
spondence between these main equations of these branches of physics, was rather
premature.

As Dirac noted, early conclusions about agreement between main equations of
these branches of physics were made based on depthless comparison. He comparing
them under the account of expression for Hamiltonian, observed that these equations
in reality are not equivalent. Also it is attributed to Dirac the conclusion, that from
main equations of these branches of physics more valuable for the development of
foundations of quantum theory of field 1s the equation of matrix mechanics. But
widely known facts, show that during realization of his ideas, Dirac didn’t achieve
particularly valuable goals. Thus, according to our views, taking into account all this,
there 1s a foundation to make a following conclusion.

Apparently, that in his time during obtaining of the main equations of matrix me-
chanics from the Hamilton equation (8), as the equations, based on which a possibil-
ity arises to correctly establish the link between observable quantities certain mis-
takes were made. For instance, there is a ground to suppose, that the nature of these
mistake has certain link with the fact that during derivation of the main equations of
matrix mechanics new ideas of the principle of correspondence were accepted as a
foundation, where the main place was occupied by the notion of the quantum of ac-
tion 1n accordance with new conclusion of Plank, made by him in work [2] in 1911.

It may be noted out, that the initial paths of Plank were close to the path of truth,
when he considered that the fundamental notions in quantum physics are the notions
of quantum of energy and quantum hypothesis and began to use the expressions (4)
and (5).

In order to claim that this is the case, we further paid attention to the following
facts.
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In 1937 L.E.Gurevich published a paper [4], where he based on the applications
of the possibility of main equations of Gibbs (7) to the description of the problems of
adsorption equilibrium, showed, that the relation of the following type holds:

F, =nf, }

B, —rfs, (12)

where F), — free energy of the system of n particles, /' — free energy, attributed to one
particle, ®,, — free energy of n’ adsorbed particles, between which there 1s no interac-

tion, ¢ — free energy, attributed to one adsorbed particle.
Further, taking into account that the probability of the system to have n particles
in arbitrary state is equal

Q+un-FL,

=€X
P p T

and in order to find the average number of adsorbed particles, if the number of parti-
cles in gas phase 1s given, he started by analyzing the equation

Q+ +n)y-F, -,
pn,n' =CXp IU(n }Z; . . > (13)

where p,,, — probability of presence of n particles in gas phase and »' — on the sur-

face of adsorbent, i — chemical potential.
In [4], going from (13) to

Q+(u—-fon+(u-p’
kT

pn,n' = CXp

and

Q

e K = Ze[ﬂjn Ze[?jn n’ (14)

and keeping in mind, that the first sum is the geometric progression, in the second;

n' is the number of particles, adsorbed by one active place and may have values 0 and
1, average (observed) number of particles in the whole system was obtained

= 0
N=n,+ny,
where

m-f
kT (13)
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0

n
—u+¢
kT

ny =

(16)

I+exp

Here ny and nz — concentration of particles of type 4 in gaseous phase and on the
surface of the solid state.

Excluding exp% from (15) and (16), the equations of adsorption may be ob-

tained
0 = kI _ kT 17
1+n, ex J=9 1+n,ex A—A’ )
g P T 4 €XP T

where 68— degree of filling of the unit of surface.
In [4] based on the analysis of equation of the type

_ Q+ (= f)m + (= o)+ =) + (1 =)
P 1o —eXp ,
i kT

Derived for the case, when the object of research is the adsorption equilibrium in
case of the mixture of two ideal gases, the particles of which do not interact with
each other, the equations of the following type are obtained

AG,
nyexp— o
O = AG = AGy (18)
1+nAekaTA+nBekaTB
g €XPp G
Oy = e P—ve (19)
1+ny exkaA+nB exp kTB

where 68, 6z — degree of filling of the unit of surface by particles 4 and B corre-
spondingly, AG4, AGg — free energy of adsorption of particles of type 4 and B.

As it 1s known, the equation of adsorption equilibrium was obtained by Leng-
muir within the frames of the possibility of molecular-kinetic theory in following
form

byny

=44 20
1+bAnA ( )
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for the case, when we deal with the adsorption of particles of type 4, and in the form

b,n,

0, = , 21
4 1+bAnA +anB ( )

bgn,

05 = , 22
b 1+bng +byng (22)

For the case, when we deal with the competing adsorption of particles of type 4 and
B. Here n, and ng — concentrations of particles of type 4 and B; b4 and bz — adsorp-
tion constants of particles 4 and 5.

Comparing equations (17) and (20), and also (18),(19) and (21) and (22) 1t is
possible to obtain

fa—04
b, =ex ,
4 p T

f5— 05
b, =ex ,
B p T

where AG4 = f4— @4 and AGg = fz — @p — free energy of adsorption.

As 1s noted out in [4], this energy may be computed from heat measurements.
Therefore there 1s a ground to interpret the nature of equations (17) the same as equa-
tions (18) and (19) obtained from the main equation of classical dynamics (8), as the
equations, based on possibility of which the peculiarity is correctly determined of
interrelationship between the following observed quantities, which are 6, 6z, AG,,
AGg, ny, ng, n” and k7.

On the other hand, based on the analysis of equation (14) for the case when the
number of filling of cells is arbitrary, the following may be obtained

Where
m-f
n = €X , 23
@ p T (23)
0
0 n
Ng = : (24)
exp u+o
kT

Excluding from (23) and (24) exp% , 1t 1s possible to obtain
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nO

0

Ng, = — : (25)
! expf ?_1
Ag, kT

where 7, , nig,— concentrations of bosonic particles in volume phase and cells.
Under equilibrium #), and ®;, are equal. Therefore based on (12) we have

nf
:—"

n

P

as the determination of the average energy of oscillator, according to (25), there is a
possibility to obtain the expression

S
i expﬂ -1
Ay, kT

which may be accepted as a proof of the Plank relation (3).

From our viewpoint, there is a foundation to suppose, that the derivation of this
expression based only on the possibility of main equations of statistical mechanics of
Gibbs (7), under this without the necessity to suppose, that the investigated object 1s
the linear harmonic oscillator, is more rigorous, than when it was performed by
Plank, expressed n paper [2], where the equation (9) was obtained. In order to ensure
the correctness of this one must pay attention to the following.

Results (12), obtained on this path are strictly theoretical, can now be accepted as
a proof of relations (4) and (5), which in his time Plank in paper [1] derived under the
name “quantum hypothesis™. In other words, it may be observed that here the deriva-
tion of equation (25) are modernization and clarification of the main formula of sta-
tistics of Bose-Einstein, was carried out on the basis of possible new ideas. Thus, it
may be concluded, that earlier ideas of Plank were closer to the path of truth, which
were proposed in paper [1] in 1900, supposing, that for quantum physics the funda-
mental are the ideas about energy quanta.

As it 1s known, 1f equation (25) 1s widely used in the branches of physics, where
the peculiarity of interaction of substances with phonons, then the Langmuir equation
(20) and (21),(22) 1s widely used in development of the foundations of the theory of
double electric layer, theory of dehydrogenation, theory of kinetics of heterogeneous
hydrogenation etc.

In [5] and papers, published in book [6], it was shown, that during solution of
these problems, using theoretically derived equations (17) and (18), (19), their ex-
planatory possibility is considerably widened. Therefore, in view of all this, it may be
resumed, that in derivation of equations (17)-(19) and (25) on the basis of possibility
of main equations of statistical mechanics of Gibbs, which are in turn obtained from
the main equation of classical dynamics of Hamilton (8), the problems are satisfacto-
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rily described, for the solution of which the main equations of matrix mechanics were
obtained.
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Electrical conductivity and optical transparency
measurements of thin carbon films

Sedlovets D.M.*, Red’kin A.N.

Institute of Microelectronics Technology and High-purity Materials Russian Academy
of Science, 142432, Chernogolovka, Russia
*e-mail: sedlovets@iptm.ru

The outstanding electricall, mechanical and chemical properties of
graphene make it attractive for applications in flexible electronics. [1]

Experiments were performed at the lowered pressure in the flow-type
reactor. The system involved the horizontal tube furnace, the temperature
control systems, gas flow controllers and forvacuum pump. Cu foil was used as
a wafer. Thin carbon films were obtained by pyrolysis of ethanol vapor.

Then we measured the transmittance of graphene transferred to a
polyethylene terephthalate (PET) substrate using an ultraviolet-visible
spectrometer. The sheet resistance was measured using the four-point probe
method.

The films display appreciable electrical conductivity and good transparency
(92-95%). Because the transmittance of an individual graphene layer is 2,3%
[2], this transmittance value indicates that the average number of graphene
layers 1s two to four. These results were verified by atomic-force microscopy
measurements.

[1] Kim K.S., Keun SK., Yue Z., Houk J., Sang Y.L., Jong M.K., Kwang S.K., Jong-Hyun
A., Philip K., Jae-Young C., Byung H. H. Nature 457, 706 (2009).

[2] Nair R. R., Blake P., Grigorenko A. N., Novoselov K. S., Booth T. J., Stauber T.,
Peres N. M. R., Geim A. K., Science 320, 1308 (2008).
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Transient charging phenomena in graphite

Zagaynova V.*', Hacke C.', Chowdhury T.!, Makarova T.'*

"Umed University, 90187, Umed, Sweden
*Joffe Physical-Technical Institute RAS, 194021, St.Petersburg, Russia
*e-mail: valeria.zagainova@physics.umu.se

In carbon research, as well as in general research, graphite being the most
stable carbon allotrope is one of the most studied materials. In scanning probe
microscopy, graphite is used as calibration grates and atomic-smooth
hydrophobic substrates. Surprisingly, very few studies are made on electrostatic
force microscopy. Here, we demonstrate the ability of this technique to detect
hidden defects (buried underneath) and follow the spatial charge redistribution
under the action of electric field.

Graphite 1s a good electric conductor along its planes, and an insulator only
perpendicular to the planes. Therefore, the electric field applied to the plane
should not cause any potential fluctuations. And yet, they exist.

Under applied voltage, dendriform quickly changing charged areas were
formed limited in their spatial expansion by the surface steps (see Fig. 1).
Changing the tip polarity inverted the dark/bright images (Fig. 1 b and c). The
charging phenomena were observed only in the pyrolytic graphite samples with

Figure 1. EFM images of HOPG graphite: a — topography, b, ¢ — phase images taken at +2V
and -2V, respectively.

The measurements performed in nitrogen atmosphere proved that observed
fluctuations do not belong to effects caused by surface contamination such as
adsorbed water. Besides, ideal graphite screens poorly, and applied electric field
penetrates ~100 nm. Thus, the potential information comes not only from the
surface, but charges within the bulk might group themselves at or close to
surface steps or buried plane edges and also contribute to the signal.

Further studies on the charging phenomenon of HOPG graphite are needed
to understand the origin of this effect.
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The problem of nanodiamond visualization in
biopharmaceutical research

Yakovlev R.Ju.

Paviov Ryazan State Medical University, 390026, Ryazan, Russia
e-mail: yarules@yandex.ru

The problem of carbon nanoparticles diagnostics in biopharmaceutical
research becomes more and more actual during the last years. But the
complexity of control whether such particles are present and in what state in
vitro and in vivo precludes us from using the standard physic-chemical methods.
Therefore the search for new methods and techniques of carbon nanoparticles
visualization and of widening their functions via development of new original
approaches might be extremely important. This is very important for the
research in nanotoxicology and biomedical applications including pharmacology
research and drug delivery. The applications of nanodiamonds (ND) as
nanocarriers in drug delivery systems necessitated finding the effective methods
of their visualization. For the diagnostics of ND in vitro we used TEM. This
allowed us to determine the average size of ND particles (5 nm) and the
presence there of carbon atom layers (shells) with the diamond core in the
center. It was possible to estimate the thickness and structural peculiarities of the
ND shells depending on their chemical modification by HRTEM. In order to
determine the chemical composition of ND surface and the presence to sp’/sp’
carbon atoms in near-surface layers of ND particles the XPS method was used.
Raman spectra showed that ND have characteristic band of 1332 cm™. But
creation of Cg,,—N— bonds on the surface results in high fluorescence which is
so higher than the peak of diamond phase that totally masks it. The further
fluorescence research of ND with grafted drugs by Raman spectra might give us
a powerful way to visualize such complexes. The radiochemical methods of
carbon nanoparticles visualization are one of the most fast and accurate. We
received ND with *H-label firmly fixed by covalent bond Caiam—H that allowed
us to study their biodistribution in vivo in rats. The presence of heavy atoms in
the grafted layer on the ND surface opens new diagnostic possibilities to
determine ND ex vivo u in vivo by mass-spectrometry. Thus the long-term
biodistribution of ND in rabbits was studied. The devised complex of physic-
chemical methods of ND visualization allows us to effectively find ND in model
systems, biological liquids, tissues and organs.
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Intercalation of Cu underneath a graphene layer on
Ni(111) and Co(0001) substrates studied with a
synchrotron radiation

Vilkov O.Yu.*'?, Usachev D.Yu.!, Fyodorov A.V.', Shikin AM.,
Vladimirov G.G.'

ISt. Petersburg State University, 199034 St. Petersburg, Russia
*Technische Universitcit Dresden, 01062 Dresden, Germany
*e-mail: ol.vilkov@gmail com

The electronic structure of graphene on a metallic substrate is similar to
that of free-standing graphene, but there are essential differences, which depend
on a structure and a material of the substrate and are determined by the character
of the graphene-substrate interaction. One of the main tasks is to study the
properties of graphene on a wide range of substrates, as the solution of this
problem provides an opportunity to purposefully affect on the characteristics of
this material. An efficient approach to the solution of this task is based on a
phenomenon of intercalation of various atoms underneath graphene films on
metals.

Thick monocrystalline films of Co(0001) and Ni(111) were deposited on a
preliminarily cleaned surface of tungsten crystal W(110) under the ultra-high
vacuum conditions. Graphene films of a good quality were prepared on
Co(0001) and Ni(111) films in a process of propylene cracking [1,2].
Intercalation of copper atoms underneath a graphene layer took place after the
thermal annealing of pre-deposited copper layers [3].

The electronic structure of a core Cls level and a valence band of a
graphene layer on the metallic substrates before and after the copper
intercalation has been studied with X-ray photoelectron spectroscopy and angle-
resolved ultra-violet photoelectron spectroscopy. X-ray absorption fine structure
near the carbon K-edge has been measured for studying unoccupied graphene
states. Synchrotron radiation with a linear polarization has been used to reveal a
contribution of 7 and o states [4].

[1]  A.M. Shikin, D. Farias, K.H. Rieder, Europhys. Lett. 44, 44 (1998).

[2] A. Varykhalov, O. Rader, Phys. Rev. B 80, 035437 (2009).

[3] Yu.S. Dedkov, A.M. Shikin, V.K. Adamchuk, S.L. Molodtsov, C. Laubschat, A. Bauer,
G. Kaindl, Phys. Rev. B 64, 035405 (2001).

[4] R.A.Rosenberg, P.J. Love, V. Rehn, Phys. Rev. B 33, 4034 (1986).
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Investigation of triplet fullerene C) lineshape EPR under
continuous light illumination: zero field splitting
parameters distribution

Uvarov M.N.'*, Kulik L.V.', Pichugina T.I.!, Dzuba S.A."”

nstitute of Chemical Kinetics and Combustion, 630090, Institutskava 3, Novosibirsk, Russia
Novosibirsk State University, 630090, Pirogova 2, Novosibirsk, Russia
*e-mail: uvarov@kinetics.nsc.ru

Continuous wave (CW) and pulse electron paramagnetic resonance (EPR)
spectra of triplet state of fullerene C; in various glassy matrices were obtained
at temperatures SK+260K. At temperatures below 30K the emission region
appeared at EPR spectra because populations of *Cy spin sublevels are non-
equilibrium immediately after photoexcitation. At low temperatures spin-lattice
relaxation time of *C;, becomes comparable with triplet *Cy, lifetime. At
temperatures higher S0K EPR spectra contained only absorptive part.

Transversal relaxation rate was obtained by pulse EPR methods. It does not
substantially depend on EPR spectrum position. So, exchange process within
EPR spectrum due to rotations or pseudorotations of *Cy, molecule around its
long symmetry axis has not appreciably influence the EPR lineshape below 77K.

CW EPR lineshape of *C5, at 77K was simulated supposing the equilibrium
population of *Cs, spin sublevels. The zero field splitting parameters D and E
were revealed to have probability distributions. EPR lineshape of *C; was
simulated successfully assuming Gaussian probability distribution of D value,
whereas E value probability distribution function was different. It had a
property: at E = 0 the probability value is 0. At work [1] EPR lineshape of *Cy,
was simulated assuming rectangular probability density of E value.

With temperature increasing higher 100K the rapid rising of the transversal
relaxation rate of >Cy, was obtained from pulse EPR data. The phenomenon can
be explained by *C5 molecule motion due to glass matrix softening. CW EPR
lineshape narrowing with temperature increasing confirmed the suggestion about
3C70 motions.

D and E values distribution can be explained by dependence of molecular
3Cyo Jahn-Teller distortion on local surrounding of each molecule. We can
conclude that 3C70 symmetry is not higher than Dyy,.

[I] M.N. Uvarov, L.V. Kulik, T.I. Pichugina, S.A. Dzuba, Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, DOIL: 10.1016/j.saa.2011.01.047 (2011)

374


mailto:uvarov@kinetics.nsc.ru

School Poster Session P7.20

Analysis of two-level organization of detonation
nanodiamond clusters by SANS

Tomchuk O.V.*'? Avdeev M.V.!, Aksenov V.L.*', Bulavin L.A.%,
Garamus V.M.*

! Joint Institute for Nuclear Research, Dubna, Moscow reg., Russia
“Taras Shevchenko Kyiv National University, Kyiv, Ukraine
*Russian Research Center “Kurchatov Institute”, Moscow, Russia
*GKSS Research Centre, Geesthacht, Germany
*e-mail: tomchuk@jinr.ru

The influence of model selection for data processing of small-angle neutron
scattering (SANS) by fractal clusters of detonation nanodiamonds in powders
[1] and aqueous dispersions [2] is discussed. In addition to previous work we
focus our attention on the analysis of the scattering, corresponding to the level of
nanocrystallites, taking into account the polydispersity. It was shown that the
model of the diffusion surface corresponding to the graphene shell of the
nanocrystallites agrees with the contrast variation data in the aqueous
dispersions (mixtures H20/D20) against the average characteristics, and
explains the differences in average grain size determined by small-angle neutron
scattering and X-ray diffraction (broadening of the peaks). However, direct
determination of the form and parameters of the distribution function of
crystallite size encounters difficulties due to the irregular structure of the
surface. In particular, determined structural parameters of the particles strongly
depend on the type of model distribution function and the residual background.

[1] M.V. Avdeev, V.L. Aksenov, L. Rosta, Diamond Related Mater. 16, 2050 (2007).
[2] M.V. Avdeev, N.N. Rozhkova, V.L. Aksenov, V.M. Garamus, R. Willumeit, E. Osawa,
J. Phys. Chem. C 113, 9473 (2009).
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Determination of the diamond content in the detonation
products of explosive

Gavrilova V.C.!, Janchuk I.B.%, Svirid E.A.*', Efanov A.V.?
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V.E. Lashkarev Institute of Semiconductor Physics NASU, Ukraine
*e-mail: sviridkat@rambler.ru

Currently, the ultradispersed diamond (UDD) powders synthesized in the
shock waves from explosives are widely used. A separation of UDD from the
synthesis product is quite complex and time-consuming process. Purification of
metal impurities and removing non-diamond carbon are the main stages of this
process. A test of the purification degree of UDD and identification of
impurities, especially impurities of carbon, which forms the amorphous
structures, are no less complex.

In this paper, the studies of diamond content in the UDD synthesis product
purified from metallic impurities are presented. Relations of sp” and sp’ -
hybridized carbon in the samples with various concentrations of diamond were
determined by Raman spectroscopy.

Initially, the synthesis product powder was purified from metal impurities.
Then removing non-diamond carbon was carried out by treating the powder in
the strong liquid-phase oxidants. In the first stage, the diamond content in
powder was determined from the decrease in the mass of powder after the
treatment.

The obtained data correlate with the number of sp” and sp’ — hybridized
carbon in the product.

The relative error in determining the content of diamond in the product by
reduce its mass during treatment is less than 5%.
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Nitrogen 1s the main impurity in diamonds, which largely determines their
properties. Nitrogen creates various paramagnetic centers in diamonds and exists
as individual atoms and clusters. Recently, a great interest has been inspired by
studies of nitrogen-vacancy centers (NV defects) in diamonds, for which the
magnetic resonance on single defect was successfully observed at the room
temperature. However, ND doping processes, formation and structure of
intrinsic and impurity defects differ from those in bulk diamonds. In particular,
the theoretical studies have shown that nitrogen impurities in ND seem to be
metastable in contrast to bulk diamonds. The irradiation methods used to create
the NV centers in diamonds/nanodiamonds are purely statistical and the
effectiveness of creation of the NV centers in nanodiamond with the size less
than 20 nm is still under the question.

Electron paramagnetic resonance (EPR) is one of the most informative and
sensitive techniques for the diagnostics of defects in semiconductors. at the
molecular level. Herein, we examine the defects in sintered nanodiamonds (ND)
by EPR.

Our studies have shown that single nitrogen atoms occupy the stable
position in nanodiamond lattice and can be observed in detonation ND sintered
under different conditions. Under peculiar sintering conditions it is possible to
observe the effect of self-organization of ND into micron size arrays, which is
confirmed by orientation dependencies observed in the EPR spectra.

We have also detected very intense EPR spectra corresponding to NV
centers in diamonds. Observation of these spectra with and without illumination
of the samples allows us to conclude that NV centers can be fabricated in ND
without any post or prior irradiation. The formation of NV centers is governed
only by high pressure high temperature sintering of detonation ND. The EPR
data are confirmed by measurements of photoluminescence (PL) spectra. To
determine the best sintering conditions we have performed the series of PL in
different types of sintered nanodiamonds and irradiated diamonds.

This work has been supported by the Ministry of Education and Science of
the Russian Federation under Contracts No. 14.740.11.0048.

[1] LV. Ilyin, A.A. Soltamova, P.G. Baranov, A.Ya.Vul’, S.V. Kidalov, F.M. Shakhov,
G.V. Mamin, S.B. Orlinskii, N.I. Silkin, M.Kh. Salakhov, Fullerenes, Nanotubes, and
Carbon Nanostructures 19, 44 (2011).

[2] A.A. Soltamova, I.V. II'in, F.M. Shakhov, S.V. Kidalov, A.Ya. Vul’, B.V. Yavkin,
G.V. Mamin, S.B. Orlinskii, P.G. Baranov, JETP Letters 92, 102 (2010).
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Nitrogen is the best dopant of carbonaceous materials due to its strong
electron donating properties and atomic size being similar to that of carbon.
Nirogen-doped carbon (NdC) demonstrates improve electron field emission
properties because of reduced work function, save as the best support for the
heterogeneous catalysis showing synergetic catalytic effect, hardly increased
specific capacitance to cations and can be promising material for battery and
supercapacitors.

Now the new NdC with high nitrogen content were prepared by pyrolysis
of conducting polyaniline (PANI) and its composites and studied by the methods
of electron microscopy, Raman and FTIR-spectroscopy, conductometry,
thermogravimetric- and BET-analysis. Thermodestruction of PANI proceed at
the range of 400-900°C at inert atmosphere and lead to chains cyclizatons were
C=N (sp°C-N) and C-N (sp’C-N) bonds between nitrogen and carbon obtained.
The atomic concentration of nitrogen was estimated by chemical elemental
analysis and depending on pyrolysis conditions changes from 6 to 15%. The
conductivity and specific surface area of NdC reach 10* S cm™ and 350 m* g
The morphology of prepared NdC can be very different and changes from 3D
and 1D to complex hierarchical structures, since the morphology of polymer-
precursor did not destroyed during the pyrolysis.

., Raman spectra
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Figure. Raman spectra of PANI and carbonized PANI, transmission electron microscopy of
carbonized PANI of 3D structures.
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Efficient chemical modification of detonation nanodiamond (DND) surface are
able to occur in suspension consist of separate DND particles. Production such
suspension require either disaggregate solute (breaking bonds between particles) and
prevent particles coagulation that happens when particles have certain charge due
dissociation of surface functional groups.

"Z+" and "Z-" samples annealed at 400°C in hydrogen atmosphere and in air
respectively. Surface of other samples are decorated with separate metallic ions Cu®",
Co™", Ce™, Ce* or Eu*” alternatively. Concentration of ions varies between 0.1 wt.%
and 2.5 wt.%. All the samples compared with initial purified DND and with each
other.

Obtained spectra reveal that "Z+" sample surface contain no carbonyl groups, but
a lot of C-H groups, instead. Opposite, "Z-" sample has a lot of carbonyl groups in
place of C-H groups. Apparently, ultrasonic treatment in water solution leads, that all
samples contain significant and nearly equal amount of hydroxyl groups.

The metallic 1ons modified samples did not show any significant difference of its'
surface visible at IR spectra. Furthermore, it is impossible to distinguish samples with
different concentrations of the ions. The only one sample (modified with Cu®") showed
visible difference, but this sample had been prepared from different kind of initial
DND then others were.

Altogether, the only one functional group (except hydroxyl) predominate at the
surfaces of each "Z+" and "Z-" samples, causing their high disperse ability in water
solution. Analyzing IR spectra, neither concentration nor type metallic ions at DND
particles surface can be established but certain information about initial DND and
methods of purifying and modification applied to the sample can be obtained.
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Raman spectroscopy has historically been used to probe structural and
electronic characteristics of graphite materials, providing useful information on
the defects (D-band), in-plane vibration of sp” carbon atoms (G-band), as well as
the stacking orders (2D-band) [1]. This method fit also for quality examination
of new carbon material — graphene. Raman spectra of graphite (graphene) may
contain three strongest lines. Line G at ~1582 cm™ derives from the doubly
degenerate phonon mode of E,, symmetry from the Brillouin zone center. Line
D at ~1352 cm™ appears in samples with high concentrations of structural
defects and is associated with phonons close to the K point of Brillouin zone
boundary. Line 2D (~2710 cm™') originates from resonant light scattering
involving two phonons of equal energy but with oppositely directed wave
vectors, and provides information on the stacking order of graphite (graphene)
layers.

The micro-Raman studies were performed in back-scattering geometry
y(xx)y on a Horiba Jobin-Yvon T64000 spectrometer by means of a confocal
microscope at room temperature. The spectra were excited with an Ar+ laser
(A =514.5 nm). To exclude local heating effects, which could result in a shift of
phonon lines, the laser radiation power on the sample was <1 mW (diameter of
the laser beam was 4 um).

For investigations multi-graphene layers on 6H-SiC substrates were used.
Graphene films were grown on silicone carbide by sublimation method [2]. We
used samples grown in the temperature range of 1300-1600°C to examine the
quality of multi-graphene films from growth temperature.

Raman spectra of samples grown at low temperatures (1300-1400°C)
exhibit strong line D, which indicate the presence of defects, whereas spectra of
samples grown at high temperatures (1500-1600°C) don’t exhibit D-line.

Thus Raman investigations show that the multi-graphene films grown at
low temperatures are much more defective than the films grown at high
temperatures.

[1] M.A. Pimenta, G. Dresselhaus, M.S. Dresselhaus; L.G. Cancado, A. Jorio, R. Saito,
Phys. Chem. Chem. Phys. 9, 1276 (2007).

[2] A.A. Lebedev, I.S. Kotousova, A.V. Lavrentiev, S.P. Lebedev, 1.V. Makarenko,
V.N. Petrov, A.N. Titkov, Phys. Solid State 51(4) (2010).
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Polymerized fullerene Cq forms a whole new promising class of carbon
materials. Structure of polymerized Cg varies from dumb-bell- to peanut-shaped
polymers which in turn can form dimers, linear chains, two-dimensional or even
three-dimensional networks. The physical-chemical properties of Cg polymers
vary in a wide range respectively. However, the diagnostics of the exact polymer
composition and structure of such materials is often quite a complicated
experimental task. Unlike Cgy monomer, Cgqy polymers hardly can be dissolved.
The polymer insolubility provides a quick and convenient technique to check the
polymerization. However, on the other hand, it also makes measurement of the
polymer composition even more complicated. Therefore, thorough analysis and
comparison of the results obtained using different measurement techniques is
necessary.

In the presented report, polymer composition and structure of thin Cg
polymer films, deposited via electron-beam dispersion of pristine fullerite Cgp in
vacuum [1], have been studied using Raman and FTIR spectroscopy, laser
desorption/ionization (LDI) and matrix assisted laser desorption/ionization
(MALDI) mass spectrometry, X-ray photoelectron spectroscopy.

We have used a precise Lorentzian lineshape analysis to decompose Raman
spectra of the deposited coatings into components characteristic of dumb-bell-
shaped fullerene dimers, 1D and 2D polymers and thus, to analyse the polymer
composition of the coatings. The results have been also proved by FTIR spectra
analysis. However, we have also shown that estimations of the polymer
composition based on the vibrational spectra clearly overestimate the content of
fullerene dimers due to end Cq, molecules in polymer chains and clusters.

It has been shown that LDI mass spectrometry allows for detection of
polymer clusters in the deposited coatings. However, Cqy polymers readily
dissociate to monomers upon desorption/ionization process. Therefore, a soft
mass spectrometry technique, MALDI was used to obtain information about the
polymer composition of the coatings. Polymer clusters with the size of up to 7
monomer units have been found in the mass spectra. The results of the mass
spectrometry measurement are compared to estimations based upon vibrational
spectra as well as to XPS data. Peculiarities of each experimental technique in
the measurement of thin Cg polymer film composition are discussed.

[1] V. Kazachenko, I. Ryazanov, Technical Physics Letters 34, 930 (2008).
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Photoelectron spectroscopy (PES) is one of the modern methods for
investigation of occupied electronic states of solids. The photoeffect is the basic
effect of this method. Electron in an occupied state can be excited to unoccupied
state by photon. If the energy of photon 4w is larger than a work function of
solid some electrons can leave a solid and then can be registered. Using of the
synchrotron radiation is prevailing last time. Ultrarelativistic charged particle
motion in the storage ring leads to the synchrotron radiation which allows
achieving of monochromatic radiation with a high energy resolution and a high
intensity during registration of photoelectron energy distribution [1,2].

Angle resolved photoelectron spectroscopy (ARPES) is widespread method
for measurement of dispersion dependences and symmetry of energy bands of
solid. Basically this method has a conservation of parallel to the surface
component of quasimomentum of photoelectron when overcoming the potential
barrier. We can investigate features of the electronic structure of graphene when
measuring dispersion dependences of electronic states in different directions of
surface Brillouin zone. In the present time the only feasible route towards large-
scale production of graphene is epitaxial growth on a substrate. The presence of
the substrate will influence on the electronic properties of graphene layer. And
the electronic structure of such graphene will differ from the one of ideal
freestanding graphene with such distinctive features as linear dispersion
dependences of n-states of graphene near the K point of the Brillouin zone of
graphene and a location of Dirac point (the crossing point of cones of occupied
and unoccupied electronic states) at the Fermi level.

[11 S. Hufner. Photoelectron spectroscopy: principles and applications. - Berlin Heidelberg:
Springer-Verlag, 1995.

[2] Shikin A.M. Interaction of photons and electrons with the solid state, St. Petersburg,
VVM, 2008 (in Russian).
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Photoelectron spectroscopy (PES) is one of the modern methods for
investigation of occupied electronic states of solids. The photoeffect is the basic
effect of this method. Electron in an occupied state can be excited to unoccupied
state by photon. If the energy of photon 4w is larger than a work function of
solid some electrons can leave a solid and then can be registered. Using of the
synchrotron radiation is prevailing last time. Ultrarelativistic charged particle
motion in the storage ring leads to the synchrotron radiation which allows
achieving of monochromatic radiation with a high energy resolution and a high
intensity during registration of photoelectron energy distribution [1,2].

Angle resolved photoelectron spectroscopy (ARPES) is widespread method
for measurement of dispersion dependences and symmetry of energy bands of
solid. Basically this method has a conservation of parallel to the surface
component of quasimomentum of photoelectron when overcoming the potential
barrier. We can investigate features of the electronic structure of graphene when
measuring dispersion dependences of electronic states in different directions of
surface Brillouin zone. In the present time the only feasible route towards large-
scale production of graphene is epitaxial growth on a substrate. The presence of
the substrate will influence on the electronic properties of graphene layer. And
the electronic structure of such graphene will differ from the one of ideal
freestanding graphene with such distinctive features as linear dispersion
dependences of n-states of graphene near the K point of the Brillouin zone of
graphene and a location of Dirac point (the crossing point of cones of occupied
and unoccupied electronic states) at the Fermi level.

[11 S. Hufner. Photoelectron spectroscopy: principles and applications. - Berlin Heidelberg:
Springer-Verlag, 1995.

[2] Shikin A.M. Interaction of photons and electrons with the solid state, St. Petersburg,
VVM, 2008 (in Russian).
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Polymerized fullerene Cq forms a whole new promising class of carbon
materials. Structure of polymerized Cg varies from dumb-bell- to peanut-shaped
polymers which in turn can form dimers, linear chains, two-dimensional or even
three-dimensional networks. The physical-chemical properties of Cg polymers
vary in a wide range respectively. However, the diagnostics of the exact polymer
composition and structure of such materials is often quite a complicated
experimental task. Unlike Cgy monomer, Cgqy polymers hardly can be dissolved.
The polymer insolubility provides a quick and convenient technique to check the
polymerization. However, on the other hand, it also makes measurement of the
polymer composition even more complicated. Therefore, thorough analysis and
comparison of the results obtained using different measurement techniques is
necessary.

In the presented report, polymer composition and structure of thin Cg
polymer films, deposited via electron-beam dispersion of pristine fullerite Cgp in
vacuum [1], have been studied using Raman and FTIR spectroscopy, laser
desorption/ionization (LDI) and matrix assisted laser desorption/ionization
(MALDI) mass spectrometry, X-ray photoelectron spectroscopy.

We have used a precise Lorentzian lineshape analysis to decompose Raman
spectra of the deposited coatings into components characteristic of dumb-bell-
shaped fullerene dimers, 1D and 2D polymers and thus, to analyse the polymer
composition of the coatings. The results have been also proved by FTIR spectra
analysis. However, we have also shown that estimations of the polymer
composition based on the vibrational spectra clearly overestimate the content of
fullerene dimers due to end Cq, molecules in polymer chains and clusters.

It has been shown that LDI mass spectrometry allows for detection of
polymer clusters in the deposited coatings. However, Cqy polymers readily
dissociate to monomers upon desorption/ionization process. Therefore, a soft
mass spectrometry technique, MALDI was used to obtain information about the
polymer composition of the coatings. Polymer clusters with the size of up to 7
monomer units have been found in the mass spectra. The results of the mass
spectrometry measurement are compared to estimations based upon vibrational
spectra as well as to XPS data. Peculiarities of each experimental technique in
the measurement of thin Cg polymer film composition are discussed.

[1] V. Kazachenko, I. Ryazanov, Technical Physics Letters 34, 930 (2008).
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Raman spectroscopy has historically been used to probe structural and
electronic characteristics of graphite materials, providing useful information on
the defects (D-band), in-plane vibration of sp” carbon atoms (G-band), as well as
the stacking orders (2D-band) [1]. This method fit also for quality examination
of new carbon material — graphene. Raman spectra of graphite (graphene) may
contain three strongest lines. Line G at ~1582 cm™ derives from the doubly
degenerate phonon mode of E,, symmetry from the Brillouin zone center. Line
D at ~1352 cm™ appears in samples with high concentrations of structural
defects and is associated with phonons close to the K point of Brillouin zone
boundary. Line 2D (~2710 cm™') originates from resonant light scattering
involving two phonons of equal energy but with oppositely directed wave
vectors, and provides information on the stacking order of graphite (graphene)
layers.

The micro-Raman studies were performed in back-scattering geometry
y(xx)y on a Horiba Jobin-Yvon T64000 spectrometer by means of a confocal
microscope at room temperature. The spectra were excited with an Ar+ laser
(A =514.5 nm). To exclude local heating effects, which could result in a shift of
phonon lines, the laser radiation power on the sample was <1 mW (diameter of
the laser beam was 4 um).

For investigations multi-graphene layers on 6H-SiC substrates were used.
Graphene films were grown on silicone carbide by sublimation method [2]. We
used samples grown in the temperature range of 1300-1600°C to examine the
quality of multi-graphene films from growth temperature.

Raman spectra of samples grown at low temperatures (1300-1400°C)
exhibit strong line D, which indicate the presence of defects, whereas spectra of
samples grown at high temperatures (1500-1600°C) don’t exhibit D-line.

Thus Raman investigations show that the multi-graphene films grown at
low temperatures are much more defective than the films grown at high
temperatures.

[1] M.A. Pimenta, G. Dresselhaus, M.S. Dresselhaus; L.G. Cancado, A. Jorio, R. Saito,
Phys. Chem. Chem. Phys. 9, 1276 (2007).

[2] A.A. Lebedev, I.S. Kotousova, A.V. Lavrentiev, S.P. Lebedev, 1.V. Makarenko,
V.N. Petrov, A.N. Titkov, Phys. Solid State 51(4) (2010).
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Efficient chemical modification of detonation nanodiamond (DND) surface are
able to occur in suspension consist of separate DND particles. Production such
suspension require either disaggregate solute (breaking bonds between particles) and
prevent particles coagulation that happens when particles have certain charge due
dissociation of surface functional groups.

"Z+" and "Z-" samples annealed at 400°C in hydrogen atmosphere and in air
respectively. Surface of other samples are decorated with separate metallic ions Cu®",
Co™", Ce™, Ce* or Eu*” alternatively. Concentration of ions varies between 0.1 wt.%
and 2.5 wt.%. All the samples compared with initial purified DND and with each
other.

Obtained spectra reveal that "Z+" sample surface contain no carbonyl groups, but
a lot of C-H groups, instead. Opposite, "Z-" sample has a lot of carbonyl groups in
place of C-H groups. Apparently, ultrasonic treatment in water solution leads, that all
samples contain significant and nearly equal amount of hydroxyl groups.

The metallic 1ons modified samples did not show any significant difference of its'
surface visible at IR spectra. Furthermore, it is impossible to distinguish samples with
different concentrations of the ions. The only one sample (modified with Cu®") showed
visible difference, but this sample had been prepared from different kind of initial
DND then others were.

Altogether, the only one functional group (except hydroxyl) predominate at the
surfaces of each "Z+" and "Z-" samples, causing their high disperse ability in water
solution. Analyzing IR spectra, neither concentration nor type metallic ions at DND
particles surface can be established but certain information about initial DND and
methods of purifying and modification applied to the sample can be obtained.
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Nitrogen is the best dopant of carbonaceous materials due to its strong
electron donating properties and atomic size being similar to that of carbon.
Nirogen-doped carbon (NdC) demonstrates improve electron field emission
properties because of reduced work function, save as the best support for the
heterogeneous catalysis showing synergetic catalytic effect, hardly increased
specific capacitance to cations and can be promising material for battery and
supercapacitors.

Now the new NdC with high nitrogen content were prepared by pyrolysis
of conducting polyaniline (PANI) and its composites and studied by the methods
of electron microscopy, Raman and FTIR-spectroscopy, conductometry,
thermogravimetric- and BET-analysis. Thermodestruction of PANI proceed at
the range of 400-900°C at inert atmosphere and lead to chains cyclizatons were
C=N (sp°C-N) and C-N (sp’C-N) bonds between nitrogen and carbon obtained.
The atomic concentration of nitrogen was estimated by chemical elemental
analysis and depending on pyrolysis conditions changes from 6 to 15%. The
conductivity and specific surface area of NdC reach 10* S cm™ and 350 m* g
The morphology of prepared NdC can be very different and changes from 3D
and 1D to complex hierarchical structures, since the morphology of polymer-
precursor did not destroyed during the pyrolysis.
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Figure. Raman spectra of PANI and carbonized PANI, transmission electron microscopy of
carbonized PANI of 3D structures.
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Nitrogen 1s the main impurity in diamonds, which largely determines their
properties. Nitrogen creates various paramagnetic centers in diamonds and exists
as individual atoms and clusters. Recently, a great interest has been inspired by
studies of nitrogen-vacancy centers (NV defects) in diamonds, for which the
magnetic resonance on single defect was successfully observed at the room
temperature. However, ND doping processes, formation and structure of
intrinsic and impurity defects differ from those in bulk diamonds. In particular,
the theoretical studies have shown that nitrogen impurities in ND seem to be
metastable in contrast to bulk diamonds. The irradiation methods used to create
the NV centers in diamonds/nanodiamonds are purely statistical and the
effectiveness of creation of the NV centers in nanodiamond with the size less
than 20 nm is still under the question.

Electron paramagnetic resonance (EPR) is one of the most informative and
sensitive techniques for the diagnostics of defects in semiconductors. at the
molecular level. Herein, we examine the defects in sintered nanodiamonds (ND)
by EPR.

Our studies have shown that single nitrogen atoms occupy the stable
position in nanodiamond lattice and can be observed in detonation ND sintered
under different conditions. Under peculiar sintering conditions it is possible to
observe the effect of self-organization of ND into micron size arrays, which is
confirmed by orientation dependencies observed in the EPR spectra.

We have also detected very intense EPR spectra corresponding to NV
centers in diamonds. Observation of these spectra with and without illumination
of the samples allows us to conclude that NV centers can be fabricated in ND
without any post or prior irradiation. The formation of NV centers is governed
only by high pressure high temperature sintering of detonation ND. The EPR
data are confirmed by measurements of photoluminescence (PL) spectra. To
determine the best sintering conditions we have performed the series of PL in
different types of sintered nanodiamonds and irradiated diamonds.

This work has been supported by the Ministry of Education and Science of
the Russian Federation under Contracts No. 14.740.11.0048.

[1] LV. Ilyin, A.A. Soltamova, P.G. Baranov, A.Ya.Vul’, S.V. Kidalov, F.M. Shakhov,
G.V. Mamin, S.B. Orlinskii, N.I. Silkin, M.Kh. Salakhov, Fullerenes, Nanotubes, and
Carbon Nanostructures 19, 44 (2011).

[2] A.A. Soltamova, I.V. II'in, F.M. Shakhov, S.V. Kidalov, A.Ya. Vul’, B.V. Yavkin,
G.V. Mamin, S.B. Orlinskii, P.G. Baranov, JETP Letters 92, 102 (2010).
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Determination of the diamond content in the detonation
products of explosive

Gavrilova V.C.!, Janchuk I.B.%, Svirid E.A.*', Efanov A.V.?

'V N. Bakul Institute for Superhard Materials NASU, Ukraine
V.E. Lashkarev Institute of Semiconductor Physics NASU, Ukraine
*e-mail: sviridkat@rambler.ru

Currently, the ultradispersed diamond (UDD) powders synthesized in the
shock waves from explosives are widely used. A separation of UDD from the
synthesis product is quite complex and time-consuming process. Purification of
metal impurities and removing non-diamond carbon are the main stages of this
process. A test of the purification degree of UDD and identification of
impurities, especially impurities of carbon, which forms the amorphous
structures, are no less complex.

In this paper, the studies of diamond content in the UDD synthesis product
purified from metallic impurities are presented. Relations of sp” and sp’ -
hybridized carbon in the samples with various concentrations of diamond were
determined by Raman spectroscopy.

Initially, the synthesis product powder was purified from metal impurities.
Then removing non-diamond carbon was carried out by treating the powder in
the strong liquid-phase oxidants. In the first stage, the diamond content in
powder was determined from the decrease in the mass of powder after the
treatment.

The obtained data correlate with the number of sp” and sp’ — hybridized
carbon in the product.

The relative error in determining the content of diamond in the product by
reduce its mass during treatment is less than 5%.
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Analysis of two-level organization of detonation
nanodiamond clusters by SANS

Tomchuk O.V.*'? Avdeev M.V.!, Aksenov V.L.*', Bulavin L.A.%,
Garamus V.M.*

! Joint Institute for Nuclear Research, Dubna, Moscow reg., Russia
“Taras Shevchenko Kyiv National University, Kyiv, Ukraine
*Russian Research Center “Kurchatov Institute”, Moscow, Russia
*GKSS Research Centre, Geesthacht, Germany
*e-mail: tomchuk@jinr.ru

The influence of model selection for data processing of small-angle neutron
scattering (SANS) by fractal clusters of detonation nanodiamonds in powders
[1] and aqueous dispersions [2] is discussed. In addition to previous work we
focus our attention on the analysis of the scattering, corresponding to the level of
nanocrystallites, taking into account the polydispersity. It was shown that the
model of the diffusion surface corresponding to the graphene shell of the
nanocrystallites agrees with the contrast variation data in the aqueous
dispersions (mixtures H20/D20) against the average characteristics, and
explains the differences in average grain size determined by small-angle neutron
scattering and X-ray diffraction (broadening of the peaks). However, direct
determination of the form and parameters of the distribution function of
crystallite size encounters difficulties due to the irregular structure of the
surface. In particular, determined structural parameters of the particles strongly
depend on the type of model distribution function and the residual background.

[1] M.V. Avdeev, V.L. Aksenov, L. Rosta, Diamond Related Mater. 16, 2050 (2007).
[2] M.V. Avdeev, N.N. Rozhkova, V.L. Aksenov, V.M. Garamus, R. Willumeit, E. Osawa,
J. Phys. Chem. C 113, 9473 (2009).
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Investigation of triplet fullerene C) lineshape EPR under
continuous light illumination: zero field splitting
parameters distribution

Uvarov M.N.'*, Kulik L.V.', Pichugina T.I.!, Dzuba S.A."”

nstitute of Chemical Kinetics and Combustion, 630090, Institutskava 3, Novosibirsk, Russia
Novosibirsk State University, 630090, Pirogova 2, Novosibirsk, Russia
*e-mail: uvarov@kinetics.nsc.ru

Continuous wave (CW) and pulse electron paramagnetic resonance (EPR)
spectra of triplet state of fullerene C; in various glassy matrices were obtained
at temperatures SK+260K. At temperatures below 30K the emission region
appeared at EPR spectra because populations of *Cy spin sublevels are non-
equilibrium immediately after photoexcitation. At low temperatures spin-lattice
relaxation time of *C;, becomes comparable with triplet *Cy, lifetime. At
temperatures higher S0K EPR spectra contained only absorptive part.

Transversal relaxation rate was obtained by pulse EPR methods. It does not
substantially depend on EPR spectrum position. So, exchange process within
EPR spectrum due to rotations or pseudorotations of *Cy, molecule around its
long symmetry axis has not appreciably influence the EPR lineshape below 77K.

CW EPR lineshape of *C5, at 77K was simulated supposing the equilibrium
population of *Cs, spin sublevels. The zero field splitting parameters D and E
were revealed to have probability distributions. EPR lineshape of *C; was
simulated successfully assuming Gaussian probability distribution of D value,
whereas E value probability distribution function was different. It had a
property: at E = 0 the probability value is 0. At work [1] EPR lineshape of *Cy,
was simulated assuming rectangular probability density of E value.

With temperature increasing higher 100K the rapid rising of the transversal
relaxation rate of >Cy, was obtained from pulse EPR data. The phenomenon can
be explained by *C5 molecule motion due to glass matrix softening. CW EPR
lineshape narrowing with temperature increasing confirmed the suggestion about
3C70 motions.

D and E values distribution can be explained by dependence of molecular
3Cyo Jahn-Teller distortion on local surrounding of each molecule. We can
conclude that 3C70 symmetry is not higher than Dyy,.

[I] M.N. Uvarov, L.V. Kulik, T.I. Pichugina, S.A. Dzuba, Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, DOIL: 10.1016/j.saa.2011.01.047 (2011)
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Intercalation of Cu underneath a graphene layer on
Ni(111) and Co(0001) substrates studied with a
synchrotron radiation

Vilkov O.Yu.*'?, Usachev D.Yu.!, Fyodorov A.V.', Shikin AM.,
Vladimirov G.G.'

ISt. Petersburg State University, 199034 St. Petersburg, Russia
*Technische Universitcit Dresden, 01062 Dresden, Germany
*e-mail: ol.vilkov@gmail com

The electronic structure of graphene on a metallic substrate is similar to
that of free-standing graphene, but there are essential differences, which depend
on a structure and a material of the substrate and are determined by the character
of the graphene-substrate interaction. One of the main tasks is to study the
properties of graphene on a wide range of substrates, as the solution of this
problem provides an opportunity to purposefully affect on the characteristics of
this material. An efficient approach to the solution of this task is based on a
phenomenon of intercalation of various atoms underneath graphene films on
metals.

Thick monocrystalline films of Co(0001) and Ni(111) were deposited on a
preliminarily cleaned surface of tungsten crystal W(110) under the ultra-high
vacuum conditions. Graphene films of a good quality were prepared on
Co(0001) and Ni(111) films in a process of propylene cracking [1,2].
Intercalation of copper atoms underneath a graphene layer took place after the
thermal annealing of pre-deposited copper layers [3].

The electronic structure of a core Cls level and a valence band of a
graphene layer on the metallic substrates before and after the copper
intercalation has been studied with X-ray photoelectron spectroscopy and angle-
resolved ultra-violet photoelectron spectroscopy. X-ray absorption fine structure
near the carbon K-edge has been measured for studying unoccupied graphene
states. Synchrotron radiation with a linear polarization has been used to reveal a
contribution of 7 and o states [4].

[1]  A.M. Shikin, D. Farias, K.H. Rieder, Europhys. Lett. 44, 44 (1998).

[2] A. Varykhalov, O. Rader, Phys. Rev. B 80, 035437 (2009).

[3] Yu.S. Dedkov, A.M. Shikin, V.K. Adamchuk, S.L. Molodtsov, C. Laubschat, A. Bauer,
G. Kaindl, Phys. Rev. B 64, 035405 (2001).

[4] R.A.Rosenberg, P.J. Love, V. Rehn, Phys. Rev. B 33, 4034 (1986).
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The problem of nanodiamond visualization in
biopharmaceutical research

Yakovlev R.Ju.

Paviov Ryazan State Medical University, 390026, Ryazan, Russia
e-mail: yarules@yandex.ru

The problem of carbon nanoparticles diagnostics in biopharmaceutical
research becomes more and more actual during the last years. But the
complexity of control whether such particles are present and in what state in
vitro and in vivo precludes us from using the standard physic-chemical methods.
Therefore the search for new methods and techniques of carbon nanoparticles
visualization and of widening their functions via development of new original
approaches might be extremely important. This is very important for the
research in nanotoxicology and biomedical applications including pharmacology
research and drug delivery. The applications of nanodiamonds (ND) as
nanocarriers in drug delivery systems necessitated finding the effective methods
of their visualization. For the diagnostics of ND in vitro we used TEM. This
allowed us to determine the average size of ND particles (5 nm) and the
presence there of carbon atom layers (shells) with the diamond core in the
center. It was possible to estimate the thickness and structural peculiarities of the
ND shells depending on their chemical modification by HRTEM. In order to
determine the chemical composition of ND surface and the presence to sp’/sp’
carbon atoms in near-surface layers of ND particles the XPS method was used.
Raman spectra showed that ND have characteristic band of 1332 cm™. But
creation of Cg,,—N— bonds on the surface results in high fluorescence which is
so higher than the peak of diamond phase that totally masks it. The further
fluorescence research of ND with grafted drugs by Raman spectra might give us
a powerful way to visualize such complexes. The radiochemical methods of
carbon nanoparticles visualization are one of the most fast and accurate. We
received ND with *H-label firmly fixed by covalent bond Caiam—H that allowed
us to study their biodistribution in vivo in rats. The presence of heavy atoms in
the grafted layer on the ND surface opens new diagnostic possibilities to
determine ND ex vivo u in vivo by mass-spectrometry. Thus the long-term
biodistribution of ND in rabbits was studied. The devised complex of physic-
chemical methods of ND visualization allows us to effectively find ND in model
systems, biological liquids, tissues and organs.
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Transient charging phenomena in graphite

Zagaynova V.*', Hacke C.', Chowdhury T.!, Makarova T.'*

"Umed University, 90187, Umed, Sweden
*Joffe Physical-Technical Institute RAS, 194021, St.Petersburg, Russia
*e-mail: valeria.zagainova@physics.umu.se

In carbon research, as well as in general research, graphite being the most
stable carbon allotrope is one of the most studied materials. In scanning probe
microscopy, graphite is used as calibration grates and atomic-smooth
hydrophobic substrates. Surprisingly, very few studies are made on electrostatic
force microscopy. Here, we demonstrate the ability of this technique to detect
hidden defects (buried underneath) and follow the spatial charge redistribution
under the action of electric field.

Graphite 1s a good electric conductor along its planes, and an insulator only
perpendicular to the planes. Therefore, the electric field applied to the plane
should not cause any potential fluctuations. And yet, they exist.

Under applied voltage, dendriform quickly changing charged areas were
formed limited in their spatial expansion by the surface steps (see Fig. 1).
Changing the tip polarity inverted the dark/bright images (Fig. 1 b and c). The
charging phenomena were observed only in the pyrolytic graphite samples with

Figure 1. EFM images of HOPG graphite: a — topography, b, ¢ — phase images taken at +2V
and -2V, respectively.

The measurements performed in nitrogen atmosphere proved that observed
fluctuations do not belong to effects caused by surface contamination such as
adsorbed water. Besides, ideal graphite screens poorly, and applied electric field
penetrates ~100 nm. Thus, the potential information comes not only from the
surface, but charges within the bulk might group themselves at or close to
surface steps or buried plane edges and also contribute to the signal.

Further studies on the charging phenomenon of HOPG graphite are needed
to understand the origin of this effect.
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Electrical conductivity and optical transparency
measurements of thin carbon films

Sedlovets D.M.*, Red’kin A.N.

Institute of Microelectronics Technology and High-purity Materials Russian Academy
of Science, 142432, Chernogolovka, Russia
*e-mail: sedlovets@iptm.ru

The outstanding electricall, mechanical and chemical properties of
graphene make it attractive for applications in flexible electronics. [1]

Experiments were performed at the lowered pressure in the flow-type
reactor. The system involved the horizontal tube furnace, the temperature
control systems, gas flow controllers and forvacuum pump. Cu foil was used as
a wafer. Thin carbon films were obtained by pyrolysis of ethanol vapor.

Then we measured the transmittance of graphene transferred to a
polyethylene terephthalate (PET) substrate using an ultraviolet-visible
spectrometer. The sheet resistance was measured using the four-point probe
method.

The films display appreciable electrical conductivity and good transparency
(92-95%). Because the transmittance of an individual graphene layer is 2,3%
[2], this transmittance value indicates that the average number of graphene
layers 1s two to four. These results were verified by atomic-force microscopy
measurements.

[1] Kim K.S., Keun SK., Yue Z., Houk J., Sang Y.L., Jong M.K., Kwang S.K., Jong-Hyun
A., Philip K., Jae-Young C., Byung H. H. Nature 457, 706 (2009).

[2] Nair R. R., Blake P., Grigorenko A. N., Novoselov K. S., Booth T. J., Stauber T.,
Peres N. M. R., Geim A. K., Science 320, 1308 (2008).

378


mailto:sedlovets@iptm.ru

P7.11 School Poster Session

Research on size stability of commercial nanodiamond
suspensions under the influence of external factors

Petrova N.I.

South Ural State University, 454091, Chelyabinsk, Russia
e-mail: defolium@gmail.com

The object of our research is explosion made nanodiamond which is an
aggregate with an average initial particle size of 4nm.

Nanodiamonds produced by explosion go through chemical refining with
subsequent dispersing and fraction separation. The size of the particles produced
defines their properties and spheres of technological application. In this research
we used water ND suspensions of two kinds with average aggregate size of
10nm and aggregate size of 100 nm which were produced at the plant SKN in
Snezhinsk, RF.

The goal of the work was to study the effect of outside factors during the
production, transportation and storage of ND suspensions.

The initial suspensions were subjected to low temperature, freezing,
heating, boiling and diluting with distilled water and then their stability was
studied.

We also studied the influence of power of ultra-sound dispergator on the
initial suspension.

To measure the suspension characteristics we used the following
equipment: laser particle analyzer Nanotrac, electron microscope Jeol
JSM-7001F, X-ray difractometer Rigaku Ultima 4.

As a result of the studies and experiments made we got the info about the
dependency of ND suspension aggregate stability on the given above factors and
developed the method of reproduction of aggregates after freezing, we got
preliminary results of ND dispersion in water using a new power method.
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High-resolution Raman microscopic study of C60 fullerite
transformation upon HPHT treatment

Ovchinnikova I.N.

Baikov Institute of Metallurgy and Materials Sciences, RAS, Moscow, Russia
e-mail: inol985@yandex.ru

For the development of metal-matrix composite materials reinforced by
superelastic hard carbon particles [1], the fullerite transformation under pressure
has been studied after treatment in the temperature range of the transition from
polymerized fullerites to the reinforcing phase. The understanding the fullerite
transformation mechanism is important for the control of the structure and
properties of the final product. The samples have been prepared from the
mixture of iron powder with Cg fullerites (10%) at a quasi-hydrostatic pressure
of 5 GPa at 600-900°C (3 min). The carbon particles were examined with a
CRM-200 confocal high-resolution Raman microscope using green lazer
(532 nm) with a power density of approximately 0.1 W/cm2. The low power
density ensured that no additional photo-induced polymerization occurred in the
samples and minimized sample heating. With increasing treatment temperature,
the Raman spectrum taken from a local spot of 1 um in diameter changes from a
mixture of the reflections of three polymers (tetragonal, orthorhombic, and
rhombohedral [2, 3]) to a halo in a range of 1100-1600 cm™ typical of the
superelastic hard phase. After treatment at intermediate temperatures, the high-
resolution method showed the coexistence of three types of polymers and the
new superelastic hard phase in submicron-size volumes of the carbon particles.

[1] O.P. Chernogorova, E.I. Drozdova, N.A. Bul'enkov, V.M. Blinov, Nanotechnologies in
Russia 3, 344 (2008).

[2] T. Wagberg, A. Soldatov, B. Sundqvist, Eur. Phys. J. B 49, 59 (2006).

[3] V.A. Davydov, L.S. Kashevarova, A.V. Rahmanina, A.V. Dzyabchenko,
V.M. Senyavin, V.N. Agafonov, Rossiiskii Khimicheskii Zhurnal XLV(4), 25 (2001)
(in Russian).
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Use of TGA for analysis of fullerenols

Nasonova K.V.* Melenevskaya E.Yu., Shamanin V.V.

Institute of Macromolecular Compounds RAS, Bolshoi pr. 31, St.-Petersburg, Russia
*e-mail: kaiduk@mail ru

Nowadays thermo-gravimetric analysis is common used for studying
substances of a different nature. Thus, using this method, a determination of an
amount of hydroxyl groups attached to a fullerene core can be performed.

TGA analysis was applied for three types of fullerenols having a different
hydroxylation degree, C60(OH)12_14, C60(OH)20_24 and C60(OH)30_36.

To calculate an approximate amount of OH groups contained in fullerenol,
it 1s used the following equation reported earlier in the article [1]:

" molwt(C60) X mr((OH)n)
mr(C60) molwt(OH)

wherein molwt(Cqg0)=720 g/mol; molwt(OH) = 17 g/mol,
mr (Cgp) 1s weight loss at 150°C to 570°C, %;
mr ((OH)n) is weight loss at 570°C to constant weight of Cgo (800°C), %.

In order to ensure that for calculating correct ranges of temperatures (150°C
to 570°C and 570°C to 800°C) were selected, elemental analysis of 3 samples of
fullerenol Cgo(OH);0.36: 1nitial, heated up to 560°C, and heated up to 800°C for 4
h was performed. The elemental analysis data showed that active elimination of
hydroxyls takes place at heating 150°C to 570°C exactly, and a decomposition of
fullerene core runs at above 570°C.

Further, it can be followed from the TGA analysis data that an nitial
fullerene and fullerenol are decomposed in a different mechanism at heating.
This event is likely to be proceeded due to opening both double bonds and single
bonds at hydroxylation process to form gaps (“holes”) in fullerene framework.
Therefore, at heating the fullerene framework comprising such “holes” will be
piecewise decomposed, in contrast to an initial fullerene does not decayed at
800°C, but do sublimate.

[1] Alves G., Ladeira L., Righi A., Krambrock K., Calado R., Pinheiro M. J. Braz. Chem
Soc. 17, 1186 (2006).
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Formation of grapheme and graphite on the surface of
rhodium

Kuzmichev A.V.

loffe Physical Technical Institute RAS, 26 Polytekhnicheskaya, St Petersburg, 194021, Russia
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In this work studied the interaction of carbon with the surface of rhodium (111)
in UHV conditions by means of Auger electron spectroscopy in a wide range of
temperatures 300-1800 K. The camera of device had a module to diagnose the surface
by thermionic emission and surface ionization of probing streams of CsCl atoms or
molecules.

The samples were rhodium tape size (1x0.03x40) mm”’, which was purified from
possible impurities by heating in an atmosphere of oxygen (PO»~1:10" Torr) at T =
1800 K. After purification, were observed only Auger peaks of rhodium. Tape surface
was homogeneous with respect to the work function and had ep = 4.95 eV, which
corresponded to the (111). Relative area of the islands of graphene determined by
probing the surface molecules of CsCl [1].

As a source of carbon used in the admission chamber vapors of benzene to
PC¢H¢~210"° Torr. At a sample temperature T>1000K benzene dissociated hydrogen
desorbed, and carbon dissolved in the bulk metal. After saturation of rhodium with
carbon on the surface were formed islands of graphene, which grew in size, merged
and formed a continuous graphene film - with the dissociation of benzene on the
passive surface of graphene was stopped and the film thickness in excess of one
graphene layer is not increased. In the formation of islands of graphene surface is
heterogeneous on the work function: the work function of islets was equal
e = 4.35 eV and work function areas free from islands remained equal ep = 4.95 V.
In the formation of a continuous layer of graphene surface again becomes uniform to
work out - ep=4.35eV.

Interesting results are obtained when the temperature carbonized sample. If the
temperature T, carbonization rhodium is raised stepwise, the graphene layer broke up
into islands, and for each T=const there was a dynamic equilibrium, when the area of
the islands has not changed over time - in this case, the flux of carbon atoms from the
edges of graphene islands amounted to a stream of atoms coming from the “gas”
adsorbed phase on the islands. The range of equilibrium graphene islands was 100°. At
T>T+100° graphene islands are completely destroyed and remains on the surface only
chemisorbed carbon "gas" with a concentration of ~4-10'* at/cm? (T=1400 K).

Return to the temperature T=T, quickly restores a continuous layer of graphene.
If the sample temperature is lowered to T<T,, tone the surface grows thicker graphite
layer by allocating the excess C atoms from the bulk of the supersaturated solid
solution of Rh-C. The film thickness can reach several tens of layers [2].

[1] E.V.Rut'kov, A.Yn. Tontegode, Surface Science 161, 373 (1985).
[2] Rut’kov E.V., Kuzmichev A.V., Gall’ N.R. Phys. Solid State, In press.
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Small angle X-Ray scattering as a method to determine the
shape and size distribution of nanodiamond particles.
Comparison with dynamic light scattering

Kurkin T.**, Ozerin A.%, Kechek’yan A.", Gritsenko O.%,
Sustchev V.b, Dolmatov V.”

“Institute of Synthetic Polymeric Materials, Moscow, 117393, Russia
b JSC “Diamond centre”, St.-Petersburg, 193177, Russia
*e-mail: t.kurkin@gmail.com

Small angle X-Ray scattering (SAXS) can yield an essential information
about the structural features and size of nanodiamond aggregated particles
within the size range of approximately 1-100 nm. In some cases it 1S even
possible to obtain the «averaged» structure of the single particle either under
certain symmetry restrictions or without any (P1 symmetry class). Using SAXS
it 1s also possible to estimate the specific surface area of the particles and
calculate their volume-weighted (and number-weighted) size distribution either
in colloid solution or in bulk material. However, the size distribution data
obtained from SAXS does not always properly correlate with data obtained via
dynamic light scattering methods (DLS), which often obscures the interpretation
of entire data array. There are several major reasons causing this, but one of the
most important is that the traditional dynamic light scattering techniques such as
photon-correlation spectroscopy are generally applicable only at the very low
concentrations of carbon particles in a solution. However, the design of new
hybrid materials often requires much higher concentrations of the dispersed
carbon nanoparticles to be analyzed. One of the efficient approaches in this case
1s to use «reverse» DLS with heterodyne signal processing procedure. In this
case 1t 1s generally possible to obtain satisfactory correlation between SAXS and
DLS.

In the presented contribution the application of both SAXS and «reverse»
DLS techniques for characterization of nanodiamond solutions with varied pH
range is demonstrated. The described techniques are also used to evaluate the
influence of high-power ultrasonic treatment on the size distribution function of
the particles, which was proven to be ambiguous in some cases.
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Raman scattering in porous carbon materials

Krylov D.S., Kompan M.E.*
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At the present time metal carbides are used to produce carbon materials
with a variety of properties. After the carbide’s sublattice is destroyed by
thermochemical process, free carbon atoms form a new porous structure.
Produced carbon materials are characterized by its pureness and extremely high
specific surface area (up to 2000 m?%/g). These properties of carbide derived
carbons (CDCs) are widely used in supercapacitors, catalytic composites and
sorbents.

The study of Raman scattering in samples of nanoporous carbon derived
from silicon carbide was carried out in this work. Experiments were run on a
series of samples treated thermochemically at temperatures from 700 to 2000° C.

During the research of carbon samples the spectra of Raman scattering
were obtained. The spectra indicate dependence between material’s structure
and the temperature of treatment. This can help us to explain the process of
nanoporous carbon production: with rising of the temperature the amount of sp
form of carbon increases and the amount of sp> form lessens. It conforms to the
fact that graphite (sp2 form) is thermodynamically stable form of carbon. And
an opposite carbon transformation from sp” form to sp’ one while annealing in
the hydrogen atmosphere occurs to be an especially interesting fact.

[1] D.C. Elias, R.R. Nair, T.M.G. Mohiuddin, S.V. Morozov, P. Blake, M.P. Halsall,
A.C. Ferrari, D.W. Boukhvalov, M.I. Katsnelson, A.K. Giem, K.S. Novoselov, Science
323, 610 (2009).

[2] C. Portet, G. Yushin, Y. Gogotsi Carbon 46, 2511 (2007).

[3] P.Simon, Y. Gogotsi, Nature materials 7, 845 (2008).

[4] A.C. Ferrari, J. Robertson, Phys. Rev. 64, 075414 (2001).
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Interpretation of SEM images of Portland cement
materials doped nanodiamonds

Korobkova A.L.*'?, Shilova O.A.", Frank-Kamenetskya O.V.’

'ICS RAS, 199034, St.Petersburg, Russia
’SPb State University, 199034, St.-Petersburg, Russia
*e-mail: korobulya@mail.ru

Nowadays new cement materials doped fullerenes, nanodiamonds, shungites are
created all over the world because of their significant influence on the properties of
construction material [1]. However, the mechanism of such effect is not completely
clear. This work in this field is devoted to investigation of SEM analysis effectiveness
to research the influence of detonation nanodiamonds (DND) additives on the
properties of Portland cement materials.

The results of researching synthesized hydrous Portland cement materials doped
DND based on the clinker from Suhologsky cement work are presented. There were
two series of syntheses with different DND contents (0, 0.1, 0.2, 0.5, 1-9 wt.%),
distinguished by the absence (1 series) or presence (2™ series) gypsum CaSO4*2H,0
addition in the amount of 5 wt.%. To determine phase composition of hydrated
samples X-Ray method (STOE STADI P powder diffractometer, transmission
geometry, Cuk,=1.54056, 20=5-55°, A20=0.02°, exp. 100 s.) was used. To found
DND particles and to reveal the features of its distribution the scanning electron
microscopy (Quanta 200 3D) was applied. SEM research was carried out in reflected
electrons (high vacuum, U=15-20kV, analyst S.J. Yanson).

X-ray phase analyses demonstrated that samples of both syntheses series contains
at least five phases: alite Ca;SiOs (CsS), belite Ca,SiO4 (C,S), and two calcium
aluminate phases Caz;AlL,Og (C;A) and Cay(AlFe),0,9 ( C4AF), and portlandite
Ca(OH),. In clinker with 5 wt.% DND (1" series) its amount is maximum, whereas
with 9 wt.% this phase is almost absent, as it correlates with the strength of materials.
In clinkers of 2™ series its maximum contain is in samples with 9 wt.% of DND.

On SEM-images DND particles are good seen. In the samples with 5 wt.% DND
these particles create approximately equal size clusters of about 80 um and distribute
in the hydrated cement matrix uniformly. In clinkers doped 9 wt.% of DNA, the size of
clusters varies from 40 to 140 pum, which are arranged randomly. Besides, the
nanodiamond aggregates are associated with Ca(OH), accumulations, which is a
measure of the Portland cement clinker hydration degree [2].

In general, the application of the scanning electron microscopy significantly
complements results of X-Ray analysis. Interpretation of SEM images demonstrates
DND additives affect the hydration of Portland cement materials, which largely
determines its properties.

[1] Shablinsky G.E., Lukutsova N.P., Pikin A.A. et al., Newsletter of MSSU 2, 231 (2010).
[2] Reichel W., Canrad D. Beton: in 2 B. B. 1. Eigenschaften Projektierung Priifung. VEB
Verlag fiir Bauwesen, Berlin, 1976.
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Full 2D calculation of graphene Raman amplitude

Koniakhin S.V.*1’2’3, EidelmanE.D."

Joffe Physical-Technical Institute RAS, 194021, St.-Petersburg, Russia
’St.-Petersburg State Polytechnical University, 195251, St.-Petersburg, Russia
ISt.-Petersburg Academic University - Nanotechnology Research and Education Centre of the
Russian Academy of Sciences, 194021, St.-Petersburg, Russia
‘SPCPA, 197376, St.Petersburg, Russia
*e-mail: koniakhin(@gmail.com

Graphene Raman spectra make it possible to deduce about amount of
monolayers and their distribution in the sample and the defect structure of the
sample. Here we make a calculation of graphene Raman spectra. The calculation
for graphene bilayer is provided. Also we consider the substrate effect for
graphene monolayer.

The calculation of graphene Raman spectra requires its electronic structure
and phonon dispersion [1]. We use the harmonic approximation [2] to obtain the
phonon dispersion of graphene. Interatomic force constants utilized in this work
were taken from [3]. Accurate approximation of the experimentally obtained
phonon dispersion in spite of phonon dispersion full calculation can be also
implemented. On the contrary, the utilization of interatomic force constants
opens up possibilities of the substrate and number of layers effects
consideration.

Raman spectra are calculated on the basis of the amplitude of double
resonant processes. Defect-induced processes corresponds to the D band and
corrections for the G band. Processes which involve two phonons corresponds to
overtones: 2D and 2G bands.

We provide the calculation for the bilayer graphene. In the bilayer graphene
electronic bands splits [4] and four types of electron transitions appears. It
results in the fact that 2D gets more broad. This broadening agrees with
experimental data.

We thank A.T. Dideykin for experimental data. We are indebted to
A.Ya.Vul for his care and helpful discussions. We acknowledge funding from
RFFR (proj. 09-08-01200a) and the ministry of science and education (contract
02.740.11.0108).

[1] C. Thomsen, S. Reich, Phys. Rev. Lett. 85(24), 5214 (2000).

[2] Max Born and Kun Huang, Dynamical theory of crystal lattices (Clarendon Press,
Oxford, 2002)

[3] O. Dubay, G. Kresse, Phys. Rev. B 67, 035401 (2003).

[4] A.C Ferrari, J.C. Meyer, V. Scardaci, C. Casiraghi, M.Lazzeri, F. Mauri, S. Piscanec,
D. Jiang, K.S. Novoselov, A.K.G.S. Roth, Phys. Rev. Lett. 97, 187401 (2006).
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Measurement of ripples spectrum in suspended graphene
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The existence of graphene in stable form remains an astonishing
phenomenon since 2D lattice was predicted to suffer from enormous undulations
due to thermal oscillations. This was highlighted when the intrinsic roughness of
suspended graphene was revealed [1]. The ripples affect graphene’s properties
and places additional limit of conductivity [2]. The rippling are governed by
severely anharmonic dynamics [3], and there are several considerably different
models have been presented in literature so far, that stems from the lack of
experimental data on ripples spectrum in suspended graphene and its behaviour
under varying conditions.

Here we present a technique for measurement of ripples spectrum of
suspended graphene. The technique is based on electron diffraction patterns
analysis. The study of suspended graphene allows carrying out in-situ
measurements of ripples spectrum under varying temperature, strain etc.
Temperature dependence of ripples spectrum shows growth of ripples’ average
wavevector with temperature as predicted by theory, while average amplitude
slightly decreases. The latter can be explained in terms of anharmonic behaviour
of graphene ripples.

The technique can be also applied to graphene deposited on a thin enough
substrate that, in turn, makes possible its validation by AFM or STM. It is
shown that roughness of suspended graphene is lower that that of graphene
attached to the substrate.

The technique has shown itself to be quite fruitful in context of the
graphene-related studies, but it can also be applied to study of roughness of any
low-dimensional structure.

[11 J.C. Meyer, A.K. Geim, M.1. Katsnelson, K.S. Novoselov, T.J. Booth, S. Roth, Nature
446, 60 (2007).

[2] E.V.Castro, H. Ochoa, M.I. Katsnelson, R.V. Gorbachev, D.C. Elias, K.S. Novoselov,
A K. Geim, F. Guinea, Physical Review Letters 105, 266601 (2010).

[3] A.Fasolino, J.H. Los, M.I. Katsnelson, Nature Materials 6, 858 (2007).
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Application of angle-resolved X-ray spectroscopy for
characterisation of oriented CNT films

Kanygin M.A.* Kurenya A.G., Gusel nikov A.V., Okotrub A.V.

Nikolaev Institute of Inorganic Chemistry SB RAS, 630090, Novosibirsk, Russia
*e-mail: mkanygin@gmail.com

Angle resolved X-ray emission and absorption spectroscopy is typically
used for investigation of anisotropy of chemical bonds in graphite-like materials
[1, 2]. X-ray emission and absorption spectra of graphite materials, obtained
under conditions of different incident angles and different angles of emission
radiation yield, show dependence of intensities of X-ray spectra features, which
can be correspond to the electron transitions with n- and - orbitals.

Films of oriented carbon nanotubes (CNT) with different texture of
samples were synthesized by CVD-method with using of asetonitrile and toluene
as a source of carbon. Films of oriented CNT, synthesized by this method, have
the significant amount of defects, which lead to imperfection of whole material.
Investigation of structure of oriented CNT films were carried out by method of
angle resolved X-ray spectroscopy. The results of scientific research shows that
relative intensities of X-ray spectra feature contain information about difference
of CNT structure from the ideal cylindrical. Modeling of intensities of X-ray
spectra and comparison of experimental results with other experimental methods
allows obtaining information about texture and defectiveness of CNT films, as
well as specifying the model of formation of CNT films during CVD-synthesize.

Investigation of angle resolved X-ray absorption spectra near NK-edge of
oriented CNT films, doped by nitrogen atoms, allows to determine orientation of
N2 molecules, incapsulated in the space, between nanotube walls.

[1] Y.H.Tang, T.K. Sham, Y.F. Hu, C.S. Lee, S.T. Lee, Chem. Phys. Lett. 366, 636 (2002).

[2] T. Hemraj-Benny, S. Banerjee, S. Sambasivan, D.A. Fischer, G. Eres, A.A. Puretzky,
D.B. Geohegan, D.H. Lowndes, J.A. Misewich, S.S. Wong, Phys. Chem. Chem. Phys.
8, 5038 (2006).
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Definition of structural elements of diamond powders and
polycrystals sintered from them

Chernivenko A.*, Bochechka A.
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Coherent scattering region (CSR) is the certain field coherently diffusing
impinging radiation. It is determined by the broadening of the lines on X-ray
spectrums at examination of the disperse structures or powders. Some
researchers use CSR values as the sizes of material grains which are explored.

In the table the grain sizes of diamond nanopowders, the sizes of crystal
grains in the polycrystals sintered from them, spotted by means of electronic
microscopy, and also the corresponding CSR sizes are given. The diffraction
spectrums, on which analysis CSR of X-rays is carried out, were gained on
diffractometer DRON 3. Definition of the sizes of particles and crystal grains
has been spent by a method of transmission electron microscopy in a
combination to a microdiffraction. For powder examination its test was located
on a carbon substrate. Studying of polycrystals was conducted on a thin foil of
the polycrystalline samples gained by a ionic thinning method.

Table.
Specimen Particle;;zec?,ncnrlystallite CSR. nm
Source powder ASM 0,1/0 50-100 20,6
Polycrystal sintered from ASM 0,1/0 10-50 4,2
Polycrystal sintered from UDD 3-15 3,9
Source powder UDD 2-3 4,8

Apparently from the table, reduction of the particle sizes of diamond
nanopowders conducts to reduction CSR. At the same time, integration of
crystal grains in diamond polycrystals is not reflected in the sizes CSR. Probably
it occurs because the enlarged diamond crystals grains become fragmented.
Herefore it is possible to tell that CSR data and electronic microscopy data give
the complementary information about structure of diamond materials.
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Morphological characterization of soot from the
atmospheric combustion of diesel,
kerosene and candle wax

Dikio E.D.*', Shooto D.N.

"Vaal University of Technology , Vanderbijlpark, South Africa
*e-mail: ezekield@vut.ac.za

Diesel, kerosene and candle wax has been used as a precursor for the

production of carbon nanomaterial without a catalyst precursor. Nanomaterials
formed in the process were analysed by High resolution transmission electron
microscope (HR-TEM), Raman spectroscopy, scanning electron microscope
(SEM), energy dispersive spectroscopy (EDS) and X-ray diffraction (XRD).
Carbon nanomaterial produced from diesel soot show the morphology of carbon
nanospheres mixed with carbon nanotubes. Results obtained indicate the
formation of carbon nanospheres in diesel, kerosene and candle wax.

[1]
[2]
[3]

[4]
[5]
[6]

D.W.E.A. Santana, M.P. Sepulveda and P.J.S. Barbiera: Journal of Fuel 86,911 (2007).
M. Al-Ghouti, Y. Al-Degs and F. Mustafa: Journal of Fuel 89, 193 (2009).

M. P. Gomez-Carracedo, ] M Andrade, M. Calvino, E. Fernandez, D. Prada and
S. Muniategui: Journal of Fuel 82, 1211 (2003).

D. N. Shooto and E. D. Dikio: Int. J. Electrochem. Sci. 6(5), 1269 (2011).

E. D. Dikio: Int. J. Electrochem. Sci. 6(6), 2214 (2011).

E. D. Dikio: Submitted to E-Journal of Chemistry. (2011)
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Structure and characteristics of pyrolyzed
polyacrylonitrile with vacancies

Zaporotskova I.V.*, Davletova O.A., Polikarpov D.I., Zaporotskov P.A.

Volgograd State University, 400062, Volgograd, Russia
*e-mail: irinaz@rbcmail.ru

The discovery of new forms of carbon has stimulated interest in the
synthesis of new nanomaterials with modified chemical properties that contain
carbon plane. These include nanomaterials on the basis of containing carbon
pyrolyzed polyacrylonitrile (PPAN). PPAN used in microelectronics, vacuum
electronics, optoelectronics. Advantages of the new organic semiconductor
based PPAN are regulation of the conductivity, low coSt. and simple technology
of preparation [1].

One of the interesting problems is to study the properties of PPAN with
vacancies (the so-called V defect). These defects change the local geometry of
the layer (see Fig.) and, consequently, the electronic states. Surface of a material
with vacancies, as a rule, consists of carbon hexagons and penta- and emerging
heptagons (topological defects), which may lead to deformation of the polymer
surface. We investigated the electronic structure PPAN with vacancies. Main
energy characteristics of processes were calculated. Calculations were
performed using quantum-chemical methods MNDO and PM3 and method
DFT. Considered two types of defects: 1) Vy defect when removed from the
structure of the nitrogen atom, and 2) V. defect when removed from the
structure of the carbon atom. Energy curves illustrating the formation of a
vacancy, were constructed. The comparing the characteristics of defect and
defect-free structures PPAN was performed. It should be noted an increase in
the value of energy the highest occupied molecular orbital Eyopo 1n the presence
of the defect and a corresponding increase in the band gap. Thus, the
introduction of a vacancy in the layer structure allows you to modify the
physical properties of the material. The geometrical analysis shows that the
surface atoms are displaced from their permanent positions in the direction of
localization of vacancies. The electron density is localized in the V defect,
which in turn leads to a change in the polarization of the monolayer PPAN and
change its physical properties.
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Figure. Monolayer PPAN with defects after optimization of parameters.

[1T V.V. Kozlov, L.V. Kozhitov, V.V. Krapuhin, 1.V. Zaporotskova, O.A. Davletova,
D.G. Muratov, Materials of Eelectronic Engineering Ne 1, 59 (2008).
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The influence of boron doping on magnetic properties of
oxygen-eroded graphite

Zagaynova V.' Makarova T.*'*, Mombru A.%, Pardo H.%, Faccio R.?

"Umed University, 90187, Umed, Sweden
“Ioffe Institute, 194021, St.Petersburg, Russia
*Universidad de la Repiiblica, P.O. Box 1157, CP 11800, Montevideo, Uruguay
*e-mail: tatiana.makarova@physics.umu.se

Pristine graphite is diamagnetic. Structural disorder of graphite, topological
defects or absorbed guest atoms can give rise to the change in localized
electronic states which cause an increase in the density of n-states at the Fermi
level and trigger anomalous behavior in magnetic field. Room-temperature
magnetism has been observed in several types of carbon materials [1]. At the
same time, too many defects are predicted to destroy magnetism [2].

Surface oxidation route turns bulk graphite into a foamy-like highly-
defective graphitic structure, its magnetism reported in [3]. Boron is well-known
as a catalyst of graphite-oxidation reaction [4]. On the other hand, it acts as a
dopant for carbon system and can change the relative occupancy of n-bands.

Here we present a comparison of magnetic properties of oxygen-eroded
graphite with different boron content.

The impurity analysis performed with HR-ICP-MS proved that magnetism
of the samples does not correlate with content of transition metal impurities,
thus confirming the results obtained in [3]. From DC magnetic measurements
performed at a Quantum Design SQUID magnetometer (MPMS-XL-1) on
microcrystalline powder samples we found that non-metal impurities have
strong influence on sample magnetism.

It has been found that introduction of boron doping induces paramagnetic
component of magnetization and, for high concentrations, significantly
decreases spin concentration due to annihilation of localized states, while for
smaller concentrations of boron magnetization is enhanced. The results are in
line with theory predictions [5].

[1] T. Makarova and F. Palacio, editors. Carbon based magnetism: an overview of the
magnetism of metal free carbon-based compounds and materials, Elsevier Science,
2006.

[2] Y. Zhang, S. Talapatra, S. Kar, R. Vajtai, S. K. Nayak, P. M. Ajayan, Phys. Rev. Lett.,
99, 107201 (2007).

[3] H. Pardo, R. Faccio, F. M. Araujo-Moreira, O. F. de Lima, A. W. Mombru, Carbon 44,
565 (2006).

[4] N. M. Rodriguez and R. T. K. Baker, J. Mater. Res. 8, 1886 (1993).

[5] R. Faccio, L. Ferndndez-Werner, H. Pardo, C. Goyenola, O.N. Ventura, A.W. Mombru,
J. Phys. Chem. C 114, 18961 (2010).
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Nano-diamond based materials fabrication with low
pressure non-equilibrium microwave gas discharge and its
field emission properties

Gushchin O.', Yafarov R.%, Baklanov M.’ Ignatov p.l Zaytsev N.,
Yanovich S.!, Orlov S.! Khomyakov, I.!
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RAS, Kotel'nikov Institute of Radio Engineering and Electronics, Saratov, Russia
IMEC vzw, Kapeldreef 75, B-3001, Leuven, Belgium

Low pressure ethanol non-equilibrium gaseous MW discharge properties
were studied for their impact upon self-assembly of nano-crystalline diamond
clusters embedded into graphite and polymer-like films. Carbon based nano-
structured films were fabricated and possibility of their properties control was
demonstrated. It was demonstrated that process can provide a control of
diamond nano-cluster’s surface concentration within the range from
0.05x10° cm ™ up to 1.4x10® cm ™ and cluster’s linear dimensions within the
range 10-120 nm [1, 2].

Correlation of diamond-graphite films crystalline nanostructure, film
component phase ratio and electron transport and field emission mechanism was
studied. Feasibility of film nanostructure optimization in respect of field emitters
was demonstrated along with the setting of appropriate criteria.

Fabricated with diamond-graphite cathodes integrated diode array samples
demonstrated emission current density up to 2.0 A/cm? Such a result exceeds
emission currents obtained with carbon nanotube based cathode arrays. Applied
voltage was within the 5-10 V, that provided electric field about 2.5-5.0 V/um
for vertical integrated diode design. For lateral emitters emission current density
of 20 A/cm” was obtained with 300V voltage applied.

[1] R.Yafarov, V.Moullin, V.Semenov, RUS Patent 2302369 dated 10.07.2007. A method
for nano-diamonds fabrication embedded in polymer-like carbon-hydrate matrix.

[2] R.Yafarov, V.Moullin, V.Semenov, RUS Patent 2309480 dated 27.10.2007. Material
and method for multi-spike field emission cathode fabrication.
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Nanocarbons as physical modifier of polymers — dispersity
or structure
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Incorporating of nanocarbons in polymer matrix is nowadays considering
as the most effective way for new generation polymer materials development.
But experimental findings are often differ from ones predict by theory. These
facts may be the consequence of more complex mechanism of nanoparticles
effect on supramolecular structure of polymer matrix and, as result, on
properties of polymer nanocomposite obtained. In this study we investigated, as
an example, polymethylmethacrylate (PMMA) and it’s composite with
fullerenes, MWCNT and detonation nanodiamonds (DND).

Our findings demonstrate that filling of the origin polymer with MWCNT
practically don’t influence on PMMA thermal destruction parameters. At the
same time, nanocomposites based on C60 and DND demonstrate significant
reduction (more then 200°C) of the temperature of thermal destruction process
start. It was also shown ambiguous results of ultrasonic (US) exposure on
nanocomposite solution.

Current opinion is that US result only in uniform nanoparticles distribution
all over polymer matrix. But our findings show that the different time of US
exposure on solution of DND-based nanocomposite result in clear-cut
distinction in thermal parameters of destruction process. Thus, if the shot period
of US exposure (1 min) result in pronounced peak of thermodistraction of
nanocomposite (at 520 K), then the US exposure over a long period of time
(40 min) result in more intensive but widened peak (over the range 450 to
650 K). Such result we connect with influence of US exposure on polydispersity
of DND aggregates.

The findings, in our opinion, give evidence that the determinant of
nanoparticles influence on polymers nanocomposite properties is not dispersity
of particles, but their fine internal structure (static for MWCNT and fractal for
Cso and DND). Also we suggest that in our experiments the US exposure
stimulate interaction of macromolecules with functional groups of DND surface.
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Superhard composite material based on nanodispersed
carbon
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Earlier it has been shown by us that in the conditions of high pressures
(4-5 GPa) and temperatures (950-1200°C) formation of a superhard carbon
phase in Fe-C nanocomposite material occurs not only from fullerenes, but also
from other cheaper nanodispersed carbon materials, as fullerene soot, multiwall
nanotubes, fullerene black [1].

In the present work it has discovered that the samples sintered based on
concentrated fullerene soot with a small additive Fe (Cg-10 wt.% Fe) contain
three modifications of superhard carbon grey phase (Fig.1). Dominant
modification with microhardness up to 78 GPa plays a role of binding being in a
liquid state at sintering.

i it
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Figure 1: Microstructure of sintered sample: 90% fullerene soot +10% Fe

Appearance of a liquid phase in the conditions of high-energy
consolidation of nanodispersed carbon at high pressure can be caused by
displacement of graphite-liquid-steam-diamond interfaces in area of lower
pressures and temperatures on the constitution diagram of carbon. It is known
that with increase of dispersity of particles, or crystallites temperature of phase
transition can be decrease.

Mechanism of formation of superhard carbon phase from melt at high
pressure can be used for control of structure formation process of new superhard
materials with use inexpensive nanocarbon components as fullerene soot,
multiwall nanotubes, fullerene black. Last actually is not used scrap of
fullerenes manufacture.

[I] Okatova G.P., Svidunovich N.A., Kuis D.V., Urbanovich V.S., Oychenko V.M.,
Korzhenevsky A.P., Chemistry and Chemical Technology 53(10), 90 (2010).
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Spatial atomic and electronic structures of graphene,
diamond, graphite and fullerene

Titorov D.B.
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When the spatial atomic and electronic structures of graphene, diamond,
graphite and fullerene were formed with using the mechanism of pairwise
interpenetration of atoms [1], ideas about hibredization of s and p electrons,
covalent and ¢ and  bonds, about potentials and other did not used absolutely.

The atom model with well-defined sizes of inner electrons area and
external electrons shell [2, 3] correspond to quantum rules according to which
the electronic structure of atom is shaped.

When atoms approach their shells can interpenetrate, but in according
Pauli's exclusion principle only pairwise.

Values of interatomic forces which form the spatial atomic structures were
calculated without fitting and utilize potentials.

The sizes of interpenetrated carbon atoms were calculated from the
condition of balance of interatomic forces in diamond and graphene.

It 1s shown that the distance between basic planes of graphite (between
graphenes) which is calculated with using of mechanism pair interpenetrating
and presence of carbon atoms between graphenes (0.3357nm) is very close to
those known from experiments (0.3354nm).

The schemes of self-organization of atoms of carbon into pentagons
necessary for forming fullerenes are shown.

The spatial electronic structures are shaped with areas of a pairwise
interpenetration.

Each atom in graphene has only three areas of pair interpenetrating.
Electronic density of them may be two times more than in shell of the free atoms
and four times more than in univalent metals. The centers of them form triangle
with equal sides.

Each atom in diamond has four atoms in the first coordination sphere.
Accordingly each atom in diamond has four areas of pair interpenetrating. They
less than at graphene and the distance between them and nucleuses more than in
graphene; their centers form right tetrahedron.

Thus the spatial electronic structures explain why graphene is more stable
than metals and diamond and helps to analyse properties of materials.

[1] Titorov D.B Sixth international conference «Single crystal growth and heat & mass
transfer». Proceedings 3, 646 (2005), Obninsk, Russia (in Russian).

[2] Titorov D.B. Kristallografiva 1, 25 (2001). [Crystallography Reports 1, 19 (2001)].

[3] D.B. Titorov, Poverkhnost’. 6, 100 (2003).
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Layered materials are the fundamental building blocks of two-dimensional
(2D) systems with unusual chemical and physical properties with high specific
surface areas, that are important for many and different applications, such
sensing, catalysis, and energy storage.

In such a context, carbon-based few-layered nanosheets are fascinating
materials, but a reliable procedure of fabrication remains a target not yet met.

We report here our preliminary results of recent researches addressed at the
production of 2D crystalline structures. The starting material were colloidal
dispersions of graphitic nanoflakes obtained from disruption of SWCNT and
MWCNT using high-shear mixing and/or treatments in sulfonitric mixtures both
at room and high temperature. The nanoflakes, dispersed in aqueous medium or
DMF, have been subsequently deposited on Si substrates or TEM grids for
related observations. Depending on the process procedures, different kind of re-
organization are found to occur, as evidenced by ED, TEM and micro-Raman
analysis. The adopted methodology allows indeed to obtain samples
characterized by very different interactions between proximal units , giving rise
in particular to:

o clustering of platelets with a relatively small 2D extension and random
arrangement of polycrystalline graphite-like nanomaterial inside the clusters.
o assembling of nanoflakes into highly ordered (single-crystal) nanosheets

with a relatively large (some thousands of nm?) surface.

In this last case the ED pattern evidences the presence of quasi-
singlecrystal material: the fine structure of the ED pattern is characterized by the
almost perfect superpositioning of diffraction spots coming from different
platelets not perfectly oriented each other. In such a case, the TEM analysis
reveals the presence of relatively thin, but extended, nanosheets.The results
shows that the assembly processes can be tailored by modulating the disruption
treatments and choosing a suitable dispersion medium, in order to produce
selectively different forms of self-assembling, from polycrystalline aggregates to
highly self-oriented mosaic-like structures, evidencing the possibility to achieve
single-crystal platelets.

It is expected that the identification of cooperative mechanisms acting in
such systems could help in opening innovative crystallization pathways and give
a relevant contribution for nanotechnologies.
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In the present paper we represent the results on a correlation between
microstructure and physical properties of biocarbons derived from beech wood
by carbonization at different temperatures T, in the range 600-2400°C. The
temperature dependences of the electric resistivity p, thermal conductivity & and
thermoelectric power S have been studied in the temperature range 4-300 K. The
structural investigation was performed by XRD at 300 K.

According to XRD data the biocarbons have bi-modal microstructure
which consists of amorphous phase and nanocrystallites (of three-dimensional
graphite and two-dimensional graphene). With increasing T, from 800 to
2400°C, the size of nanocrystallites increases from 10.2 to 29 A for graphite and
from 24 to 60 A for graphene components. The amount of nanocrystallites also
grows with increase in T,y It was shown that T.,»,~900 K is critical point for
the change of electrical conductivity mechanism as well as of the character of
S(T) and &(T) dependences. The dependences p(T) for the biocarbons with
Teav<900°C are adequately described by the Mott law for the variable-range
hopping conduction. The crossover to the conductivity characteristic of
disordered metal systems is observed at T.,;,>1000°C. Analysis of experimental
data p(T), S(T) and &(T) showed that in the samples with T.,,<900°C the
amorphous phase determines the behavior of these parameters, whereas in the
samples with T, >1000°C the main role belongs to nanocrystallites.

This study was supported by the Presidium of the Russian Academy of
Sciences (program P-03) and the Ministry of Science and Technology of Spain
(project nos. MAT 2007 30141 _E and PET 2006-0658).
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Comparative analysis of field emission properties of SiC
powder with different synthesis parameters

Shornikova A.L.*', Sheshin E.P.", Gordeev S.K.*

"Moscow Institute of Physics and Technology, 141701, Dolgoprudny, Russia
’Central Research Institute of Materials, 194021, St.Petersburg, Russia
*e-mail: a.shornikova@gmail.com

At the present time getting good field emission properties of materials can
be achieved by forming on the surface of a dielectric or semiconductor particles
of a thin graphite layer. Nanolayer graphitic carbon covers the dielectric
particles, which are seemed to support the layer, which took part in active field
emission processes. It should be mentioned that such a particle should not be
viewed simply as a "mixture” components, as well as a single physical-chemical
system, which provides phase mutual influence, which leads to the achievement
of positive results.

In this work were examined the samples of SiC powders, which were made
by synthesis on the surface of dielectric and semiconductor particles of a thin
graphic layer. Such synthesis can be achieved with heat treatment of dielectric
or semiconductor powders in medium of gaseous hydrocarbons at a temperature
above their thermal decomposition. Under these conditions on the surface of the
particle takes place a heterogeneous chemical reaction, this leads to
decomposition of hydrocarbon molecules into atoms of carbon and hydrogen
molecules. The nascent carbon atoms form a graphite layer, whose thickness
increases with increasing heat treatment time. Thereby you obtain particles with
the desired thickness of the graphite-like nanolayer [1].

Data were collected in the following order: measured some initial current
voltage characteristic, further took down field emission current depending on the
time, after the end of the experiment measured another current voltage
characteristic, which subsequently compared with the current voltage
characteristic, gotten before the experiment began. Were also obtained
photographs of field-emission images, where we can see the change of light
intensity [2, 3].

After the data were processed, it will be able to make a conclusion in which
it is found that the powder with a thin carbon fiber has better field emission
properties.

[1] N. Finer, ML Kosinova, YM Rumyantsev, Thin films of silicon carbonitride and boron:
synthesis, study of the composition and structure .- Ros. Chem. Well. (J. Ross. Chem. of
the Society to them. Mendeleyev) - 2001, XLV, Ne 3.

[2] Sheshin E.P. The surface structure and field emission properties of carbon materials. -
M.: Publishing office MIPT - 2001. - 288.

[3] Fowler R. H., Nordheim L. W., Proc. Roy. Soc. A119, 173 (1928).
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Structure of amorphous carbon produced by high-voltage
electric discharge technology in organic liquids

Rud A.D."*, Ivaschuk L.1.", Kuskova N.I.%, Tsolin P.L.%, Kiryan LM.",
Zelinskaya G.M.', Biliy N.M.?

'G.V. Kurdyumov Institute for Metal Physics of NASU, 03142, Kiev, Ukraine
“Institute of Pulse Research and Engineering of NASU, 54018, Nikolaev, Ukraine
*Taras Shevchenko National University of Kyiv, 01601, Kiev, Ukraine
* e-mail: rud@imp.kiev.ua

New high-energy electric discharge technologies for production of carbon
nanomaterials, containing fullerene-like clusters of the Cgo-C7y type, nanotubes,
nanodiamonds and amorphous carbon (AC), using the methods of electrical
explosion of graphite rods and electric breakdown of organic liquids (EBOL) are
elaborated [1, 2]. The EBOL technology gives an opportunity to produce an AC
in amounts required for industrial application.

The structure of the synthesized from different organic liquids (benzene,
hexane, cyclohexane, etc.) carbon powders is studied by the -electron
microscopy, Raman spectroscopy and X-ray analysis. Raman spectra are typical
to AC materials and they are characterized by a large intensity ratio Ip/Ig (0.9),
what indicates on significant structural disorder. The synthesized AC powders
possess a complex hierarchical structure with a size of individual components of
the order of 30-50 nm and specific surface area of 150 m*/g. It is found, the
Raman spectra of AC produced from cyclohexane (C¢H;,) are similar that of
nanodiamonds. This fact testifies to the diamond-like type of short-range order,
what was confirmed by the RDF calculations. We found that the type of short-
range order of AC produced by EBOL technology is primarily determined by
the degree of hybridization of carbon atoms in the molecule of the working
liquid: in the case of hydrocarbons with sp’-hybridization, AC have the graphite-
like type of short-range order, in the case of working liquid with
sp -hybridization - diamond-like one. A structure of the organic molecule plays
an important role, because AC with predominance diamond-like type of short-
range order 1s synthesized only in the case of cyclohexane, a molecule which is
similar to a hexaatomic ring in the crystalline structure of diamond.

This work was partially supported by the joint projects of NASU-STCU
(#4951) and NASU (# 36-08-10)-RFBR (# 10-08-90419).

[1] Rud A.D., Kuskova N.I., Ivaschuk L.I., Zelinskaya G.M., Biliy N.M., Fullerenes,
Nanotubes and Carbon Nanostructures 19(1), 1536 (2010).

[2] Kuskova N. L., Rud A.D., Baklar V.Yu., Ivaschuk L.1., Zhurnal Tekhnicheskoi Fiziki (in
Russian) 80(9), 57 (2010).
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Controlled laser synthesis of carbon nanostructured at
laser action

Arakelyan S.M., Antipov A.A.*, Kutrovskaya S.V., Kucherik A.O.*,
Nogtev D.S., Osipov A.V., Prokoshev V.G.

Department of Physics and Applied Mathematics, Viadimir State University, Gorky st. 87,
Viadimir, Russia
*e-mail: kucherik@vlsu.ru aantipov@vlisu.ru

Synthesis of carbon nanofiber and nanofibers by deposition of a material on
a substrate at laser action on carbon materials is widely enough used method.
Depending on experiment conditions (vacuum or buffer gas, presence of the
catalyst, etc.) and used laser sources probably obtaining of various types carbon
nanomaterials - single-layered / multilayered and nanotubes with diameters from
10 up to 100nm.

At the same time in a number of works laser action on carbon materials in
atmospheric air and-or in oxygen is investigated, and opportunities of the
directed change of morphological properties obtained nanostructures are
discussed. Such control of properties of besieged materials at synthesis
nanostructures i1s especially perspective at use additional quazi-static external
fields.

There are results in the given work on obtaining carbon nanofibers and
nanoclusters at laser action on the graphite samples placed in constant electric
and-or a magnetic field.

Carbon nanofibers obtaining in quazi-static external fields on a substrate.
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Lonsdaleite in nanodiamonds

Naletov A.M. Nozhkina A.V.*
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"VNIIALMAZ", Moscow, Russia
*e-mail: nojkina@inbox.ru

Lonsdaleite (hexagonal diamond) for the first time has been found out and
identified as fine inclusions in meteoric carbonaceous materials.

Later hexagonal diamonds have been found out in a number of geological
place origins and in disperse powders of diamonds dynamic synthesis.

Use in our work of specially developed technique of X-ray analysis has
shown, that the maintenance lonsdaleite in them can reach ~ 60% and synthesis
in the field of thermodynamic stability hexagonal diamond (1,2) has allowed
received samples with its concentration more than 90%.

However in the pure state it is not received yet, therefore its many physical
properties remain unknown persons, as well as lonsdaleite mechanisms of its
formation hexagonal structures since it corresponds to structure of defects of
packing in planes (111) cubic diamond. It enables to consider shift supersonic
(deformation, as a principal cause of formation hexagonal diamond. However in
other cases, probably, are not excluded also other alternative mechanisms, for
example martensite transformation, etc.

Energy and coordination of nuclear communications, density cubic
diamond and hexagonal diamond are completely identical to parameters,
therefore their elastic parameters, most likely, are close, but conditions of
transformation of one structure in another, also as well as properties cubic-
hexagonal diamond compositions, practically are not studied.

Results of researches of processes of transformation containing lonsdaleite
nanodiamonds to cubic diamond, graphite or other forms carbon of materials
under influence of various factors are presented in our work.

Our studies showed, that increase of concentration hexagonal diamond in
natural diamonds approximately up to 40% reduces hardness of diamond, but, at
the same time, density a nanodiamond compound increases with increase in the
maintenance lonsdaleite.

Cubic-hexagonal diamond compositions, especially, considering
characteristic for them structure, are represented by rather perspective base for
creation of new super firm materials with the raised viscosity of destruction.

[1] Bundy T., Kasper J., J. Chem. Phys. 46(9), (1967).
[2] Kurdyumov A.V., etc. “Crystal structure lonsdaleite, formed at High statistical
pressure.” "Physics and technique of high pressures ", Kiev, 1981.
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Synthesis of metal-carbon nanostructured materials by
controlled laser deposition

Arakelyan S.M., Antipov A.A., Kutrovskaya S.V., Kucherik A.O.*,
Nogtev D.S., Osipov A.V., Prokoshev V.G.

Department of Physics and Applied Mathematics, Viadimir State University, Viadimir, Russia
*e-mail: kucherik@vlsu

Laser ablation is widely used for obtaining of nanoparticles and
nanoclusters in a cloud of ablation products. It i1s well controllable and
perspective process for many technological applications, the numerical decision
for rectangular initial structures of density and pressure is resulted in, shown,
that initial structures of distributions of density and pressure in a vapour cloud of
material render essential influence on function of distribution formed of
nanoclusters.

The carried out experiments of laser deposition show an opportunity of
control formation of complex nanostructurized coverings on a substrate surface
at used of a target as a mix metals nanopowder and carbon nanotubes. The most
perspective appears on a laser method of action on a carbon nanotubes massive
at the presence of growth catalysts of the given structures. As shown in work
nanoparticles can be such catalysts for growth nanotubes. The question on the
mechanism of nanostructures formation on a surface of a cold substrate up to the
end is not clear, as during action there can be a reorganization carbon nanotubes
at the expense of action of nanoparticles catalysts. In this case the sold scheme
of nanostructures formation corresponds to an open reactor with speed of
particles evaporation about sound speed. To research of a target surface after
laser action show, that during interaction of laser radiation with carbon
nanotubes, mixed with metal nanopowder, there is a local profusion. In this case,
at active evaporation of substance (visually above area of laser action on a target
the intensive plasma torch is fixed), nanotubes appeared on a surface of melting
materials can be fond from a surface and be deposited on a substrate. In such
system carbon - metal, as shown in work, the formation of fractal structures is
possible at self-organizing carbon on metal during thermal laseraction.
Simultaneously with it, during distribution of two-componental plasma probably
formation of fractal clusters.

The offered method of obtaining of metal-carbon nanostructures has
perspective for various applications, photonics and optoelectronics as allows to
action on carbon nanotubes and to change their morphological and physical
chemical properties at temperatures considerably smaller then temperatures of
fusion of an initial material.
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Influence of nanostructural carbon forms on deformation
behaviour of copper at mechanical activation

Nikonova R.M.*, Pozdeeva N.S., Lad'yanov V.I.

Physical-Technical Institute UB RAS, Ishevsk 426000, Russia
*e-mail: las@pti.udm.ru

Nanocarbon modification of metals and alloys appears to have considerable promise
in developing materials of the new generation. Several approaches such as production of
ultra strong film coatings at metal and carbon co precipitation, the use of super high
deformations in Bridgmen anvils are considered for the metals to be obtained. Mechanical
grinding by high voltage mills to obtain a super saturated solid solution of carbon in
metals, the metals being inactive to carbon under normal conditions, is one of the
promising technologies as well. Copper is one of the metals mentioned above.

Nanocomposites, Cu-C (5 u 25 at.%C), have been produced by mechanical
activation. Powders of mixed fullerites, Cgo/70 (~18%Cr), graphite, Cg, and multilayer
carbon nanotubes have been chosen as carbon materials. The samples have been tested
in AGO-2S ball mill under inert gas conditions (P=0.1 MPa), a power being equal to
28.1 Vt. To study the structural changes of samples after activation the x-ray structural
analysis, optic metallography, scanning electron microscopy, as well as the method of
micro hardness measurements have been employed.

It has been shown that in the process of copper synthesis with various carbon
forms in the initial mixture a different mechanism of Cu particles deformation is
observed. It has manifested about significant differences in the texture of the samples
and kinetics of crystalline particles grinding (the form and dispersion). Thus the
samples with a lesser carbon content 5 at.% differ greatly from the others. Being
mechanically treated for less than 2 hours Cu particles take the form of equal-axis
powders, balls and scales for Cg79, Cg 1 C,; accordingly. So all compared Cu-C are of
different micro hardness. The Cu-Cg composite has shown the greatest micro
hardness, 159 kGs/mm?, and for Cu-Cgoo and Cu-C,, it amounts 125 kGs/mm* and
143 kGs/mm®. The essential particle micro hardness increase in Cu suggests that
carbon has a pronounced effect on strengthening the metals. At 25 at.%C the particles
of the composites obtained differ, mainly, in size.

The x-ray structural investigations have shown that (regardless of the allotropic
carbon form) if the time of grinding the particles increases the amount of micro
distortions in the copper lattice rises, the areas of coherent scattering decrease and the
copper lattice increases in size. The lattice increase may be caused by deformation
dissolution of carbon producing the resulting formation of supersaturated solid
solution in copper. Kinetics of the solid solution formation depends on the form and
amount of carbon and the time of mechanical milling.

The work has been carried out under financial support of the program the
Presidium of Ural Brunch, RAS (Project 09-T-1008).
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Nanostructured carbon adsorbents for medical protection

against chemical-biological-radiological-nuclear
(CBRN) hazards

Mikhalovsky S.V.*' Sandeman S.R.", Howell C.A.",
Tennison S.R.%, Nikolaev V.G.?

"University of Brighton, BN2 4GJ, Brighton, UK
’MAST Carbon International Ltd, GU3 2AF, Guildford, UK
*Kavetsky Institute of Experimental Problems of Oncology and Radiobiology,
03022 Kiev, Ukraine
*e-mail: s.mikhalovsky@brighton.ac.uk

When a terrorist attack against civil population is considered, it is
important to have in stock some generic, universal means of protection which
could be efficient in neutralising effects of CBRN warfare hazards. Medical
grade activated carbons are a unique group of materials which were successfully
used to decorporate radionuclides from the human body in the aftermath of the
Chernobyl catastrophe, and prevent accumulation of radionuclides in first aid
responders by prophylactic use of oral adsorbents. In modern terms, Chernobyl
can be considered as a ‘dirty bomb’ on a very large scale. Taking into account
that activated carbons adsorb most toxic organic substances and, according to
the position statement issued jointly by the American and European
Associations of Clinical Toxicology, use of oral activated carbon is the
treatment of choice for patients with acute poisoning, particularly if the nature of
the toxic agent is unknown. In more severe cases of acute poisoning with
chemical or radioactive agents direct blood purification by activated carbon has
been successfully used. Medical activated carbons used at present, however,
have limitations in terms of their ability to adsorb and neutralise large molecules
such as biotoxins and radiotoxins. This poses a particularly big problem in blood
purification. Activated carbons used in West have poor haemocompatibility
which 1s improved by coating carbon granules with semi-permeable membranes.
The coating improves biocompatibility but at the same time reduces adsorption
efficiency of carbon especially for large molecules. We have developed
activated carbons produced by pyrolysis and activation of porous phenol-
formaldehyde resins, which have large mesopores capable of accommodating
molecules with molecular mass of 7-50 kDa. These uncoated carbons have
shown haemocompatibility equal to or better than that of commercial coated
carbons. Experiments in vifro and ex vivo proved efficiency of novel
nanostructured carbons iIn  removing inflammatory cytokines,
lipopolysaccharide, exotoxins and botulinum toxin from the blood stream.
Mechanisms of protective action of activated carbon in the treatment of patients
exposed to CBRN agents will be discussed.
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Nanostructured carbons obtained by template method for
protein adsorption
Puziy A.M.', Poddubnaya O.1.", Reinish C.A.!, Mironiuk T.I.', Tsyba M.M.",
Mikhalovsky S.V.?, Mikhalovska L.I.**

Institute for Sorption and Problems of Endoecology, 03164, Kiev, Ukraine
University of Brighton, BN2 4GJ, Brighton, UK
*e-mail: L.Mikhalovska@brighton.ac.uk

Nanostructured carbons were obtained by templating technique [1], using
sucrose or furfuryl alcohol as carbon source and cheap commercial inorganic
templates (zeolite NaY, silica gels SG60, SGAO, ZK or colloidal silica Ludox
AS40) as structure directing material. After carbonisation inorganic framework
was dissolved in 40% HF. Nanostructured carbons show well developed porous
structure with relatively uniform pores (Figure 1). Depending on inorganic
template average pore size varies from 1.0 to 11.3 nm. All nanostructured
carbons have large surface area (1200-1900 m*/g) and large pore volume
(2.1-4.1 ecm’/g). Nanostructured carbons retained the shape of inorganic

template used for synthesis.
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Figure 1. Pore size distributions in nanostructured carbons.

Adsorption of two proteins, ovalbumin (45 kDa) and fibrinogen (340 kDa),
on nanostructured carbons was investigated. Unexpectedly, the highest
adsorption was observed for carbon C(NaY) with the lowest pore size of 1 nm.
The protein adsorption decreased as carbon pore size increased from 1 nm to
6.6 nm and then increased on carbons with larger average pore size. This trend
holds over an order of magnitude of protein concentration in the range of
0.1-4.0 g/L. Factors related to the porous structure of carbons, such as surface
area and pore volume, cannot account for the observed trend. It is likely that the
conformational changes of adsorbed proteins as well as diffusion limitations of
protein adsorption due to different carbon particle size contribute to the

observed effect.

[1] Ryoo R, Joo SH, Kruk M, Jaroniec M. Adv. Mater. 13, 677 (2001).
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Nanoindentation and Raman spectroscopy study of
graphite irradiated with swift >*U ions

Manika I.*', Maniks J.!, Zabels R.!, Gabrusenoks J.", Krause M.%,
Tomut M.?, Schwartz K.?

Institute of Solid State Physics, University of Latvia, LV-1063, Riga, Latvia
Gesellschaft fiir Schwerionenforschung (GSI), 64291 Darmstadt, Germany
*e mail:manik@latnet.lv

The isotropic fine-grained graphite is a promising material for future
high-energy i1on beam facilities [1]. Modifications of the structure and
mechanical properties of R6650 graphite irradiated with 2.6 GeV *°U ions at
fluences up to 10" ions/cm”® at room temperature were studied using
nanoindentation and Raman spectroscopy.

Indentation tests confirm that the material withstands high-fluence
irradiation. Moreover, a strong ion-induced increase of Young’s modulus and
hardness is observed that points to a structural change and formation of a hard
form of carbon. The maximum effects are observed on the irradiated surface
where an 1on-induced increase of hardness and modulus reaches up to 500% and
280%, respectively. A change of hardness and modulus under ion-induced
stresses around the interface between the irradiated layer and the non-irradiated
bulk material was observed.

Raman measurements demonstrate ion-induced disordering and reduction
of dimensions of crystallite domains. After high-fluence irradiation, the Raman
spectrum becomes similar to that of the glassy carbon. Despite of sp” bonding
the structure of the glassy carbon is known to ensure a high hardness and
modulus. The Raman spectroscopy revealed a similar modification of a structure
also on HOPG crystals irradiated with swift ions [2].

[1] M. Winkler, H Geissel, H. Weick, et al, Nucl. Instrum. Methods B 266,4183 (2008).
[2] M. Tomut, W. Ensinger, M. Krause, C. Trautmann, GSI Scientific Report, (2010)
(in press).
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Homogeneous nucleation in liquid carbon obtained by
laser pulse melting of graphite

Lysenko [.Yu., Basharin A.Yu.*, Turchaninov M.A., Dozhdokov V.S.

Joint Institute for High Temperatures, Russian Academy of Sciences, 125412 Moscow, Russia
*e-mail: ayb@iht.mpei.ac.ru

The homogeneous nucleation in supercooled melts of metals and alloys is
known to be a source of metastable solid phases and to be observed in pure
melts only. Graphite is the most high-melting of the materials known nowadays,
and, additionally the pressure in the first carbon triple point exceeds 10 MPa.
That’s why there i1s a limited number of graphite melting methods: in the most
cases laser and ohmic heating are used. Both of these methods do not allow to
reach uniform sample melting what in turn causes its contamination by unfused
graphite. During the melt cooling the presence of graphite leads to the
heterogeneous nucleation in the liquid and growing of the only graphite. This
paper considers the conditions of the homogeneous nucleation in a melt, which
forms metastable carbon phases at a laser pulse melting of high-oriented
graphite HOPG. The cooling rate in this process exceeds 10° K/s [1].

Melting of HOPG in helium showed the melt formed on the close-packed
graphite basal plane face not to be supercooled. It solidifies in a form of layered
spiral vicinal hillocks or echelons of elementary steps with step height equal to
the ¢ parameter of the graphite lattice (0.67 nm). They grow on screw
dislocations formed in the premelting stage at the graphite plastic deformation
caused by thermal stresses

On the contrary, when heating up a loose prismatic HOPG phase there is no
formation of dislocations, and the solidification pattern is determined by the
surface electromagnetic waves (SEW)' appearing on the liquid surface.
Appearing of SEW causes the rapid transfer of the laser radiation energy beyond
the crater boundaries and the liquid supercooling due to the radiation-convective
heat transfer. As a result, together with the heterogeneous crystallization on the
melting puddle bottom there is a homogeneous nucleation on the melt surface.
This is the only explanation of the appearance of metastable crystal forms, i.e.
diamond and carbine found in the LIPSS zone by us in [2]. This suggests the
energy barrier for metastable phases formation in a supercooled melt to be lower
than that one for graphite. Possible origins of this phenomenon and its practical
usage are discussed.

[1] Basharin A.Yu., Brykin M.V., Marin M.Yu., Pakhomov LS., Sitnikov S.F., Teplofis.
Vys. Temp. 42, 64 (2004).
[2] Basharin A.Yu., Dozhdikov V.S, Dubinchuk V.T., Kirillin A.V., Lysenko

I.Yu., Turchaninov M.A., Pis’ma Zh. Tekh. Fiz. 35, 84 (2009).
'An indication of SEW are periodic surface structures (LIPSS), observed after the sample solidification
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Highly oriented poly(vinyl alcohol) fibers modified with
nanodiamonds: from effective structural modification to
high tensile strength and modulus

Kurkin T.*, Ozerin A.*, Kechek’yan A%, Gritsenko O.%, Sustchev V.?, Dolmatov V.

“Institute of Synthetic Polymeric Materials, Moscow, 117393, Russia
bJSC “Diamond centre”, St.-Petersburg, 193177, Russia
email: tkurkin@gmail.com

The morphological features and properties of the highly oriented poly(vinyl
alcohol) fibers modified with nanodiamond and nanodiamond soot of detonation
synthesis were investigated by wide-angle (WAXS) and small-angle (SAXS)
X-ray scattering techniques, as well as by electron microscopy and mechanical
testing methods. Applying those techniques yields the essential information on
particle distribution within the matrix polymer, the effectiveness of modification
and the relation of those features to the mechanical properties of the fibers, and
as a result, their application opportunities. The effectiveness of modification can
be defined as the ratio of gross quantity of the filler being introduced mto the
matrix to its volume fraction with particle sizes being in ~1-100 nm range.
Measurements of the absolute intensity of SAXS suggested that in our case this
ratio is unity for gross concentration of the filler varied from 0.5 to 3 vol.%.
Thus it was shown, that the introduced nanodiamond soot particles were
dispersed within the polymer matrix without aggregation, but with nanoparticles
forming cloud-like structures. The nanodiamond soot treated with high-power
ultrasonication was found to be more effective as to the modification of the
mechanical properties of the oriented fibers in comparison to untreated soot and
nanodiamond. The maximum increase in the longitudinal elastic modulus (from
30 GPa up to 45 GPa) and in the energy at break (from 3 J/g up to 6 J/g) was
obtained for the fibers modified with the nanodiamond soot already at small
(1 vol.%) soot content, that is technologically attractive. The increase in
mechanical properties cannot be attributed to the molecular orientation within
the fibrils, which was the same for all fibers regardless of the nanofiller content
(as was proven by WAXS). Neither can these effects be interpreted in terms of
additional cross-linking.

The measured values of the adhesive strength (in the ED-20 epoxy matrix)
of poly(vinyl alcohol) fibers modified with the nanodiamond soot in amount of
1% by volume, were remarkably higher than that of the unmodified fibers.
Maximum adhesive strength values of the modified fibers (42 MPa) were
comparable to the adhesive strength value of the reference sample - steel wire
(57 MPa) in the same epoxy matrix.

The obtained results suggest this kind of fibers to be a promising
reinforcing component for the other types of polymer materials.
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Carbon structures produced as a result of periodically
repeated spark discharge in liquid hydrocarbons

Koprinarov N.*, Konstantinova M. A.

BAS, CL SENES, 1784 — Sofia, Bulgaria
*e-mail: koprin@phys.bas.bg

High voltage periodical feed between electrodes dipped in a liquid (in our
case hydrocarbons) leads to liquid evaporation and decomposition in the
discharge zone. As liquids do not shrink and they are inert the expanding liquid
vapor meets the resistance of the ambient and the pressure inside it grows. The
obtained decomposition components are affected by the intensive electric field
between the electrodes and the big temperature gradient oriented radial to the
plasma cord for a short time interval as long as gaseous phase occurs. The high
energy components get at decomposition and their oriented in the same direction
movement set premises for their secondary combination in different versions
and the new structure type origin. Feeding voltage periodical break restores the
liquid starting condition and thus the arising structure growth is stopped. As a
result they remain of small dimensions.

In the present work carbon nanostructures (nanocones, nanotubes,
nanohorns, hollow spheres, nanobelts and alike, for instance) are described
produced by spark discharge in a dispersed medium of xylene and water and
xylene, water and ferrocene. The particles have been registered at TEM
observations.
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Carbon particles synthesized by pyrolysis in closed
container

Koprinarov N.S.*, Konstantinova M.
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Different types of carbon structures as perfect in shape spheres, ellipsoids,
nanotubes, and crystals have been produced by pyrolysis in a hermetically
sealed steel container. Aromatic hydrocarbons like benzene toluene, xylene and
their mixtures with water have been used as starting materials. The container air-
tight high pressure sealing is achieved by pressing a steal sphere against the
opening. The experiments have been made at a comparatively low for a
pyrolyitic process temperature of the range 400-800°C. The temperature is
linearly growing with a rate of 200°C/min and after the experiment is
accomplished cooling goes down with a rate of 300°C/min. Particle morphology
has been examined by Scanning and Transmission Electron Microscopy (SEM,
TEM) and their chemical composition and crystal structure by the means of X-
ray diffraction (XRD), infrared spectroscopy, Electron Probe X-ray Micro
Analysis and Energy Dispersive X-ray Spectrometry (EDS). The results
obtained show the spheres and ellipsoids to consist of pure incompletely
graphitized carbon. They are thermally stable at heating up to 600°C in the air
and in vacuum or in inert atmosphere they remain unchanged up to 1000 °C.
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Formation of carbon clusters in detonation products of
high explosives

Karpov D.I.*, Pruuel E.R., Satonkina N.P.
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Detonation products of a number of high explosives (TNT, RDX in
composiotion with TNT, and others) contain a large amount of free carbon that
releases in amorphous (soot) or crystal (graphite, diamond) phases. The process
of carbon condensation behind the detonation front of carbon-rich high
explosives is studied in the present work.

The molecular dynamics (MD) method was used for the numerical
simulation of the free carbon aggregation in the detonation products (DP). The
ensemble consisting of the two sorts of the particles (atoms) was studied. The
particles of a sort C represented the atoms of the free carbon whereas the P-sort
particles were the detonation products. The Lennard-Jones potentials (LJP) were
used for describing the interactions between the atoms. The phase composition
of the condensed carbon was not taken into account in the model.

Starting from the initial state with approximately homogeneous distribution
of the carbon atoms in DP, the formation of carbon nanoparticles of the linear
sizes from 10 to 50 atoms occurs in the substance. Then, the clusters of the
nanoparticles are formed with the characteristic linear size about 10 particles.
The subsequent dynamics depends on the initial concentration of the free carbon
in the detonation products. If the carbon volume fraction is about 8 percents and
higher then the clusters form the net spatial structures of mesoscopic sizes
bridging the opposite sides of the simulation region. The aggregation is done
with the formation of separated clusters if the carbon concentration is small.

Thus, condensation of carbon in the detonation products to clusters and
spatial nets was simulated using molecular dynamics method. The result
obtained 1s in satisfactory agreement with experimental measurements of
electrical conductivities in the zone of the detonation of the DP of carbon-rich
high explosives.
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P6.12 Nanocarbon

Field emission of carbon cathodes with hard limited
nanostructured emitting surface

Ibragimov A.A.*', Lupehin S.M.

IState University of Telecommunications prof. M.A. Bonch-Bruevich, St.-Petersburg, Russia
*e-mail: ibrart@mail.ru

Experimental studies of field emission with nanostructure carbon materials
have the fundamental interest First of all it is caused efficiency low voltage
emission of carbon fibers.

The field emission properties have been examined in the vacuum diode
system by applying voltage between the emitter (cathode) and a flat anode. The
cathode was make from carbon fiber by diameter d = 7um and height h=2 mm
and have emitting end surface. The emitting surface consists of nanosized
fibrils. The pressure of residual gas P=10"-10" Torr.

Current-voltage characteristics were investigated under various anode-
cathode distance D, = 1-10 mm. The cathode had an aspect ratio h/d = 3-10%
Aspect ratio macrogeometry cathode and nanostructure of the emitting surface
determine the gain factor of the electric field B ~ (3—7)-10".

Experiments have shown that fibril fiber cathodes begin to emit at voltages
U= 0.5-0.7 kV (initial field emission current I ~ 10°A). Experimental current-
voltage characteristics have good reproducibility and are consistent with the
theory of Fowler-Nordheim for field-emission current. Obtained by limiting
current density j = 5-10° A, by the voltage U= 1.8 kV, the distance Dy= 1mm,
the cathode height h= 2mm. Current density values are much higher than for the
best examples of thermo cathodes.

In accordance with the results febrile fiber cathodes can be used effectively
in a technical vacuum and low operating voltages.
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Tungsten carbide emitting nanoprotrusions as effective
field emission point sources of the electrons and ions

Golubev O.L.

loffe Physico-Technical Institute, 194021 St. Petersburg, Russia
e-mail: O.Golubev@mail.ioffe.ru

The field emitters with high degree of emission localization within small
solid angles can be of considerable interest as effective sources of electrons and
ions for various high resolution beam devices. With the purpose of creating of
the stable point sources the form changes of a field emitter from tungsten
carbide at simultaneously action of strong electric fields F and high temperatures
T (thermo-field treatment) were studied. It was shown that to create on an
emitter surface the some emitting nanoprotrusions with the radii of curvature
about r ~ 1-5 nm by means of thermo-field treatment is not so difficult problem.
The emitters with many nanoprotrusions on a surface can be realized by thermo-
field treatment in wide range of F and T changes, these emitters allow to create
the electron sources “watering-pot” type with many separate electron beams.
However the formation of a single nanoprotrusion on the emitter surface and
point source creation is a certain problem [1]. A single nanoprotrusion on a
tungsten carbide emitter surface can be produced by the specially procedure of
change of F value at definite value of T. The single tungsten carbide
nanoprotrusion can emit of the electrons with such stability as the emitters from
carbon materials. The values of emission currents, current densities, emission
angles and reduced brightnesses of the emitter are comparable with the values
typical for the carbon nanotubes emitters. But the evident advantages of the
tungsten carbide nanoprotrusion is the possibility to recover its performance by
repeating the procedure of thermo-field treatment as described above. Moreover,
the tungsten carbide nanoprotrusions (in contrast to carbon nanotubes) can
operate as the point emitter of ions under the simultaneous action of high T and
F in the regime so-called high-temperature field evaporation.

This study was supported by the Russian Foundation for Basic Research,
project Ne 09-08-00912.

[1] O.L. Golubev, Technical Physics Letters 35(6), 545 (2009).
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P6.10 Nanocarbon

Nanocarbon materials and polymers

Ginzburg B.M.?, Tuichiev Sh.*', Osawa E.?, Rashidov D.',
Tabarov S.', Mukhamad A.'

"The Tajik national university, 734025, Dushanbe, Tajikistan
’Research Institute of Mechanical Engineering Problems RAS, 199178, St. Petersburg, Russia
*Nanocarbon Research Institute, 386-8567, Ueda, Nagano, Japan
*e-mail: tuichiev@mail.ru

A comparative study the influence of nanocarbon materials on structure
and physical properties of amorphous and crystallising polymers has been done.
As objects of research used polyethylene of low density, isotactical
polypropylene, polyvinyl alcohol, atactic polymethylmethacrylate, polystyrene
and polytetra-fluoroethylene. The fillers from nanocarbon materials as fullerene
Ceo, fullerene soot, multiwall carbon nanotubes, nanodiamonds has been used.
The nanocomposite film materials have received by formation from solutions in
aromatic solvents and from melts. The concentration of fillers varied in the
range of C=0.1-10%mass. In these investigations the methods of X-ray
scattering, calorimetric, optical and mechanical tests were used. Light resistance
of polymers studied in the conditions of photoageing, a bilateral UV-irradiation
of samples made from a source of cold luminescence BUV-30 with length of a
wave A =254nm. On the basis of these study the general features of variations of
structure and technical properties of the amorphous and crystallizing polymers,
which modified by nanocarbon materials are established. Adoption of fillers is
accompanied by following effects: 1) at small concentration of fillers
C=0.1-1%mass. there is an increase of durability of polymers to 10-50% at a
deformability invariance; their light resistance increases at a constancy of
temperature of melts; 2) at concentration of fillers C >1%mass. deformability of
polymers sharply decreases at slow recession of durability; reduction of
temperature of melt of polymers to 10° and increase of light resistance of
samples has been observed; 3) formation of crystalsolvates in some crystalline
polymers also observed; 4) brightness of display the variation of properties of
polymers depends on their chemical structure, presence of lateral assistants of
different nature, a physical states of amorphous and crystalline polymers,
molecular both supermolecular morphology of polymers and fillers also, their
activity, technology of reception of materials and etc.
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Pressure-temperature-induced transformations of
polyhedral carbon nanoparticles in hydrogen-containing
system

Davydov V.A.l*, Rakhmanina A.V.", Agafonov V.N.%, Khabashesku V.N.?

'L.F.Vereshchagin Institute for High Pressure Physics of the RAS, 142190, Troitsk, Russia
’L.E.M.A., UMR CNRS-CEA 6157 - LRC CEA M0I, Université F. Rabelais,
37200, Tours, France
*Department of Chemical and Biomolecular Engineering, University of Houston,
77204, Houston, USA
*e-mail: vdavydov@hppi.troitsk.ru

Transformations of polyhedral carbon nanoparticles (PCN) in the hydrogen-containing
system have been studied in the framework of investigations of relative stability of different
carbon allotropes at high pressures and temperatures in pure carbon and hydrocarbon systems.

The present work has been carried out on binary mixtures of PCN with naphthalene.
Homogeneous mixtures of PCN with the initial sizes in the 30-80 nm range with naphthalene
have been treated under pressure of 8 GPa, variable temperatures up to 1600°C and
isothermal exposure times from 20 to 300 s. High-pressure states obtained at different
temperatures have been isolated by quenching to room temperature under pressure followed
by characterization of the samples at normal conditions by X-ray diffraction, Raman
spectroscopy and scanning electron microscopy (SEM).

Figure 1. SEM images of treatment products of binary mixtures of PCN with naphthalene at
8 GPa and temperatures of 800 °C (a), 1000°C (b), 1100°C (c): D — diamond, G — graphite.

An evolution of high-pressure carbon states as a function of temperature has been
studied. As the result, qualitative distinction of the mechanism of PCN transformations in the
single-component carbon system from binary hydrocarbon system has been established. Even
tiny amount of hydrogen, remaining at the final step of naphthalene carbonization at 8 GPa in
the temperature range 800-1000°C, becomes sufficient for catalyzing the processes of PCN
destruction and subsequent cumulative recrystallization of carbon material. At 8 GPa, the
destruction of PCN in the binary system starts at ~900°C. Cumulative recrystallization of the
system results in formation of micron-sized crystallites of graphite at 1000°C and diamond at
temperatures above 1100°C (Figure 1).

This work was supported by the Russian Fund of Basic Research (RFBR, grant
N 09-03-00752) and, in part, by Award No. RUE2-2894-TI-07 of the U.S. Civilian Research
& Development Foundation for the Independent States of the Former Soviet Union (CRDF).
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P6.08 Nanocarbon

Composites based on superhigh-molecular poly(ethylene)
and carbon nanostructures

Churilov G.N.*"% Osipova LV.!, Maslennikov AN.", Gluchenko G.A."?,
Drokin N.A.'

'L.V. Kirensky Institute of Physics SB RAS, 660036, Krasnoyarsk, Russia
*Krasnoyarsk State PedagogicalUuniversity, 660049, Krasnoyarsk, Russia
*e-mail: Churilov@iph.krasn.ru

The investigation results of superhigh-molecular poly(ethylene) modified
by fullerene, carbon nanotubes, amorphous carbon and 3d metals particles with
carbon cover have been presented in this paper.

The influence of fullerene and carbon nanotubes on the impedance
characteristics of composite consists of them and superhigh-molecular
poly(ethylene) was investigated by us earlier [1]. In order to determinate
electrophysical properties of superhigh-molecular poly(ethylene) composites
synthesized by us the method of impedance investigation in long range of
frequencies and temperatures was used.

Ni and Fe nanoparticles had carbon cover with functional OH groups
(see Figure). The investigation of behavior of real and seeming components of
impedance has been shown that conduction, dielectric and magnetic properties
depend on nanoparticles concentration. During determinate concentration of
nanoparticles the material absorbed electromagnetic radiation completely in the
band of investigates frequencies.

The conversion of superhigh-molecular poly(ethylene) in conductive
material, i.e. appearance of antistatic properties, starting with determinate
concentration of nanodispersed carbon, is one of significant results. Using of
modified nanoparticles, mechanical properties were improve significantly and
most of all resistance to wear.

20 nm

Figure. Electron microscope image of Ni nanoparticles modified carbon cover.

[1] Drokin N.A., Fedotova A.V., Glushchenko G.A., Churilov G.N., Physics of Solid State
52, 657 (2010).
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Mechanical properties and fracture of superelastic hard
carbon particles produced from fullerenes under pressure

Chernogorova O.P.*, Drozdova E.I., Ovchinnikova I.N., Blinov V.M.

Baikov Institute of Metallurgy and Materials Sciences RAS, Leninskii pr. 49,
119991 Moscow, Russia

*e-mail: tchern@ultra.imet.ac.ru

Superelastic hard materials with a high hardness-to-elastic modulus ratio
are advantageous in terms of wear resistance and tribological properties. Bulk
particles and samples of superelastic hard phase (SHP) were obtained from
fullerenes at a pressure of 3—8 GPa at temperatures of 800—1200 K. Acording to
the microindentation data obtained from the loading-unloading curves treated by
the Oliver-Pharr method, the SHP samples are characterized by high hardness
(35 GPa), high elastic recovery (85-94%), and low elastic modulus
(60—150 GPa). The cracking resistance of the SHP particles was estimated with
a Vickers tester at a load of up to 20 kgf. After indentation, no radial cracks have
been observed on the particle surface, and the residual deformation limited by
the contact area between the particle surface and the diamond indenter was
expressed by weak cross-shaped grooves left by the edges of the diamond
pyramid and small cracks parallel to the pyramid base in the areas corresponding
to the pyramid faces. Such behavior of the SHP particles upon indentation
displays their ability to withstand heavy contact loads without any severe
residual deformation and without any fracture propagation beyond the contact
area.

The fracture surface of the SHP samples obtained from coarse Cqq crystals
demonstrates a terraced cracking through internal interfaces corresponding to
the shear planes in the original fcc crystal. The SHP particles and samples
obtained from the aggregates of fine Cg crystals exhibit mixed fracture surfaces
containing ductile interlamellar component. The particles obtained from the
fullerene soot extract (unresolved mixture of Cq, and C;y) exhibit quasi-brittle
river fracture surface typical of amorphous materials.
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P6.06 Nanocarbon

Applied polimerization of PEDOT in a direct current
discharge was ineffective: it’s showed undesirable
dielectric properties of material

Gil’man A.B.', Drachev A.L', Belobrzeckaja-Kosta L.N.**,
Del Borghi M.’, Fumagalli M.S.’, Costa Nicola B."

Enikolopov Institute, 117393, Moscow, Russia
’House of Scientists, 191186, St. Petersburg, Russia
3DICheP, Engineering Faculty, Genoa State University, Genoa, Italy
*Department of Chemistry, Genoa State University, Genoa, Italy
*e-mail: belobrzeckaja@libero.it, plasma@ispm.ru

In the last three decades increasing demand for new polymers has

evidenced in the area of “functional materials” projected for specific
applications [1,2]. One of the interesting modern material’s PEDOT/PSS
produced and characterized by well-known techniques according to ref.[3, 4].
Applied polymerization in a Direct-Current Discharge [5, 6] of PEDOT was
ineffective and it’s produced material which showed dielectric properties due to
defects and breakdown of desirable structure of polymer.

Authors are grateful to Prof. A. Giarrusso & to Prof. Pio Forzatti,

Politecnico di Milano, Milan and to Prof. Maria Vittoria Russo of “La Sapienza”
Rome University, Rome, Italy.

[1]
[2]
[3]

[4]
[5]

[6]
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Optical characteristics of porous nanocarbon materials in
effective media model: Bruggeman aprocsimation

Bekhterev A.N.

Magnitogorsk State University, 455000, Magnitogorsk, Russia
*e-mail: alexbehterev@yandex.ru

Practically all physical and many physical and chemical properties of
condensed carbons be described on the basis of the information on a dispersion
optical indexes in the region of electronic and phonon energy states of known
forms crystal and amorphous carbons within the limits of the certain modeling
representations. Method of the classical dispersive analysis, Kramers-Kronig
method and effective media theory are used for calculation of a spectrum optical
parameters n(v) and &(v) (71 = n — i) of pyrolitic carbon (PC) and glassy carbon
(GC) similar on structure with nanocrystalline graphite. Calculated infrared
absorption spectra of PC and GC are compared to the similar data received from
of in situ attenuated total reflection spectra (ATR) for samples in the region of
vibration mode £;, and 4,, of graphite. Process of reception of the sample has
provided the minimal maintenance of impurity which averaged 0,001% of mass
and high level of micro- and nanoporosity — till 50%.

We calculated n, s using the theory, which describes effective dielectric
properties of a granular composite with one kind of particles embedded
randomly in a large volume of a host component. The effective media
approximation also called Bruggeman’s theory is the method to describe the
effective dielectric properties of composites in which the particles of all
components randomly mix together. This theory has been widely used to explain
the dielectric and optical properties of composite materials and proved valid at
all concentrations [1, 2]:
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where e.4 €, & — effective, matrix, embedded component indexes of samples,
f — volume fraction of embedded component. The obtained spectra of GC and
PC well describe the experimental infrared reflectance data of the samples in
spectral region 2000—1000 cm™' [3].

[1] Carbon Molecules and Materials, Ed. by R. Setton, P. Bernier, and S. Lefrant.- Taylor &
Francis, New York, 2002.

[2] Bekhterev A. N. Vibration states in solid state carbon and nanocarbon. - Magnitogorsk:
MaSU, 2007.

[3] Bekhterev A.N., Zolotarev V.M., Yakovlev V.B., Opt. Spektrosk. 59(5), 1057 (1985).
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Field-induced electron emission from graphitic nano-
island films at silicon substrates

Arkhipov A.V.*!, Gabdullin P.G.", Gordeev S.K.%,
Korchagina S.B.>, Mishin M.V.!

ISt. Petersburg State Polytechnic University, 195251, St. Petersburg, Russia
’FSUE “Central Research Institute for Materials”, 191014 St. Petersburg, Russia
*e-mail: arkhipov@rphf.spbstu.ru

Numerous carbonic nano-structured materials were reported to demonstrate
electron emission in moderate electric field (1 kV/mm or less), even if their
surface morphology shows no edges or tips capable of strong local field
enhancement. In many such cases, the actual mechanism of emission facilitation
remains unclear, partially due to complex structure of the investigated materials
usually representing a 3-dimensional system of domains with different
properties. In the presented work we investigated a somewhat simpler, quasi-2d
system, presumably providing better possibilities for unambiguous description
of the emission mechanism. The sample emitters were produced by chemical
deposition of small amounts of carbon at silicon substrates. Depending on
deposition conditions, the coating layer had different structure and different
average thickness. For some samples, the threshold electric field (corresponding
to 1 nA current extracted from a few mm?® area) was as low as 0.4 kV/mm. Other
samples yielded no current in the field up to 10 kV/mm. We investigated
correlation between emission efficiency and carbon layer morphology
determined via AFM imaging. According to our observations, the property of
low-field emission was associated with the presence nm-sized carbon islands
isolated from each other (see Fig.1). Facilitated emission wasn’t observed if the
carbon domains merged to form a continuous film. The best emission properties
were obtained for samples deposited at p-type substrates with high electric
resistance. Results of these experiments could be explained within the bounds of
the model proposed earlier for other nano-carbon systems [1].

Figure 1. AFM image for a sample demonstrating low-field electron emission (threshold field
is 0.38 kV/mm). The bright spots presumably represent isolated graphitic islands.

[1] A.V. Arkhipov, P.G. Gabdullin, M.V. Mishin, Fullerenes, Nanotubes and Carbon
Nanostructures 19(1-2), 86 (2011).
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Role of nano-sized objects in field-induced electron
emission facilitation

Arkhipov A.V.*, Bondarenko V.B., Gabdullin P.G.

St. Petersburg State Polytechnic University, 195251, St. Petersburg, Russia
*e-mail: arkhipov@rphf.spbstu.ru

Phenomenon of facilitated field-induced electron emission from nano-
structured materials with relatively smooth surface morphology 1s often
described in terms of two-stage emission model. This model allows to explain
principle possibility to obtain substantial emission current from a surface
characterized by a high value of work-function (as it is for various forms of
carbon) in the absence of strong local field enhancements at elements with high-
aspect-ratio geometry. In this model, electrons are first transferred onto some
high-energy intermediary states localized near the emitter surface and then
emitted to vacuum, separated from these states by a barrier that is transparent for
electrons. Yet description of details of this model — such as the nature of the
intermediary states — often meets substantial problems. We think that at least
some problems may be solved if we assume that the intermediary states are
associated with conductive nano-sized objects at the emitter surface. For many
carbon-based emitter of the discussed type, such objects (surface crystallites,
onion-like particles, nano-sized islands of coating film, etc.) were directly
observed — see, for instance, in [1]. External electric field can be enhanced at
the junction between the nano-particle and emitter bulk (or other nano-particles
comprising the emitter material), allowing electrons to gain substantial energy
and occupy high-energy levels of the nano-sized object. According to recently
published research results [2], the lifetime of “hot” electrons in nano-particles
may be very large (up to nanoseconds) if the energy spacing between electron
levels exceeds the highest photon energy of the lattice, thus excluding the most
efficient mechanism of electron energy losses. This feature allows “hot”
electrons to travel through the particle to its vacuum boundary where they can
easily leave the emitter. The presented work includes numerical estimates and
simulations performed to demonstrate applicability of the proposed model to a
few types of carbonic nano-structures investigated in previous experiments.

[1] A.V. Arkhipov, P.G. Gabdullin, S.V. Gordeev, S.B. Korchagina, M.V. Mishin, Abstract
P6.04 (In this book).

[2] W.A. Tisdale, K.J. Williams, B.A. Timp, D.J. Norris, E.S. Aydil, X.-Y. Zhu, Science
328, 1543 (2010).
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Carbon-encapsulated iron carbide nanoparticles in the
thermal conversions of ferrocene at high pressures

Davydov V.!, Rakhmanina A.", Autret C.2, Limelette P.2, Agafonov V2

!Institute of High Pressure Physics of the RAS, 142092 Troitsk, Russia
‘LEMA, UMR 6157, University of Tours, 37200 Tours, France

Pressure-temperature-induced transformation of ferrocene at pressures up
to 8 GPa and temperatures up to 1000°C have been studied by X-ray diffraction,
transmission (TEM) and high resolution transmission electron microscopies
(HRTEM). As a result, an evolution of products of high-pressure high-
temperature treatment of ferrocene as function of temperature at 2.5 and 8.0 GPa
has been investigated. It was shown that a thermal conversions of ferrocene
under high pressures can give rise to the formation of carbon-encapsulated iron
carbide (Fe;C) nanoparticles with diameter from 5 nm to 30 nm. The Fe;C
nanoparticles were uniformly dispersed in carbon matrix and contain Fe;C
nuclei surrounded by several carbon layers (onions —like ) with well ordered
arrangement (Fig.1a).
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Figure 1. (a) TEM image and (b) ficld dependence of magnetization of iron carbide
nanoparticles synthesized from ferrocene at 80 kbar and 500°C.

Magnetic measurements indicated that these nanoparticles were
ferromagnetic at the room temperature, with some variation in the values of
saturation magnetization, remanences and coercive forces that depend on the
size of the particles. A superparamagnetic-like behaviour at room temperature
was observed for the carbon-encapsulated Fe;C particles which belong to the
smallest sized fraction of this material (Fig.1b).

This work was supported by the Russian Foundation for Basic Research
(RFBR, grant Ne 09-03-00752) and by CNRS-RAS project N° 21239.
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Nano films of linear-chain carbon with embedded metal
and nonmetal atoms: characterization
and data mining modeling

Abrukov S.V.* Kochakov V.D., Telegin G.G.

Chuvash State University, Cheboksary, 428015, Russia
*e-mail: abrukov@yandex.ru

Currently a lot of experimental data on properties and characteristics of
various nano materials are obtained. The question is how we can summarize it
and present in the form of common models allowing descripting the
characteristics of previously studied nanomaterials? It is obvious that the
characteristics of nano materials related to the composition of nano materials
and type of components, manufacturing technology, the shape and size. The
question is how we can generalize these links as a computational models that
allow to determine the characteristics of the nano materials without carrying out
additional experiments? Even more important question is it possible to predict
what should be the nano material (structure, components, and dimensions) and
what technology should be used with to provide the required properties and
characteristics of nano materials?

In this paper we present the first results of application of Data Mining
(DM) [1] to create such models. They are based on experimental results for the
characteristics of nano films of linear-chain carbon (LCC) with embedded into
(LCC) metal and nonmetal atoms (LCC MNA). For the first time LCC MNA
were manufactured in the Chuvash State University [2] using a variety of know-
how. The direction of work can be of great interest for creation of active and
passive elements of solid-state electronics [3], sensors, medical applications, etc.

To date we have developed two computational models that allow predicting
the physical-electrical properties of LCC MNA as a function of atoms embedded
in a LCC: 1. The model “Steepness and Saturation Current of the current-
voltage characteristics vs. Kind of Embedded Chemical Elements”.
2. Generalized model of "Current-Voltage Characteristics of the LCC MNA”.
The latter model allows to predict the current-voltage characteristic of any new
sort of LCC MNA.

[1] Rios Daniel, (2010) Neuro Al - Intelligent systems and Neural Networks.
http://www learnartificialneuralnetworks.com.

[2] Kochakov, V.D., Novikov N.D., Yablokov M.Y., Eremkin A.V., Vasil'ev A.l., Actual
Problems of Arts and Sciences N 12, 17 (2009) (in Russian).

[3] Novikov, N.D., Kochakov, N.D., Telegin G.G., Nanotechnology N 2. 3 (2006) (in
Russian).
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P5.79 Fullerenes

Size effects in fullerites nanoparticles
Zubov V.1

Using the correlative method of unsymmetrized self-consistent field for
anharmonic crystals we study structural, dynamical and thermodynamic
properties of high-temperature modifications of fullerites. Here we present the
results for size effects in C; fine crystalline particles. The intermolecular
potential derived by Vertheijen et al. is utilized. Anharmonic terms up to the
fourth order are taken into account. We have considered three highly
symmetrical forms of particles with singular faces: cubical, spherical and
octahedral, and calculated size dependences of their mean lattice parameters a
and thermal expansion coefficients. Influences of the surface tension and of the
lattice relaxation near surfaces have been taken into account. For all three forms
of nanoparticles, both values increase with decreasing size, that is a consequence
of anharmonicity. This effect is appreciable enhanced when the temperature
increases. We also note a dominant contribution of the lattice relaxation to the
size dependence of the lattice parameter.
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Comparative study of several fullerene based bulk
heterojunctions

Ziminov V.M.!2, Zakharova [.B.*2, Aleshin A.N.3, Makarova T.L.'?

! Umea University, 90187, Umea, Sweden
’St. Petersburg State Polytechnic University, 195251,8t. Petersburg, Russia
3 loffe Institute, 194021, St. Petersburg, Russia
*e-mail: Zakharova@rphf.spbstu.ru

The use of bulk heterojunction based on organic semiconductors is a
promising method of the organic nanophotonics, particularly for the creation of
an organic solar cells [1]. The bulk heterojunction can be created in a form of
inter-penetrating network of donor and acceptor materials, which can be used to
increase the efficiency of converting solar energy in the photocell.

Organic heterostructures with thickness of 100 - 1000 nm were obtained by
vacuum deposition technology in the quasi-equilibrium conditions. It's a novel
method of creation a nanocomposite material consisting of organic and
inorganic semiconductors with a composition gradient for the realization of a
bulk heterojunction. The structure, composition and electrical properties of
composite thin films of organic semiconductors Cg and MeTPP
(tetraphenylporphyrin Me, where Me = Zn, Cu, or a complex of FeCl), as well as
the Cgo films with the addition of an inorganic n-type semiconductor CdS were
analysed. Structural properties of the films were investigated by AFM, Raman
and x-ray spectroscopy. The electrical properties of sandwich-structures on ITO-
glass and Si (111) substrates were investigated. In such structures Cg acts as an
acceptor, porphyrin or CdS molecules acts as an donor center [2].

Current-voltage characteristics of this composite heterostructures have a
diode character for the different pairs of Cq-MeTPP, as well as for Cg-CdS. The
rectification factor depend on the composition and structure of the film, as well
as the composition gradient. For the structures glass/ITO/Cgy/mixtureCeg-CdS
containing CdS about 1 at.%, the direct to reverse current ratio at 1 V is about
10°. It's the record value for the organic diode structures. The increase of CdS
concentration to 30 at.% leads to a decrease in this ratio. Direct and reverse I-U
curves can be satisfactorily described in a model of hopping conductivity and
non-ideal heterojunction; relative contribution of these mechanisms is
determined by the composition of the sample.

[1] J. Xue, B.P. Rand, S. Uchida, S.R. Forrest, Adv. Mater. 17, 66 (2005).
[2] LB. Zakharova, E.A. Donenko, Yu.F. Biryulin, L.V. Sharonova, Fullerenes, nanotubes
and carbon nanostructures 16, 424 (2008).
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Fullerenation of diallyl monomer

Yumagulova R.Kh.*', Medvedeva N.A %, Kolesov S.V.!

Institute of Organic Chemistry, Ufa Scientific Center RAS, 450054, Ufa, Russia
*Bashkir State University, 450074, Ufa, Russia
*e-mail .jmagulova@anrb.ru

Until now there is no evidence concerning the reactivity of vinyl or
acetylene monomers for the synthesis of polymers with fullerene substituents in
the side chains. We are carrying out the study to clarity the possibility for the
use of diallyl compound for this purpose. The basis for the conclusion that in the
presence of Cg, the allyl radical may interact with fullerene or fullerene radical
was linear dependence of the amount of bonded fullerene C4y on the content of
allyl chain in the polymer [1]. That was revealed on polymerization of diallyl
isophthalate (DAIP) with styrene. Therefore, it becomes possible fullerenation
DAIP with its further participation in the reaction of copolymerization with
vinyl monomers (see the scheme).
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It 1s important to note that fullerenation of monomer with two unconjugated
double bonds prevents subsequent polymer structuring and increases by on order
the degree of functionalisation of the reaction products by fullerene.

The study of the process in this direction allows to obtaining some
information in regard to the role of fullerene in macrochain formation that may
beep in the study of polymerization mechanism in fullerene — containing
systems.

To determine optimal conditions the reaction of direct fullerenation was
carried out in the presence of radical initiator and/or UV — irradiation in a
saturated solution of fullerene at molar ratio of DAIP:C¢y = 1:1 and 10:1. The
products of interaction of DAIP with Cg without their separation were
introduced into the reaction with styrene and copolymers containing 20-40 wt%
of fullerene were obtained.

This work was supported by the Federal Target Program "The Scientific
and scientific-pedagogical cadres Innovative Russia" (State Contract
02.740.11.0648).

[I] R.Kh. Yumagulova, N.A. Medvedeva, I.A. lonova, V.P. Volodina, S.I. Kuznetsov,
S.V. Kolesov. Polymer Science, B 52, 459 (2010).
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A fullerene-based catalyst for molecular hydrogen
activation with comparable catalytic hydrogenation
capability to noble metal catalyst

LiB.,ZhuG,QiL., XuZ.*
State Key Laboratory of Coordination Chemistry, Nanjing University,

Nanjing, 210093 (PR China)
*e-mail: zhengxu@netra.nju.edu.cn

Molecular hydrogen is not only a bright future fuel, but also 1s widely used
today in fundamental chemical transformations. For example, all crude oil is
treated with H, and 10° tons of ammonia fertilizer is produced annually via
catalytic hydrogenation. Any small improvement of the performance and cost of
the catalysts would help to cut the cost of these important processes. But such
improvements are hard to achieve because the H; is held together in a strong
marriage. It can be split apart by using a transition metal as the catalysts. Here
we demonstrate that fullerene can activate the molecular hydrogen and act as the
novel hydrogenation catalyst The hydrogenation of aromatic nitro compounds to
amino aromatics is achieved with high yield and selectivity. At Cgp:Cgo=2:1,
~100% conversion and ~100% selectivity of the hydrogenation reactions are
achieved under 120-160°C and 4-5MPa H, pressure.

In addition, they exclusively catalyze the reduction of the nitro group
without metal salts and avoid the accumulation of the corresponding
hydroxylamine and the formation of azoxy and azo compounds. These findings
foreshadow a new catalytic system available for fundamental research as well as
the industry applications. Moreover, the catalysts developed here could replace
expensive precious metal catalysts; therefore, they offer the potential benefit of
lowering the cost and diminishing environmental problems from heavy-metal
pollutants.

[1] Li, B.J; Xu, Z. Journal of the American Chemical Society 131, 16380 (2009).
[2] Li,B.J.: LiH.B.; Xu, Z. Journal of Physical Chemistry C 113, 21526 (2009).
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Self-organization processes in polymeric nanocomposites
with Cg fullerenes

Voznyakovsky A.P. ', V. Kh.Kudoyarova V.Kh? Kudoyarov M.F.** Lebedev V.T.?

Lebedev Institute of Synthetic Rubber, St.-Petersburg, 198035 Russia
“loffe Institute, St.-Petersburg, 194021 Russia
*Nuclear Physics Institute, Gatchina, Leningrad oblast, 188300 Russia
e-mail: mkud@cycla.ioffe.ru

As shown previously [1], use of Cg, fullerenes enables synthesis of
polymeric materials with noticeably improved physicochemical properties. The
present study is concerned with such composite materials as polyblock
polysiloxane copolymers modified with C60 fullerenes. The chosen polymer is
convenient for modeling the structure--property relationship as regards the
influence of highly dispersed substances on the supramolecular organization of
polymeric nanocomposites. A number of physical techniques were used: method
of neutron scattering (NS) and electron microscopy (TEM). Materials containing
0.5, 2, and 4 wt.% Cgy were examined. According to the results of an NS study,
introduction of Cgy fullerenes into the polymer gives rise to additional
(compared with the starting polymer) scattering centers (Figure). TEM data (Fig.
1, inset) demonstrated the absence of separate Cg clusters. Thus, the appearance
of new scattering centers can be attributed to self-organization processes
occurring under the action of coordinating fields of fullerenes, and specifically
to formation of rigid-block clusters containing Cgy molecules. The suggested
model is well correlated with the complex of chemical properties (diffuse
permeability) and with the complex of elastic-strength parameters of the
composite.
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Figure. Correlation functions G(R) of scattering structures in nanocomposite siloxane films.
Inset. TEM micrograph of a nanocomposite with 0.5 wt.% Cqp.

[1] A.P. Voznyakovsky, M.F. Kudoyarov, M.Ya. Patrova. Let. JTPh 33(16), 86 (2007).
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Self-consistent Hartree-Fock approach to electronic
structure of endohedral fullerenes

Verkhovtsev A.V.', Polozkov R.G.", Ivanov V.K.*', Korol A.V 2, Solov’yov AV?

ISt. Petersburg State Polytechnic University, 195251, St. Petersburg, Russia
? Frankfurt Institute for Advanced Studies, 60438, Frankfurt am Main, Germany

*e-mail: ivanov@tuexph.stu.neva.ru

Since the first experimental observation of endohedral fullerenes [1], series of
theoretical studies dedicated to the investigation of these compounds and their
interaction with photons within different models (see [2] and references therein) have
arisen. In this work we apply for the first time the self-consistent Hartree-Fock
approximation to calculate the electronic structure of noble gas endohedral fullerenes
by the example of compounds He@Cgp, Ne@Cgp and Ar@Cey.

The total electronic system consisted of all electrons of the encapsulated atom
and 240 valence electrons of fullerene Cg is considered in the spherically symmetric
field created by the ionic core of a fullerene and the nuclear charge of embedded atom
placed in the center of the spherical layer. Thus the electronic configuration, for
example for Ar@Cg, consists of 258 electrons:

1s2p%3d"° 4158 6 h** 7178k 9P 10m™ 257 3p°4d ° 51 *6g " Th' 357,

The valence electrons of the fullerene are distributed in a usual way with ratio of
3:1 over the ¢ (none-node) and © (one-node) orbitals, correspondingly. The fullerene
ionic core is presented by a uniform distribution of positive charge (Z=240) over
spherical layer of the finite thickness. Additional electrons from noble gas atom should
be arranged either in a new shell which is absent in the configuration of the fullerene
(for example, 3s in case of Ar@Csgy) or in the partially filled fullerene orbitals by
reason of minimal electronic energy principle.

Results of the calculations show that the inner-shell electrons (1s in He, 1s2s in
Ne and 1s2s2p in Ar) remain to be the inner-shell electrons of the endohedral fullerene
and they are located mostly near the embedded atom, while the behaviour of the outer
atomic wave functions has revealed the strong hybridization of valence atomic and
fullerene orbitals with the same values of angular momentum. It has been found that
there is a significant redistribution of the electronic density of hybridized states within
the HF approximation beside the Local Density Approximation. So it seems to be
essential to take into account the non-local exchange interaction to calculate the
electronic structure of endohedral complexes.

[1] J.R. Heath, S.C. O’Brien, Q. Zhang et al., J. Am. Chem. Soc. 107, 7779 (1985).

[2] V.K. Dolmatov, in Advances in Quantum Chemistry. Theory of Confined Quantum
Systems, eds. by J.R. Sabin and E. Bridndas (Academic, New York, 2009), vol. 58,
pp. 13-68.

[3] M.E. Madjet, H.S. Chakraborty and S.T. Manson, Phys. Rev. Lett. 99, 243003 (2007).
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Fullerene C- triplet zero-field splitting parameters
revisited from light-induced EPR spectra at thermal
equilibrium

Uvarov M.N.'*, Kulik L.V.', Pichugina T.I.!, Dzuba S.A."”

nstitute of Chemical Kinetics and Combustion, 630090, Institutskava 3, Novosibirsk, Russia
Novosibirsk State University, 630090, Pirogova 2, Novosibirsk, Russia
*e-mail: uvarov@kinetics.nsc.ru

X-band continuous wave (CW) electron paramagnetic resonance (EPR) and
echo-detected (ED) EPR spectra of triplet state of fullerene C;, in decaline, o-
terphenyl, toluene and toluene-ds  molecular glasses, and in
polymethylmethacrylate (PMMA) polymer were obtained under continuous
light illumination. At temperatures below 30 K EPR spectra correspond to a
non-equilibrium polarization within spin sublevels of *Cs. Above 30 K the
spectra are characteristic for Boltzmann equilibrium. *C;, CW EPR spectra at
77 K were simulated fairly well using distribution of the zero-field splitting D
and E parameters. These distributions may be caused by inhomogeneity of the
glassy matrix surrounding, which influences the Jahn-Teller distortions of *Cyy
molecules (D-strain and E-strain). In addition to the broad triplet line, a narrow
line in the center of CW EPR spectrum was observed, its nature is briefly
discussed.

ED EPR spectrum obtained at the same conditions has a narrow hole in the
center of the spectrum. With increase of the microwave pulse power this hole
transforms into a single narrow absorptive line. Numerical simulations by
density matrix formalism confirm that the central hole originates from a
simultaneous excitation of both allowed electron spin transitions of the triplet,
because of their degeneracy at this spectral position [1].

[I] M.N. Uvarov, L.V. Kulik, T.I. Pichugina, S.A. Dzuba, Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, DOI: 10.1016/j.saa.2011.01.047 (2011)
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Ion tiecatment influence on operation of field emitters with
nanostructured fullerene coatings

Tumareva T.A., Sominski G.G.*, Svetlov [.A., Panteleev I.S.

Saint-Petersburg State Polytechnical University, 195251, Russia
*e-mail: sominski@rphf.spbstu.ru

Field emitters are attractive for use in many types of electron devices. But
now, these emitters are applied mainly in ultrahigh vacuum, low-voltage and
low-current systems. Only in such circumstances, it is possible to minimize
destructive influence of ion bombardment on the field emitters operation and so
secure required durability. There is point of view, that carbon and carbon
containing emitters, as well as emitters with special protective coatings from
theese materials, have high stability to the ion bombardment action in high
voltage devices operating at the technical vacuum conditions. However, the ion
bombardment influence on such emitter functioning in high voltage facilities
was insufficiently investigated.

Authors of this report worked out and investigated [1] practically
prominent protective fullerene coatings for field emitters. These coatings,
activated by low energy (40 -100 eV) potassium ion flow, differ from coverage
of another type as they secure high current take-off (some tenth of microampere
from submicron tip) at reduced operating voltages. The aim of recent work was
to receive data of the mechanism and basic rules of ion bombardment effect on
the activated fullerene coating characteristics.

Operation of field emitters with activated fullerene coating was studied in
wide range of emission currents. It was shown that the treatment by potassium
ion flow might be used not only for decrease of its work function value but also
for increase of distributed protrusion structure uniformity on the coverage
surface. Besides, important information was obtained about emitter functioning
at heightened pressures and intense bombardment by the residual gas ions.
Investigations in technical vacuum (10°~10" Torr) revealed the unknown earlier
phenomena of self-reproducibility of distributed nanostructures on the activated
fullerene coatings at intense ion bombardment conditions. Thanks to this
mechanism, it became possible to obtain considerably more maximal currents at
intense residual gas 1on bombardment than at high vacuum conditions.

This work is supported by the RFBR grant 11-02-00425.

[1] T.A. Tumareva, G.G. Sominski, [.A. Svetlov, A.N. Morozov, Technical Physics 53(11),
1504 (2008).
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Catalytic synthesis of heteroatom-containing homo- and
methanofullerenes

Tuktarov A.R.*, Korolev V.V., Khuzin A.A., Dzhemilev U.M.

Institute of Petrochemistry and Catalysis of RAS, 450075 Ufa, Russia
*e-mail: ink(@anrb.ru

In the report, the efficient methods for selective cycloaddition of
heteroatom- containing diazoalkanes to carbon clusters assisted by
three-component catalytic system Pd(acac),-PPh;-Et;Al are presented. The
developed methods allow the synthesis of individual homo- and
metanofullerenes with high yields and selectivity.

Cycloaddition of S-containing diazoalkanes, generated in sifu by oxidation
of hydrazones of keto sulfides with MnO,, to [60]fullerene (20 °C, 1 h) assisted
by the catalyst Pd(acac),-2PPh;-4Et;Al leads to 5,6-open cycloadducts 1a and
1b in 70% yield with high selectivity. Analysis of 'H and >C NMR spectral data
showed that more bulky substituents at the bridge carbon atom in homofullerene
1 are located above the five-membered fragment of the C¢, molecule.

In order to expand the application area of the developed catalytic method
for cycloaddition of diazoalkanes to [60]fullerene, in this reaction heterocyclic
diazo compounds have been involved. The study has revealed that the interaction
between hydrazones of furfural, methyl furyl or thienyl methyl ketones and Cg
under optimized conditions (20 °C, 1 h, 20 mol % Pd(acac),-2PPhs-4Et;Al) was
found to produce methanofullerenes 2, 3 and 4. Similar results were obtained in
the case of hydrazone tiochroman-4-one. Due to its oxidative stability,
hydrazone of 2-acetyl-N-methyl pyrrole remains inert in this reaction and does
not produce the desired diazo compound.

NH,
20°C, 1h, MnO,
Pd(acac),:2PPh,:4Et, Al
Me ~ S—-R
_2_/ 2: R=H, X=0 (~40%);
e 3: R=Me, X=0 (~40%);
N-N -, , ;
H Y, ) 41 R=Me, X=S (~45%)
—— ()
20°C, 1h, MnO, ‘Q’
[ Pd(acac),:2PPh,:4Et, Al ¥
) s
a: R= Am (67%);
b: R= Cy (55%) IN
[ BN

20°C, 1h, MnO,
Pd(acac),:2PPh,:4Et, Al

5 (~50%)

This work was supported financially by the FTP “Scientific and
pedagogical staff of innovative Russian (Grant No. P1218).
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Effective synthesis of methano- and pyrazolinofullerenes

Tuktarov A.R.*, Khuzina L.L., Dzhemilev U.M.

Institute of Petrochemistry and Catalysis of RAS, 450075 Ufa, Russia
*e-mail: ink(@anrb.ru

In the present report, a synthetic approach to the selective synthesis of
methano- and pirazolinofullerenes with potential biological activity through
cycloaddition of the synthesized on the basis of farmaco-significant compounds
diazoacetates to the Cg carbon clusters in the presence of the three-component
catalyst Pd(acac),-PPhs-Et;Al 1s discussed. In this study, a-tocopherol, trolox,
20,29-dihydro betulinic and ursolic acids were used as pharmacophores.

Thus, the reaction of diazoacetates, derived from a-tocopherol and methyl
ester of 20,29-dihydro betulinic acid, with [60]fullerene (o-dichlorobenzene, ~
80°C, 1.5 h) assisted by the Pd(acac),-PPhz-Et;Al (1:2:4) catalyst leads to the
corresponding fulleropirazolines 1 and 2 in the yields of 45 and 50%
respectively. A change in the Pd:P:Al catalyst component ratio from 1:2:4 to 1:4:4
favors the formation of individual methanofullerenes 3 and 4. It is shown that
the synthesized fulleropirazolines 1 and 2 are quite stable compounds and do not
undergo any change even after boiling them in toluene for a day.

Metanofullerenes 5 and 6 have been exclusively obtained, when
diazoacetates synthesized on the basis of the methyl esters of trolox and ursolic
acid, were wused in the reaction assisted by the catalytic system
Pd(acac),-PPh;-Et;Al with a component ratio of 1:2:4.

AR S —— -
uggg' N; O—R fat (1::4)

kat (1:2:4)

kat = Pd(acac),-PPh,-Et,Al

HO
HO CO.Me
R- (1,3); 2 (2,4 CO,Me (5); coMe @
C H H O b3
le) 161733 1o
”" HO

This work was supported financially by the FTP “Scientific and
pedagogical staff of innovative Russian (Grant No. PI1218 and
No. 14.740.11.0014).
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Tubular fullerenes inside carbon nanotubes: optimal
molecular orientation versus tube radius

Tarakina N.V.*', Verberck B.*

'Physikalisches Institut, Universitit Wiirzburg, Am Hubland, D-97074 Wiirzburg, Germany
Departement Fysica, Universiteit Antwerpen, Groenenborgerlaan 171,
B-2020 Antwerpen, Belgium
*e-mail: nadezda.tarakina@physik.uni-wuerzburg.de

Fullerene nanopeapods — carbon nanotubes (CNTs) filled with fullerene
molecules — are one of the best-known exponents of materials exhibiting one-
dimensional (1D) molecular confinement. The first reported instance of
nanopeapods was the observation of Cy molecules encapsulated in single-
walled CNTs (SWCNTs) [1]. The cylindrical hollow space offered by SWCNTSs
(the diameter of which can be as small as 4.3 A [2]) has proven to be a unique
environment for studying both experimentally and theoretically the physics and
chemistry of 1D arrangements of atoms and molecules [3]. In this work, we
focus on the encapsulation of molecules of the family of tubular fullerenes
Coo, ..., Ca00 and investigate their positions and orientations in the CNT [4]. We
find that increasing the tube radius leads to the following succession of
energetically stable regimes: (1) lying molecules positioned on the tube’s long
axis; (2) tilted molecules on the tube’s long axis; and (3) lying molecules shifted
away from the tube’s long axis. As opposed to C; and Cg, molecules
encapsulated in a SWCNT [5], standing orientations do not develop. Our results
are relevant for the possible application of molecular-orientation-dependent
electronic properties of fullerene nanopeapods [6], and also for the interpretation
of future experiments on double-walled carbon nanotube formation by annealing
fullerene peapod systems.

[1] B.W.Smith, M. Monthioux, D.E. Luzzi, Nature 396, 323 (1998).

[2] T. Hayashi, Y.A. Kim, T. Matoba, M. Esaka, J. Nishimura, T. Tsukada, M. Endo,
M.S. Dresselhaus, Nano Lett. 3, 887 (2003).

[3] M. Monthioux, E. Flahaut, and J.-P. Cleuziou, J. Mater. Res. 21, 2774 (2006);
R. Kitaura and H. Shinohara, Chem. Asian J. 1, 646 (2006).

[4] N.V. Tarakina and B. Verberck, Eur. Phys. J. B (in press).

[5] B. Verberck, Phys. Rev. B 83, 045405 (2011).

[6] S. Okubo, T. Okazaki, K. Hirose-Takai, K. Suenaga, S. Okada, and S. Bandow, J. Am.
Chem. Soc. 132, 15252 (2010).
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On solvent impurity in commercial fullirites

Tamm N.B.', Skokan E.V.*', Karnatsevich V.L., Polyakova M.V.!,
Tarasov V.P.!, Chelovskaya N.V.", Kirillov A.I>, Arkhangelsky I,V.'

! Chemistry Department, Moscow State University, 119991, Moscow, Russia
*JSC “Fullerene Centre”,603000, Nizhny Novgorod, Kostina st., 4, Russia
*e-mail: skokan@phys.chem.msu.ru

It is known that a solvent present in the solid commercial samples of C60
affects many of their physical and chemical properties (structural parameters,
conductivity) and as a consequence on the course of solid-state reactions.
Recently information emerged about the effect of solvent impurities on the
process of fine synthesis in liquid phase. This forced us to return to the problem
of the solvent content of fullerenes. Not all manufacturers of fullerenes indicate
solvent content in the samples sold due to various reasons, namely, they are not
able to identify small impurities, hide their know-how. However, the solvent
content in poorly dried samples can be as high as a few percent for the C60 up to
15% 1in the C70.0n the other hand, the issue can be raised in a practical way:
whether to hold a vacuum drying of samples or is it extra cost.

A series of samples of C60 and C70 with different solvent contents were
investigated by the TG-IR analysis of gaseous products, HPLC, XRD, and '"H
(?C) NMR, IR, UV, MALDI spectroscopic methods. Nevertheless, the problem
of determining the interaction of the impurities of the solvent with fullerite
remained open. To investigate the behavior of these solvents in chemical
reactions and in particular their interaction with fullerene improved techniques
for analyzing organic contaminants in fullerites C60, C70 are required.
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Diffusion model of low-energy secondary electrons in
fullerite and other solids

Suslova I.B.*', Mikoushkin V.M.

SPb State polytechnical university, 195251, St.-Petersburg, Russia
“loffe Institute, 194021, St.-Petersburg, Russia
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Low-energy secondary electrons can play an important role in forming the image in the
fullerite based electron lithography [1], in cathodoluminescence [2] and in polymerization and
modification of organic materials [3]. Therefore description of the behavior of the low-energy
secondary electrons in solids is an actual task. This task has been solved here in the frame of
the model of electrons generated in the layer with the thickness 4 and diffused everywhere.
The following diffusion problem has been considered by integral transformation method:

U1 1 0Ux0 __a® ; oU (x,1)| g, U| =l Tk om0

ox? D o D Ox |x:0 =0
where Ufx,#) — the concentration of secondary electrons, D — the diffusion coefficient.
a, =const, 0<x<h

0, x>h
The solution may be represented in the analytical form:

Generation rate of secondary electrons ¢ (x) = {

Ue.r)= G 21 FOR)-FP)x<h yhere
, 2 F(t,—ﬂl)_F(f,ﬂz),XZh
24t _ l’li
F(t,ﬁ)=(Hﬁz)Erfc(ﬁ/zx/?)—/f%gﬂ s Bra=t X)JE'

The important result is that the electron concentration Ufx,?) is proportional to the
thickness / of the electron generation area which may be estimated as the electron projected
range & ~ R ~ E,"%" [2] of the primary electrons irradiating the surface with energy E,. Thus
the concentration of secondary electrons Ufx,#) proved to be a monotonously increasing
function of the primary electron energy E,.

This result was applied to the process of fullerite Cgo polymerization used in electron-
beam lithography. Fig. 1 shows the dependence U(E,) at x=0, =T for fullerite as well as the
experimental energy dependence o(E,) of the chemical bond generation rate in the process of
fullerite polymerization induced by irradiating
electrons. Fig. 1 shows that the monotonously
increasing experimental energy dependence o(E,) can
be explained by the increasing concentration of
secondary electrons in the frame of the model of an
electron swarm diffusing to the surface from the bulk.
The research was supported by the Russian
Foundation for Basic Research (RFBR), Project Ne 10-
07-00508-a.

[1] V.N.Nevedomsky et al., Fullerenes, Nanotubes
and Carbon nanostr. 16, 682 (2008).
[2] Kanaya, K., and Okayama, S., J. Phys. D: Appl. Phys. 5, 43 (1972).
[3] V.V.Shnitov, V.M.Mikoushkin, S.Yu.Gordeev, Phys. Solid State 44, 428 (2002).
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Endohedral derivatives of fullerenes and their formation
Madjuga A.M., Gal’pern E.G., Stankevich L. V.

Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Science, Moscow,
119991, Russia

Methods of synthesis of endohedral derivatives of fullerene Cg was
discussed. Particular attention is spare to the works in which mechanism of
windows was used. Several examples functionalization of fullerene Cq, were
considered and shown as can diminish activation energy for penetrate atom He
in carbon cage (or for outlet atom He from cage). Energies of the transition
states for some such reactions were calculated. Results obtained can be used at
plan ot synthesis of new endohedral derivatives of fullerene Cg. and other
polyhedral carbon clusters.
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Comparative characteristics of electrical and
photoelectrical properties of Si/fullerite Cg and
Si/nanocomposite fullerite Cg:Me (Me=Cu, Al, Sn and Te)
heterostructures

Spoiala D.*, Evtodiev 1., Prilepov V.
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*e-mail.: spodor@usm.md

The electronic structure and optical properties of fullerite Cg thin films are
suitable for using in efficient heterojunction solar cells and similar devices.
Heterojunction behaviour with high rectifying ratio in the dark (k>10" at + 2 V)
and photovoltage generation were demonstrated, firstly, for a p-Si/Cg interface.
Both isotype n-Si/Ceq/M and anisotype p-Si/Cq/M heterojunctions (where
M=Al, Au, Ti, Nb, etc. are top metallic electrodes) are studied by many
scientific groups [1-3]. But very intrinsic conductivity of Cg thin film
(6~10""-10"* Q-cm) is considered as one of the main limiting factors for Si/Cq
solar cell efficiency. Therefore, “doping” of fullerite Cg 1s one the principal
challenges for high efficiency fullerene-based solar cell production [1].

This work presents the results of research on electrical and photo-electrical
properties of heterostructures Si/fullerite Cqy and Si/nanocomposite fullerite
Ceso:Me (where Me=Cu, Al, Sn and Te) with various concentrations of Me. For
the heterostructures Si1/Cgy and Si/Cgp:Me obtaining, 4 types of silicon plates
have been used: n-type crystalline Si wafers (111) (doped with P, 0.3 and
4.5 Q-cm) and p-type crystalline Si wafers (111) (doped with B, 0.1 and
10 Q-cm). Thin films of fullerite Cg (d~0.1-0.5 um) were obtained by vacuum
sublimation of Cy, powder. Fullerite Cqp:Me thin films (4~0.05-0.5 pm) have
been prepared by simultaneous deposition of Me and fullerite Cqy by double-
source coevaporated system. Separately electrical and optical properties of
fullerite Cgo:Me films have been studied. The surface structures of fullerite Cgq
and fullerite Cgp:Me thin films have been studies with atomic force microscope.

Current-voltage characteristics for all obtained heterostructures in darkness
and under light illumination are obtained. The analysis of experimental dark
current-voltage characteristics is performed being taken into account in the
equivalent circuit of heterostructures of series and shunt resistances. At light
illumination a photovoltaic effect for all types of obtained heterostructures is
observed. The comparative analysis of electrical and photo-electrical properties
of Si/fullerite C¢y and Si/fullerite Cqo:Me heterostructures has been performed.

[1] E.A.XKatz, Physics of the Solid State 44, 621 (2002).

[2] K.M. Chen, Y.Q.Jia, S.X.Jin, K.Wu, X.D.Zhang W.B.Zhao, C.Y.Li, ZN.Gu, J.Phys.:
Cond. Matter. 6, L.367 (1994).

[3] C.Wen, T.Aida, .LHonma, H.Komiyama, K.Yamada, Denki Kagaku 62, 264 (1994).

302


mailto:spodor@usm.md

Fullerenes P5.64

Analysis of electron-induced fullerite Cg, modification in
terms of destruction cross-section

Shnitov V.V.*, Mikoushkin V.M.

loffe Institute, 194021, St. Petersburg, Russia
*e-mail: v.shnitovi@mail.ioffe.ru

Despite the noticeable number of the works investigating electron beam induced
destruction of individual fullerenes Cgy [1] and respective modification of solid
fullerite Cgp [2,3], some important aspects of this process is still weakly studied. In
particular, a widely accepted model considering e-induced destruction of solid fullerite
as a successive fragmentation of non-interacting fullerenes [2], has, in our opinion,
insufficiently reliable experimental verification and incorrectly interprets basic
mechanisms of this process.

The aim of present work was to check the validity of above mentioned model by
comparison of a well-established energy dependence of cross-section oi(E) [1]
describing e-induced fragmentation of individual fullerenes Cgqy with respective
dependence of effective cross-section op(E) specifying destruction of solid fullerite
Ceo. The last cross-section was obtained in this work on the basis of the electron
energy loss spectroscopy (EELS) and special processing technique using some
peculiarities of fullerite EEL spectra and suggested in our early work [3]. Both cross-

sections are shown in the inserted figure.

300 (0.0 They demonstrate completely different
behavior, which reveals not only in
substantial from 5 to 2 orders of magnitude
difference between their absolute values, but
also in obviously inverse types of their

Experimental  cross-sections of  e-induced
fragmentation of separate fullerenes Cg (Gr),
taken from [1] and of e-induced destruction of
solid fullerite C¢, (op), obtained in this work.

energy dependencies. These facts allowed us
to conclude that real e-induced destruction of
solid fullerite Cgy drastically differs from
hypothetic one predicting by the model of
successive  fragmentation of  separate
fullerenes [2] and that this model is indeed
invalid. They also indicate that radiation
stability of condensed fullerenes Cg
appeared to be radically higher than it
follows from the model of non-interacting

assembly of fullerenes and than it was expected earlier.

The research was supported by the Russian Foundation for Basic Research
(RFBR) Project Ne 10-07-00508-a, by Presidium of RAS Program and by the
St. Petersburg Joint Research Center “Material science and diagnostics in modern

technologies” equipment.

[1] Ttoh A., Tsuchida H., Miyabe K., Majima T., Imanishi N., J. Phys. B. 32, 277 (1999).
[2] Hunt M.R.C., Schmidt J., Palmer R.E., Phys. Rev. B. 60, 5927 (1999).
[3] Shnitov V.V., Mikoushkin V.M., Bryzgalov V.V., Gordeev Yu.S., Phys. Sol. St. 44, 444

(2002).
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Anomalous survival of endometallofullerenes under
irradiation in reactor

Grushko Yu.S., Lebedev V.T., Shilin V.A.*, Sedov V.P.,
Kozlov V.S., Kolesnik S.G.

Petersburg Nuclear Physics Institute, 188300 Gatchina St. Petersburg distr., Russia
*e-mail: shilin@pnpi.spb.ru

The mechanisms determining the anomalous stability of carbon cages of
endometallofullerenes by neutron irradiation have been studied. There were
synthesized the row of endometallofullerenes Ln@C,, and their water-soluble
biocompatible derivatives. It was established the influence of neutron irradiation
on stability and nuclear physical properties of endometallofullerenes and their
derivatives being applicable in nuclear medicine, including 46Sc, 107 5 MING,
33Sm, **Eu, "*Eu, *Sm, 160Tb, 169Yb, Tm (isomers I and III), "L u. Some of
them are studied for the first time (“chN@ng; 141Nd@C2n). Earlier it was
revealed an anomalously high retention for a mixture of empty and
endometallofullerenes of Sm in reaction 152Sm@Czn (n, v) 153Sm@C2n (~80 %)
[1]. However, *Sm@Cs, chromatographically separated has shown in (n, y)-
reaction the magnitude of the retention of 17,5% that is typical for rare earths. It
was confirmed our hypothesis proposed earlier [2] concerning the mechanism of
the relaxation of carbon shell based on ultrafast non radiative processes
(electrons “shake-off ) [3].

The fullerenes medical applications assume the preliminary transformation
of fullerenes into biocompatible water-soluble form. However, it 1s well known,
that hydroxofullerenes in water solutions trend to be aggregated. For the control
over processes of clustering (coalescing) and temporary stability of solutions
hydroxofullerenes the small-angle neutron scattering method has been applied.
The discussed results can become a basis for the creation of industrial effective
preparations with nanomaterials.

[1] Grushko Yu. S., Alekseev E.G., Voronin V.V., Kolesnik S.G., Kolesnik S.N.,
Pershikova T.M., Molecular Materials 7, 115 (1996).

[2] Grushko Yu.S., Khodorkovski M.A., Kozlov V.S. Kolesnik S.G., Shilin V.A,,
Grachev S.A., Artamonova T.0., Fullerenes, Nanotubes and Carbon Nanostructures
14, 249 (2006).

[3] Averbukh V., Cederbaum L.S., Phys. Rev. Lett. 96, 053401 (2006).
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Solubility behaviour of Cg in N-methylpirrolidon

Shiliaeva L.A.", Korobov M.V.* ' Avdeev M.V.?, Senyavin V.M.,
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'Department of Chemisry, Moscow State University, 119899, Moscow, Russia
*Joint Institute for Nuclear Research, Dubna, Moscow reg., Russia
*Department of Bioengineering and Bioinformatics, 119991,
Moscow State University, Moscow, Russia
*e-mail:mkorobov49@gmail.com

Solubility of Cgy in N-methyl-2-pirrolidon (NMP) is a puzzle. It has long
been known that UV-visible spectrum of Cg-NMP solution undergoes dramatic
change in time [1]. This change may be attributed to the formation of Cg van-
der-Waals clusters/Cq-NMP charge transfer complexes in the solution.
Reasonable mechanism of the process is not established so far.

This study was focused on the stability of Csy monomers in NMP. Almost
saturated concentration of monomers in NMP was obtained by gentle dissolution
of Cg or by its extraction from alkenes. Monomers were easily extracted from
NMP to alkenes (hexane, cyclohexane and octane) and back from alkenes to
NMP. Extinction coefficients for Csp monomers in NMP were determined at
different wavelengths. Abrupt fall of monomer’s concentration in saturated
solution i1s due to interaction of NMP with the surface of solid Cgo. After
addition of fresh solid Cg, monomeric species re-appear in the solution.

Simple kinetic model was put forward to account for the results obtained. It
involves successive processes of dissolution of Cgy in the form of monomers,
step aggregation of Cgy in NMP, slow process of interaction of Cg with NMP,
which terminates both growth of Cg clusters in the solution and dissolution of
solid C60.

The model represents evolution of UV-spectra of C¢p — NMP saturated
solution in time to a reasonable degree of approximation.

[1] Yevlampieva N.P., Biryulin Yu.F., Melenevskjaja E.Yu. et al., Colloids and surfaces A
209, 167 (2002).
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Reaction barriers and deformation energies of Cg-based
composites

Sheka E.F.* Shaymardanova L.Kh.

Peoples’ Friendship University of Russia, 117198 Moscow, Russia
*e-mail: sheka@icp.ac.ru

The current paper is aimed at the determination of barriers that govern the
covalent coupling between two fullerenes Cq, (Cqo dimer), Cgy and single-walled
carbon nanotube ([Cgo-(4,4)] carbon nanobud), and Cgy and graphene ([Cgo-(5,5)]
and [C4-(9,8)] graphene nanobuds). Brutto barriers determined as couplings
energies £, are expanded over two contributions that present total energy of
deformation of the composites’ componentsE;, and energy of covalent
coupling£”. In view of these energetic parameters and in contrast to
expectations, seemingly identical reactions result in different final products. The
peculiarity is suggested to be provided by a topochemical character of the
covalent coupling between any two members of the sp” nanocarbons’ family.
The computations were performed by using the AM1 semiempirical version of

unrestricted broken symmetry Hartree-Fock approach.
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Concentration and separation of high fullerenes

Sedov V.P.* Kukorenko V.V., Kolesnick S.V., Shilin V.A., Grushko Yu.S.

Petersburg Nuclear Physics Institute, 188300, Gatchina, St.Petersburg distr., Russia
*e-mail: sedov@gtn.ru

Recent activity at PNPI in the field of advanced technologies and
production of high fullerenes is presented in this review of experimental results
demonstrating substantial adventures in the enrichment of the mixtures of
fullerenes in solutions. The mixtures of fullerenes Cgy, C;, containing also ~
4 wt.% of high mass fullerenes (Css, Crs, Csp, Cgq etc.) were obtained by the
method of graphite evaporation in electric arc in helium atmosphere. First there
was proposed a simple and effective method allows concentrate the fractions
being enriched with high fullerenes. The method is based on different solubility
of fullerenes in various organic solvents. The process employs the
chromatographic column filled with graphite material and organic solvent as a
mobile phase that enables to realize the two-stage separation. In the first stage,
toluene serves as a mobile phase, and in the second one, 1,2,4-trimethylbenzen
is used. As a result, in the second stage the eluate 1s strongly enriched with high
fullerenes (70-80 wt.%). A typical HPCL chromatogram showing a big content
of high fullerenes is presented in figure below.
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Chromatogram: peaks corresponding various high fullerenes are shown.
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CF,-derivatives of C;: synthesis and structure

Samoylova N.A.*, Semivrazhskaya O.A., Belov N.M., Markov V.Yu.,
Ovchinnikova N.S., Goryunkov A.A.
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Fine tuning of electron properties of fullerene derivatives is an actual
problem for the nowadays. One of the possible ways of such tuning is isertion
of electron withdrawing units into fullerene cage. Impressive example of it is
difluoromethylene homofullerenes Cgo(CF»),, »=1-3, which were synthesized [1]
and found as prospective materials for organic electronic applications [2]. The
synthesis and structure of the difluoromethylated derivatives of fullerene C;, are
reported in the present work for the first time.

Difluoromethylated derivatives C;, were obtained by refluxing of fullerene
C7 and sodium difluorochloroacetate solution. Product composition and
dynamic of the reaction were monitored by means of HPLC and MALDI mass
spectrometry. We observe formation of C;o(CF,),, where n is 1-4. Three isomers
of C7o(CF,) were isolated from prepared mixtures by means of HPLC. Structures
of two major isomers of C;,(CF,) were suggested on the basis of NMR
spectroscopy data and quantum chemical calculations. Addition of CF, group
occurs at [6,6]-double bonds of the polar region C;, in both cases (see figures
below). According to the quantum chemical calculations (DFT, PBE/TZ2P),
distance between carbon atoms, carrying CF,-bridge, is 1.72 and 2.08 A,
correspondingly for isomers C;CF, I and II. Thus, isomer I is a
methanofullerene, while isomer II demonstrates homofullerene features (also it
was justified by UV/Vis spectroscopy).
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Structures of the C7o(CF,)-I and C(CF,)-1I; the fragments of corresponding top views
(across former Cs axe of Cyg fullerene) are shown on insets.

[1] A.S. Pimenova, A.A. Kozlov, A.A. Goryunkov, V.Yu. Markov, P.A. Khavrel, S.M.
Avdoshenko, I.N. Ioffe, S.G. Sakharov, S.I. Troyanov, L.N. Sidorov, Chem. Commun.
374 (2007).

[2] K. Tokunaga, S. Ohmori, H. Kawabata, Thin Solid Films 518, 477 (2009).
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The relative energy of stabilization for the seven isomers of Cgy was
computed by means of the next homodesmotic reaction [1].

n

n
3 H,C=CH-CH=CH, + 6 TVE - C,+ n H,C=CH,

The obtained values show which the scale of stability i1s and which the
thermodynamically most stable isomer is. A discussion about these results and
other known propositions is presented.

[1] a) Salcedo, R. & Fomina, L., Tetrahedron Lett. 48, 3949 (2007); b) Salcedo R.,
Fomina L., Corrigendum, Tetrahedron Lett. 48, 7731 (2007).
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Polarizability of fullerene derivatives
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At the moment there are diverse methods of synthesis of fullerene derivatives
(FD) with various numbers of addends controlled via reaction conditions, use of
catalysts efc. FD (especially, polar derivatives, such as epoxides or fluorides) are
promising compounds for nanomaterials, nanodevices, and medicine. Intermolecular
interactions underlie the functioning of the mentioned applications of fullerene
containing systems and, while the polarizability determines the intermolecular
interactions, its investigations are the base for understanding the mechanisms of
processes which fullerenes and its derivatives take part in.

In the present study the diagonalized tensors of polarizability, average
polarizability and anisotropy of polarizability (a”) for series of FD (Cg0O, and C7,0
epoxides, Cyo(CH,), fullerenocyclopropanes, Cyso( NH), fullerenoazyridines, CyoF,, and
C7oF}, fluorofullerenes, and others) have been calculated by PBE/3z density functional
method.

This method has been tested on several model molecular systems (including
fullerenes Cgp and C;) and showed a good agreement of calculated results with
experimental data. Polarizabilities of fullerene polyadducts have been calculated both
quantum-chemically (ay.) and by additive scheme (a,4q) via expressions:

0add(Co070X) = (lqc(céono) + ﬂaqc(X), where aqc(X) = aqc(c60/70X) - (lqc(céono)-

The difference Ao = 0agq — 0g shows the inadditivity of polarizability and
increases with the increase of number of X added to fullerene.

Analyzed the average a values, we can formulate the following regularities:

1) Polarizabilities of exohedral FD are higher than those of respective pristine

fullerenes.

2) Polarizabilities of 5.6 open isomers of FD are higher than those of respective

6.6 closed isomers.

3) The functionalization of Cg is accompanying with the increase of anisotropy
of polarizability and in the case of Cy, either increasing or decreasing of o’
value are possible (e.g., a” increases upon Cy epoxides formation but become
smaller if oxahomo[70]fullerenes are formed).

4) Regio-isomers of Cg70X,, are characterized with the approximately equal

average polarizabilities and differ with the anisotropy values.

5) The inadditivity of polarizability of polyadducts Cgo70X, With n = 3 appears

(Aa > 0) and increases with the increase of #n values (e.g., the polarizability of
Cs00,, epoxides achieves maximal value 87.4 E? at 7 = 15 and then diminishes
to 85.3 E’ for n = 30).

A theoretical model of the FD polarizability has been proposed. It should be
taken into account in the design of fullerene derivatives with high polarizability.

The work was supported by the Presidium of RAS (programme No. 21).
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Earlier we have worked out the theoretical approach to estimation of fullerenes
reactivity towards ozone and diazomethane with the use of curvature indices [1] and then
applied it to some Cgp derivatives.

In the present paper, to determine the general regularities of the addition to fullerenes
we have analyzed parameters of correlation equations for reactions of [2+#n]-cycloaddition and

radical addition. In the framework of the

Table. Correlations A/,° =B +Ak approach, a linear equation (See the Table)
for reactions C, + Y — C, Y. AH® =B +Ak

Y A, kJ E mol” | B, kJmol | r has been assigned for each reaction. Here
[2+1]-Cycloaddition AH,° 1s a heat of reaction calculated by
-CH, 5286 2538 091 | PBE/3z density functional method; & is a
NH 5183 326.4 0.92 curvature. index of reaction site? calculated
(243} Cycloaddifion as k=2sin0/a, (a- average 1.nternuclear
distance between reaction site of the

HN;, -910.1 262.9 0.80

fullerene molecule and its neighboring
CH,=N"-CH, ~ -959.5 120.0 087 | atoms, 6 — pyramidalization angle).
Parameters B can be interpreted as heats of

9 a4 1424 0.2 addition of molecules (radicals) to
CHLN, 9043 216.0 0.97 hypothetic  reaction site with zero
Radical addition [2] curvature. Parameters A determine the

He —772.9 68.2 0.96 | slope of linear correlations and lie in the
Fe —746.4 357 0.95 intervals which are characteristic for the

reactions of each type. Important to note

that these correlations unite reactions of
fullerenes with both isolated (Ceo, C70, C76) and shared pentagons (Cap, Ca4, C30, Cs6, Ca0). So,
they could be considered as common features of carbon clusters.

The same slopes (parameters A) of the correlations of reactions pertaining to one type
allow formulating the following rule. If reactions of C, fullerene with reactants Y; and Y>
have the same mechanism and it is known that C, shows a higher reactivity towards Y, than
towards Y, then other members of the fullerenes family are more reactive towards Y.

So, the approach takes into account all features of the addition reactions, i.e. peculiarities of
reaction site in a fullerene molecule (k index), type of added reactant (parameter B) and type
of reaction (parameter A).

[1] Sabirov D.Sh., Khursan S.L., Bulgakov R.G., Russ. Chem. Bull., Int. Ed. 57, 2520

(2008).
[2] Sabirov D.Sh., Bulgakov R.G., Comput. Theor. Chem.. 963, 185 (2011).
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Containing one-dimensional photonic band gap crystals
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St. Petersburg State University of ITMO, St. Petersburg, 197101, Russia

*e-mail: spaar@mail ru

Application of devices on the base of photonic crystals with nonlinear
optical properties 1s promising for optical switchers and optical power limiters
development.

Fullerenes have strong dependence of the refraction coefficient on the
irradiation intensity in the visible and near IR spectral range. The band gap of
the photonic crystal with incorporated fullerene-containing films shifts while
changing the intensity of irradiation. Such systems can be used as optical power
limiters or switchers and at that the speed of the switching process and the
power of the control signal are the functions of nonlinear media characteristics.

In this paper using the data on fullerene nonlinear properties we present
results of calculations of band gap values and nonlinear band gap shifts of
fullerene-containing one-dimensional crystals.

292


mailto:spaar@mail.ru

Fullerenes P5.54
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Albertstr. 21, 79104 Freiburg, Germany
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Fullerenes are known as n-type semiconductors and have clearly defined
electron-acceptor properties. These properties are used to create new materials
for photovoltaic purposes. Searching of new donor-acceptor pairs is one of the
ways to improve the performance of organic solar cells. Functionalization of
fullerene cage using electron-acceptor addends (e.g. difluoromethylene and
thrifluoromethyl groups) usually increases the electron affinity, which is
depends on number of addends and its arrangement motif [1].

Electrochemical behavior of the recently synthesized CgCF,H; [2] was
studied using of cyclic voltamperometry. Two irreversible peaks of Cgo(CF2)H,
reduction are observed at the potentials of -0.5 and -0.8 V vs Ag/AgCl. Partial
dehydrogenation of Cg(CF,)H, during electrochemical reduction was observed;
new reduction couples corresponding to C60CF2"'/ D were registered.
Compound under the study demonstrates unusual electrochemical behavior
depending on scanning range of potentials. The model of electrochemical
processes including electrocatalytic step, based on the temperature, scan rate and
concentration dependences of 1,/1. for first and second reduction potentials was
suggested.

Two projections of Ceo(CF2)Ho.

[1] Popov A.A., Kareev LE., Shustova N.B., Stukalin E.B., Lebedkin S.F., Seppelt K.,
Strauss S.H., Boltalina O.V., Dunsch L., J. Am. Chem. Soc. 129, 11551 (2007).

[2] Goryunkov A.A., Kornienko E.S., Magdesieva T.V., Kozlov A.A., Vorobiev V.A,,
Avdoshenko S.M., Ioffe I.N., Nikitin O.M., Markov V.Y., Khavrel P.A., Vorobiev
A K., Sidorov L.N., Dalton Trans. 6886 (2008).
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Thin Cg polymer films formed with Cg, ions assistance,
their optical, electric and magnetic properties
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*e-mail: ir23.by@gmail.com

100-200-nm-thick films of polymerized Cq, have been formed via electron-
beam dispersion of pristine fullerite Cg, target in vacuum. It has been shown that
the active gas phase produced by the electron-beam dispersion contains neutral,
excited Cg molecules as well as few mass per cent of positive fullerene i1ons.
The coatings are being deposited onto the substrates under the bombardment of
true secondary and backscattered primary electrons from the target holder
resulting in deposition of films containing about 83% of polymerized phase
(dimers, linear chains and 2D polymers). However, application of the negative
electrostatic potential of 100-300 eV to the substrate during the deposition leads
to bombardment of the growing coating by the accelerated fullerene ions and
formation of randomly cross-linked 3D polymer network of covalently bonded
Ceo molecules.

UV-Vis absorption spectra of the deposited 3D Cgy polymer films exhibit a
broad continuum with a maximum at around 5 eV and increased absorption at
low photon energies of 1-3 eV. The band gap of 3D C60 polymer films
estimated using absorption edge in the UV-Vis spectra is about 2.14-2.15 eV,
whereas the band gap of non-polymerized Cg films estimated using the same
technique is about 2.34 eV.

Conductivity of the films has been measured by depositing them onto the
quartz substrates with a system of 2 interdigital thin-film Ni electrodes. 3D Cgy
polymer films exhibit formation of the Schottky barrier to Ni electrods. Intrinsic
resistivity of the films is about 50 Q-cm in-situ and about 10* Q-cm after the air
exposure and storage under atmospheric conditions for several days. That is still
considerably lower in comparison with nonpolymerized Cg films
(107-10" Q-cm).

Conductive AFM studies of the 3D Cg polymer films have shown bimodal
distribution of the surface electric properties with a low-conductive phase
emerging upon storing under atmospheric conditions and day light. The films
have also shown magnetic contrast, stable across the surface, in magnetic force
microscopy. The content of the possible ferromagnetic contaminants in the
samples 1s analysed and intrinsic magnetic properties of the deposited 3D Cqg
polymer films are discussed.
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Formation of micrometer-scale fullerene decagonal prisms
crystal: from mesocrystal to single crystal
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Fullerene nano-/micro-crystals can be prepared by interfacial method,
evaporation method, as well as the reprecipitation method. The polymorphy and
the morphology of the solution-grown fullerene crystals depends on the organic
solvents used. Although many solvates were successfully prepared in different
systems, the formation mechanism of these structures is rarely studied.

Recently, a new type of crystal, so called “mesocrystal”, has been found,
which builds up from the nanostructure intermediates. Mesocrystals can be
synthesized from many polymer-controlled crystallization routes, but the
difficulty in inorganic crystallization systems is that mesocrystals are short-lived
with life time usually less than one second and it 1s difficult to observe the
intermediate process of the crystallization. The organic crystals, with relatively
low lattice energy compared to the ionic inorganic crystals, have longer lifetime,
but the crystals under electron beam are partly merged into single crystals and
the original mesocrystal structure is still unseen.

In this paper, we use the reprecipitation method to prepare fullerene
microcrystals. The morphology and the size of the microcrystals can be
controlled by tuning the volume ratio of the poor solvent and the fullerene
solution as well as the concentration of fullerene in the initial solution.
Importantly, the experimental results revealed that the formation of fullerene
microcrystals involves mesocrystal formation with subsequent crystallographic
fusion to a single crystal

[1] H. Colfen, M. Antonietti, Angew. Chem. Int. Ed. 44, 5576-5591 (2005).
[2] F.C.Meldrum, H. Colfen, Chem. Rev. 108, 4332 (2008).
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Antioxidative activity of some fullerene Cgy derivatives

Pvkhova A.D.*, Gracheva Yu.A., Ovchinnikova N.S., Milaeva E.R.,
Yurovskaya M.A.

Lomonosov Moscow State University, Chemistry department, 119991, Moscow, Russia
*e-mail: morke@inbox.ru

Fullerene Cg 1s known as a very efficient free radical scavenger, the so-
called “radical sponge”, a prospective structural moiety for design of
compounds with antioxidative activity against reactive oxygen species (ROS),
e.g. superoxide radical-anion, hydroxyl radical, peroxides, efc. [1].

Within our work a series of fullerene Cgy derivatives with indole, quinoline
and 2,6-di-tert-butylphenol moieties were synthesized by 1,3-dipolar
cycloadition of azomethine ylides to fullerene Cg under standard (the Prato
reaction [2]) and catalytic (lithium salts-assisted reaction [3]) conditions.

The antioxidative activity of the obtained fullerene Cgy derivatives against
peroxides and superoxide anion radicals was examined. The peroxide radicals
were generated in vifro under conditions of peroxidation of oleic acid, structural
fragment of membrane lipids. The superoxide radical-anion was generated in the
enzymatic oxidation of purine base, xanthine, to uric acid by xanthine oxidase.
Among the investigated fullerene derivatives, the fulleropyrrolidine with
sterically hindered phenol moiety exhibits high antioxidant activity against
peroxide radicals. In the enzymatic assay significant inhibition of superoxide
radical-anion formation was observed in the presence of fert-butyl ester of
fulleroproline with quinoline moiety at the concentration of 20 umol/L.

This work was supported by the Russian Foundation for Basic Research
(09-03-0090).

[1] Krusic P.J., Wasserman E., Keizer P.N., Morton J.R., Preston K.F., Science 254, 1183
(1991).

[2] Maggini M., Scorrano G., Prato M., J. Am. Chem. Soc. 115, 9798 (1993).

[3] Ioutsi V.A., Zadorin A.A., Khavrel P.A., Belov N.M., Ovchinnikova N.S.,
Goryunkov A.A., Kharybin O.N., Nikolaev E.N., Yurovskaya M.A., Sidorov L.N.,
Tetrahedron 66, 3037 (2010).
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Oscillation phenomenon in photoionization
cross section of Ar@Cg

Polozkov R.G.*!, Verkhovtsev A.V." Ivanov V.K.!, Korol A.V 2%,
Solov’yov A.V.?

ISt. Petersburg State Polytechnic University, 195251, St. Petersburg, Russia
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The oscillations in partial cross sections of photoionization of atomic
clusters, in particular, of fullerenes Cgy, at high photon energies was
experimentally discovered more than 10 years ago [1]. These oscillations appear
due to the reflection of photoelectrons at the borders of cluster potential and, as
a result, the formation of spherical standing waves inside the cluster. Recently,
the similar oscillation was shown to occur in the photoionization cross sections
of endohedral noble gas fullerenes, in particular Ar@Ce [2].

The present work is devoted to the application of the consistent quantum
many-body theory to the description of photoionization of endohedral noble gas
fullerenes. The case study is the Ar@Cgo. The single-electron energies and the
wave functions are obtained within the jellium model with use of the self-
consistent Hartree-Fock (HF) approximation. The partial and total cross sections
of the photoionization are calculated within the Random Phase Approximation
with Exchange (RPAE) with photon energy range up to 100 eV. The comparison
between the endohedral and pristine fullerenes is performed.

Self-consistent potential of the endohedral system has a double-well profile
in contrast to the single-well potential of the empty fullerene Cgy. Due to the
additional well at the centre of the system one may expect strong changes of the
oscillations in the partial cross sections for endohedral fullerenes.

Preliminary analysis of the obtained results shows that the changes in the
oscillatory behaviour of the partial cross sections depend on the electron density
distribution between embedded atom and fullerene shell, i.e. on the
hybridization of ground state orbitals.

This work was supported by DFG (project SO 845/8-1) and the EU
Commission (NoE EXCELL project).

[1] XuY.B., Tan M.Q. and Becker U., Phys. Rev. Lett. 76, 3538 (1996).
[2] Matthew A. McCune, Ruma De, Mohamed E. Madjet and Himadri S. Chakraborty,
J. Phys. B: At. Mol. Opt. Phys 43, 181001 (2010).
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Fullerene Cg in vivo: influence on the basic types of
metabolism

Piotrovskiy L.B., Okunevich 1.V.*, Dumpis M.A., Litasova E.V., Sapronov N.S.

Institute of Experimental Medicine NWB RAMS, 197376, St. Petersburg, Russia
*e-mail: irina_okunevich@mail.ru

The impact of fullerene Cgy on the basic types of metabolism, namely lipid,
protein and carbohydrate, was investigated during the continuous studies of its
toxicological properties in vivo. Fullerene Cgy was used as a complex of Cg with
polyvinylpyrrolidone (Cg/PVP complex, 0.5% of C¢ and PVP m.m. 12000
pharmaceutical grade). It has to be mentioned that in this complex fullerene
molecules are in low aggregation state.

The study was done on 120 Wistar rats (180-200 g). The aqueous solution
of the Cg/PVP complex was intraperitoneally (i.p.) injected at doses of 350 and
700 mg/kg within 30 days.

After 30 days in the serum of experimental rats, in comparison with intact
animals, there were determined the following indexes of lipid, carbohydrate and
protein metabolism: total cholesterol and triglycerides, concentration of high
density lipoprotein cholesterol, glucose, total protein and albumin. Also the
content of the serum globulin and the albumin/globulin ratio were determined.

After 30 days of introduction of Cg/PVP complex and vehicle (PVP) there
were not observed any significant changes in the levels of triglycerides, high
density lipoprotein cholesterol, glucose and total protein. There was slight
increase of the concentration of total serum cholesterol. However, this increase
was within the normal range and can be explained as a reaction of animals to
handling.

It was also found the decrease of albumin concentration and
albumin/globulin ratio, which can be explained by the known ability of albumin
to absorb fullerene Cqy molecules from Cg/PVP complex.

However all these changes do not go beyond the normal ranges for rats and
can be caused by vehicle PVP.

Thus, our data indicate that chronic administration of Cg/PVP complex do
not affect on the basic types of metabolism and once again indicate the safety of
fullerene Cg in low aggregation state in vivo.
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Safonova A.F., Sapronov N.S., Selina E.N.
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It is well known that the biological properties of fullerene Cg depend on
aggregation state [1]. Earlier in vivo experiments we showed by morphological
analysis that the single intraperitoneal (i.p.) injection of fullerene C60 in low
aggregation state [as complex of Cg with polyvinylpyrrolidone (Cgy/PVP
complex)] did not cause any visible injuries of parenchymatous organs [2].
Therefore the main goal of this work was the more detailed study of
toxicological parameters of Cgo/PVP complex, namely the LDs, values and its
influence on internal organs after prolonged i.p. injection (30 days). Cgo/PVP
complex, containing 0.5 % of Cg and PVP pharmaceutical grade m.m. 12000,
was used.

At the first stage of the study we determined the acute toxicity (LDs
values) of Cq/PVP complex and the vehicle (PVP) after single i.p. injections
into mice and Wistar rats (Rappolovo). Both compounds were injected as
aqueous solutions concentration of 20, 25, 30 and 40 % (maximal possible
concentration). The determined LDs, values were: for mice 11.2+0.8 g/kg for
Ceso/PVP complex and 9.7+0.8 g/kg for PVP alone. Accordingly for rats these
values were 7.9+1.0 g/kg and 6.84+0.7 g/kg.

Chronic toxicity studies were done on Wistar rats (180-200 g). Every
animal was 1.p. injected every day within 30 days. Both compounds were used in
doses 350 and 700 mg/kg, 1/20 and 1/10 of LDs, respectively, as aqueous
solutions. The following activities were determined: integral activity, influence
on central nervous system, urinary bladder and haematological parameters
(leukocytes, platelets and erythrocytes). On 15 and 30 days of the experiment
the morphological analysis of some internal organs (spleen, liver, and kidney)
was made.

The most important result of our investigation is that pristine fullerene Cg
in low aggregation state (as Cg/PVP complex) 1s not only nontoxic, but reduces
the toxic manifestation of high doses of PVP. These data indicate that the
Cso/PVP complex can be used for medical purposes.

[1] Piotrovsky L.B., Dumpis M.A., Litasova E.V., Eropkin M.Yu., Eropkina E.M. and
Kiselev O.1. Fullerenes, Nanotubes and Carbon Nanostructures 19(1), 147 (2011).

[2] Popov V.A., Tyunin M.A., Zaitseva O.B., Karaev R.H., Sirotinkin N.V. Dumpis M.A.,
Piotrovsky L.B., Fullerenes, Nanotubes and Carbon Nanostructures 16(5), 693 (2008).
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Simulation of fast electron transport in thin metal and
fullerite films

Petrenko E.O.', Makarets N.V.*', Mikoushkin V.M.
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Electron beams are well known to generate swarms of the secondary, back-
scattered and re-diffused electrons when collide with a target. Some details of this
process were considered in this work for the cases of fullerite Cqy films used in
electron-beam lithography [1] and of micro-strip metal detectors [2]. In the first case,
electron beam generates a swarm of secondary and re-diffused electrons losing their
energy in numerous inelastic collisions some part of which leads to creation of
polymeric bonds between fullerenes. To accelerate the polymerization process, one
should find optimal characteristics of irradiating electron beam. In the second case,
electron beam passes through thin metal film inducing emission of secondary
electrons, therefore a positive charge emerges on the electrically isolated film. This
charge and energy distribution of emitted electrons should be known to optimize
parameters of extracting electric field.

The model of electron-atom interaction for primary electrons in the keV energy
range and for secondary electrons in the eV energy range, early developed in [3], was
applied to description of the above processes. Elastic electron collisions as well as
electron-phonon interaction were described by using optical potential. Ionization of
deep atomic levels was considered by use of the Kim-Rudd model. Ionization of the
valence and conduction bands and plasmons generation were described by the Penn
model and experimental data. The Monte-Carlo programme package has been created
and all collisions and trajectories of the primary and secondary electrons were
calculated till the moment when their energies become below the work function.

The conducted simulation has shown that the average kinetic energy of the
ejected electrons is larger when they start from deeper atomic levels, which results in
additional electron emission from target. As a result, many of generated and re-
diffused electrons are stopped changing the energy of the most energetic electrons of
the electron cloud and decreasing their energy down to the value just above the work
function. In addition, some weak nonmonotonicity of the total number of fast electrons
moving inside of the target is observed when the primary electron beam energy is
sufficient for ionization of deep atomic levels.

[1] V.V. Shnitov, V.M. Mikoushkin, V.V. Bryzgalov, Yu.S. Gordeev, Physics of the Solid
State 44, 4444 (2002).

[2] V. Pugatch, M. Borisova, A. Mykhailenko, O. Fedorovich, Y. Pilypchenko,
V. Perevertaylo, H. Franz, K. Wittenburg, M. Smelling, C. Bauer, NIMB 581, 531
(2007).

[3] N.V. Makarets, Yu.l. Prylutskyy, V.M. Mikoushkin, V.V. Shnitov, Yu.S. Gordeev.
Fullerenes, Nanotubes and Carbon nanostructures 14, 513 (2006).
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Inner-shell electronics of caged molecules: small molecules
in carbon cages

Pavlychev A.A.*', Brykalova X.0.!
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Molecular electronics is the subject of intriguing changes taking place
when a molecule happens to be confined in a cage. What kind of changes are
they? Answering the question we are approaching to understanding of many
elementary processes that occur in complex composite systems.

Special emphasis is put here on unoccupied valence states of a quasifree
molecule that 1s confined in a nanosize carbon cage. X-ray absorption and inner-
shell photoionization spectra are regarded as a basic probe of the cage effects.
Their origin is being attributed mainly to (1) changes in molecular dynamics [1],
(1) electron scattering at the cage [2] and (i11) dynamic polarizability of the cage
[3]. These phenomena are discussed.

Inner-shell electronics of caged molecules is examined in small molecular
species (CO, N,, SF¢) confined in fullerenes, carbon onions and nanotubes, and
nanoporous carbon. Two limiting cases of weak and strong cage effects are
revealed and described. To describe and compute the X-ray absorption and
inner-shell ionization spectra the quasiatomic approach is applied. We have
revealed the red- and blue-shifts of core-to-valence excitations and new
resonance states in spectral distribution of oscillator strength for continuum
transitions in the caged molecules and in the cages. These new states
demonstrate different nature and can be attributed to either confinement
resonances or window-like resonances or induced shape resonances. It is shown
that the red- and blue-shifts correspond to the weak cage effect whereas the new
resonances appear as a consequence of the strong effect. The experimental
evidences of the cage effects are presented and the specific conditions of their
observation are determined.

[1] R. Flesch, A. A. Pavlychev, J. J. Neville, J. Blumberg, M. Kuhlmann, W. Tappe,
F. Senf, O. Schwarzkopf, A. P. Hitchcock, and E. Riihl, Phys. Rev. Lett. 86, 3767
(2001).

[2] A. A. Pavlychev, X. O. Brykalova, D. A. Mistrov, R. Flesch, and E. Riihl. J. Electron
Spectrosc. Relat. Phenom. 166-167, 45-52 (2008).

[3] M. Ya. Amusia, J. Electr. Spectrosc. Relat. Phenom. 159, 89 (2007).
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Ceo fullerenes in the condensed state at the room temperature are
semiconducting molecular crystals. It was shown that under influence of high
pressure, UV-irradiation, doping with alkali metals and electron-beam
irradiation the fullerites can be polymerized and change their properties
dramatically. Due to that Cg have high potential of application in the
nanoelectronics, medicine. But the mentioned polymerization methods have
limitations. Therefore in the given work we have performed study of Cgy films
under irradiation with different types of bombardment particles and doping with
metal atoms.

Thin Cg films (thickness 1000 nm) were prepared by vacuum sublimation
of Cg powder on Si substrates. Irradiation was performed with electrons
(E=1.8 meV), doses varied from 1 to 25 MGy, with carbide forming Ti and Fe
ions (E=140 keV), doses varied from 10" to 10" ions/cm® and Ar ions
(E=350 eV), doses varied from 10'° to 10" ions/cm®. After each step of
irradiation changes in the crystal structure, vibration and electron properties
were studied by methods of X-ray’s diffraction, Raman spectroscopy,
photoluminescence and spectral ellipsometry, STM. In order to study interaction
mechanisms of implanted atoms with Cgy molecules were prepared Cgo films
with Sn, In, Bi metal atoms and investigated with the same methods. Model
chemistry calculations in the Gaussian program (Hartree-Fock approximation)
were done for systems: CgT1, CeoFe, CsoC, CeoSn, Ceoln, CeoBi.

Results have shown that irradiation of fullerites with mentioned particles
and doping with metal atoms leads to polymerization of molecules that is
confirmed by appearance of new diffraction reflections, shifting and splitting of
Raman modes, complicate change of electron spectra. Theoretically was shown
that complexes CgTi1, CgoFe, CeoC, CeoSn exist. Doses at which effects of
destruction of Cg, molecules begin to prevail were determined.
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A DFT study of fullerene Cg, transition metal complexes
structure and dynamic

Oprunenko Yu.F.* Gloriozov I.P., Vasil’kov A.Yu.
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Since the first preparation of organometallic complexes of fullerene'” many
compounds of this type have been synthesized and structurally characterized by means
of X-ray, NMR and DFT.>” Such systems have good prospects as catalysts in organic
reactions and as new materials in optoelectronics. Data on dynamic processes in
transition metal complexes of fullerene are relatively rare, e.g. variable-temperature
and EXCY "C NMR studies on [M(NO)(PPhs)»(11°-Cs0)] (M = Co, Rh, Ru) 1-3 show
the presence of Cqy — metal moiety rotation with low activation barrier and haptotropic
migration processes with AG” = ca. 9, 10 and 14 kcal/mol, correspondinly.’

The DFT calculations reported in this paper on complexes 1-3 structures and
activation barrier of haptotropic migration of metal moiety over the whole fullerene
surface in 1 are based on Priroda program package (PBE, TZV2p, SBK-JC).°

n°n>-Rearrangement over the whole surface of fullerene proceeds in 1 as
intermolecular [1, 3]-shift of the Co metal atom via transition state TS
(AG = 12.2 kcal/mol) and intermediate 1-IM (AG = 7.6 kcal/mol): 1 — 1-TS — 1-IM
—1-TS — 1-IM — 1. Theoretically calculated data on geometry, structure and
conformation of 1-3 and activation barrier for 1-TS of metal migration in 1 thus are in
good agreement with experimental data.

Calculations were done on computer facilities purchased with the financial
support of Alexander von Humboldt Stiftung (Bonn, Germany).

[1] Fagan P.J., Calabrese J.C., Malone B., Acc. Chem. Res., 25, 134 (1997).

[2] Hawkins J.M., Acc. Chem. Res., 25, 150 (1997).

[3] Nunzi F., Sgamellotti A., Re N., Floriani C., Organometallics, 19, 1628 (2000).
[4] Stefens A.H., Green M.L.H., Adv. Inorg. Chem., 44, 1 (1997).

[5] Green M.L.H., Stefens A.H., Chem. Commun., 793 (1997).

[6] Laikov D. N., Chem. Phys. Lett., V. 281, 151 (1997).
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(1-42) peptide of the brain
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Alzheimer's disease (AD) is an important problem of modern psychiatry
and neurology. One of the hallmarks of this disease is the accumulation of
aggregates of amyloid B-peptide (AB-peptide) in the brain, leading to
neurodegeneration. The main strategy in the treatment of AD is to prevent the
formation and destroy aggregates of the AB-peptide. Owing to the antioxidant
and neuroprotective properties, fullerenes can be considered as potential drugs
for the treatment of neurodegenerative diseases. A new stage in the study of
antiamyloid properties of fullerenes began thanks to the synthesis of a series
their water-soluble derivatives.

Using electron microscopy, we showed that these fullerene Cgy derivatives
(the sodium salt of polycarboxylic derivative of Cg, fullerenol, the complexes of
fullerene with polyvinylpyrrolidone, Cg-NO,-proline, Cqo-(NO,),-proline, and
Ce0-NO,-proline-NO,) destroyed amyloid fibrils of AP(1-42) peptide of the
brain and also prevented their formation. These data were confirmed by the
fluorescence analysis with using the dye thioflavin T. We also investigated the
toxicity of the fullerene Cgqy derivatives on the cell culture Hep-2. The sodium
salt of the polycarboxylic derivative of Cgy showed toxicity in the concentration
range 2-0,16 mg/ml. For the other fullerene Cqy derivatives, no cytotoxicity in
the same range of concentrations was found.

The data showed that all agents studied, except the sodium polycarboxylic
derivative of Cgy, corresponded two requirements to the development and
application of drugs for treatment AD, namely low toxicity and high antiamyloid
potential.

The study was supported by the Presidium of RAS "Fundamental sciences
to medicine, RFBR grants No 09-04-01161, RFBR Ne 10-04-00141, grants of the
Federal Target Program “Research and scientific-pedagogical staff of innovation
Russia” of the Federal Agency of Science and innovation, State contract
Ne 02.740.11.0301, State contract Ne 02.740.11.0710.
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The modification of biological molecules (proteins, polynucleotides and
polysaccharides) by Cg, fullerene residue leads to an increase in their
lipophilicity and thus may enhance their ability to penetrate through biological
membranes. The most suitable for modification are fullerenemonocarboxylic
acid.

In order to find the best precursor for the synthesis of
fullerenemonocarboxylic acid 1n preparative scale the reaction of
cyclopropanation of Cg by alkyl (dimethylsulfuranylidene)acetates was chosen
[1]. For the determination of the influence of the radicals on the reaction yield
and the conditions for the separation ether (1,2-methanofulleren Cg)-61-
carboxylic acid from the mixture of mono- and polysubstituted derivatives, the
cyclopropanation of Ceo was carried out by alkyl
(dimethylsulfuranylidene)acetates, containing various ester radicals (ethyl, tert-
butyl, benzyl and benzhydryl).

The obtained data showed that the structure of the alkyl radical in the
molecule of ylide does not significantly affect the reaction. In all cases, a
mixture of mono-and polysubstituted derivatives with roughly the same yield
were obtained. However, chromatographic separation from the reaction mixture
of monosubstituted derivatives, containing benzyl and benzhydryl radicals, it
was much easier. Further transformation of the ester to the free
(1,2-methanofulleren Cgy)-61-carboxylic acid proceeded readily in the case of
tert-butyl and benzhydryl radicals.

The structure of all obtained compounds was unambiguously confirmed by
BC-NMR, 'H-NMR, IR and UV spectra and mass spectrometry.

Thus, i1t can be concluded that for preparative synthesis of
(1,2-methanofulleren Cgp)-61-carboxylic acid most suitable precursor is
benzhydryl (dimethylsulfuranylidene)acetate.

[1] Wang, Y., Cao, J., Schuster, D.I., Wilson, S.R. Tetrahedron Letters 36(38), 6843
(1995).
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poly(ethylene oxide) in deuterobenzene
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A new method for the synthesis of star-shaped fullerene Cgy-containing
poly(ethylene oxide) is developed and its hydrodynamic properties are studied.
Then the molecular structure of stars in deuterobenzene was analyzed by the
small-angle neutron scattering using Fourier data analysis to recognize the
mechanisms and forms of structuring (self-assembly) of poly(ethylene oxide)
chains being structural elements (star arms) of macromolecules of complex
architecture. The peculiar forms of spontaneous self-organization of star-shaped
macromolecules were revealed. It was found that the resulting equilibrium
structure has specific topology. Some of polymer chains acquire stretched
conformations in the solution and act as physical links between other chains,
which leads to the formation of polymer framework filled with coiled chains.
Fullerene-containing poly(ethylene oxide)s have 6 arms. Star architecture leads
to enhanced ability of these polymers to form highly ordered structures in
solution.

The work was supported by Russian Foundation for Basic Research (grant
10-03-00191a) and Program for Basic Research of the Presidium of RAS No 21.
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Sorbents based on silica containing fullerenols Cgo(OH)z.94 and
Ces0(OH),0.04 were obtained. In order to obtain the sorbents two essentially
different approaches, a method of a solid-state reaction and a method of a two-
step linking of fullerenols to silica network using dimethyldichlorosilane and
amine, were used. The sorbents obtained were analyzed by IR and NMR
spectroscopies.

It was shown in an in vifro system comprising blood plasma that the
sorbents obtained have a high selectivity for low density lipoproteides, wherein
the constant of elimination K, is more than 0.8. This property allows these
sorbents to be used for creating blood purification systems, in particular, for
efferent therapy in atherosclerosis.
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electron-beam lithography
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Electron-beam lithography is one of the widely spread techniques in micro-
and nanoelectronics. Revealing transformation of fullerite Cgy films under
electron irradiation into weakly evaporable substance [1] led to the idea of dry
lithography with all operations performed at high vacuum [2]. This idea was
confirmed by creation of latent image of macrosized low-energy electron beam
and their developing by heating in vacuum. The aim of the work was to confirm
the possibility of dry electron lithography by fabrication of carbon
microstructures at the conditions typical for usual electron-beam lithography.
Latent 2 um micropatterns with a shape of squares and stripes were created in
fullerite film of 320 nm thickness by 25 keV electron nanoprobe and then
developed by heating in vacuum. The e-beam writing of the micropatterns and
their visualization were realized by Scanning Electron Microscope (SEM) -
JEOL JSM-7001F equipped with lithographic tool ‘“Nanomaker” (“Inteface
Ltd.”, Moscow). Visual examination of the samples by optical microscope
(Nikon Eclipse 150) revealed the designed structure after heating (Fig. A).
Fig. B shows the developed SEM image of stripe. The obtained results
confirmed the possibility of carbon microstructure fabrication by dry electron
lithography.

Optical (Fig. A) and SEM (Fig. B) images of carbon microstructures.

The research was supported by the Russian Foundation for Basic Research
(RFBR), Project No 10-07-00508-a, by Presidium of RAS Program and by the
St. Petersburg Diagnostics Center “Material science and diagnostics in modern
technologies™.

[1] V.M. Mikoushkin, V.V. Shnitov, Phys. Solid State 39, 164 (1997).
[2] V.V.Shnitov, V.M.Mikoushkin, Yu. S.Gordeev, Microelectron. Eng. 69, 429 (2003).
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Thermo-destruction of the fullerenes

Merzlyakova M.A., Nikonova R.M., Lad’yanov V .I., Aksyonova V.V.

Physical-Technical Institute of the Ural Branch of RAS, Ishevsk 426000, Russia,
e-mail: las@pti.udm.ru

Studies of the thermal behavior of fullerenes and their condensed form - fullerites
began with the receipt of a macroscopic. The research results of thermal stability
available in the literature [1,2 etc.] are quite contradictory and ambiguous both for
pure Cqp, C70 and their mixture.

AT The thermal behaviour of the

100 g wCrsub) fullerenes and the fullerites (Cqgy, Cyy
. and their mixture Cgp0) in CO

%0 conditions has been investigated by
80 — the X-ray structural analysis and the
70 — ultraviolet spectroscopy. It has been
60 — shown that the thermal
Ss0— decomposition occurs in the narrow
§40 B temperature range. It has been
RN established that the thermal stability

of the fullerene C;7y (>98%) is higher
than that of Cgy (99,5%). The critical
C (suby Stability temperatures of them have
been determined as 950 u 850 C
respectively. The initial
decomposition temperature of the
mixture Cgo79, Obtained extraction
from toluene solution 1s 775 °C. This
temperature is lower than that of Cg
and C70.

It has been established that the critical decomposition temperature of the
fullerenes and the fullerites is determined by the presence of impurities (oxygen and
solvent). It has been shown that the crystallization of the fullerenes from gaseous
phase is the most advantageous method of cleaning. At the same time the difference in
the stability temperatures of Cqy and Cyy 1s, at least, AT = 125 °C.

The decomposition kinetics of the fullerites mixture Ce/79 at T = 800 C has been
investigated.

The work has been carried out under financial support of the program the
Presidium of Ural Brunch, RAS (Project 09-T-1008) and by RFBR (grant
Ne 10-08-90419-Ukr-a)
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Figure. Change the number of fullerenes after
annealing in an environment of CO, 30 min.
UV- spectroscopy.

[1] F.Cataldo, Nanotubes and Carbon Nanostructures 10(4), 293 (2002).
[2] T.Sommer, T. Kruse, P. Roth, J. Phys. B: At. Mol. Opt. Phys. 29,4955 (1996).
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Detailed computational study of the chlorination-assisted
skeletal rearrangement of D2-19150C76 into
C2-18917C76CI124

Mazaleva O.N.*, Toffe I.N.

Moscow State University, 119991, Moscow, Russia
*e-mail: mazaleva.olya@gmail.com

The Isolated Pentagon Rule (IPR) plays a definitive role in fullerene chemistry.
All identified products of the standard arc discharge synthesis without dopants are IPR
fullerenes. Non-IPR structures are typically obtained via instant functionalization of
the forming cages in the reactor with endohedral metal atoms/clusters or with chlorine
addends. Because of lower thermodynamic stability of the non-IPR isomers and
presumably high activation energy of the Stone-Wales rearrangements that were
generally regarded as key mechanism of skeletal transformations, no one anticipated,
until very recently, a possibility of conversion of the conventional IPR fullerenes into
non-IPR ones under milder chemical conditions.

In view of that, quite surprising was formation of strongly non-IPR
C2—18917C76C124 compound in the course of chlorination of the well known IPR-isomer
D»-1°Co6 in SbCls [1]. The new fullerene chloride was found to have as many as five
pairs of adjacent pentagons. To explain this transformation, a modified mechanism of
Stone-Wales rearrangements was proposed that involves migration of chlorine atoms
to stabilize the transition states and thus to reduce the reaction barriers.

We present a detailed computational analysis of the formation pathway of C,-
17C6Clyy at the DFT level of theory. We employed the PBE exchange-correlation
functional known to be successfully applicable to various fullerene systems. The
activation energy calculations were additionally refined with the use of the PBEO
hybrid functional and PCM corrections.

The transformation of the chlorinated D2-19150C76 nto C2-18917C76C124 was found
to require seven Stone-Wales steps plus a step of global chlorine migration over the
carbon cage, all steps calculated to be thermodynamically favorable. The Stone-Wales
bond rotations in the chlorinated fullerenes are facilitated by formation of stabilized
valence-saturated intermediate structures via SbCls-mediated transfer of chlorine
anions. The activation energy of the first, limiting Stone-Wales step was calculated to
be 2.5 eV. Of critical importance for the skeletal rearrangement process is the
chlorinating SbCls environment that enables formation of closed-shell ion pair
transition states [C7¢Clo.1]' [SbCl¢]” and further stabilizes them through polarization
interactions.

We acknowledge support of RFBR (grant 09-03-01131) and of the MSU
supercomputer center (SKIF-Chebyshev).

[1] LN. Ioffe, A.A. Goryunkov, N.B. Tamm, L.N. Sidorov, E. Kemnitz, S.I. Troyanov,
Angew. Chem. Int. Ed. 48, 5904 (2009).
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In situ observation of Cg hydrogenation reaction using
gravimetric method

Luzan SM.'*, Tsybin Y.O.?, Talyzin A.V.'

'Department of Physics, Umed University, 90 187 Umed, Sweden
’Biomolecular Mass Spectrometry Laboratory, Ecole Polytechnique Fédérale de Lausanne,
1015 Lausanne, Switzerland
*e-mail: serhiy.luzan@physics.umu.se

Reaction of fullerene Cg with hydrogen gas was studied in a broad
temperature interval and over prolonged periods of time. Hydrogenation was
monitored in situ at high temperature and high hydrogen pressure conditions
using gravimetric method. The shape of gravimetric curve was found to depend
on temperature of hydrogenation: in the temperature interval of 623-673K
saturation of sample weight was achieved, while at temperatures of 693-713K
the sample weight went through the maximum and decreased upon prolonged
hydrogenation. The weight decrease is explained by fragmentation of fullerene
cage with formation of light hydrocarbons which evaporate from the sample.
Products of hydrogenation were studied by X-ray diffraction, MALDI-TOF
mass spectrometry, APPI FT-ICR mass spectrometry, HPLC chromatography,
and elemental analysis. It was found that the reaction resulted in a set of
hydrogenated fullerenes with different content of hydrogen (from CgH;s up to
CesoHse) as well as some fragmented fullerenes with less than 60 carbon atoms.
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Time dependence of hydrogenation of fullerenes Cgy performed at different
temperatures.
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The quenching of the Yb (IIT) porphyrazine complexes and
heterocyclic ligands by Cg in solutions

Lopatin M.A.*, Klapshina L.G., Grigoryev L.S., Semenov V.V.,
Lermontova S.A., Domrachev G.A.

G.A. Razuvaev Institute of Organometallic Chemistry, Russian Academy of Sciences,
603950, Nizhny Novgorod, Russia
*e-mail: lopatin@iomc.ras.ru

The interaction of the Yb(Ill)tetra-aryl-tetra-cyano-porphyrazine
complexes (Aryl=C¢Hs(I), CcH4F(IT), CgF5(IID), CioH7(IV)) with Cg had been
investigated. Complex (I) is readily soluble in organics. It is well compatible
with a variety of polymeric matrices giving doped polymeric glasses, films and
solutions which are highly luminescent (¢ = 13%) in the biologically relevant
optical window covering the visible and near infrared range.

We investigated complexes (I-IV) luminescent spectra (A excitation= 300 nm)
in acetonitrile solutions using Cg as a quencher in visible region
(A emission = 420-460 nm). It had been found [1] that a quenching was caused by
resonance interaction of aromatic hydrocarbons with fullerene Cgy. Relative
intensity of complexes (I-IV) emission dependence on quencher molar
concentration is satisfied to Stern-Volmer equation with
Kq = (1,24-1,89)*10° 1/mol because of a week CT-complex formation. The
results are shown in the table.

AI'yl C10H7 C6H5 C6H4F C6F5
Aemission(NNM) 428 456 425 453
Kq*10°(1/mol) 1.24 1.56 1.75 1.89
R’ 0.892 0.997 0.993 0.994

Kq — Stern-Volmer quenching constants
R? - correlation coefficient.

A comparison of the complex (I-IV) with organic ligands shows one order
of magnitude increase of quenching constants. Such the compounds can be
potentially used in photovoltaic devices.

This work was supported by the State Contract Ne I1-337 and programs of
RAS.

[1] R.G.Bulgakov, D.I.Galimov, Russ.Chem.Bull. 3, 432-436(2007).
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DFT and ESR spectroscopic studies of new organoelement
fullerene derivatives

Lopatin M.A., Ketkov S.Yu.*, Markin G.V., Kuropatov V.A., Rychagova E.A.,
Kalakutskaya L.V., Domrachev G.A.

G.A. Razuvaev Institute of Organometallic Chemistry, Russian Academy of Sciences,
603950, Nizhny Novgorod, Russia
*e-mail: sketkov@iomc.ras.ru

The DFT calculations of recently synthesized fullerene polyadducts R,Cyy
(R = Me;sSi; n = 4, 6, 8, 10, 12) and ESR study of new bis(toluene)tungsten
fulleride have been performed. The natural charge distribution and NBO
populations in the R,Cqy molecules were compared with those in the fullerene
adducts with organic fragments (R = Me, #~-Bu, CH,Ph, CF;) as well as with the
corresponding parameters in the R-CMe; species. The Si(R)-C(Cg) and Si(R)-
C(Cg) NBO population appears to be lower than the corresponding values for
the Si(R)-C(CMes) and C(R)-C(CMes) bonds. The electron density distribution
analyzed by the Bader’s “Atom in molecules” approach also shows some p(r)
decrease for the (3,-1) critical points of the R-C bonds on going from “classical”
organics to the fullerene adducts. On the other hand, analysis of natural charges
reveals increased polarization of the R-Cqy (R = CH,Ph, CMe;, CF;) bond as
compared to R-CMe;. These findings are indicative of the higher lability of the
R-C¢, chemical bond. DFT calculations have been also carried out for the
reduced and oxidized forms of R,C¢y. Both one-electron oxidation and reduction
of 1,4-R,Cq results in an increase of the electron density on the C2-C12 and C3-
C14 bonds and a decrease of p(r) on the C2-C3 bond of the Cq, core. This agrees
well with the HOMO and LUMO localization. Accordingly, the p(r) value in the
(3,-1) critical point of the R-Cgy bond changes stronger on going to the cation
than to the anion. The formation of the (Cs) * fulleride anion has been studied in
the reaction of fullerene with bis(toluene)tungsten.

Cyo reacts with (PhMe)2W0 in PhMe at 293 K to form fulleride as black
crystalline sediment (fulleride I). Fulleride I is insoluble in aliphatic solvents,
soluble in PhCN and THF. Its ESR in THF at 290 K shows a line with typical
hyperfine structure of (Arene),W ® and g = 1.9856, ay = 4.5G. The visible
spectroscopy of fulleride T in THF at 291 K reveals a (Cg) * absorption band at
L = 1079 nm. The EPR spectrum of crystalline [(PhMe),W *][(Cso) "] (I) at
290 K shows a single line with AH = 111.2 G and g = 1.9882 which is
intermediate between those characteristic for (Arene),W * and (Ce) * because of
strong exchange coupling between (PhMe),W * and (Cg) *. On cooling I in the
260-200 K range the g-factor significantly shifts and the ESR spectrum of
crystalline I at 120 K consists of a single line with AH = 13.7 G and g = 1.9849
which is characteristic for non-interacting paramagnetic (PhMe),W .
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Electronic and defect structures of fullerene Cg, molecular
complex
Lopatin D.V.*, Chirkin E.S., Dmitrievskii A.A., Zheltov M.A.,
Samodurov A.A., Stolyarov R.A.

Tambov State University, 392000, Tambov, Russia
*e-mail: lopatin@tsu.tmb.ru

It is well known, that optical and electrical properties of semiconductors
depend on the defective structure and the local levels in the band-gap, as a
consequence. However, the information about transport properties of given
fullerene based compounds i1s completely absent. The aim of the work was
revealing and detail research of electronic and defects structures of fullerene
C60 molecular complexes with copper (II) diethyldithiocarbamate
{Cu"(Etdtc),}» Ceo.

Thermostimulated currents (TSC) measurements revealed in material traps
located below the LUMO level on 0.43+ 0.02 eV. It allows supposing that
trapping centres are caused by one type of defects. Most probably they are
solution fragments donor's molecule disordered in the hollows of the crystal
lattice or defect of molecule fullerene.

To explain the peculiarities of the ==
absorption and photoconductivity in the
visible spectrum we calculated the excited
electronic  states of the complex |
{Cu"(Etdtc),},Coo  in  the  TD-
DFT/B3LYP method (6-3/11G'" basis -
set). The calculation for a perfect complex
allowed for a correlation of experimental
optical bands (2.62, 3.09 eV according to o

200 +

I, a.u.

50

[1]). Excited states of 2.12 eV calculation W o o 2"‘“5, 5 ™ aw 3w sk
is not shown and this band in the Figure. Photoconductivity spectra
photoconductivity spectrum of a real (solid line) and excited electronic states
crystal formed by trapping centres. (dotted line) of the complex.

To test the latter hypothesis, we
simulated several of the most probable types of structural defects in both the
donor and fullerene molecules. It is shown that the most probable defect of real
crystals 1s imperfect fullerene molecule.

The work was supported by RFBR (projects 10-02-00763, 09-02-97540
r_center_a, 09-02-97541 r_center_a) and the framework of the Russian Federal
Program “Scientific and Scientific-Pedagogical Personnel of the Innovative
Russia” for 2009-2013.

[I] D.V. Konarev, A.Y. Kovalevsky, S.S. Khasanov, G. Saito, D.V. Lopatin,
A.V. Umrikhin, A. Otsuka, R.N. Lyubovskaya, Eur. J. Inorg. Chem, 1881 (2006).
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Specific internal structure of star-shaped polystyrenes
with fullerene Cgy branching center

Lebedev V.T."!, Térok Gy.?, Ratnikova O.V.?,Vinogradova L.V.?
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Using the techniques of molecular correlation functions and various models
for the analysis of small-angle neutron scattering data concerning structure and
conformational characteristics of fullerene-containing regular star polystyrenes
(Debye and Benoit approximation and Fourier transform of scattering cross-
sections), a number of peculiarities of star structure in deuterated toluene
solution was revealed. It was found that the polymer core around fullerene Cg
molecule is formed in the center, and therefore this center is being impenetrable
for other macromolecules. Moreover, a stretched conformation of polymer arms
i1s more stable as compared with that of free polystyrene chains due to increase
in local rigidity of arms taking place under the action of fullerene center. It was
shown that the formation of polymer shell around fullerene branching center and
the peculiar conformation of arms result from the competition between two
opposite tendencies of PS arms’ behavior. One of chain ends covalently bound
to fullerene shields its surface from solvent, while the outer end tends to active
interaction with thermodynamically good solvent. The specific action of
fullerene center on arms’ conformation leading to decrease in their statistical
flexibility results in the increasing star dimensions by approximately 30% as
compared to stretching effect according to Daoud-Cotton model.

The work was supported by Russian Foundation for Basic Research
(project code 10-03-00191a) and Program for Basic Research of the Presidium
of RAS Ne 21
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Star-shaped homo- and hybrid fullerene Cg-containing
polymers and their supramolecular organization in
aromatic solvents

Lebedev V.T."!, Torok Gy.?, Vinogradova L.V.?
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Anionic polymerization techniques, functionalization and coupling
reactions were used in the synthesis of star-shaped fullerene Cg-containing
polystyrenes and heteroarm stars with non-polar (polystyrene) and polar (poly-
2-vinylpyridine, poly-(tert-butyl methacrylate) and poly-2-vinylpyridine-block-
poly-(tert-butyl methacrylate)) arms.

Small-angle neutron scattering was used in the study of fine structural
organization of fullerene-containing star-shaped polystyrenes and hybrid stars,
as well as the structure and parameters of supramolecular formations in
deuterotoluene. It was shown that polystyrene stars and hybrid polymers with
polystyrene and poly-2-vinylpyridine (P2VP) arms and Cgo branching center are
weakly associated in dimers, the stars based on polystyrene and poly-(fert-butyl
methacrylate) (PTBMA) form clusters containing ~12 macromolecules with
diameter of ~ 50 nm, and stars with polystyrene and P2VP-PTBMA diblock
copolymer arms form “chains” including 4 macromolecules.

The work was supported by Russian Foundation for Basic Research (grant
10-03-00191a) and Program for Basic Research of the Presidium of RAS Ne 21
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New trifluoromethyl derivatives of C;5 and Cg,

Lanskikh M.A .*', Chang K.-C.>, Belova YuM.', Tamm N.B.",
Kemnitz E., Troyanov S.I.'

'Moscow State University, Department of Chemistry, 119991, Moscow, Russia
*Humboldt University Berlin, Institute of Chemistry, 12489 Berlin, Germany
*e-mail: malanskikh(@gmail.com

The present study concerns higher fullerenes of more than 70 carbon
atoms. As is widely known, the number of possible isomers rapidly grows with
the number of carbon atoms, the isomers that obey the Isolated Pentagon Rule
(IPR) [1] being the most stable. Unambiguous structural determination of the
fullerene molecules requires an X-ray study of pristine isomers or their
derivatives. In this regard, the derivatized molecules frequently prove
advantageous as the attached moieties suppress rotational disorder thereby
enabling reliable determination of both cage connectivity and addition patterns.
Here we report synthesis, separation, and structural characterization by means of
single crystal X-ray diffraction of several new derivatives of C;¢ and Css.

A mixture of higher fullerenes was reacted with CFsl in a sealed ampoule
at 400°C. The C,(CF3), reaction products were dissolved in hexane and
subjected to HPLC separation. Single crystals grown from three isolated
fractions were studied by X-ray diffraction with the use of synchrotron radiation
(BESSY, Free University, Berlin, Germany).

Two of the compounds obtained were found to contain the D,-C;4 carbon
cage. These molecules, C74(CF;)6-11 and C;4(CF3)y4-111, appear to belong to one
of the two previously known families of trifluoromethylated derivatives of Cy
[2]. The third compound, Cg(CF3)y6, featured a certain disorder in the carbon
cage (namely, alternating positions of two of the C-C bonds) caused by
statistical distribution of enantiomeric molecules over the equivalent sites. The
analysis of the disorder made it possible to attribute the carbon cage as the most
stable 1somer 3 of Cg,. The reported isomer Cgy(CF3)16 shows much similarity
with the previously known Cg(CF3)15 [3], having 14 common CF; attachment
sites.

We provide a general discussion of structural relationship, DFT calculated
stability, and possible sequential addition pathways for the trifluoromethylated
C+ and Cg, known to date.

This work was supported by the Russian Foundation for Basic Research
(09-09-00433 and 09-03-91337) and the Deutsche Forschungsgemeinschaft
(Ke 489-26/2).

[1] P.W. Fowler, D.E. Manolopoulos, An Atlas of Fullerenes, Dover Publications, 2006,
392.

[2] N.B. Tamm, S.I. Troyanov, Mendeleev Commun. 20, 229 (2010).

[3] S.I Troyanov, N.B. Tamm, Cryst. Rep. 55, 432 (2010).
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Absorption characteristics of fullerene Cg in
N-methyl-2-pirrolidone/toluene mixture

Kyrey T.0.*"? Kyzyma O.A."”, Avdeev M.V.', Korobov M.V,
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Solutions of fullerene Cg in nitrogen-containing solvents and mixtures are
characterized by the evolution of their UV-Vis, IR and Raman spectra in time.
They also exhibit sharp solvatochromic effects under slight variations of
fullerene concentration or solvent mixture content. Two main processes, namely
the formation of Cg clusters and change in the solute-solvent interaction,
contribute to these phenomena [1,2]. To clarify the role of the second factor,
UV-Vis spectra of fullerene Cq in various mixtures of polar N-methyl-2-
pyrrolidone (NMP), € =32, and non-polar toluene, € = 2.4, are analyzed in this
work. Previously, temporal solvatochromism was studied for Cq/NMP [3].
Also, changes in UV-Vis spectra with an increase in the absorbance at
450-550 nm took place on addition of polar solvent (water, € = 81, miscible with
NMP) to the system [4, 5]. Here, the solvatochromic effect accompanied with a
hypsochromic shift of the absorption peak at 330 nm towards higher energy is
observed after dissolution of Cg/NMP system with toluene. The detailed
comparison of the absorption characteristics of Cgy in two kinds of mixtures
(NMP/toluene and NMP/water) prepared in different ways is presented.

[1] Avdeev M.V., Tropin T.V., Aksenov V.L., Rus. J. Phys. Chem. A. 84(8), 1273 (2010).

[2] Kyzyma O.A., Korobov M.V., Avdeev M.V., Garamus V.M., Snegir S.V., Petrenko
V.1, Aksenov V.L., Bulavin L.A., Chem. Phys. Lett. 493, 103 (2010).

[3] Kyzyma O.A., Korobov M.V., Avdeev M.V., Garamus V.M., Petrenko V.I,
Aksenov V.L., Bulavin L.A., Fullerenes, Nanotubes and Carbon Nanostructures 18,
P. 458 (2010).

[4] Scharff P., Risch K., Carta-Aberlmann L., Carbon 42(5), 1203 (2004).

[5] Kyzyma O.A., Bulavin L.A., Aksenov V.L., Avdeev M.V, Tropin T.V., Korobov M.V_,
Snegir S.V., Rosta L., Materials structure, V. 15 (1), P. 17, (2008)
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Interaction of oxygen with fullerenes: oxidation versus
singlet oxygen production
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Photophysical and bactericidal action of fullerenes and its derivatives are
believed to originate from the interaction with oxygen in two ways: through
electron transfer resulting to the formation of super oxides (and other reactive
oxygen species ROS), and secondly through energy transfer to triplet oxygen
forming singlet oxygen. The latter process is not understood: it is agreed that the
quenching of singlet oxygen occurs via “an unknown mechanism” [1]. While
fullerenes dissolved in organic solvent are very efficient singlet oxygen
generators, in solid state their bactericidal action decreases but not disappears
[2]. Motivated by this fact, we simulated the possible routes of interaction of
oxygen with fullerenes.

Singlet oxygen generation was examined on the basis of resonance energy
transfer from the first excited triplet state of isolated Cy molecule to triplet
oxygen. Based on the values of the lifetimes and energies for different processes
the probability of the excited state T; of Cgp to excite ground state molecular
oxygen to the singlet spin states was estimated.

Ab initio calculations were performed to model the interaction of oxygen
with fullerenes. It is shown that besides singlet oxygen generation, many other
competing processes may happen. Attachment of the whole O, molecule is
unfavourable. However, the energy of two CgO molecules is lower than two Cg
and O, molecule. It is energetically beneficial to produce atomic oxygen, and
under the action of visible light the attachment of oxygen to fullerene is likely to
occur. The stability of the electronic structure of the oxidized products Cs,O and
Ce0-O-Cgp 1n the singlet and triplet spin states were calculated on the basis of the
pre- atomization of oxygen by photoexcited Cg using DFT/B3LYP method.

Supported by FP7 Marie Curie IRSES “Nano-Guard”

[1] J. W. Arbogast, J. Phys. Chem. 95,1 (1991).
[2] Piotrovsky L.B., In Medicinal Chemistry and Pharmacological Potential of Fullerenes
and Carbon Nanotubes, F. Cataldo, T. Da Ros (eds.), Springer, 2008, p.139.
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ADb initio calculations of nonlinear polarizabilities of
fullerene-porphyrin complexes
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Nonlinear optical properties of MTPP and Cq-MTPP complexes (M=H,,
Zn, Cu; TPP — tetraphenylporphyrin) are studied. Accurate ab initio calculations
of electronic structure, optimized geometry, static linear and nonlinear
polarizabilities (including first and second order hyperpolarizabilities) of Cgy,
MTPP molecules and Cg-MTPP complexes have been carried out using
DFT/B3LYP method. It is shown that Cs and MTPP form a stable charge
transfer complex Cg-MTPP, resulting in a giant enhancement of the nonlinear
response. It 1s found that the enhancement of optical nonlinearity is not
necessarily connected with the formation of covalent bonds between the
components. The work is supported by Russian Foundation for Basic Research
(Grant Ne 09-02-01008).
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Endofullerenes of lanthanides Ln@Cg¢o: ab initio geometric
and electronic structure calculation
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?Belgorod State University, 308015 Belgorod, Russia
*e-mail: alexph(@mail ru

Endofullerenes are promising basic elements for quantum computer [1].
We have presented ab initio calculations of equilibrium geometric and electronic
structure of lanthanide containing endofullerenes Ln@Cs,. Stable position of
metal atom is located on the Cs-axis which connects the centres of the opposite
six-membered rings. We found two types of Ln@Cg, structures. For the
endofullerenes of the first type (La — Dy) the stable position of the lanthanide
atom is located at the distance 0.67 R from the centre of the fullerene (R=3.35 A
is the fullerene radius). The distance between lanthanide atom and the six nearet
carbons coincides with 10 % accuracy with the sum of atomic radii of Ln and C.
Similar interpretation of the off-centre position of lanthanide atom was recently
presented for ion [Ce@Ceo] [2].

Potential energy surfaces of the second type of endofullerenes (Ho — Lu)
have two minima. These minima correspond to the position of Ln in the centre
and at the distance 0.5 R from the centre of fullerene. It results from
qualitatively change of metal-cage interaction. Spinless lanthanide atom
interacts weakly with the carbon cage and can occupy the equilibrium position
in the centre of the fullerene. This is characteristic of the endofullerenes of the
inert gases. Thus, the redistribution of the spin density is connected with the
metall-cage interaction character change which results in the change of the
equilibrium geometric and electronic structure of the endofullerene.

For all fullerenes the spin leakage effect is observed: partial or full transfer
of the unpaired electrons to the carbon cage. Stability of lantanoid’s position
depends on the degree of spin leakage. Transfer of 50% spin density from metal
atom to cage results in stabilization of structure.

Analysis of the spin density makes possible estimating the relative stability
of lanthanides endofullerenes. In the low-spin state Ho@Cs, and Tb@Cgy can
have maximal reactivity. Other endofullerenes practically do not show radical
character. In the high-spin state the endofullerenes Pm@Csgo, Sm@Cso, Eu@Ce,
Gd@Cep, Tb@Csp, Ho@Cs show radical character, the most stable being
CG@C@, Pr@C60, Nd@C60, Tm@C60, Lu@C6o.

[1] W. Harneit, C. Meyer, A. Wedinger, D. Suter, and J. Twamley, Phys. Stat. Sol. B 233,
453 (2002).
[2] A.V.Krisilovand B. A. Zon, Opt. Spectr. 109, 833 (2010).
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Optical properties of double pyrene-anthrylvinylene-
fullerene-Cg or pyrene-OPV- fullerene Cg triads

Klimova E.*, Klimova T.*, Moggio L., Arias-Marin E.”, Martinez-Garcia M."*

"Facultad de Quimica, Universidad Nacional Auténoma de México, Cd. Universitaria,
Circuito Interior, Coyoacan, C.P. 04510, México D.F., México
Centro de Investigacion en Quimica Aplicada, Boulevard Enrique Reyna 140, C.P. 25253,
Saltillo, México
*Instituto de Quimica, Universidad Nacional Auténoma de México, Cd. Universitaria,
Circuito Exterior, Coyoacan, C.P. 04510, México D.F.
*e-mail: margar@servidor.unam.mx

In recent years, organic nanomaterials have inspired growing research efforts due
to the great diversity of available organic m-conjugated macromolecules, their good
thermal and chemical stability and electrical conductivity. Recently, the photovoltaic
properties have been reported for anthrylvinylenes and conjugated
oligophenylenevinylenes (OPV) blended with fullerene. In other works, pyrene,
styrene or its derivatives have also been widely used as a fluorescence probe molecule
due to the strong fluorescence and electron donor effect. On the contrary, fullerene Cq
is known to be a strong electron-acceptor group, usually used for solar cells based on
conjugated molecules. In the present work we report on the optical properties in
solution of pyrene-anthrylvinylene-Cg and pyrene-OPV-Fullerene triads. Pyrene-
containing anthracene and 4-styryl units were chosen as donor groups and fullerene
Ceo as acceptor.

The UV-Vis spectra show the pyrene electronic transition with an absorption
band extending from 400 to 800 nm due to the combination of the n—n electronic
transition of the antrylvinylene or OPV moiety and the Cg band, regardless the
extension of the anthrylvinylene or OPV fragment. However, the emission is almost
mirror-like with respect to the absorption bands of pyrene, suggesting that the HOMO
and LUMO are more localized on this substituent. All the obtained compounds were
characterized by 'H and PC NMR, FTIR, UV-Vis, fluorescence spectroscopy,
MALDI-TOF, Electrospray or FAB+ mass spectrometry, and elemental analysis.
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Interaction between hydroxyfullerene and water
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Experimental data showing the radical changes in the structure of water and
other polar liquids when introducing small amounts (about ten thousandth of per
cent by mass) of surface active nanoparticles have been recently published.
Hydroxyfullerene is a proper object for quantum chemical modeling of
interaction between activated carbon nanoparticle and water. At the same time
hydroxyfullerene 1s of great interest because of its possible applications in
medicine, for water disinfection and for polishing nanosurfaces.

The report contains the results of quantum-chemical modeling that allow
making the conclusions concerning on the degree of nanoparticle influence on
the structure of aqueous solutions. The calculations were carried out in the
framework of ab initio and semiempirical methods of quantum chemistry using
the software complex GAMESS [1,2]. At the first stage, the quantum-chemical
investigation of the interaction of a-naphthol and B-naphthol molecules with
water was carried out within various quantum-chemical models in order to
estimate the error value, which can be resulted from the application of simplified
methods with insufficient basis sets. Thus comparison of calculation results with
experimental data demonstrates ab initio Hartree-Fock method in the basis
6-31G basis set provides qualitatively correct conclusion on hydrogen bond
energies for systems considered.

The interaction energy between hydroxyfullerene and water depends on
amount and locations of OH -groups in carbon cluster. Thus for complex
CulOH ], -10H,0 with symmetry Cs ab initio calculations demonstrate that the
energy of interaction between nanoparticle Co[OH}v and water molecule nearly
twice as big as the interaction energy of water molecules in dimer. Introduction
of a metal atom inside the carbon cage leads to increasing of interaction energy
with a water molecule by 15%. The semiempirical research demonstrates that
hydroxyfullerene molecule forms a stable complex in water, being surrounded
with 6 layers of water molecules.

[1] Granovsky A.A. PC GAMESS version 7.1.5, http://classic.chem.msu.su/gran/gamess/index.html.

[2] Schmidt M.W.; Baldridge K.K.; Boatz J.A.; Elbert S.T.; Gordon M.S.; Jensen J.H.;
Koseki S.; Matsunaga N.; Nguyen K.A.; Su S.; Windus T.L.; Dupuis M.; Montgomery
J. A. J. Comput. Chem. 14, 1347 (1993).
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Electronic structure and stability of C;; fullerene
IPR-isomers

Khamatgalimov A.R., Kovalenko V.I.*
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Only one isomer 1 (D,) of two IPR-i1somers of fullerene C;¢ have been produced
and characterized as empty molecule. This isomer also exists as various endohedral
metallofullerenes and exohedral derivatives, whereas second isomer 2 (T,) have been
produced and characterized only as exohedral derivative C;4(CF3)12 [1]. To clarify
instability reason of isomer 2 (Ty) as empty molecule, the analysis of energy and
geometrical parameters of molecules of both C;s fullerene IPR-isomers has been
carried out on the basis of DFT calculations and earlier developed criteria [2].

a b
Figure. Schlegel diagrams of isomers 1 (D) (a) and 2 (Ty) of Cr¢ fullerene (b).

The distribution of single, double and delocalized pi-bonds in molecules of these
isomers are shown (see Fig.). The reason of instability of isomer 2 (Ty) is presence of
four phenalenyl-radical substructures whereas stable isomer 1 (D,) have the closed
electronic shell. The open-shell electronic structure of isomer 2 (Ty) is confirmed by
the results of quantum-chemical calculations of triplet state which energetically more
favorable than the singlet one. Note that addition of trifluoromethyls in C74(CF3)1, [1]
occurs namely on those four phenalenyl-radical substructures. Thus isomer 2 (Ty)
cannot be obtained as a hollow molecule.

Generally, an instability of fullerenes can be caused not only by the presence of
uncoupled electrons in a molecule (an open shell) but also by the strain of a molecule
caused by cage distortions [3]. Analysis of geometry structures of isomers 1 (D,) and 2
(T4) show that local strains in both molecules are small, so instability of isomer 2 (Ty)
is connected only with its radical nature.

[1] Shustova N.B., Kuvychko I.V., Bolskar R.D., Seppelt K., Strauss S.H., Popov A A,
Boltalina O.V., J. Am. Chem. Soc. 128, 15793 (2006).

[2] Kovalenko V.1, Semyashova M.V. Abstr.4"Workshop «Fullerenes and Atomic clusters»
(IWFAC99), St.Petersburg, 234 (1999).

[3] Kovalenko, V.I.; Khamatgalimov, A. R., Russ. Chem. Rev. 75, 981 (2006).
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Tonic complexes containing fullerene anions and negatively
charged phthalocyanine structures
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At present great attention is given to the synthesis and study of ionic complexes
of fullerenes with metalloporphyrines. This is due to interesting magnetic properties
[1] and a possibility to investigate different negatively charged o-bonded structures of
fullerene in such complexes [2]. Phthalocyanines represent another large class of
macrocycles. However, ionic fullerene complexes with phthalocyanines have not been
obtained so far. Here we present the first ionic complexes containing simultaneously
fullerenes anions and negatively charged coordination phthalocyanine structures:

{Mn"Pc(CH3CH,S - (IN)1x}(Coo™ )-(PMDAE"),-CeH4CLs (x = 0.87) (1)
{Zn"Pc(CH3CH,S )y (1)1} 2 (Coo )2 (PMDAE"),: (CsHyCly) (y = 0.5) (2)

o Both compounds have been obtained as single

LS A tals that allowed their crystal structure to be studied
ROa\ (j~( ) ctystals that allowed their crystal structure to be studied.
li-{ }_‘f!} L 1\1{_{:1?; In complex 1 fullerene radical anions form honeycomb-
Y Al AW 5 == like loose layers in which each fullerene has three
),_FJ Li\“?,i neighbors with centre-to-centre distances of 10.130-

d ““["):I—-(:L\ P 10.289 A. The absence of Van der Waals contacts
AL between fullerenes results in that Cg°  remains

. / ,}"{ e monomeric in this complex at 110(2) K. In complex 2
f;;?}-:i‘j A 7 {*:},J‘Q fullerenes form dimers (Cg ), bonded by one C-C bond.
H‘"\,_f | F;\{._q}—U Dimers are packed in corrugated honeycomb-like layers
\f_'i{l?f N7 with distances between fullerene centres equal to 9.898-

10.107 A. At the coordination of iodine or ethanethiolate
anions on the central metal atom, phthalocyanines of Mn(Il) and Zn(II) form unusual
negatively charged coordination structures M"Pc(anion”), which are packed in the
{M"Pc(anion")}, dimers with short interplanar distance of 3.142 A in 1 and 3.274 A in
2. Phthalocyanine dimers also form layers with the PMDAE" cations and these layers
alternate with the fullerene ones. The packing of spherical fullerenes with planar
phthalocyanines in a crystal is attained by the introduction of fullerenes between two
phenylene groups of phthalocyanine. The mn-n interaction between porphyrin
macrocycle and fullerene hexagonal or pentagonal rings characteristic of previously
studied ionic porphyrin-fullerene complexes is not realized in complexes 1 and 2.

[1] D.V. Konarev, S.S. Khasanov, G.R. Mukhamadieva, L.V. Zorina, A. Otsuka,
H. Yamochi, R.N. Lyubovskaya, Inorg. Chem. 49, 3881 (2010).

[2] D.V. Konarev, S.S. Khasanov, A. Otsuka, G. Saito, R.N. Lyubovskaya. J. Am. Chem.
Soc. 128, 9292 (2006).
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Nanocomposite layers on the basis of polymeric forms of Cg

Kazachenko V.*!, Razanau 1.2
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The main methods of Cgy polymer coatings synthesis such as irradiation of
the thermally deposited in vacuum fullerite layers by the electromagnetic
radiation in the ultraviolet-visible spectral range, modification by electrons with
different energies and current densities, plasma polymerization, explosive
fullerite vaporization and coating deposition by the convergent electron beam
with the energy of 20 keV and the power of about 1 kW, are reviewed and
discussed in the report. Special attention is paid to the method of electron-beam
dispersion, which is being developed by the authors of this report. In this
method, synthesis of nanocomposition layers on the basis of polymeric forms of
Ceo takes place from the active gas phase, produced by the irradiation of a
fullerite target by an electron beam with the energy of 1-1.5 keV and power of
30-75 W.

The stages of fullerite dispersion and layer growth are analyzed. It has been
shown that on the first stage, heating and radiation-thermal-induced
modification of the surface layer of the fullerite target takes place without target
dispersion and coating growth. On the second stage, at the temperature of about
540-560 K, a nonstationary period starts with an abrupt increase of the target
dispersion and coating deposition rates. Stationary period of the dispersion and
coating deposition takes place at the temperature of the target surface of about
850 K and the deposition rate of about 0.03 nm/s at 140 mm distance between
the target and the substrate. The influence of the fullerite target charging on the
stages of dispersion and coating deposition is also discussed. It has been shown
that the molecular flow produced by fullerite Cg, electron-beam dispersion
contains positive ions and the coatings are deposited onto the substrates under
the irradiation of the true secondary and back-scattered primary electrons, which
significantly influence the structure of the layers being formed. Examples of the
coatings synthesized using this method and having different content of dimers,
linear polymer chains, two-dimensional and three-dimensionally cross-linked
polymeric forms of Cg, as well as the nanocomposition coatings containing Cg
and polyaniline, Cq and polytetrafluoroethylene, polymers and detonation-
synthesized nanodiamonds are shown and discussed.
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Fibers of functional nanocomposites of
poly(3-hexythiophene) containing fullerene derivatives and
carbon nanotubes

Beneoux C.,' Itzhak C.,* Avrahami R.,> Zussman E.,> Frey J LS Katz E.AL*Y
Shames A.I.>°, Yerushalmi-Rozen R.>’
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’Dept. of Chemical Engineering, Ben-Gurion University of the Negev,
Beer-Sheva 84105, Israel
*Department of Mechanical Engineering, Technion, Haifa 32000, Israel
*Dept. of Chemistry and Institute for Nanotechnology and Advanced Materials. Bar Ilan
University, Ramat Gan 52900, Israel
*[lze Kats Institute for Nanoscale Science and Technology, Ben-Gurion University of the
Negev, Beer-Sheva 84105, Israel
SDept. of Physics, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel
*e-mail: keugene @bgu.ac.il

We  report on  electrospinning of  fibers composed  of
poly(3-hexylthiophene) P3HT fullerene derivative, phenyl-C61-butyric acid
methylester (PCBM), and Single Walled Carbon Nanotubes (SWNT). While of
great promise for photovoltaic applications, functional structures with a
controllable morphology provide a great challenge. Here we show that control
over the colloidal behavior of the SWNT and the PCBM via a tailor-made
block-copolymer enables the electrospinning of long, uniform fibers of the
polymer-nanostructures composites. The fibers exhibit improved crystallinity
and efficient quenching of the photoluminescence. Light-Induced Electron Spin
Resonance (LESR) spectroscopy provides a direct evidence of electron transfer
between PCBM and P3HT components in both two- (P3HT/PCBM) and three-

component (P3HT/PCBM/SWNT) fibers.
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The Euler theorem for molecular structure studies:
cases of fullerene-like nanoparticles of carbon and
inorganic compounds

Katz E.A.*'*
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It is well known that molecular structures for the entire family of carbon
molecules in the shape of convex polyhedra consisting only of hexagonal and
pentagonal faces (fullerenes) can be precisely described on the basis of the
Leonhard Euler's theorem on the relation between the numbers of faces, vertices
and edges in polyhedra. We will demonstrate how to apply the generalized Euler
relation for analysis of wide variety of fullerene-like structures of carbon (nano-
tori, schwarzites, quasi-spherical and polyhedral nano-onions, etc) and inorganic
compounds (MoS2, WS2, Cz20). The analysis is discussed in a historical
context and in comparison with the published experimental results.
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Thermal stability of the endohedral complex of
[60]fullerene with tetrahedrane, C;H,@Cqo

Maslov M.M., Katin K.P.*

National Research Nuclear University “MEPhI”, 115409, Moscow, Russia
*e-mail: KPKatin@yandex.ru

The structure and stability of the C4H,4 tetrahedrane molecule encapsulated
inside the Cg, cage was theoretically investigated via both molecular dynamics
(MD) and potential energy search (PES) methods. All calculations were
performed using the nonorthogonal tight-binding total energy model, originally
developed for hydrocarbon compounds [1].

The heat of formation of the C,Hs@Cs complex was found to be
758.0 kcal/mol. The C—C and C-H bond lengths in tetrahedrane are equal to
1.524 A and 1.068 A for isolated C4H; molecule, and 1.499 A and 1.043 A for
C,Hy@Cyy complex, respectively. The main decomposition channel of the
encapsulated tetrahedrane molecule is its isomerisation to cyclobutadiene, as for
isolated one. Energy and structure of the saddle configuration, which separates
tetrahedrane@Cg from cyclobutadiene@Cs, on the reaction path, was obtained
using PES technique. The minimum energy barrier preventing tetrahedrane
decay inside the fullerene cage was found to be 0.46 eV, which coincides with
the same barrier for isolated C4;H4 molecule. On the other hand, at the presence
of fullerene cage the energy barrier for the reverse reaction significantly
changes: it decreases from 3.06 eV to 2.05 eV.

To study the evolution of the excited C,H4@Cqy endohedral complex, we
used the MD approach with the same tight-binding potential [1]. At the initial
instant of time, all atoms were given random velocities and displacements, such
that the momentum and the angular momentum of the whole system were equal
to zero. The classical Newton equations of motion were solved numerically
using the standard velocity Verlet algorithm. Combining the results of both PES
and MD calculations, we derived an activation energy E_ and the frequency
factor 4 in the Arrhenius equation T’I(T ) = Aexp(—Ea [k, T ), describing
temperature dependence of the encapsulated into the [60]fullerene cage
tetrahedrane molecule lifetime 7 (4, is the Boltzmann’s constant). These values
are E, =(0.46+0.01) eV and 4=10"*""* g7

This work was supported by the Federal Target Program “The
Development of Nanoindustry Infrastructure in the Russian Federation” for
2008-2011 years (Grant No 16.647.11.2008).

[1] M.M. Maslov, A.L. Podlivaev and L.A. Openov. Phys. Lett. A 373, 1653 (2009).
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Efficacy of fullerene capsule with amphipathic
antioxidants vitamin

Ito S.", Fujimoto T.”, Tto M.”>, Yamana S.?

'Ito Reserach, 1800006, 1-6-7 Nakamati, Musasi, Tokyo, Japan
? Clinic F, 6-6-1-4F Koujimachi Chiyoda-ku, Tokyo 102-0083, Japan
*Vitamin C60 BioResearch Corporation, 1030028 1-3-19 Yaesu Chuo-ku, Tokyo, Japan
*e-mail: sito@provitamin.jp

Ascorbyl 2-Phosphate Tocopheryl (APT) was developed as amphipathic
antioxidants vitamin. APT is a water-soluble derivative of ascorbate and
tocopherol that is little soluble to oil but has a surface activity and can be used as
an emulsifier and nanocapsule clathrate. Fullerene was capsuled with this
amphipathic vitamin. This emulsification capsule was called an APTF- capsule.
As for the APTF-capsule, performance as an external preparation ingredient for
ultraviolet rays was evaluated.

When preparation that contained an ascorbic acid at a high concentration
was exposed to a radical environment, such as ultraviolet rays, radicals of
ascorbic acid were produced. However, when fullerene was added to the APT-
capsle, the generation of ascorbic acid radicals was reduced significantly. Our
experiment showed that fullerene controlled the generation of ascorbic acid
radicals by ultraviolet rays under the presence of amphipathic vitamin c.
APTS-capsule was also found to inhibit the decomposition of carotenoids, such
as P carotene and astaxanthine, under a hyperoxidation condition of lipids. We
also found that APTS-capsule inhibited the generation of superoxide radicals in
the skin by infrared laser irradiation at 1.440 nm significantly. Our experiments
suggested that APTS-capsule inhibits oxidization of both water-soluble and
lipid-soluble antioxidants, the property of which possibly acts synergistically
with amphipathic vitamins and fullerene such as APTF.

The APTF-capsule 300mm APTF - capsul
are likely promising
tools for developing anti-

Ascorbyl 2—Phosphate Tocopheryl (APT?

aging systems with an =* ¢ CHa CH'O‘Cr?éH o E:; N
effective redox balance, o OFTZKO 7 S
in which water-soluble HOHEEHOH .

and lipid-soluble redox ﬁ, \f“
molecules resonate with > Fulloren C60 &Y 3;‘:

each other, and for
applications in diverse industrial fields, including cosmetics and medical
supplies.
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Amino acid silyl esters as an efficient precursor in the
1,3-dipolar cycloaddition of azomethine ylides
to fullerene Cg
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The most routine method for fullerenes functionalization is the Prato
reaction, which leads to fulleropyrrolidines with a quite good yield (30-40%).
This method 1s based on the 1,3-dipolar cycloaddition of azomethine ylides,
generated in situ thermally from aldehydes or ketones and amino acids, to the
fullerene. Accordingly, a broad acceptance of the Prato reaction is explained by
accessibility of a wide range of various amino acids and carbonyl compounds.

The classic conditions of the Prato reaction involve reflux of
N-methylglycine (sarcosine) and paraformaldehyde in toluene during 2 h,
affording N-methylfulleropyrrolidine with 41% yield [1]. In the case of less
reactive amino acids and carbonyl compounds used, reaction may require a
prolonged reflux and gives a final product in a low yield [2].

Here we report utilization of amino acid silyl esters as an efficient
precursor for generation of azomethine ylides in the 1,3-dipolar cycloaddition to
fullerene Cg. Thus, reflux of N-methylglycine trimethylsilyl ester and
paraformaldehyde in toluene during 10 min leads to formation of
N-methylfulleropyrrolidine with 80% yield.

CHs O

0
! toluene
R + HN —ou=ne
_/<H \)j\OSiMeg, reflux

10-30 min

Starting from various amino acids silyl esters and carbonyl compounds, a
series of substituted fulleropyrrolidines were synthesized with comparatively
high yield (60—-80%).

[1] M. Maggini, G. Scorrano, M. Prato, J. Am. Chem. Soc., 115, 9798 (1993).
[2] B. M. lllescas, N. Martin, J. Org. Chem., 70, 6929 (2005).
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Concentrating of higher metallofullerene and empty
fullerene fraction with carbon cages of more than
100 carbon atoms
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The metallofullerenes and empty fullerenes form great families of homologues
with increasing number of carbon atoms in a molecule up to formation of carbon
nanotubes.

The most abundant in arc-produced carbon soot is metallofullerene M@Css.
Nevertheless main part of carbon-encapsulated metal atoms is located in high
molecular weight fullerenes. For some applications, such, for instance, as
MRI —contrasting, any metallofullerenes of Gd@C,, or their mixtures are suitable.

Here we report on the simple method of concentrating of higher homologues of
metallofullerenes Gd@C,,, based on the difference in solubility of metallofullerenes
and empty fullerenes in special organic solvents. The usual procedure for preparation
of M@Cs, 1s two stage extraction. The first stage is extraction from soot with o-xylene
(or CS,) of main part of empty fullerenes (Cg,C7y et al.) followed by second stage of
extraction of metallofullerenes with DMFA(dimethylformamide). DMFA-extract
contains main part of metallofullerenes but only M@Cs, can be easily redissolved in
o-xylene. Therefore combining o-xylene and water for extraction of DMFA one can
obtain solution of M(@Cs; in o-xylene and the solid residue of higher metallofullerenes
and empty fullerenes.

Intensity, a.u.

1500 2000 2500 3000
m/z , Daltons

Figure. LD-TOF mass-spectrum of higher fullerene concentrate.

“Black™ area is the Gd-metallofullerene region. It constitutes ~30% of residue.
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.Phase transitions in two-layer fullerenes with the
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The original research technique of the phase transitions in two-layer
fullerenes whose mass centers do not coincide has been developed. The hybrid
method effectively combining the tight-binding method with the modified
molecular dynamics method [1] and the symmetry analysis of the surface
topology of the Van der Walls interaction energy of two-layer fullerene shells
forms the theoretical basis of the technique.

Nanosystems of Cgo(@Csa0, Cso@Csa0, C150@Cs40 with the icosahedral outer
shell have been researched. The energy states of the ground state (E;) and the
excited states (E,, E;) of the internal fullerene have been calculated. The values
of energies E,, E,, E; and values of formation enthalpy of two-layer fullerenes
are represented in the table.

Table
Nanoclusters with the non-central effect C60@C540 Cgo@C54o Clgo@C54o
AH | kcal/ mol ; Cp + Cy— Cr@Cy -2.00 -71.78 -194.23
Ei, eV -1.972 -2.569 -7.932
E,, eV -1.691 -2.288 -7.908
E;, eV -1.643 -2.270 -7.907

In the equilibrium state (0 K) Cq is localized in one of the 20 potential

wells along the axis of fifth-order symmetry of the fullerene Cs4y. The Cgp
molecule began to jump between the potential wells with temperature increase.
Thus it i1s established that nanosystem does not collapse and the hopping
frequency of the internal fullerenes between the potential wells increases with

temperature rising.

Figure. Molecule Cqp inside fullerene Csao: the ground state.

[1] Glukhova O.E., Saliy ILN., Zhnichkov R.Y., Khvatov I.A., Kolesnikova A.S.,
Slepchenkov M.M., J. Phys.: Conf. Ser. 248, 012004 (2010).
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Reactivity of Cg fullerene towards peroxy radicals
generated in initiated oxidation of hydrocarbons

Galimov D.I., Gazeyeva D.R., Sabirov D. Sh., Bulgakov R.G.*

Institute of Petrochemistry and Catalysis of RAS, 450075, Ufa, Russia
*e-mail: profbulgakov@yandex.ru

At the moment the inconsistent data on ability of fullerenes to inhibit chain
chemical and biochemical processes of oxidation have been accumulated.
Earlier [1] chemiluminescent and volumetric methods have shown that Cg
fullerene does not react with RO,  radicals generated upon oxidation of some
hydrocarbons (ethyl benzene, dodecane, oleic acid). However, an attempt
including application of more precision volumetry has elucidated that inhibition
of the hydrocarbons liquid-phase oxidation by Cg, takes place.

Efficiency of the fullerene effect has estimated as a degree of decrease in
the initial rate of the cumene and ethyl benzene oxidation (Fig.) in the presence
of Cgo. The analysis of fullerene reactivity has performed in terms of effective
rate constant of inhibition fk;, (f — capacity of inhibition, &, — effective rate

constant of the oxidation chain
termination), calculated as

6,0x10°

IR F=W,|W.-W,|W,= fk,[In]/ J2kW,

- L
4,0x10 9

W, Monpa ¢

o] where [In] — concentration of
’ 1 inhibitor, W, and W, — initial rate of
the O, uptake in the absence and in

o P PR the presence of inhibitor Cg

respectively, F — the inhibition
Figure Initial rate of the cumene oxidation W (1) and the parameter, k¢ — the rate constant of
inhibition parameter F (2) vs. the Cgconcentration, R02 bimolecular decay, As a
T=343K, Wi=910" Lmol’s". result, fk(Cqp) for inhibition of the
cumene and ethyl benzene
oxidation have been found to equal to 1.3 10° and 2.0-10° L mol™' s™. For
comparison: fk of ionol, a typical synthetic antioxidant, measured in the same
conditions equals to 2.1-10* L mol ™' s™".
Apparently, the efficiencies of inhibition by fullerene and ionol differ by an
order that allows concluding the lability fullerene radicals, 1.e. the possibility of
these radicals to participate not only in the chain termination processes but also

in the chain initiation and propagation of radical oxidation process.

[Ce) MO
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Functionalization of fluorine-containing fullerene
derivatives
Brotsman V.A.* Ioutsi V.A., Bogdanov V.P., Rybalchenko A.V.,
Ovchinnikova N.S., Goryunkov A.A., Sidorov L.N.

Lomonosov Moscow State University, Chemistry Department, 119991, Moscow, Russia
*e-mail: brotsman_va@mail.ru

A recently synthesized novel class of the difluoromethylene
homofullerenes and a wide range of perfluoroalkylated fullerenes appreciably
extend a family of fluorine-containing fullerene derivatives. Due to their high
electron-deficient properties these compounds are considered as promising
building blocks for organic electronic devices, what may require their additional
derivatization. Only a few examples of functionalization of some individual
isomers of trifluoromethylated fullerene C;, by the Bingel-Hirsch [1] and the
Diels-Alder [2] reactions are known. Here we report a new synthetic approach
for regioselective derivatization of the novel fluorine-containing fullerene
derivatives based on nucleophylic substitution of alkyl halides to their anions.

The reported synthetic approach was applied to the representative
compounds from each classes — homofullerene Cg(CF,) and Ci-Cro(CF3)s. The
anions of these compounds were chemically generated by the deprotonation of
the respective dihydrogenated derivatives [3].

The hydrogenated derivatives, Cg(CF;)H, and C;o(CF3)sH,, were
synthesized and characterized by UV/Vis-, 'H and ""F NMR spectroscopy.
Quantum chemical calculations at the DFT level predict regioselective
functionalization of the Cy,(CF,)H and C,o(CF;)sH™ due to the localization of
negative charge on certain carbon atoms. The deprotonation of the Cg(CF,)H,
and C,((CF3)gH, solutions with consequent treatment by the alkyl halids leads to
the formation of the respective alkyl derivatives of the Cg(CF;) and C-
Cro(CF3)s.

Noteworthy, the reported approach can be applied to the dihydrogenated
compounds sequentially to obtain respective disubstituted derivatives.

[1] Ovchinnikova N.S., Ignateva D.V., Tamm N.B., Avdoshenko S.M., Goryunkov A.A.,
lIoffe I.N., Markov V.Y., Troyanov S.I., Sidorov L.N., Yurovskaya M.A., Kemnitz E.,
New J. Chem. 32, 89 (2008); Ovchinnikova N.S., Goryunkov A.A., Khavrel P.A., Belov
N.M., Apenova M.G., Toffe I.N., Yurovskaya M.A., Troyanov S.I., Sidorov L.N.,
Kemnitz E., Dalton Trans., 40, 959 (2011).

[2] Takano Y., Herranz M.A., Kareev L.E., Strauss S.H., Boltalina O.V., Akasaka T.,
Martin N., J. Org. Chem., 74, 6902 (2009).

[3] Meier M.S., Bergosh R.G., Gallagher M.E., Spielmann H.P., Wang Zh., J. Org. Chem.,
67, 5946 (2002).
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Adducts of [60]fullerene with basic amino acids
as delivery vectors

Bashkatova E., Shilovski 1., Bashkatova Yu., Khaitov M., Andreev S.*

NRC Institute of Immunology, 115478, Moscow, Russia
*e-mail: andsergej@yandex.ru

Cationic molecules such as adducts fullerene Cg, with basic amino acids
(FBAs) are capable of binding DNA or RNA molecules and condense to
globular compact structures, and hence have a great potential as a vectors for
gene delivery. In an earlier study, we reported the water-soluble fullerene-based
amino acids are good penetrable into various cells [1]. After passing through cell
membranes (by endocytosis) the vector is acylated and loses a charge, resulting
in releasing of a nucleic acid molecule into the cytoplasm. We have developed a
new variant of FBA synthesis where addition of amino acids to the [60]fullerene
may conduct in a homogeneous aprotonic medium previously modifying the
amino acid by a trimethylsilylating agent. The purification of FBA i1s easily
achieved by extraction and dialysist. The adducts Cyy(Arg), and Ceo(Lys), (as
epoxides) contain 4-5 molecules of amino acid per fullerene core and are
characterized by positive zeta potential (§ about +30 mV). The size of FBA
clusters determined by DLS analysis was varied from 20 to 200 nm depending
on the pH and concentrations as. Acute toxicity data showed that FBAs at
concentrations 2-250 pg/ml have no effect on viability of 293 cells. In due to the
lack of allergenicity such FBAs and low toxicity these studies allow us to
consider these AF as potential vectors for delivery of DNA, RNA and short
RNA in target cells. Due to the lack of immunogenicity and allergenicity such
compounds can be considered as potential vectors for nucleic acid delivery into
target cells.

[1] Andreev 1., Petrukhina A., Garmanova A., Andreev S., Romanova V., Troshin P.,
Troshina O., DuBuske L. Fullerenes, Nanotubes, and Carbon Nanostructures 16, 89

(2008).
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The functionalization of Cz-p7-C70(CF3)8 by the Bingel
reaction

Apenova M.G.*, Ovchinnikova N.S., Goryunkov A.A., Borkovskaya E.V.,
Belov N.M., Troyanov S.I., Sidorov L.N.

Lomonosov Moscow State University, Chemistry Department, Moscow, 119992 Russia
*e-mail: mg.apenova@mail.ru

An extensive development of synthetic methods for the
trifluoromethylation of Cg and C; resulted in a large number of different
individual structurally-characterized Cgo70(CF3),, with n=2—18. The methods of
their following derivatization are under active studying [1].

Here we report the functionalization of a trifluoromethylated fullerene
C»-1,4,11,19,31,41,51,60-C;o(CF3)s, via the Bingel reaction for the first time. In
Cy-p’-C+(CF5)s all CF5 groups arrange in the continuous ribbon of edge-sharing
para-Cg(CF3), hexagons in the equatorial region of the molecule, remaining free
both poles for further functionalization.

For the preparation of C,-p’-C7o(CF3)s the typical two-step method [2] was
used. The room temperature Bingel reaction of the HPLC-purified C,-p’-
C70(CF3)s yielded the mixture of single isomer of C;o(CF3)s[C(COEt);]
monoadduct and two isomers of C;o(CF3)s[C(CO,Et),], bisadduct.

The structures of isolated derivatives of Cz—p7—C7O(CF3)8 were determined
by means of 'H and "’F NMR spectroscopy and quantum chemical calculations
at the DFT level. The structure of one isomer of bisadduct,
Cr0(CF3)s[C(CO,Et), |»-1, was revealed by X-ray single crystal analysis.

[1] Ovchinnikova N.S., Goryunkov A.A., Khavrel P.A., Belov N.M., Apenova M.G.,
Ioffe I.N., Yurovskaya M.A., Troyanov S.I., Sidorov L.N., Kemnitz E. Dalton Trans.,
40, 959 (2011); Takano Y., Herranz M.A., Kareev LE., Strauss S.H., Boltalina O.V.,
Akasaka T., Martin N., J. Org. Chem. 74, 6902 (2009); Ovchinnikova N.S.,
Ignateva D.V., Tamm N.B., Avdoshenko S.M., Goryunkov A.A., loffe LN.,
Markov V.Y., Troyanov S.I., Sidorov L.N., Yurovskaya M.A., Kemnitz E., New J.
Chem. 32, 89 (2008).

[2] Mutig T., Kemnitz E., Troyanov S.1., Mendeleev Commun. 19, 30 (2009).
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Synthesis and characterization of the novel isomer
1,4,10,19,25,41,60,69-C-¢(CF5)s

Apenova M.G.*, Rybalchenko A.V., BorkovskayaE.V., Belov N.M.,
Dorozhkin E.I., Ignat'eva D.V., Goryunkov A.A., Toffe I.N.

Lomonosov Moscow State University, Chemistry Department, Moscow, 119992, Russia
*e-mail: mg.apenova@mail.ru

A large number of different individual structurally-characterized
Ceso/70(CF3),, compounds with n=2—18 is known. Under the typical conditions for
trifluoromethylation, both with CFsI [1] and silver trifluoroacetate [2], the major
product 1s Ce-symmetrical C;o(CF3)s. Additionally isolated and characterized
were two more isomers of C7o(CF;)s molecule with C,-symmetry [1,3]. Here we
report the synthesis and characterization of the novel asymmetrical
1,4,10,19,25,41,60,69-C,(CF;)g isomer.

For the preparation of C;- C;o(CF3)s the typical two-step method was used
[1]. The reaction of C5, and CF;I in a glass ampoule at 420 "C gave a mixture of
C70(CF3), compounds, n=10-18, as evidenced by MALDI mass spectra. Further
reaction of this mixture with C,, at 440 "C yielded lower trifluoromethylated
fullerenes (n=2-10) via comproportionation. Isolation of novel isomer of
C70(CF3)g was carried out by means of two-step HPLC separation.

On the basis of the "’F NMR data and the quantum chemical calculations at
the DFT level the addition pattern for the experimentally obtained new
C1-Co(CF3)s was suggested. 2D COSY ""F NMR data reveal that the new
isomer of Cq(CF3)s represents trifluoromethylated fullerene molecule with the
Ci-symmetry comprising a single continuous ribbon of edge-sharing para- and
meta-C¢(CF3), hexagons.

[1] Mutig T., Kemnitz E., Troyanov S.1., Mendeleev Commun, 19, 30 (2009).

[2] Dorozhkin E. I, Ignat'eva D. V., Tamm N. B., Goryunkov A. A., Khavrel P. A., Toffe I.
N., Popov A. A., Kuvychko 1. V., Streletskiy A. V., Markov V. Y., Spandal J., Strauss
S. H., Boltalina O. V., Chem. Eur. J. 12, 3876 (2006).

[3] Mutig T., loffe IN., Kemnitz E., Troyanov S.1., Mendeleev Commun. 18, 73 (2008).
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Direct synthesis of carbon nanostructures

Amsharov K.Yu.*', Jansen M.

"Max Planck Institute for Solid State Research, D-70569 Stuttgart, Germany
*e-mail: k.amsharov@fkf.-mpg.de

The main task of direct synthesis is the controlled generation of the desired
nanostructures by rational chemical methods. This approach is of practical
interest for the production of individual higher fullerenes and nanotubes with
specific chiralities. Our methodology i1s based on the synthesis of polycyclic
aromatic hydrocarbons which already contain all nessasary carbon atoms in
appropriate positions. The following intramolecular condensation leads to the
desired nanostructures, the carbon connectivity of which is fully predefined by
the precursor molecule. The higher fullerenes can be synthesized by
regioselective “rolling-up” of the precursor molecules either by flash vacuum
pyrolysis (FVP)[1,2] or by catalytical cyclodehydrogenation (CCDH) on a Pt
surface.[3] The CCDH approach seems to be an appropriate technique for direct
synthesis of carbon nanotubes since the nucleation step leading to the formation
of an end-cap with accidental geometry can be replaced by introducing a
predefined end-cap molecule. Subsequent growth will lead to the desired
SWCNT species as determined by the end-cap geometry. [7]

£

Endohedral fullerenes Hetero fullerenes

The direct synthesis approach is not limited to fullerenes and carbon
nanotubes but can be applied as well to the formation of other carbon based
nanostructures including, but not limited to endohedral and open cage fullerenes,
nanoribbons and hetero graphenes.

[1] K.Yu. Amsharov, M. Jansen, J. Org. Chem. 73, 2931. (2008).

[2] K.Yu. Amsharov, M. Jansen, Chem. Commun. 19, 2691. (2009).

[3] K.Yu. Amsharov, N. Abdurakhmanova, S. Stepanow, S. Rauschenbach, M. Jansen,
K. Kern, Angewandte Chemie 49, 9392. (2010).

[4] A. Mueller, K. Yu. Amsharov, M. Jansen, Tetrahedron Lett. 51, 3221, (2010).
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Fullerene for semi-conducting photo- and light diodes
(1.5-5.0 pm)

SherstnevV.V.!, Alekseyev N.I."*, Charikov N.A.?, Semenov K.N.%,
Keskinov V.A.% Krohina O.A.*
"Toffe Institute, 194021, St.Petersburg, Russia

’ILIP, Joint Venture, 197122, St.Petersburg, Russia,
*e-mail:  Aleks@mail.ioffe.ru

Semiconducting IR photo- and light diodes for the 1.6-5.0 pm range are
widely applied. They are especially required as a key component in gas
analyzers for monitoring industrial and natural gases (methane, S10,, NO, etc).

It is known that the passivation methods are developed within opto-
electronics. Passivaton helps prevent semiconductors from reactions with
atmosphere and eliminate interface levels from the bandgap. It is known that
that the passivation in alcohol sulphidic solutions improves the characteristics of
p—n mesadiodes and IR InAsPSb/InAs photo diodes. Though, the surfaces
treated this way are unstable. We sought the solution on the way of covering the
surfaces of the diodes with individual fullerene C,, and with an extract of higher
fullerenes Cr6t+ Crg+Csyt+Coot.... The fullerene material was obtained in “ILIP”,
Joint, SPb. The purity of the C;y fullerene was ~99%. On the contrary, in the
Cqs + Crg + Cgy + ... mix the higher fullerene content was ~ 98mas%, the light
fullerenes played the role of the admixture.

We grew three types of photo- and light diode structures for 2—5 pm
wavelength range based on the n-type InAs (100) substrates. Liquid- and gas-
phase epitaxy (MOVPE) were used. From the structures grown photodiode chips
were produced with using photolithography and liquid chemical etching. Then
the fullerenes, preliminarily solved in toluene, were evaporated within a drying
box to form a continuous dissolvated fullerene film on the solid chip surface.

The chips of 500500 um® obtained this way were soldered on TO-18 box.
All the devices had diode type characteristics with cutoff voltage of ~ 0.4 V at
RT and differential resistance of 1.0—1.2 Ohm. To determine the dark currents,
reverse branches of I-V characteristic were measured before the covering, just
after and the month since the procedure. When using the C;q fullerene as a
passivating agent, the dark current for two types of the photodiodes (PD-36 and
PD-46 for the 1.5-3.5um and 1.5-3.5um) reduced by 40 u 20% at standard
reverse biases. In similar way, for the LED28 light diode the leak current
reduced by 20%, the resistance doubled. The radiation intensity for the V-2928
light diodes at RT increased by 17-18%. Similar result was registered for ohmic
power within the whole working current range.

When using the heavy fullerene mix as a passivating agent, the results are
similar. The dark current reduction in the PD-36 and PD-46 were ~ 11% and
14%. Besides that, a sample temperature decrease was found (the Peltier
effect).
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Cheap method for synthesis of highly water soluble
fullerene derivatives — fullerenols-d

Semenov K.!, Alekseyev N.I.*, Charykov N.? , Keskinov V.2

ISt.-Petersburg State University, Russia; ° Ioffe Institute, 194021, St.Petersburg, Russia
JILIP, Joint Venture, 197122, St.Petersburg, Russia
*e-mail: Aleks@mail.ioffe.ru

The applications of the fullerenes are often retained by their almost total
incompatibility with water solutions. So, an interest in the production of water-
soluble derivatives of the fullerene is steadily high.

A polyhydroxylated water soluble fullerenol Cg(OH), has a simple
structure, small toxicity and high ability to capturing radicals. However the cost
of pure fullerenol is too high for its industrial applications. Therefore a
technology of the fullerenols allowing different functional groups, not
necessarily hydroxyl ones, is important. We choose a direct synthesis of the
fullerenols as the most simple and steady. The saturated Cg solution in benzene
(600 mg of Cs/800 ml of benzene) was added with a solution of NaOH (20g/20
ml) and with tetrabutyl-ammonium hydroxide solution [(n-C4Hy);N]JOH in
intensive mixing mode.

Then benzene was driven away and the reactionary mix was added with
water. In an optimized course of subsequent procedures, principal of which was
the fullerene salting out from the water solution by means of methanol, small-
dispersed red-brown crystals of the fullerenol-d synthesized were deposited. The
quantity of the product was ~70% from the theoretically predicted yield.

The electron spectrum of the water solution of the fullerenol-d does not have
notable absorption bands in the both visible and near UV regions. In particular,
the absorption peaks at ~ 472nm (fullerene C;p), = 335nm (both Cy, and Cy),
320-330 nm (for the bromine fullerenes CgBr, (n = 6,8,24), typical of the light
fullerenes and their derivatives, are absent. Though, UV-spectra of the fullerenols
are able to be used for finding their concentration, following the Lambert-Ber law
at non-characteristic wavelengths, e.g. at A ~300+350 nm. More informative are
the IR absorption spectra, registered at SHIMADZU FTIR-8400S deV1ce for solid
state samples. Notable are the absorptlon region for v1 ~ 3420 cm™ (hydro- xyl
OH absorption), vy1)’=1590 cm™ Uand Vo) =1450 cm™ (duplet) v13’=1040 cm™
So, IR- spectra of the fullerenol-d are also useful for its identification.

High performance liquid chromatography (HPLC) of fullerenol-d in water
as well as the mass-spectrometry characterize the content of the fullerenol-d
composition as a mix of polyalcohols Cg(OH),, oxy - polyalcohols
Ceo(OH)1Oy2 and their salts. Owing to the features of our synthesis the
formation of sodium salts with a common formula of Cg(OH),;0,,(ONa),; is
also possible.

Two examples of promising fullerenol-d application are presented in the
materials of the Workshop.
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Increase in stability of paints modified with fullerenol-d

Semenov K., Alekseyev N.L**, Charykov N.?, Letenko D.?, Nikitin V.A.>,
Namazbaev V.1.°, Keskinov V.?, Puharenko Y.V.’

'St.-Petersburg State University, Russia
*Ioffe Institute, 194021, St.Petersburg, Russia
ILIP, Ltd, 197122, St.Petersbug, Russia
*North-WeSt. State Technical University, 191186, St.Petersburg, Russia
’Saint-Petersburg State University of Architecture and Civil Engineering,
191186, St.Petersburg, Russia

*e-mail: Aleks@mail.ioffe.ru

In [1] we described a comparatively cheap method for the production of
water-soluble fullerene derivatives — fullerenols-d (“direct”) — FL-d. In the
concept of the FLL we included not only the derivatives C,(OH)x (n = 60, 70, etc.)
but also a mix containing C,(OH)xOy, [C.,(OH)xOv](ONa)z, 1.e. not hydroxyl
groups and groups of salt type.

The presence of a good number of functional groups, high water solubility
and low production cost justify the research for FL-d in such mass applications
as water-soluble paints and modifiers of metallic surfaces exposed to corrosion.
The FL-d solubility research in water has shown that this solubility 1s high
enough for the introduction of the FL-d in many water-soluble grounds-enamels
without any artificial heating. Besides that, already at 50°C the solubility of FL-d
exceeds that of such highly soluble salt as halite.

We have chosen a red-brown water-based anticorrosive acrylate ground-
enamel VAK VD-AK-012PK (VAPA, Ltd., St.-Petersburg, Russia) for ferrous
metals as a paint.

When adding as small quantities of FL-d as 2.5-10™ M (Mol of FL-d/l) the
stability of the covering increased significantly to reach 7 rel. % for the removal
of the first 5 microns and 25 rel.% for total removal of the paint. With the
further increase in the fullerenol-d content the stability increased
catastrophically: 8.3 times for the initial resistance and 2.9 times for the total
removal resistance. In other words, the fullerenol-d (added to the paint in
sufficient quantity) sharply increases the abrasion resistance of the covering, the
greatest increase being observed for the external (i.e., the itially attacked)
surface. This fact is even more important for practice than an integral abrasion
resistance.

The same proportions of the FL-d reduce the adhesion instability
determined by standard test run methods, by 29% and down to zero level,
respectively.

[1] http:/'www.ioffe.rut/ACN/2011/ K. Semenov, N.I. Alekseyev, N. Charykov, V. Keskinov.
Cheap Method for Synthesis of Highly Water Soluble Fullerene Derivatives-
Fullerenols-d.
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Anti-corrosion properties of metallic surfaces modified
with fullerenol-d
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In [1] we described a comparatively cheap method for the production of
water-soluble fullerene derivatives — fullerenols-d (“direct”) — FL-d. Because of a
specificity of our method, which does not provide total removal of sodium from the
system in practically adoptable situations, we widened the concept of FL-d. We
included in FL-d not the derivatives C,(OH)x (n = 60, 70, etc.) only but also a mix
containing C,(OH)xOy, [C,(OH)xOy](ONa), 1.e. not hydroxyl groups and groups
of salt type. The presence of the functional groups, high water solubility and low
production cost justify the research for FL-d in such mass applications as water-
soluble paints and modifiers of metallic surfaces exposed to corrosion.

The research for anticorrosive properties of FL-d was started with the
question whether small quantities of FL in an active environment catalyze
corrosion or inhibit it. We used a water solution of H,SO, with a normal
concentration of N(H,SO4)=0.25 g-equivalent/l as a reference solution. In this
environment the FL-d showed itself as not an inhibitor but as a rather weak
catalyst of corrosion. Even its as negligible quantities in this environment as
5.01-10° M(mol/l) accelerate the corrosion processes on the both steel
(~5 rel.%) and aluminum surfaces, at least within the first 1-2 hours.

On the contrary, for the metals, preliminarily treated with the FL-d, the
result was positive. We treated the samples through their soaking in 0.0044 M
water solution of FL for 3 days at RT. The measurements show the corrosion
rate reduces by the factor of ~9, 1.e. the FL-d suppresses the corro-sion. What is
more, the suppression is revealed most of all in the first moment of the contact
with an electrolyte. The technical aluminum showed similar results.

The corrosion reduction in water solution, stimulated by FL, is natural to
correlate with higher msulating characteristics on proper metallic borders. In the
case of steel the surface resistance increases ~10 orders of magnitude. This fact
is connected with the formation of FL semiconducting film. A similar result is
registered for aluminum.

[1] http://www.ioffe.ru/ACN/2011/K.Semenov, N.I.Alekseyev,N.Charykov, V. Keskinov.
Cheap Method for Synthesis of Highly Water Soluble Fullerene Derivatives —
Fullerenols-d.

241


mailto:Aleks@mail.ioffe.ru
http://www.ioffe.ru/ACN/2011/K.Semenov

P5.03 Fullerenes

Behavior of the solvate molecules in solid solvate of Cg
and C,, fullerenes under heating

Aksenova V.V.* Nikonova R.M., Lad'yanov V.I.

Physical-Technical Institute, Ural Branch, Russian Academy of Sciences,
Izhevsk 426000, Russia
*e-mail: las@pti.udm.ru

One of the priority directions in physics and chemistry of the fullerenes is
studying their interaction with solvents. To date values solubility of the
fullerenes in different classes of organic solvents as well a structural laws that
explain their high solubility in aromatic hydrocarbons were determined. There
are many works devoted to mixed crystals or van der Waals crystals - the
fullerenes molecular complexes with nonpolar molecules.

In studying thermal stability of the fullerites including the making of the
composites modified with fullerenes Cg and C;o and also their mixes, it is
necessary to take into account effect of residual solvent during the oxidation. In
this study the deformation of the molecules of the solvent (CsH¢CH; and CCly)
in the crystal solvates of the fullerenes Cg and Cy, that form from the solutions
have been studied by methods of FT-IR-spectroscopy, the differential scanning
calorimetry and X-ray diffraction. Herewith the thermal stability of crystalline
solvate depends on the strain of molecules of solvent that was detected due to
the shift of the vibrational absorption bands.

It was shown that under the low-temperature annealing (up to 500°C)
crystal solvates are destroyed, which leads to the removal of deformation of the
solvent molecules and “loosening” a crystal lattice of the fullerenes when the
solvent was evacuated from the fullerites. As the result — the presence of the
solvent in fullerites facilitates both the diffusion of the oxygen during heating in
the air and the oxidation of the fullerite.

The work was supported by the program of the Presidium of the Ural
Branch of the Russian Academy of Sciences (the project 09-T-1008).
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The first example of the interaction between [60]fullerene
and hydrazoic acid

Akhmetov A.R.*, Tuktarov A.R., Yarullin I.R., Dzhemilev U.M.

Institute of Petrochemistry and Catalysis of RAS, 450075 Ufa, Russia
*e-mail. ink(@anrb.ru

In the report, the effective one-pot synthesis of N-unsubstituted
aziridino[2',3":1,9]fullerene 1 and triazolino[4',5":1,9]fullerene 2 via
cycloaddition of hydrazoic acid to [60]fullerene is discussed. Our proposed
method provides the formation of aziridinofullerene with high yield and
selectivity and also a previously unknown triazolinofullerene.

The interaction (60°C, 3 h, vacuum-sealed ampoule) between hydrazoic
acid, generated in situ by the reaction of NaN; with H,SO,, and [60]fullerene
was shown to afford aziridinofullerene 1 in 50% yield. It was found that a
decrease in the reaction temperature to 40°C favors the synthesis of only
N-unsubstituted triazolinofullerene 2 in 15% yield, which 1s unstable and
decomposes at room temperature to produce aziridinofullerene 1. In these
experiments, 5,6- and 6,6-open or 5,6-closed isomers of compound 1 were not
detected in the reaction mixture.

In the photochemical reaction (hv 300 nm, 500 W, 25 min, toluene)
between Cg and HNj at room temperature aziridinofullerene 1 is exclusively
formed in the yield of ~15%.

Aziridinofullerene 1 readily enter into the acylation and benzoilation
reactions to give the corresponding derivatives 3 and 4, respectively.

HN,,hv 300 nm
‘ 25°C, 25 min
toluene
gl -

ﬁ ) H HN,40°C,3h é@‘ HN,, 60 °C, 3 h
G’O‘w chlorobenzene Q’O.t chlorobenzene
\¥ 34

2 1 3: R=Me; 4: R=Ph

1 'N,, 60 °C, 30 min T

chlorobenzene

This work was supported financially by the FTP “Scientific and
pedagogical staff of innovative Russian (Grant No. PI1218 and
No. 14.740.11.0014).
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Optically active diastereomeric
N-methyl-2(-)myrtenylpyrrolidinofullerenes and their
methiodides: synthesis and CD spectra

Abramova N.V.*, Babievski K.K., Peregudova S.M., Manuylov S.A., Sokolov V.I.*

Institute of Organoelement Compounds, Russian Academy of Sciences, Moscow, Russia
*e-mail: sokol@ineos.ac.ru

In the continuation of our study'” of the synthesis and chiroptical properties
of  the fullerene derivatives, we turned to N-methyl-2
(-)myrtenyl[60]fullereno[c]pyrrolidine prepared by the Prato reaction starting
with the natural enantiomerically pure aldehyde (-)myrtenal of the terpenoid
family. In the course of reaction, a new chiral centre C-2 appears and,
correspondingly, two diastereomers are formed. They were separated using the
repeated column chromatography on SiO, and obtained as pure individual
compounds 1, R#=0.68, and 2, R=0.47, in the ratio 1:2 = 2:9. The treatment with
CH;I afforded the methiodides 3 and 4 respectively (Fig. 1). For all compounds
cyclic voltammograms were obtained. The circular dichroism spectra were
registered and Cotton effects were analyzed in terms of the sector rules’. More
analogous derivatives of Cy (owing to its lower symmetry), namely, isomeric
N-methyl-2(-)myrtenyl[70]fullereno[c]pyrrolidines have been synthesized,
isolated and similar electrochemical and chiroptical investigations have been
performed.

The work has been supported by Russian Foundation for Basic Research
(08-03-00169 and 11-03-252) and Program OX-1.

[1] Sokolov, V.I. Russ. J. Org. Chem. (Engl. Transl.) 35, 1230 (1999).

[2] Sokolov V.., Bashilov V.V., Dolgushin F.M., Abramova N.V., Babievsky KK,
Ginzburg A.G., Petrovskii P.V. Tetrahedron Lett. 50, 5347 (2009).

[3] WilsonS.R., LuQ., CaoJ., Wu'Y., Welch C.J., Schuster D.1. Tetrahedron 52, 5131.
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AFM-Raman and tip enhanced Raman studies of carbon
nanostructures

Dorozhkin P., Shelaev A., Shchokin A., Kuznetsov E., Bykov V.
NT-MDT Co., Build. 100, Zelenograd Moscow, 124482 Russia, dorozhkin@ntmdt.com

We demonstrate capabilities of Atomic Force Microscopy integrated with Confocal
Raman/Fluorescence/Rayleigh microscopy when applied to carbon nanomaterials. Results on
various carbon nanostructures are demonstrated: graphene, carbon nanotubes, detonation
nanodiamonds etc.

Graphene on gold is investigated by different AFM and spectroscopy techniques
providing comprehensive information about the sample. We study in details how the thickness
(number of monolayers) in graphene affects its physical properties: surface potential (work
function), local friction, elastic modulus, capacitance, conductivity, charge distribution,
Raman and Rayleigh light scattering etc. Results for graphene flakes are qualitatively
compared to those for carbon nanotubes of different diameters. We show how electrostatic
charging of graphene flakes can be effectively measured and modified by AFM cantilever.
Studies are performed both in ambient air conditions and in controlled atmosphere and
humidity.

We present results of Tip Enhanced Raman Spectroscopy (TERS) or “nano-Raman”
mapping realized using integrated AFM-Raman system. Measurements are realized in two
different excitation configurations: Inverted (for transparent samples) and Upright (reflected
light configuration, for opaque samples, with side illumination option). In both geometries we
demonstrate near field Raman enhancement effect due to resonant interaction of light with
localized surface plasmon at the apex of a metal AFM probe. Carbon nanotubes and graphene
are studied by TERS technique. Actual plasmonic and near field nature of the Raman
enhancement is proven by a number of ways: dependence of the enhancement on the
excitation wavelength and polarization, enhancement versus tip-sample distance curves,
observation of selective enhancement of Raman signal from thin surface layers of the sample
etc. Finally, the ultimate performance of TERS is demonstrated by measuring Raman 2D
maps with subwavelength lateral resolution (down to 14 nm) — determined not by the
wavelength of light, but by the localization area of the surface plasmon electromagnetic field.

a), b) AFM — Raman configuration: schematics (a) and white light image (b); Raman laser is tightly (400 nm
spot diameter) focused onto the very end of a “nose”- shaped AFM cantilever using 100x objective; Graphene
layer is positioned below the cantilever and under the laser spot; while scanning the sample, AFM and Raman
data is obtained simultaneously; c) — g). Various AFM images characterizing different physical properties of the
sample - Topography (c), Electrostatic Force (d), Force Modulation (elastic properties) (e), Kelvin Probe (f),
Lateral Force (g); h) —j). Confocal optical images — Rayleigh light (h), Raman 2D band mass center (i), Raman
G band intensity (j).
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EPR study of depolymerization processes of Cg
polymerized phases

Zhilinskaya E.A.*', Rakhmanina A.V.?, Davydov V. A%, Agafonov V.}

"Université du Littoral Céte d’Opale UCEIV-EA 4492, MREI 1, 59140, Dunkerque, France
*Institute for High Pressure Physics of the RAS, 142190 Troitsk, Russia
'LEMA, UMR CNRS-CEA 6157- LRC CEA M01, Université de F.Rabelais,
37200 Tours, France
*e-mail: jilinska@univ-littoral.fr

The monomer, tetragonal (T) and rhombohedral (R) polymerized phases of
Ceo have been studied by the EPR method under increase of temperature from
295K up to 650K, that is, from temperatures below to above the limits of
thermal stability of the polymerized phases. Previous EPR study of the T and R
phases in the temperature range of 77-295K [1] allowed identifying two
(doublet and triplet) types of paramagnetic centers (PC) in these materials. The
behavior of these paramagnetic centers during thermal depolymerization of
high-pressure polymerized Cq, phases have been analyzed and compared with
the behavior of PC of the monomer Cg phase at the same conditions.
Comparative analysis of PC in the initial and treated samples after high
temperature treatment has been made within 77-295 K temperature range.

EPR measurements have been realized in air and in a vacuum. Several
stages of destruction of the polymerized phases can be separated according to
EPR data for T and R polymeric phases under both conditions. These stages are
qualitatively similar for two polymeric phases under the same conditions, but
their quantitative parameters are different. The presence of the air significantly
changes the behaviour of PC at T > 530K. Complete destruction of the triplet PC
in the T and R phases is observed at T = 500K.

EPR study of the monomer Cg, phase shows the appearance of a new triplet
PC in the temperature range 580—650K. This triplet PC is rather different from
the triplet PC observed in T and R polymeric phases.

This work was supported by the CNRS, the Region Nord-Pas de Calais, the
European Community, and the Russian Foundation for Basic Research
(Grant N 09-03-00750)

[1] E.A. Zhilinskaya, A.V. Rakhmanina, V.A. Davydov, V. Agafonov, Phys Status Solidi A
207(10), 2364 (2010).
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Conductivity of carbon materials at pressures 20-50 GPa

Tikhomirova G.V.*, Volkova Ya.Yu., Babushkin A.N.

Ural State University, 620000, Ekaterinburg, Russia
*e-mail: Galina. Tikhomirova@usu.ru

Conductivity of fullerite Cg, single-wall carbon nanotubes (SWNT) and
graphite have been studied at pressures 20-50 GPa and temperatures 77-400K.
The kinetics of resistivity of Cg at changing pressure was also studied.
Transport phenomena were used as a tool for revelation and interpretation of
phase transitions arisen under high pressure.

Resistivity peculiarities were identified with the known phase transitions of
fullerite. Successive phase transitions of fullerite Cqy appeared in the course of
HPHT treatment were accompanied by changes in resistance, which can be of
quite different magnitude (from hundreds Ohm to hundreds MOhm) and of
different temperature dependence. Critical pressures for the transitions depended
on conditions and duration of preliminary HPHT treatment. This fact, as well as
smeared character of the transitions is connected with long relaxation time,
which was found to be about 140 min.

Three types of SWNT samples were investigated: samples produced by the
graphite thermal dispersion method (SWNT percentage is 70%), the chemical
vapor deposition method (SWNT percentage is 80%) and HiPco method
(SWNT percentage is 90%).

Electric properties of the samples under high pressure were dependent on
SWNT percentage. The electric characteristics of SWNT samples remained of
the same character with the increasing of SWNT percentage, but the additional
features appeared. The irreversible changes of the electric properties of the
SWNT samples observed in the pressure range 27-45 GPa can be connected
with both the structure modification and partial destruction of the sample.

In the pressure range from ~ 16 to ~ 30 GPa, the sharp change in the termo
EMF value of graphite was observed. Impedance measurements of graphite
were carried out at room temperature in the frequency range of 1-200 kHz. The
impedance features found for all samples at pressures of ~ 18 to ~ 32GPa
confirm also the existence of the phase transition in this pressure range, which is
confirmed by previous data obtained at d.c. conditions. The transition is
irreversible.

This work was supported in part by RFBR grants 09-02-01316 and
10-02-96036.
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Probing the nano world — an overview of Raman
spectroscopy and its key role in ACN research

Stacey D.*!, Ponkratov K.%, Batten T.!

'Renishaw ple, GL12 7DW, Wotton-under-Edge, UK
’000 Renishaw, 115477, Moscow, Russia
*e-mail: Duncan.stacey@renishaw.com

Carbon Nanomaterials are attracting intense scientific interest because of
their extraordinary electronic, thermal and mechanical properties. Raman
Spectroscopy has been found to be extremely useful in many areas of research
of these materials, both because of its specificity, its no-destructive nature,
limited sample preparation requirements and ease of use. Raman can easily
distinguish between Carbon and other materials and the many different
allotropes of Carbon from Diamond like carbon (DLC) to Fullerenes to Carbon
Nanotubes, Graphite and Graphene. We will present and overview of Raman
spectroscopy and its wide range of applications in the field of ACNs.

It has been widely shown that the electrical behaviour of SWNTs is
influenced by their diameter and chirality. While Raman 1s an optical technique
and therefore limited to diffraction limited resolution it is a very useful tool in
CNT studies and can be used to determine many of the properties of CNTs
including their diameter, chirality, electronic properties and strain in both bulk
material and isolated nanotubes. Due to its non-destructive nature Raman can be
used to probe morphological differences and changes.

Isolated nanotubes exhibit Raman resonance effect that can be used to
determine the diameter of the tubes. By measuring the Raman frequency of the
Radial Breathing Modes (RBMs) the diameter can be determined [1].
Measurement of the position of other peaks in the spectra, such as D, G and G’
bands provides information about the internal disorder, electrical properties and
electronic structural information respectively.

An exciting recent development has been the combination of Raman and
AFM. This is now opening up new areas of research and providing additional
tools to probe the Nano World.

[17 Raman spectroscopy of carbon nanotubes M.S. Dresselhaus, G. Dresselhaus, R. Saito,
A. Jorio 10.1016/j.physrep.2004.10.0006
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XPS characterization onion-like carbon from
nanodiamonds and carbon structure from onion-like
carbon after high pressure high temperature treatment

Skryleva E.A.*, Shulga N.Yu.

National University of Science and Technology « MISIS»,
Leninsky prosp., 4, Moscow, 119049, Russia
*e-mail: 17sea@rambler.ru

It is known, that heating nanodiamonds in a vacuum at temperatures of
1000-2000°C is an effective way to obtain onion-like carbon powder - laminated
curved graphite-like shells. The transformations that occur with this form of
carbon in the processing of high pressures high temperatures, HPHT, are poorly
understood and are of interest

Synthesis onion-like carbon from nanodiamonds is accompanied by a
transformation of sp’ type of hybridization to sp> bonds with the formation of
graphene layers from the surface into the volume the particle sequentially.
HPHT type treatment should lead to closer of shells and the formation of sp’
bonds between them.

XPS allows to estimate the sp*/sp’ ratio in carbon materials with mixing sp’
and sp’ bonds. The hybridization of carbon atoms was estimated from the
photoelectron spectra of the Cls core level and its satellite resulting from losses
for excitation of plasma oscillations of valence electrons, the ¢ + 7 plasmon.

The samples of carbon produced from nanodiamonds at temperatures
1000-1600°C were analysed by this method and it was shown that complete
conversion into onion-like carbon 1s achieved at temperature above 1400°C. The
samples of carbon produced at temperature 1600°C were processed at pressures
7.7 and 15 GPa at temperatures 500, 1350 and 1400°C. Interlayer sp’ carbon
bonds were detected by XPS at temperature above 500°C.
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NEXAFS studies of the composite materials MWCNTs-
pyrolitic metals by synchrotron radiation

Sivkov V.N.*!, Petrova O.V.", Nekipelov S.V.!, Obiedkov A.M?, Kaverin B.S?,
Kirillov A.I>, Domrachev G.A.”, Egorov V. A%, Vyalikh D.V.>, Molodtsov S.L.}

'Komi Science Center Ural Division RAS, 167982, Syktyvkar, Russia
’G.A.Razuvaev Institut of Organometallic Chemistry RAS, 603950, Nizny Novgorod, Russia
*Technische Universitat Dresden, D-01062, Dresden, Germany
*e-mail: svn@dm.komisc.ru

Multi-walled carbon nanotubes (MWCNT’s) are novel carbonaceous
materials which show very promising properties for nanotechnology
applications. One fascinating aspect of these systems is related to the changes
that occur in their electronic properties when have coated metals. It is very
important to investigate the elementary excitations of MWOCNT’s using
techniques that are sensitive to changes in both electronic properties, as well as
to the presence of metal, and to the kind of interaction between the metal atoms
and the nanotubes. The NEXAFS (near edge x-ray absorption fine structure)
spectroscopy are the available tool for the investigation of the MWCNT’s based
composites, because the NEXAFS-spectroscopy methods, are characterized
atomic selectivity, dipole selection rules, fast response atomic composition and
spatial conformation [1].

The modification of the MWCNT’s surface with metal coatings was
produced by MOCVD (metalorganic chemical vapor deposition) method.
Various data on the structures and properties of samples were obtained by XRD,
TGA, SEM, TEM and HRTEM methods.

The NEXAFS C 1s-, Cr2p- and Fe2p- absorption edges of the MWCNT’s
based composites were studied by total electron yield (TEY) mode with using
synchrotron radiation of Russian-German beamline at BESSY-II [2]. The atomic
and chemical composition, structure of the coatings and interfaces MWCNT —
WC, pyrolitic Cr, Fe and Mo composites dates were obtained.

This work was supported by grants RFBR 10-02-00445-a, 09-02-00726-a,
State Contract NeIl-337, Program of Presidium of RAS No21, and by the
Bilateral Program of the Russian-German Laboratory at BESSY II.

[1] Stohr, J. NEXAFS Spectroscopy (Springer, Berlin, 1992).
[2] Gorovikov S.A., Molodtsov S.L., Follath R. Nucl. Instrum. Meth. A. 411, 506 (1998).
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Applicatopn of gas chromatography for studies of
oxidation kinetics of nanocarbon materials

Panova A.M., Bogatyreva G.P., Zapyuk G.G., Katrusha A.N.

ISM — V. Bakul Institute for Superhard Materials of the National Academy
of Sciences of Ukraine (NASU) 2, Avtozavodskaya st., Kiev, 04074, Ukraine
e-mail: annpanova@ukr.net

The 1ssue of heat resistance of nanocarbon materials and reaction
mechanisms of its interaction with air oxygen is still open for scientists,
producers and end users of the instrument, polycrystalline and composite
materials based on these materials. The basic research methods of heat
resistance are gravimetric. For detailed investigation of oxidation process of
carbon materials it’s necessary to consider the ration of reaction products that
characterize the stages of process. The present work was appointed to
application of gas chromatography method for obtaining such information.

Utilizing this method the oxidation kinetic of nanodiamond powders and
carbon nanotubes synthesized by Ukrainian company ALIT was studied. The
oxidation mixture was composed from 20% oxygen and 80% argon, gas expense
was 0.2 /min. Before the start of reaction (till the experiment temperature was
achieved and gas reaction mixture was put into reactor) the reactor with the
samples was blown thorough with argon at 0.16 I/min.

The oxidation process of carbon nano materials was studied by the reaction
products. The quantitative ratio of CO and CO2 in the reaction products was
obtained during the reaction.

For studies of heat resistance in i1sothermal conditions the model of sample
“carbon in cylindrical cup” was used. Kinetic parameters of the reaction were
calculated based on the macro-kinetic equation, which accounts also the
influence of external and internal mass-transition [1].

The kinetic parameters calculated based the data of chromatography
analysis are in good correspondence with the results of gravimetric method
when utilizing identical sample model.

As a result of studies of oxidation process of powders of nanodispersed
diamonds and carbon nanotubes by the reaction products with utilization of gas
chromatography the presence of both carbon oxides in the products of their
oxidation was proved. The quantitative ration of CO and CO2 in the reaction
products during the reaction was obtained. The reasonability to use the gas
chromatography method for studies of oxidation kinetic of nanocarbon materials
was shown.

[11 G.P.Bogatireva, M.A. Marinich, V.Ya. Zabyga, G.G. Zapyuk, A.M. Panova,
G.A. Bazaliy, Superhard materials Ne5, 26 (2008).
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Difference and similarity in properties of bulk and
nanomaterials as seen by NMR

Panich A.M.

Department of Physics, Ben-Gurion University of the Negev, Be'er Sheva 84105, Israel
e-mail: pan@bgu.ac.il

In order to wunderstand why properties of bulk compounds and
nanostructures are sometimes different and sometimes similar, I will discuss the
results of Nuclear Magnetic Resonance studies of the local crystal structure,
electronic structure, nature of chemical bond and defects in carbon nanotubes,
fullerenes, polyhedral multi-shell carbon nanoparticles, nanodiamonds, as well
as in boron nitride nanotubes, tungsten and molybdenum sulfide fullerene-like
nanoparticles, dithallium selenide nanorods, and vanadium oxide nanotubes. The
properties of the corresponding bulk samples vary from wide gap
semiconductors to semimetals. The data obtained for the nanosized compounds
will be compared with those of the bulk ones. Our research elucidates when the
properties of nanomaterials differ significantly from those of bulk samples, and
when this difference is small or nearly absent.

Our studies also show that some nanoparticles reveal core-shell structure,
while the others do not. This problem will also be discussed in the presentation.
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Raman characterization and X-band EPR studies of
multishell nanographites with and without
oxygen-sensitive edge-localized spins

Osipov V.Yu.*', Makarova T.L."%, Baranov A.V.%, Ermakov V.A.?, Shames A.L*,
Takai K.”, Enoki T.”, Kaburagi Y.°, Hayashi T.”, Endo M.”, Vul’ A.Ya.'

Toffe Physical-Technical Institute, Polytechnicheskava 26, St. Petersburg 194021, Russia
’Department of Physics, Umea University, SE-901 87, Umea, Sweden
ISt Petersburg State University of Information Technologies, Mechanics and Optics, 197101, Russia
*Department of Physics, Ben-Gurion University of the Negev, Be'er-Sheva 84105, Israel
’Department of Chemistry, Tokyo Institute of Technology Tokyo 152-8551, Japan
Department of Chemistry and Engineering, Tokyo City University, Tokyo 158-8557, Japan
"Faculty of Engineering, Shinshu University, 4-17-1 Wakasato, Nagano-shi 380-8553, Japan
*e-mail: osipov@mail.ioffe.ru

Raman scattering spectroscopy is a powerful tool to test nanocarbons
having an extended m-electron system combined with electronic states localized
at zigzag edges. Nanographite (NG) particles under study were produced by the
annealing of detonation nanodiamonds (grain size ~5 nm) in argon flow, as it
has been proposed in Ref. [1, 2].

We studied a number of nanographites obtained from nanodiamonds at
different heat treatment temperatures: both above 1600°C and below 1550°C.
Some of them (group I) synthesized predominantly at elevated temperatures
(= 1600°C) demonstrate EPR signal associated with zigzag edge-localized
states, which linewidth is extremely sensitive to the presence of ambient
molecular oxygen. Another samples (group II) demonstrate (surprisingly,
irrespective the temperature of synthesis) EPR signals that are completely
insensitive to the presence of molecular oxygen. These signals supposed to be
(completely or partially) due to sp’- like defects in the closed defective shells of
multishell nanographite. In-plane crystal sizes, obtained by means of Raman
spectroscopy via evaluation of D- and G- band intensities ratios (ID/IG), are
varied from ~1.6 nm to ~3.5 nm for different nanographites obtained. The
enhanced intensity of Raman D-band in the type II nanographites may be
associated with possibly large contribution of armchair-type edges.

The armchair edges do not demonstrate paramagnetic edge spin states [2].
From the other angle, particles of smaller (less than 2 nm) sizes are
characterized by high number of sp’- defects and poor crystalline quality of
graphene sheets as well as by a corrugated character of graphitic shells. These
factors are, in general, the combined reason of the absence of oxygen-sensitive
edge localized states in samples with smaller crystalline sizes or higher content
of sp3- like defects.

[1T  V.Yu. Osipov, et al., Carbon 44, 1225 (2006).
[2] O.E. Andersson et al., Phys. Rev. B 58, 16387 (1998).
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UYV optical absorption studies of surface plasmon
resonance in water suspension of multi-shell nanographites

Osipov V.Yu.*', Shestakov M.S.!, Baranov A.V.?, Takai K., Enoki T.,
Kaburagi Y. EndoM., Vul’ A.Ya.!

offe Physical-Technical Institute, Polytechnicheskaya 26, St.Petersburg 194021, Russia
’St. Petersburg State University of Information Technologies, Mechanics and Optics,
197101, Russia
*Department of Chemistry, Tokyo Institute of Technology Tokyo 152-8551, Japan
*Department of Chemistry and Engineering, Tokyo City University,
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’Faculty of Engineering, Shinshu University, 4-17-1 Wakasato,
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UV optical absorption spectroscopy is a powerful tool for testing the optical
extinction properties of nanocarbons with an extended n-electron system.

Nanographite (NG) particles were produced by annealing of detonation
nanodiamonds (grain size ~5 nm) during various exposure times, as described in [1]. A
series of various NG suspensions were prepared by repeated controlled dilution of
initial dense suspension with weight concentration (~0.1 mg/ml).

The aim of this research was to find the correlation between the UV optical
absorption of NG suspensions and structure of NG particle. The Raman spectra of the
NG samples excited at 514 nm were analyzed. The Tuinstra- Kéning approach applied
for evaluation of the NG crystallite in-plane sizes by using of the D- and G- band (
~1340 cm™ and 1580 cm™ ) heights ratio gave results (~3.5 nm) coinciding well with
those one obtained from X-ray diffraction data.

The broad absorption peaks around 255-265 nm related with surface plasmon
resonance (SPR) were found in optical extinction spectra of all NG suspensions.
Following to Pascoli and Leclercq [2] the increase in number of carbon atoms in
planar graphitic sheet from 150 to 486 as well as the reduction of number of randomly
distributed sp’-hybridezed atoms in a graphitic cluster leads to the smoothing of
absorption hump at ~220 nm. The same trend is also observed in our case where the
suspension of NG with minimal content of amorphous phase and a little bit higher
crystalline perfection demonstrates less featured absorption hump at 265 nm in
comparison with that one for the suspension of more defective NG. The research on
the influence the amount of defect sites and imperfections of NG particles together
with its aggregation state in water suspension on the shape and intensity of SPR peak
is in progress now and will be reported elsewhere.

[1]  V.Yu. Osipov, T. Enoki, K. Takai et al. Carbon 44, 1225 (2006).
[2] G. Pascoli, J. Leclercq, Astrophysics and Space Science 235, 233 (1996).
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Adsorption properties and chromatographic performance
of microdispersed sintered detonation nanodiamonds

Nesterenko P.

' dustralian Centre for Research on Separation Science, University of Tasmania,
7001, Hobart, Australia
e-mail: Pavel Nesterenko@utas.edu.au

Detonation nanodiamond (ND) has very complex structure of particles and
surface chemistry presented by a broad spectrum of various functional groups.
Mainly, surface chemistry of ND depends on type oxidative purification applied
to post-blast soot and on technology and reagents used for disaggregation and
stabilisation of nanoparticles. Clearly, the application of nanodiamond in
biotechnology and medicine requires a systematic investigation of adsorption
properties of ND, understanding the reasons for its unusual adsorption
selectivity and the ways of the most efficient utilisation of unique physico-
chemical properties of ND related materials. Different chomatographic methods
have been successfully applied for the characterisation of adsorption properties,
so the goal of the present work was investigation of adsorption properties of
detonation nanodiamonds by using high-performance liquid chromatography
[1-3].

It is difficult to use nanoparticles as a stationary phase in chromatography,
so microdispersed sintered nanodiamond (MSND) with particle diameter of
3-5 micron and specific surface area 191 m*/g was used for packing of 15 c¢m
long stainless steel columns of internal diameter 4.6 mm. All experiments are
performed with common HPLC equipment except of using column oven
Polatherm in chromatographic experiments at elevated temperatures up to
200°C.

The set of dependences of retention on eluent pH, type and content of
organic solvent in the eluent and of column temperature was obtained for a big
group of organic compounds including alkylbenzenes, dialkylphtalates,
polyaromatic hydrocarbons, phenols, aromatic acids and nucleic acid precursors.
The analysis of molecule structure-retention dependences confirmed the
presence of conducting carbon layer at the surface of ND and charge induced
dipole-dipole interactions as a key retention mechanism for polar organic
molecules.

[I] P.N. Nesterenko, P.R. Haddad. Anal. Bioanal. Chem. 396, 205 (2010)
[2] P.N. Nesterenko, O.N. Fedyanina. J. Chromatogr. A 1217, 498 (2010).
[3] O.N. Fedyanina, P.N. Nesterenko. Russ. J. Phys. Chem. A 84,476 (2010).
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Characterisation of graphene oxide and chemically
converted graphene by capillary zone electrophoresis

Nesterenko P.*', Quirino J.', Haddad P.!, Miiller M.%, Wallace G*, Li D.*

"University of Tasmania, 7001, Hobart, TAS, Australia
*University of Wollongong, 2522, Wollongong, NSW, Australia
*e-mail: Pavel Nesterenko@itas.edu.au

The preparation of processable graphene sheets in large quantities includes
oxidation of graphite followed by the formation of stable aqueous colloids by
electrostatic repulsion. One of the most common procedures includes
preparation of graphene oxide (GO) nanoparticles, their disintegration by
sonication and partial reduction of oxygen-containing functional groups to, so
called, chemically converted graphene (CCG) nanoparticles'. Each of steps
requires a careful characterisation of size, charge and aggregation of
nanoparticles. Capillary zone electrophoresis (CZE) is a simple and efficient
separation and analytical technique for the characterisation of various
nanoparticles.

The possibility of capillary electrophoretic separation of GO and CCG
nanosheets was investigated. The data on aggregation and electrophoretic
mobility of nanoparticles having different size and charge were obtained using
various background electrolytes and detection systems.

[1] Miller M.B., Quirino J.P., Nesterenko P.N., Haddad P.R., Gambhir S., Li D.,
Wallace G.G., J. Chromatogr. A. 1217, 7593 (2010).

[2] LiD., Mueller M.B., Gilje S., Kaner R.B., Wallace G.G. Nature Nanotechnology 3, 101
(2008).
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Raman study of the neutral state donor-acceptor
complexes Ni‘(nPr):(Cgp)2 and Cu:(nPr)-(Cg), at high
pressure

Meletov K.P.*', Konarev D.V.?

Institute of Solid State Physics RAS, Chernogolovka, Moscow region 142432, Russia
“Institute of Problems of Chemical Physics RAS, Chernogolovka,
Moscow region 142432, Russia
*e-mail: mele@jissp.ac.ru

We have measured the Raman spectra of the molecular neutral state donor-
acceptor complexes Ni(nPr)-(Cgp)» and Cu-(nPr)-(Cep)» as a function of pressure
up to 10 GPa and at room temperature in order to study possible
pressure-induced phase transitions related to charge transfer to Cq, acceptor
molecules and/or polymerization of Cg, molecules.

SpectraPro-25001 equipped with a Peltier-cooled CCD Pixis2K. The
measurements at high pressure were performed by the use of the high pressure
diamond anvil cell of Mao-Bell type. The 514.5 nm Ar' laser line was focused
on the sample by means of a 50x objective in a spot of ~10 um diameter, while
the beam intensity on the sample was ~5 mW.

Raman spectra were measured in the region of the Ay(2) pentagon-pinch
(PP) mode which is most sensitive to the irreversible pressure-induced
transformations manifested usually by abrupt softening of this mode. Almost all
modes exhibit positive pressure shift with some peculiarities that may be
attributed to irreversible transformation of material at high pressure. The
detailed analysis of the pressure dependence will be done that may give
important information about the character of transformation observed at high
pressure.

The support by the Russian Foundation for Basic Research, grant
No 11-02-00886 1s greatly acknowledged.
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Intertubular interaction in bundled single-walled carbon
nanotubes studied by Raman scattering at high pressure
and temperature

Meletov K.P.

Institute of Solid State Physics RAS, Chernogolovka, Moscow region 142432, Russia
e-mail: mele@issp.ac.ru

Raman spectra of bundled single-walled carbon nanotubes (SWCNTs) were
measured at high temperature up to 400° C and pressure up to 4.5 GPa. The SWCNTs
were synthesized by the arc discharge method in helium atmosphere at a pressure of
0.86 bar, using a metallic Ni/Y catalyst The average diameter of the tubules was
1.5 nm as anticipated for the preparation method applied, as well as by TEM and
Raman characterization. The main impurities were graphite particles, while the content
of metal impurities was ~1.3 %.

Raman spectra at high pressure and —
high temperature were recorded in-situ 1,020 G- hexagons )g/ ]
using spectrograph Acton SpectraPro- : G, - dirdles :
25001 equipped with a Peltier-cooled CCD '
Pixis2K, high pressure diamond anvil cell
of Mao-Bell type and a high temperature
cell. The 514.5 nm Ar" laser line was
focused on the sample by means of a
50x objective in a spot of ~10 um
diameter, while the beam intensity on the
sample was ~5 mW.

Raman spectra show reversible
pressure- and temperature-induced shift
for the G_ and G, bands. The temperature
shift is negative and practically the same [
for the G. (-0.0230+ 0.0007) cm'/K and 0,995
G; (-0.0229+0.0002) cm /K bands,
whereas the pressure shift is positive with Fig.1.
pressure coefficients for the G. and G,
(7.2340.33) cm™'/GPa and (7.0240.15) cm™'/GPa, respectively. The Raman data do not
show changes in the tube diameter upon heating and compression of bundles. The
dependence of the G_ and G band shift on the relative variation of the triangular lattice
constant was calculated on the basis of the linear compression and dilatation constants,
obtained by XRD-measurements [1,2] (Fig.1). These data show that the dilatation
constant is not compatible with the compressibility constant, whereas the inter-tubular
interaction is mainly of the van-der-Waals type.

The support by the Russian Foundation for Basic Research, grant Ne 11-02-
00886 is greatly acknowledged.
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[2] Y. Maniwa et al., PRB 64, 241402R (2002).
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Retrospective IWFAC’s scope study using mind maps
approach

Leshchev D.V.*!, Leshcheva I.A.*

!Center for Advanced Studies, St. Petersburg State Polytechnic University,
195251, St. Petersburg, Russia
Graduate School of Management, St. Petersburg University, 199004, St. Petersburg, Russia
*e-mail: dimvovich@narod.ru

A retrospective study of IWFAC’s scope of subjects is represented. This
work is a pioneer in using of mind map approach to study processes in time. A
mind map [1, 2] is a diagram used to represent words, ideas, tasks or other items
linked to and arranged radially around a central key word or idea. It is used to
generate, visualize, structure and classify concepts, and as an aid in study,
organization, problem solving, and decision making.

For this investigation the abstracts published in the IWFAC books of
abstracts from 1993 to 2009 were used. For every workshop a mind map of the
subjects was created. Nine obtained mind maps were merged to the general one
using conjunction method. Then particular mind maps were reengineered
relative to the general and lined up by the time. Evolution of mind maps and
trends in areas through nine workshops was observed.

Typical scenario of topic development consists of three main stages: birth,
upgrowth and stagnation. Length of life cycle and maximum number of papers
in the best period of topic development were evaluated and compared.
Correlations between life cycles of different topics with time shift were
calculated. But built mind maps can be used to obtain more benefits.

General mind map presents in a visual structured form the current state of
the art and may serve as the basis for comparing papers and pieces of research in
the nanocarbon area. It can be used as a roadmap for researches especially who
just wants to joint the IWFAC community. The created mind maps can be used
for estimation and even prediction of particular topic evolution. They can help to
answer question in which research area is reasonable to invest.

[1] Busan, T.:Mind Map Handbook. Thorsons (2005).
[2] http://en.wikipedia.org/wiki/Mind map.
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Different carbon nanostructures obtained on Fe/SiO, and
Fe/AlLOj3 catalyst with various phase composition

Levina V.V.*l, Novakova A.A.% Kiseleva T.Yu.”, Ilinykh LA,
Kuznetsov D.V.!, Chuprunov K.O.!, Kolesnikov E.A.'

'National University of Science and Technology "MISIS", 119049, Moscow, Russia
’Moscow M.V.Lomonosov State University, Department of Physics,
Vorobiovy Gory, 119192, Moscow, Russia
*e-mail: vilevina@gmail .com

The catalytic synthesis of different carbonaceous materials, including
carbon nanofibers, nanotubes and incapsulated nanoparticles has been the
subject of a numerous publications over the past decade. This is caused by
search of a new catalyst and promised carbon materials application prospects. In
this work the growth of carbon nanostructures by a catalytic route which
represents the decomposition of propane over Fe/SiO, and Fe/Al,O; composite
obtained by consecutive chemical synthesis is considered.

The sequence of structure transformation in metal particles at all stages of
the synthesis has been studied by means of mossbauer spectroscopy,
transmission electron microscopy, electron diffraction and thermoanalytical
methods. The carbon outcome and carbon structures types in dependence of
catalytic particles size, phase and structure have been analyzed for the samples
with different Fe to Si0,/Al,O5; weight ratio.

It was revealed that the morphology and the size of the nanocomposite
particles and, as a result, their catalytic properties are highly sensitive from
phase composition.
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Electrochemical functionalization of carbon single-walled
nanotubes

Komarova N.S.*l, Krivenko A.G.', Naumkin A.V.?

Institute of Problems of Chemical Physics RAS, 142432, Chernogolovka, Russia
?A.N. Nesmeyanov Institute of Organoelement Compounds RAS, 119991, Moscow, Russia
e-mail: kom-nat@yandex.ru

An electrochemical method of modification of carbon single-walled
nanotubes (SWNT) at superposition of anodic potentials in aqueous solutions of
potassium bromide is proposed. This process is shown to be accompanied by a
considerable increase in the capacity of SWNT electrodes. Capacity increase is
assumed to be connected with the increase of the surface of nanotube electrode
accessible for electrolyte solution what is caused by the forming of functional
groups on SWNT surface.

X-ray photoelectron spectroscopy method (XPS) was used to the establish
nature of functional groups grafted to nanotube carbon during the electrolysis.
Considerably greater intensity of peaks of Br and O shown to be characteristic
feature of obtained spectra of electrochemical treated samples in comparison
with initial SWNT. As follows from XPS data oxidation of SWNT surface at the
electrolysis of potassium bromide is shown to be the main route of
functionalization to be not their halogenation. Thus, after electrolysis four atoms
of carbon correspond to one oxygen atom. At the same time thirty carbon atoms
conform to one bromine atom lying surface of nanotubes.

Based on the obtained data, it is to propose a mechanism of electrochemical
treatment of SWNT upon the bromide ion electrolysis. At the first stage,
unstable hypobromite ion is formed as a result of the interaction of bromine,
evolving at electrolysis, with water. At the same time results of
chromatography-mass spectrometry show that part of hypobromite ion
disproportionates on hypobromate 1on. Atomic oxygen evolving at
decomposition of hypobromite and hypobromate ions oxidizes nanotube surface
with the formation of functional groups.

220


mailto:kom-nat@yandex.ru

Methods P4.11

Estimation of the stiffness parameters of a nanofibre forest

Koissin V.*, Warnet L., Akkerman R.

Univ. of Twente, Chair of Production Tech., 7500AE, Enschede, The Netherlands
*e-mail: v.koysin@ctw.utwente.nl

Growth of nanotubes or nanofibres (CNFs) on the carbon-fibre fabrics 1s a
way to improve the fibre-matrix interface and crack bridging and, consequently,
the damage resistance of the fibre-reinforced composites [1]. On the other hand,
the fabric deformability is foreseen to be altered by numerous inter-fibre links.
To model these effects analytically or using an FE analysis, it is necessary to
know the mechanical properties of a single nanoparticle. However this is not
easy due to a tiny size of the objects. There are only few published studies on
this point, [2], and all of them utilize a complex test equipment and are time-
consuming.

Moreover, the nanoparticles can have very randomized shapes and
diameters, as illustrated in Fig.1. Thus, even if 10-20 single CNFs are tested in
bending or tension to produce a representative sample, it can be very
problematic to derive the Young's modulus using the elastic beam or strut model
[2].

The present study aims to explore a more practical way to estimate the
stiffness "on average". This is attempted using relatively simple test methods: 1)
out-of-plane compression of a fabric, 2) compression of the yarns extracted from
the fabric, and 3) compression of a large volume of loose CNFs.

Experimental part of the study focuses on a particular case of a carbon-
fibre fabric grafted with in-situ grown CNFs (using the Chemical Vapour
Deposition technique). For comparison, the virgin fabric (without CNFs) is
tested also.

Figure 1. Carbon fibre with grown CNFs (left) and closer view of the CNF "forest" (right).

[1] Koissin V., Warnet L., Akkerman R., Proc. of 14th Int. Conference on Experimental
Mechanics, Poitiers, France (2010).

[2] Demczyk B.G., Wang Y.M., Cumings J., Hetman M., Han W., Zettl A., Ritchie R.O.,
Materials Science and Engineering A 334, 173 (2002).
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Chemical bonding effect on the resonance F KVV Auger
emission from polytetrafluoroethylene

Klyushin A.Yu.l*, Vinogradov A.S.!, Generalov A.V.!, Simonov KA.

'V.A. Fock Institute of Physics, St.Petersburg State University, 198504, St.-Petersburg, Russia
*e-mail: klyushin@gmail com

Nowadays carbon nanosystems (CNS) are attention-getting material for
scientists from different fields. In spite of great interest in fluorinated CNS, their
atomic and electronic structures have been studied by using a limited number of
experimental techniques up to now. One of the major problems of modern
science 1s ascertainment of the role of hybridization of the valence electron
states of fluorine atoms and surrounding atoms, i.e. the role of covalent bonding
in the formation of free electron states in fluorinated systems. The aim of this
work 1s to obtain information about features electronic structure and chemical
bond for and fluorinated polymer (polytetrafluoroethylene, PTFE), which can be
considered as a model fluorinated compound with covalent bonding, based on
the analysis of the absorption spectra and resonant F KVV Auger electron
spectra.

All measurements have been performed at the Russian-German beamline at
the BESSY [1]. The PTFE sample was prepared with a sliding technique [2]
which involved sliding (several times) a bar of PTFE over the surface of a flat
silicon substrate covered with a ~ 1 thick gold layer. Its thickness was in the
range from ~ 10 to 30A. Absorption spectra were measured using total electron
yield. Photoelectron and resonant F KVV Auger spectra were collected in the
angle-integrated mode using Phoibos 150 electron analyzer.

Owing to the analysis of the Auger emission spectra of PTFE near the Fls
edge it was found that main Auger lines in resonant F K7V spectra excited with
photon energies in the vicinity of the first absorption peak in the Fls spectrum
are shifted to higher kinetic energy as compared with normal Auger spectrum.
This effect is associated with strongly localized hybridized character of
electronic states at the bottom of conduction band. These results are compared
with the results for fluorine compounds with ionic (TiF;) and ion-covalent
(fluorinated multi-walled carbon nanotubes) bond. The high-energy shift in
F KVV spectra differs in value for various compounds and therefore can be used
for characterization of chemical bonding in fluorinated compounds and CNS.

This work was supported by the Russian Foundation for Basic Research
(project no. 09-02-01278) and the bilateral Program “Russian-German
Laboratory at BESSY™.

[1] S.I  Fedoseenko, I.E. Ilossifov, S.A. Gorovikov, J.-S. Schmidt, R.Follath,
S.L. Molodtsov, V.K. Adamchuk, G. Kaindl, Nucl. Instrum. Meth.Phys.Res. A 470, 84
(2001).

[2] Ch. Ziegler, Th. Schedel-Niedrig, G. Beamson, D.T. Clark, W.R. Salaneck,
H. Sotobayashi, A.M. Bradshaw, Langmuir 10(12), 4399 (1994).
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Optimization of CVD synthesis parameters for growth of
long carbon nanotubes array

Gorodetskiy D.V.'?, Kurenya A.G.', Kudashov A.G.", Okotrub A.V.!

! Nikolaev Institute of Inorganic Chemistry SB RAS, 630090 Novosibirsk, Russia
? Novosibirsk State Technical University, 630092 Novosibirsk, Russia
*e-mail: gordim2005@yandex.ru

This work directed to study of influence of parameters of CVD synthesis
(time of synthesis, flow rate of gas-carrier, location of substrates in the reactor
and structure of a reactionary mixture) for growth of array of carbon nanotube
(CNT). The synthesis of oriented CNT’s array in was realized on square
10x10 mm® silicon substrate (100). The rinsing of the substrates in ethanol has
been made before synthesis of CNT’s. The silicon substrates were located on
quartz boat in the central zone of the reactor. The 2%- solutions of ferrocene
Fe(CsHjs), in toluene and acetonitrile were used for formation of perpendicularly
oriented CNT’s arrays. The spraying of catalytic solution in the reactor was
carried out through injector located in a zone with temperature 200 + 10°C. The
vapor of reactionary mixture were transferred to a zone of thermal
decomposition of mixture due to gas-carrier fpow. The flow rate of reactionary
mixture was 0.14 ml/min and controlled by spraying controller. The grown
samples were investigated by SEM, X-ray-electron spectroscopy and X-ray
diffraction. The increase of synthesis time (t) leads to increase CNT’s length (L)
in CNT’s array. If t = 1 hour, then L = 1 mm, but, if t = 3 hours, then L = 3 mm.
The growth rate of CNT’s arrays was investigated for different flow rate of gas-
carrier. It was found out that optimal flow rate is 200 ml/min. The change flow
rate of gas-carrier leads to wvariation of the gradient of concentration of
reactionary mixture in the reactor. In turn, it leads to change of a thickness of
CNT’s arrays. The thickness of CNT’s arrays depends on location of the
substrates i the reactor. If flow rate of gas-carrier is 200 ml/min, then
maximum of array thickness is observed in the center of reactor. The change of
reaction mixture composition from acetonitrile to toluene leads to significant
growth of a thickness of CNT’s arrays. It should be concerned with lower
content of carbon in acetonitrile in comparison with carbon presence in toluene.
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Why are detonation nanodiamonds small

Dolmatov V.Yu."*, Yurjev G.S.>, Myllymiki V.>, Vehanen A.?

'FGUP «SCTB «Technology, 192076 Saint-Petersburg, Russia
? Institution of RAS Nikolaev Institute of Inorganic Chemistry SB RAS,
630090, Novosibirsk, Russia
*Carbodeon Ltd. Ov, Bulevardi 2 A, 00120 Helsinki, Finland
*e-mail: DiamondCentre@mail.ru

It is known that the synthesis of detonation nanodiamonds (DND) is
accompanied by the creation of non-diamond forms of carbon such as onion
carbon, graphite and so on.

The authors have calculated distribution of atoms in natural diamonds and
DND of the various sizes (3D model of spherical nanodiamonds computed
through the representation of coordination spheres (CS)). Experimental XRD
patterns from DNDs were registered with use of synchrotron radiation.

The calculations showed that in DND; manufactured in FGUP “SCTB
“Technolog” (explosive charge in an aqueous solution) and in natural diamond
the similarity on number of carbon atoms in CS is observed up to the 32" CS
(Rcs=28,69 A, Noms=1386). The distinction begins with 339 CS and further: in
DND; Rcs=29.75 A, Nuom=1504, and in natural diamond Rcs =29,52 A,
Naoms—1648. Thus, the structure of DND; with respect to distribution of atoms
on CS differs from the structure of natural diamond, i.e. existence of the shell of
different phase is detected and its structure is distinct from that of natural
diamond at the size exceeding Rcs=28,97 A (d~5,8 nm).

In DND, synthesized by SPA “Altai”, Biysk (gaseous explosive charge)
distribution of atoms up to 44™ CS has the same parameters as in structure of
natural diamond with parameters Rcs=38,48 A, Naoms—=2748. Since 45" CS
(Res = 39,28 A, Nyome=2428) the parameters of CS of DND, differ from those
for CS of natural diamond (Rcs =39,18 A, Nuoms=2680), i.e. the structure does
not meet diamond.

Thus, the core of detonation nanoparticle has CS parameters of diamond
structure up to Reg =39,28 A (d=7,6 nm), the shell of a diamond core has
thickness ~4,7 A with parameters ranging from Rcs =3848 A up to
Res =42,19 A and does not correspond to diamond structure.

It 1s shown that the factor limiting growth of a diamond core in DND
(< 8 nm) 1s the accumulation of crystal structure defects during growth of carbon
nanoparticle in post-detonation processes. The accumulated defects take away
carbon surface layers from diamond structure (where density is lesser than in
diamond). In further these carbon layers can be removed by chemical treatment.

[11 G.S. Yurjev, V.Yu. Dolmatov. J. Superhard Materials 32,29 (2010).
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Novel spectrometer for investigating nanostructure field
emission: adjusting, test spectra and first results

Davydov S.N., Bondarenko V.B., Gabdullin P.G., Gnuchev N.M.
St.-Petersburg State Polytechnic University, St.-Petersburg, Russia

To study physical nature of low voltage field emission of carbon
nanostructures, a new electron spectrometer has been elaborated [1]. The very
first spectra recorded from carbon structures deposited on silicon monocrystal
(100) surface had rather a complicated shape of two or three peaks definitely
separated by 1-2 eV gaps. It was so unexpected that the only reasonable
decision that could be accepted was to carry out a series of verifying
experiments using some well known emitters with predictable emission energy
spectra.

Two types of test samples were chosen. The first group was just classical
pointed cathodes prepared, by means of electro-chemical etching in alkali
solution, from 150mkM tungsten wire. The reason for that choice was actually
similarity in electron extraction processes of the test samples and the samples
under investigation.

Then the spectra were recorded from plane thermo-emitters because their
geometry was similar to the geometry of the investigated units.

To get comprehensive and detailed knowledge of spectrometer parameters
and capabilities, spectra recording was conducted under variable conditions,
such as temperature, emission field strength, current intensity, focusing or
defocusing lens regimes, different correcting currents in Helmholtz coils etc.
This was combined with introducing some modifying elements mto the
spectrometer construction and scheme. Finally, energy resolution of
approximately 30-40 meV was achieved and some energy spectra were recorded
from nanostructured emitters.

[1] Davydov S.N., Gabdullin P.G., Ryumin M.A. 9-th Biennial International Workshop
“Fullerenes and Atomic Clusters”, Book of abstracts. P.165
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Lattice constant reduction of the graphene/Ni(111) due to
Au intercalation
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Graphene, a two-dimensional crystal of graphite, has attracted special
interest as one of the most stable nano-objects, with good conductivity in the
class of monatomic films. Its unique properties are connected with specific
features of the electronic structure. Graphene on Ni(111) system has received a
great attention in the last few years. It has already been demonstrated that
graphene epitaxial grown on Ni(111) has electronic structure quite different to
pristine graphene due to high overlap of the Ni 3d and C 2p states. Strong
interaction with substrate surface and lattice mismatch leads to the interlayer
inelastic stress in the graphene overlayer. Intercalation of the noble metals leads
to reducing of the graphene Ni interaction. This work is aimed to get further
insight into effect of graphene substrate interaction on overlayer morphology.

The thin film Ni(111) was prepared using high-vacuum evaporation
method on the surface of single crystal W (110). Graphene was prepared using
chemical vapor deposition technique (CVD) [1,2]. The system under
investigation was characterized using X-Ray photoelectron spectroscopy (XPS),
Auger electron spectroscopy (AES) and low energy electron diffraction (LEED).
To get quantitative insight into the change in the graphene lattice constant upon
Au intercalation LEED patterns were proceeded according to the technique
described into [3].

It was found that the disposition of graphene on nickel, it feels a slight
elastic tension, resulting in an decrease on 0.3%. in the interatomic distance as
compared with the value before Au intercalation During deposition and
following intercalation of gold there is decreases the interaction with the
substrate, resulting in a decrease in the lattice constant of graphene. As a result,
its value approaches the value of the lattice constant of graphite.

[1]  Yu.S. Dedkov, A.M. Shikin, V.K. Adamchuk, S.L. Molodtsov, C. Laubschat, A. Bauer,
G. Kaindl. Phys. Rev. B 64, 035405 (2001).

[2] A.M. Shikin, G.V. Prudnikova, V.K. Adamchuk, F. Moresco, K.-H. Rieder, Phys. Rev.
B 62, 13202 (2000).

[3] D.U. Usachev, V.K. Adamchuk, Phys. Rev. B 82, 075415 (2010).
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Assessment of chemical inhomogeneity of nanodispersed
diamond powders
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A degree of chemical inhomogeneity of surface of nanodispersed diamond
powders is one of the most important factors that decide for field of application
of the powders.

Chemical inhomogeneity of nanodiamond powders arises from the
following features of diamond particles:

— 1n the first — the nature (character) and amount of volume impurities, that for
the most part appear at the surface of the particles and generate active surface
centers;

— secondly — the nature (character) and amount of chemical compounds and
functional groups adsorbed on the surface of the particles. As a rule, volume
impurities are admixtures of metals and metalloids that remain in nanodiamond
powders after synthesis and follow-up chemical treatment. Surface impurities
consist of the chemical compounds and functional groups (hydroxyl, carbonyl
and carboxyl ones et al.) adsorbed on the diamond surface.

Electrochemical method of assessment of amount of conducting active
centers is the principal method for assessment of chemical inhomogeneity of
nanodiamond powders. The method bases on the determination of criterion K.
We define criterion K as ratio of the area of effective conducting centers of
initial surface of nanodiamond powder to the general surface of the powder. The
less value of K the higher chemical homogeneity of nanodiamond powders, 1.e.
the better results of chemical treatment of the powders.

According to value of K the nanodiamond powders with reconstructed
surface were segregated into three groups: 1) K = 1-5%, 2) K = 6-10% and
3) K> 10%.

The powders of the 1% group are the best for production of stable
monosized suspensions.
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Z-scan study of nonlinear properties of carbon
nanostructures

Belousova LM.*'?, Kislyakov LM."*, Murav’eva T.D.!, Yelleswarapu C.S.2,
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A study of nonlinear properties of suspensions of Astralen nanoparticles in
water, as well as fullerene Cg aggregates in toluene-hexane mixtures were
carried out. Astralen is a carbon nanostructure in form of polygonal closed
fulleroid multishells whose physical properties are described in [1, 2]. Along
with carbon black and carbon nanotubes it possess a strong optical limiting
effect caused by nonlinear light-induced scattering [3,4]. Fullerene Cq
suspensions also shows a high-threshold optical power limiting mainly related to
the reverse saturable absorption. The last phenomenon is determined by
electronic structure of a nanoparticle that changes with fullerene aggregation,
and 1s expected to be different in changing the solvent.

In this paper we report results of precise measurements of linear and
nonlinear absorption coefficients of fullerene Cg, suspensions with different
degrees of aggregation and a determination method of nonlinear scattering cross
section of Astralen suspension using closed aperture Z-scan measurements with
different aperture size.

The work was supported by the Russian Foundation for Basic Research
(grant # 09-02-00839-a).

[11 Shames A.lL, Katz E.A., Panich A.M., Mogilyansky D., Mogilko E., Belousov V.P.,
Belousova .M., Ponomarev A.N., Diamond and Related Materials 18, 505 (2009).

[2] Shames A.l., Felner 1., Osipov V.Yu., Katz E.A., Mogilko E., Grinblat J., Panich A.M.,
Belousov V.P., Belousova .M., Ponomarev A.N., Nanoscience and Nanotechnology
Letters 3,41 (2011).

[3] Belousova 1.M., Belousov V.P., Mironova N.G., Murav'eva T.D., Scobelev A.G.,
Yur'ev M.S., Videnichev D.A., Proceedings of SPIE 6455, 64551D1 (2007).

[4] Kislyakov I.M., Belousova I.M., Murav’eva T.D., Notz G., Peceli D., Webster S.,
Hagan D.J., Van Stryland E.W., Proceedings of XIII International Conference on Laser
Optics, St.Petersburg, p. 74, (2008).
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Advanced model of the singlet oxygen generator of gas
flowing type on base of porous fullerene-containing
structures

Bagrov LV.!, Belousova LM.'?, Grenishin A.S. ', Kiselev V.M. *,
Kislyakov .M. "* Sosnov EN.'
ISIC Vavilov State Optical Institute, St. Petersburg, 199034, Russia

’St. Petersburg State University of ITMO, St. Petersburg, 197101, Russia
*e-mail: Kiselev VM@yahoo.com

Description of the retrofit singlet oxygen generator, working on the basis of
the porous solid-phase fullerene-containing structures, with more powerful
optical pump by means the light-emitting diode matrix and with a continuous
flow of molecular oxygen through porous structure of the substrate is presented.
Results of researches of the efficiency of singlet oxygen production are given for
a wide range of the variation of operating conditions of the system.
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Vibration states of micro- and nanocarbon: structural
aspects

Bekhterev A.N.

Magnitogorsk State University, 455000, Magnitogorsk, Russia
e-mail: alexbehterev@yandex.ru

Carbon 1n a condensed state is polymorphic, which is determined by the
possibility of the realization of different types of hybridization for valence
electron orbitals: carbine (sp'-), graphite (sp®-), and diamond (sp’-). In the
indicated carbon systems, the physical properties vary from typically metallic to
dielectric ones. Atoms in structural motives of GC and PC are in various
hybridization states: sp”- (1< <3).

Phonon’s structure of amorphous and crystal carbons is investigated in
detail in Raman spectra. However, not all vibration states in view of an
alternative selection rule are active in Raman spectra. Research of vibration
states in IR-spectra of the condensed carbon is complicated by intensive not
selective absorption of free carriers of a charge. The phonon spectrum in a series
of nanocrystalline glassy carbon (GC) and microcrystalline pyrolytic carbon
(PC) with the monotonously changing perfection degree of crystal structure is
investigated in this work. Thermal processing of samples in the inert
environment in the region of temperatures 1300-3000°C has allowed to change
the sizes of fragments of coherent dispersion in a range 2, 5-800 nm. The
natural surface of samples was investigated at a corner of reflection 20° on
IFS-88 (Bruker) spectrometer in wide spectral area: 5000-400 cm™ with the
accuracy of 2 cm™ and in a regime of accumulation up to hundred scans.

According to the theoretical-group analysis of fragments of crystal
structure in IR- and Raman spectra of GC and PC should possess the optical
activity intraplane and in plane vibrations of carbon atoms of graphite ( D}, ) or
fullerenes (7,) mesh frame structures [1]. Selective absorption bands of
vibration states E;,, Az, T}, 1n the aria of 1600-1300 cm” and A,, - 1n the aria
900-800 cm™ are registered in experimental IR-Fourier reflection spectra of GC
and PC samples. Intensity and position of absorption bands considerably changed
with the growth of temperature of samples processing and correlated with results of
the structural researches, results of Raman and ATR (attenuated total reflection)
spectra on the given objects [2].

[I] Carbon molecules and materials./Ed. by R. Setton, P. Bernier, S. Lefrant. - L.- N.Y.:
Taylor and Francis. - 2002, 489 p.

[2] Bekhterev A. N. Vibration states in solid state carbon and nanocarbon. - Magnitogorsk:
MaSU, 2007.
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Phase transition in amorphous fullerites C,

Agafonov S.S.* Borisova P.A, Glazkov V.P., Somenkov V.A.

"Kurchatov Institute” , Moscow , Russia
*e-mail: agaph_isssph.rambler.ru

It has been shown that at high-temperature annealing of amorphous
fullerites, produced by mechano-activation treatment of crystal Cg, takes place
polyamorphous phase transition from an amorphous molecular phase in
amorphous atomic phase [1]. In this work we have tried to find out temperature
evolution of pure amorphous C;. After long time milling of C; on the places of
Bragg's reflexes, characteristic for initial crystalline fullerites we can observe
diffuse gallo, typical for amorphous phases Areas of the coherent dispersion,
estimated on gallo widths 1s about 3-5 nm.

After high-temperature (1300-1500 K) annealing we can observe
diffraction picture, that corresponds to amorphous atomic phase, like in the case
of Cg. Differential thermal analysis gives one sharp signal of thermal emission
at 950°C, when the polyamorphous transition from molecular (fullerenelike)
phases in atomic (probably diamondlike) phase takes place. At the same time
comparison of gallo positions with reflexes of diamond and graphene ((h k 0)
graphite peaks)shows that in the measured range of the transferred impulses all
these positions are close, so it is impossible to make the conclusion, whether the
high-temperature amorphous phase is diamondlike or graphenelike. However
the transition between stable amorphous fullerites to amorphous graphites
occurs through intermediate diamondlike (metastable) or graphenelike
(quasitwo-dimensional) phase.

At high-temperature interaction of this phase to detonation diamond
nanopowder there is a disappearance of a reflex of detonation diamond which,
apparently, 1s dissolved in a high-temperature amorphous phase.

[1] S.S. Agafonov, V.P. Glazkov, LF. Kokin, V.A. Somenkov, Solid State Phys. 52(6),
(2010).
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Monodispersed nanodiamond powder obtained
by laser synthesis

Zousman B., Levinson O.*

Ray Techniques Ltd, 91391, Jerusalem, Israel
*e-mail: olga.levinson(@nanodiamond. co.il

Innovative scalable technology of laser synthesis for producing
ultrananocrystalline nanodiamond (ND) was developed by Ray Techniques Ltd,
Israeli company located at the campus of the Hebrew University of Jerusalem.

ND is usually obtained by detonating TNT and RDX mixture in metal
chambers, with subsequent separation and purification. ND is widely used in a
wide range of application, among them fine polishing, galvanic and electroless
coatings, and manufacturing of various nano-composites. In recent years ND has
rapidly  entered fields like electronics, energy and biotechnology.
However, advanced applications of ND are currently limited since detonation
ND does not meet the modern requirements for homogeneity due to the
difference in the synthesis conditions inside a detonation chamber and the
inconstancy of explosive raw materials. The second problem is insufficient
purity, present of metals and graphite in the ND powder.

RayTechniques’ novel technology of ND laser synthesis enables to obtain
monodispersed ND (RayND) from pure carbon materials. RayND, compared
with detonation ND, has a better diamond structure, is more homogeneous (both
geometrically and chemically) and pure. The environment-friendly and non-
hazardous manufacturing process does not require additional expenses for
safety, security and environment protection.
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Integrated investigation of electrical surface properties of
detonation nanodiamond agglomerates in aqueous
KCl solutions

Zhukov.N.* Gareeva F.R.

St. Petersburg State University, 198504, St. Petersburg, Russia
*e-mail: zhuk@AZ1038.spb.edu

An integrated investigation of the electrical surface properties of the
microporous agglomerates of detonation nanodiamond (DND) in aqueous KCl
solutions was carried out using various experimental techniques. The adsorption
isotherms of potential determining ions r. o (pH) and the pH dependences of the
surface charge density o, (pH) = F (I'y — Ton’) of agglomerates preliminary
purified from the electrolyte admixtures by dialysis are obtained in a pH range
of 4.0 - 10.5 by acid-base titration of DND hydrosols containing ¢ = 0.0001- 0.1
M KCI (Fig. 1). The titration data and obtained FTIR spectrum argue in favor of
chemical nonuniformity (heterogeneity) of a DND surface containing mainly
two types of the ionizable surface functional groups: amphoteric hydroxylic —
COH and acidic carboxylic -COOH groups. The point of zero charge (pHpzc
value corresponding to o, = 0) is independent of the KCl concentration and
equal to 9.5.

40 -T )1 0" mole cm” cq:!-lt}f;1C cm” 4-u -1 0'.cm™Vis®

—n—10"MKCI —n— 1"MEKCI
31 —s—10°MEKCl] o —e— 10°MKCI
2 —a—10"MKCl]2 3] —a— 10°MEKCI

—e—10"M EC1

Fig 1 PH,,. Fig 2

The electrophoretic mobility u, of the investigated agglomerates of DND as
a function of pH = 3.5 - 10.5 and ¢ = 0.0001 - 0.01 M KCI was measured by
laser Doppler electrophoresis method (Fig. 2). The isoelectric point (pHigp value
corresponding to u, = 0) 1s equal to pHpzc = 9.5. The conductivity of diluted
DND hydrosols versus pH, ¢ and DND volume fraction p = 0 — 0.001 was
measured and conductivities K, of microporous agglomerates impregnated with
electrolyte solutions were determinated. It is shown that the magnitude of K, is
important for calculation of the correct C-potential values from the experimental

ue.
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Interaction dynamics of the nanodiamond with living cells
in culture

Yakovlev R.Yu.*!, Alieva I.B.2, Leonidov N.B.!, Rakita D.R.",
Agafonov V.N.?, Uzbekov R.E.>**

'Paviov Ryazan State Medical University, 390026, Russia
’Belozersky Institute of Physico-Chemical Biology Moscow State University,
119991, Moscow, Russia
*Rabelais Universitii, 37200, Tours, France
*Faculty of Bioengineering and Bioinformatics Moscow State University,
119991, Moscow, Russia
*e-mail: yarules@yandex.ru

Cells of four cell lines (HeLa, SPEV, human endotheliocytes and
lymphoblasts MOLT-4) were cultivated in cell culture medium with water
suspension of nanodiamonds (ND) for 15 min, 2, 8 and 24 hours. Three different
suspension types were tested: pristine ND, ND modified with anxiolytic and ND
modified with antibiotic (ND-A). After fixation cells were embedded in Epon
resin by standard methods and ultra-thin sections (75 nm) were then observed in
transmission electron microscope (TEM) JEM 1011 (Jeol).

Fig. 1a

Figure 1. TEM images of Hela cell cultivated 15 min with ND (a) or ND-A (b). Upper
photos presented total cell view, down photos - magnified selected regions with ND.

Ultrastructural study showed that within 15 minutes of incubation ND
aggregates were connected with cell membranes (Fig.1a). In TEM ND particles
were clearly visible against the background of cellular structures without any
additional staining. They represented very contrasting nanocrystals measuring
about 5 nm. Cell membranes interacted with ND conjugates and formed
mtussusceptions, which gradually deepened leading to penetration of ND into
the cell. 3D analysis on serial ultrathin sections revealed that part of the ND-A is
found mside cells within 15 min of incubation. These conjugates were observed
within the cytoplasm not surrounded by any membrane. It was also discovered
that ND conjugates interacted with the outer nuclear membrane (Fig.1b). Our
results demonstrated that the penetration of ND-A was more active than of
pristine ND.
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Development and investigation of drug delivery system
based on the detonation nanodiamonds
Yakovlev R.Yu.*', Badun G.A.% Selezenev N.G.', Yakusheva EN.,
Leonidov N.B.!

Tpaviov Ryazan State Medical University, 390026, Ryazan, Russia

*Lomonosov Moscow State University, 119991, Moscow, Russia
*e-mail: yarules@yandex.ru

The method of covalent binding of drugs with detonation nanodiamonds
(NDs) was developed. It was shown that such basic methods of NDs
modification as oxidation, reduction, halogenation and amination significantly
influenced on their properties: dispersion, chemical composition and the density
of grafted molecules. It should be mentioned that the derivatives produced by
oxidation in gaseous and in liquid phases possess different properties. Variation
of NDs reduction conditions let us simultaneously solve not only the problems
of purification, disintegration and unification (lesser heterogeneity) of their
surfaces but also gives us the possibilities to directionally change their chemical
composition.

On this basis the modified NDs with trittum label and X-ray contrast
substance were synthesized as well as systems of antibiotic and central
neuromediator delivery. The physical and chemical properties of these substances
were studied by different methods of electron microscopy (TEM, HRTEM, SEM,
confocal), spectroscopy (IR, Raman, XPS, ICP-MS), XRD, DSC, DLS,
radiometric analysis, etc. The particles of modified NDs were found to have of
disturbed carbon shells up to 1 nm and can consist also chemisorbed molecules.
The methods to estimate the number of grafted drug molecules to the NDs’
surface were developed. The diffusion through the synthetic and natural (inverted
rat’s intestine) membranes of original and modified NDs of different dispersion
was studied with/without ultrasonic treatment. Biodistribution of modified NDs
was studied with rats and rabbits using different insertion ways. To this end X-ray
computer tomography, mass-spectrometry and tritium tracer method were used.
This work is a part of our preclinical trial of the drug delivery systems on the
basis of detonation NDs created by us for the first time.
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Structural investigations of carbon nanostructures
produced by hydrodynamical cavitation technique

Voropaev S.*, Galimov E.M.

GEOKHI Vernadsky Institute, 119991, Moscow, Russia
*e-mail: svoropaev@rambler.ru

Originally an idea of diamonds production by hydrodynamical cavitation
was presented by academician E M Galimov [1]. He supposed the possibility of
nature diamonds formation at fast magma flowing in kimberlitic pipes during
bubbles collapse. Experimental setup to reproduce the high pressure and
temperature reaction centers by means of the cavitation following the above idea
was created. A few crystalline nanocarbon forms were successfully recovered
after treatment of benzene (CsHj) [2].

From the general point of view, the physics by cavitational bubbles
collapsing and by shock-compression is very similar [3]. But, the environment
conditions, especially theirs that appropriate for the rapid cooling, are important
as well. For example, the higher the cooling capacity, the larger the detonation
nanodiamonds yield, which can reach 90%. Various measurements, including
X-ray diffraction and high-resolution TEM revealed that the size of the diamond
grains in the soot is distributed around 5 nm. The purpose of this study is to
investigate a new rapid cooling technique under shock compression during
hydrodynamical cavitation and to clarify carbon behavior under special range of
P-T conditions. A special nanodiamond particles were found in the samples
recovered from the benzene after treatment at the proper experimental setup.
The results of characterization for the produced nanocarbon forms by means of
the transmission electron microscope (TEM) and Raman spectroscopy are
reported.

[1] Galimov E.M., Nature 243, 389 (1973).

[2] Galimov E., Kudin A., Skorobogatskiy V., Aronin A., Dok. Acad. of Sciences 395, 187
(2004).

[3] Dnestrovskiy A., Voropaev S., Ponomareva E., Doklady Physics 56, 78 (2011).
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Formation, distraction and drying of the “secondary
structure” in detonation nanodiamonds

Volkov D.S.!, Avramenko N.V.", Belyaeva LA.L Davydov V.AZ
Proskurnin M.A.", Korobov M.V.!

'Department of Chemisry, Moscow State University, 119899, Moscow, Russia
*Institute of High-Pressure Physics of RAS, 142190 Troitsk, Moscow District, Russia
*e-mail: dmsvolkov@gmail com

Disintegrated detonation nanodiamonds (DDND), though originally
divided into individual diamond crystals (d =5.2 nm) in the water dispersion,
forms stable porous network (“secondary structure”) as aqueous gel and dried
powder [1].

In present study we attempted to follow formation and distraction of such a
network by means of differential scanning calorimetry (DSC). The fingerprint of
a network is a DSC peak corresponding to the melting of nano-sized water
confined into the pores.

The network was not found in the original crude DND material. It appeared
after an extensive acidic treatment of the samples at elevated temperature.
Increasing the time of the treatment led to the diminishing of the size of voids
filled with water. The minimum size (~6 nm) was close to the size of primary
DND particles (d~5 nm). The smaller was the diameter of the voids in the
“secondary structure”, the smaller was the size of DND clusters in water
dispersion made from the same material by ultrasonication.

The “secondary structure” disappeared in the DNDD samples subjected to
high temperature — high pressure treatment (10 kbar, 870 K). Further increase of
the temperature led to graphitisation of DDND. X-ray and SEM confirmed
formation of a graphite phase.

Isothermal drying of aqueous gels DDND and DDN at temperatures
303-353 K was studied by means of thermogravimetry (TG) and DSC. The
liquid was quantitatively removed from the samples. Two evaporation rates
were observed for DDND at each temperature. The first corresponded to the
evaporation of bulk water while the second — to nano-sized water. The amount
of nano-sized water was 0.5 g per gram of ND. Parameters of the “secondary
structure” account for the distinctive features of drying isotherms.

[1] Korobov M.V., Batuk M.M., Avramenko N.V., Ivanova N.I., Rozhkova N.N.,
Osawa E., Diamond & Related Materials 19, 665 (2010).
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Cluster models in small-angle scattering analysis of
detonation nanodiamonds

Tomchuk O.V.*'2 Avdeev M.V.!, Aksenov V.L.*', Bulavin L.A.*

! Joint Institute for Nuclear Research, Dubna, Moscow reg., Russia
‘Taras Shevchenko Kyiv National University, Kyiv, Ukraine
*Russian Research Center “Kurchatov Institute”, Moscow, Russia
*e-mail: tomchuk@yjinr.ru

Various forms of detonation nanodiamond (DND) are characterized by
cluster organization, which is well reflected in small-angle X-ray and neutron
scattering [1-3]. The corresponding regions of the power-law type in the
scattering intensity can be treated in the frame of the unified exponential/power-
law approach [3], which allows us to follow changes in the fractal parameters of
nanodiamond clusters under different conditions. Several models imitating the
growth of fractal clusters are probed to understand the appearance of specific
features in the scattering. Two- and three-dimensional cases for deterministic
and stochastic fractals composed of nanoparticles with a finite size are
considered. Both monodisperse and polydisperse basic structural units are used.
It is shown that the Schmidt equation [4] for the small-angle scattering from
mass fractals should be modified when applying to real systems.

[1] A.E. Aleksenskii, M.V. Baidakova, A.Ya. Vul', V.I. Siklitskii, Phys. Solid State 41, 668
(1999).

[2] M.V. Avdeev, V.L. Aksenov, L. Rosta, Diam. Relat. Mater. 16,2050 (2007).

[3] M.V. Avdeev, N.N. Rozhkova, V.L. Aksenov, V.M. Garamus, R. Willumeit, E. Osawa,
J. Phys. Chem. C 113, 9473 (2009).

[4] G. Beaucage, J. Appl. Cryst. 29, 134 (1996).

[5] P.W.Schmidt, J. Appl. Cryst. 29,414 (1991).
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Manufacturing of seeding suspensions based on crushed
nanodiamond for CVD diamond films

Stepanenko E.V.*', Levashov E.A.', Ralchenko V.G.% Patsera E.L.

'National University of Science and Technology “MISIS”, 119049, Moscow, Russia
’A.M. Prokhorov General Physics Institute RAS, 119991, Moscow, Russia
*e-mail: ev_azarova@mail.ru

Growth of diamond films on a foreign substrate using a CVD process
typically requires surface treatment in order to achieve a high nucleation density.
One of the most widely used approaches is seeding of the substrate with
diamond particles through the use of a slurry of diamond particles with grain
size from nanometers to microns dispersed in an appropriate solvent (alcohol,
acetone, etc.) accompanied by ultrasonic agitation [1]. Slurries of nanodiamond
provide the highest nucleation density.

In this work we employed narrow distributed diamond powder MD20 with
the average grain size 20 nm produced by a technique of crushing after static
conversion from graphite (“Tomei Diamond Inc., Ltd”, Japan) for preparing the
diamond slurries. MD20 powder was dispersed in an ultrasonic horn-type
ultrasound sonicator UZDN-2T with an output power of 400 W. Water and
isopropyl alcohol were used as a solvent. Diamond suspensions were sonicated
with the frequencies of 22 and 44 kHz and processing time from 5 to 60
minutes. The suspension of MD20 with isopropyl alcohol were compared to
disaggregated detonation nanodiamond with average grain size 4 nm in a water
solvent (supplied by loffe Physical-Technical Institute of Russian Academy of
Science). Si wafers were seeded by sonication in a nanodiamond suspension.
After 30 min of sonication, the substrates were removed and rinsed with water
or isopropyl alcohol.

Particle size distributions in suspensions were measured by photon
correlation spectroscopy (PCS) using a Beckman—Coulter N5 submicron particle
size analyzer. Seeded Si substrates were observed with scanning electron
microscopy.

As a result the relatively stable suspension of MD20 diamond powder in
isopropyl alcohol with average particle size 20 nm has been obtained.
Nucleating density on Si substrate was 10° cm™. In the case of water suspension
the cleaning of Si surface is required as an additional step for liquid spreading
and uniform particles distribution on the surface.

[1] Shenderova O., Hens S., McGuire G., Diamond and Related Materials 19(2-3), 260
(2010).
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Polycrystalline diamond fibres prepared by high
temperature shock compression of the multi-walled
carbon nanotube

Britun V.F., Kurdyumov A.V., Solonin Yu.M.*, Yarosh V.V,

Frantsevich Institute for the Problems of Materials Science of the NAS of Ukraine
03680, Krzhyzhanovsky, 3, Kyiv-142, Ukraine
e-mail: Solonin@ipms.kiev.ua

The high temperature shock compression (HTSC) method based on
detonation treatment of the powder mixtures consisting of a substance
investigated and some additives which possess higher compressibility and lower
specific heat [1]. Such additives can be, for example, alkaline-haloid salts.
Owing such properties mentioned additives provide the intensive heating of a
basic substance during compression and sharp cooling during unloading,
preventing thus reverse transformation.

In this work polycrystalline diamond fibers of 150-200 nm diameter have
been produced by HTSC method [2]. The initial product was the multi-walled
carbon nanotubes (fig. 1,2) A pressure of the process was estimated as 30 GPa
and the temperature as 3500 K.
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Figure 1. The multi-walled carbon nanotubes Figure 2. The polycrystalline diamond fibers

The study of the transformation products with the X-ray and electron
microscopy methods revealed that the treated fibers consist of fine diamond
particles with size about 10 nm and arbitrary orientation.

The preservation of the multi-walled carbon nanotubes morphology after
their transformation into diamond caused by presence of the KCl additive
softening the action of shock waves, especially when the additive melts at high
temperature.

[1] Britun V.F., Kurdyumov A., Borimchuk N.I. et al., Diam.Rel. Mater. 16(2), 267 (2007).
[2] V.F.Britun, A.V.Kurdyumov, Yu.M.Solonin, V.V.Yarosh, Report of the National
Academy of Science of Ukraine 11, 86-90 (2009).
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ODMR studies of fluorescent nitrogen-vacancy defects
fabricated by sintering of detonation nanodiamonds
Soltamov V.A., Soltamova A.A.*, Bhoodoo C., Babunts R.A.,
Shakhov F.M., Kidalov S.V., Vul’ A.Ya., Baranov P.G.

loffe Institute, 194021, St.Petersburg, Russia
*e-mail: alex.soltamova@hotmail.com

Nitrogen-vacancy (NV) centres in diamond are one of the most prominent
objects for applications in new generation of supersensitive magnetometers,
biosensors which demand very bright and photostable fluorescence from high-
density nitrogen-vacancy ensembles located in diamond core of nanoparticles.
Fluorescence brightness strongly depends on the concentration of NV centres
and the diamond quality. Although NV centres have effectively been generated
in diamond by irradiation and following high temperature annealing they have
not been observed in high concentrations in non-irradiated diamonds.
Enormously high concentrations of NV centres going as high as 1%
(10000 ppm) can be produced directly by high-pressure high-temperature
sintering of detonation nanodiamonds (NV-diamond) without any post or prior
irradiation of the samples.

Intensive fluorescence spectra with quite well distinguished zero-phonon
line related to negatively charged NV centres even at the room temperature were
observed. Anisotropic optically detected magnetic resonance (ODMR) and
electron paramagnetic resonance (EPR) signals of NV centres and isolated
nitrogen (N) have been detected in single arrays showing that sintering leads to
self-organization of nanodiamond particles in oriented micron-size arrays which
include high concentrations of NV and N centres.

In zero-field ODMR of NV centers which observed right up to room
temperature the side band satellites observed which arise from triplet-doublet
magnetic dipolar interactions of NV and N centers. Micron size single arrays of
NV-diamond could be used as a very sensitive device for measuring of weak
magnetic fields in micron scale.

This work has been supported by the Ministry of Education and Science of
the Russian Federation under Contracts Nos. 14.740.11.0048, 02.740.11.0108;
the Programs of RAS: Spin-Dependent Effects in Solids and Spintronics;
Support of Innovations and Elaborations; Basic Researches of Nanotechnologies
and Nanomaterials and by the RFBR under Grants Nos. 09-02-01409 and 09-02-
00730.

[1] LV. Ilyin, A.A. Soltamova, P.G. Baranov, A.Ya.Vul’, S.V. Kidalov, F.M. Shakhov,
G.V. Mamin, S.B. Orlinskii, N.I. Silkin, M.Kh. Salakhov, Fullerenes, Nanotubes, and
Carbon Nanostructures 19, 44 (2011)

[2] A.A. Soltamova, 1.V. II’in, F.M. Shakhov, S.V. Kidalov, A.Ya. Vul’, B.V. Yavkin,
G.V. Mamin, S.B. Orlinskii, P.G. Baranov, JETP Letters 92, 102 (2010).
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Effect of water adsorption on electrical conductivity and
permittivity of diamond nanopowders

Sokolina G.A., Denisov S.A.*, Kiseleva O.A., Spitsyn B.V.

Frumkin Institute of Physical Chemistry and Electrochemistry RAS, 119991, Moscow, Russia
*e-mail: saldenisov@gmail com

Nanodiamond (ND) powders in vacuum are good insulators with
conductivity (G) of the order of 10> Ohm™ ¢cm™ or less and the magnitude of
the dielectric constant € of a few units. Due to the large specific surface area of
powders and high conductivity of water comparing to the diamond it should be
expected increase of G and ¢ in the system ND-adsorbed water.

Frequency dependence of the conductance G (f) and capacitance C (f) for
dry and wet powders in the frequency range 1 Hz<f<1.6 MHz were measured.
The data were obtained using two-electrode cell placed in vacuum set.

The water’s isotherms were determined by weighing the samples after
exposing them at various pressures of water vapor in region 0.5<P <15 Torr.

The detonation diamond powder with specific surface area 300 m?%g
UDD-SP (SPA "Sinta", Minsk) were studied. Dependence of G (f, p) and ¢ (f, p)
were obtained for the initial hydrophilic powders with oxygen containing groups
on the diamond surface and the hydrophobic surface with chlorine groups.

Dependences of G(f, p) are interpreted in the basis of percolation theory.
In this theory percolation threshold is determined, when the non-conductive
matrix becomes conductive. Our experiments show G increase starting from
p/ps=0.2 for hydrophilic and 0.40 for hydrophobic (ps-saturated water vapor
pressure). It can be explained by merging of water clusters [1]. Near the
percolation threshold G(f) shows power-law dependence of frequency (G~f’; s-is
a function of pressure).

The theory [2] predicts the existence of non-trivial polarization processes
leading to the effect of giant dielectric polarization for water bearing porous
dielectrics at 1Hz<f<10° Hz. This theory takes into account the surface
contribution to the polarization. It was shown in our experiments, that indeed in
the low-frequency ¢ increases to 10°-10°. Significant polarization becomes
possible after formation of polylayer of water. The various physical and
chemical processes under the action of electric fields, explaining the
phenomenon of giant polarization at interfaces, are discussed (the restructuring
of electric double layers, surface migration and diffusion of charges).

The obtained information can be useful both for estimation of the
properties and possible practical application of ND powders.

[1] P.S. Vartepetian, A.M. Voloshuk, Uspehi Khimii 64(11), 1055 (1995) (In Russian).
[2] T.L. Chelidze, Y. Guergen, Geophys., J. Int. 137, 1 (1999).
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Problems of stability of disaggregated nanodiamond
hydrosols

Aleksenskii A.E.!, Shvidchenko A.V.*!

"Toffe Institute, 194021, St.Petersburg, Russia
?Academical Physical Technological University, 195220, St.Petersburg, Russia
*e-mail: alexshvidchenko@mail ru

The recently obtained Disaggregated Detonation Nanodiamond (DDND) is
a very perspective material for using in many areas. In this concern the
investigations of it stability, especially in biological environment, are actual.

The two types of DDND (particle size 5 nm) were investigated in this
work. The DDND hydrosols were prepared accordingly to [1-2]. The values of
C-potential in these hydrosols were —45 and +45 mV respectively.

We investigated the (-potential and size values of DDND hydrosols in
dependence of pH value. We have found that the both type of hydrosols were
stable in a wide range of pH at low values of ionic strength.

The both types of hydrosol completely coagulates if pH<2. We have
demonstrated the possibility of restoring of deagglomerated state of the DDND
with negative (-potential after recovery of pH. The restoring of the positive
charged DDND occurred being impossible.

We observed that increase of the ionic strength gives drop of the
aggregative stability of DDND is even if the pH value is constant. The limit of
coagulation stability of DDND is about 0.05 mol/l. We found that in isotonic
solution (NaCl 0.9%) the DDND coagulates. Negatively charged DDND could
be restored into deagglomerated state by washing although positively charged
DDND couldn’t be restored. The addition of multivalent metals into DDND
hydrosol causes it partial coagulation, proportional by quantity of added metal.

The mixing of oppositely charged DDND hydrosols gives their
coagulation.

Thus we found the potential instability of DDND in simulated biological
environment. We have demonstrated that the DDND stability in
bio-environment and in cell cultures is important, but still unsolved problem.

Presented work 1s supported by RFBR (grants 08-08-00983-a,
09-02-92477-MHKC _a).

[1] Aleksenskiy A.E., Eydelman E.D., Vul' A.Ya., Nanoscience and Nanotechnology
Letters 3, 68 (2011).

[2] Williams O.A., Hees J., Dieker Ch., Jager W., Kirste L., Nebel Ch.E., ACS Nano 4(8)
4224 (2010).
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Fluorinated nanodiamond and soot in tribological
applications

Shenderova O.A.*', Tvanov M.G.?, Deev L.E.*, Ivanov D.M.*

International Technology Center, 27615, Raleigh, USA
‘Ural Federal University, 620002, Yekaterinburg, Russia
Y«RSC « Applied Chemistryy, 614034, Perm, Russia
*e-mail: oshenderova@itc-inc.org

Different types of additives, including nanoparticles, are used with
lubricants in order to reduce friction and wear as well as to increase the load
carrying capacity of the lubricants. Detonation soot (a mixture of nanodiamond
particles with different forms of sp>-bonded carbon) has been used in
commercial Class I oils for more than 2 decades and well purified nanodiamond
(ND) particles demonstrated recently impressive antifriction and antiwear
properties in polyalphaolefin (PAO) oils [1,2]. Colloidal stability of
nanoadditives in an industrial oil is the paramount requirement for their
tribological applications. ND particles can be modified to enhance the stability
of their dispersions in a suitable carrier or liquid, and provide chemical
compatibility for oil. Particularly, fluorine-modified NDs demonstrate enhanced
colloidal stability in oils. The introduction of fluorine-containing constituents
result in enhanced lubricity and chemical stability under extreme conditions.

In the current work, treatment of detonation ND (DND) and detonation
soot (F-DND and F-soot) in the flow of F, and SF, was performed, resulting in
up to 8 at.% of fluorine in the DND composition. Mixtures for tribological tests
were prepared using PAO-6 as the base oil. Fluorinated DND and soot were
dispersed in PAO using fluorine-containing dispersant. Combinations of
fluorinated DND with fluorine-containing dispersant in PAO with hexagonal
boron nitride h-BN particles were also prepared for a comparison. Testing has
been performed on these formulations using ring-on-ring (friction coefficient)
and four ball tests (extreme pressure (EP) failure load and diameter of wear
spot).

Fluorine-containing NDs and soot demonstrated superior tribological
properties as compared to the pristine non-functionalized particles and h-BN
additive used alone.

[I] M.G. Ivanov, S.V. Pavlyshko, D.M. Ivanov, 1. Petrov, G. McGuire, O. Shenderova,
Mater. Res. Soc. Symp. Proc. 1203, 1203-J17-16 (2010).

[2] M.G. Ivanov, S.V. Pavlyshko, D.M. Ivanov, 1. Petrov, O. Shenderova, JVST. B 28(4),
869 (2010).
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Self-organization of detonation nanodiamonds after
treatment by high-energy methods

Shalimova A.S.*, Gasanov Z.D., Novikova K.O.

SiberianFederal University, 660074, Krasnoyarsk, Russia
*e-mail: asya_sx@mail.ru

The use of achievements of nanotechnology in the real production is
impossible without the development of processes for the production of
nanomaterials in sufficient quantities. A successful example of such technology
is the synthesis of detonation nanodiamonds (DND) with a particle size of 4 nm.
Diamonds have a unique combination of high chemical, thermal and radiation
resistance, the highest hardness and wearresistance among the known
substances, low coefficient of thermal expansion and etc. [1].

In this paper, three effective methods of exposure to water suspension of
nanodiamonds are considered: ultrasound (device UZDN-1 with the working
frequency of 22 kHz and 44 kHz), cavitation (a rotating wedge with a frequency
of 10-20 000 r/min) and laser radiation (femtosecond laser Tsunami, the
wavelength of 800 nm, capacity 840-860 Mw). Time of exposure ranged from a
few seconds to several minutes. Control of the size distribution was carried out
by the "CPS Disc Centrifuge Model DC 24000".

After carrying out of experiments, in which intensity and exposure time
each method are varied, the comparative analysis was made. This analysis
showed that the most efficient and productive method of disintegration is the
cavitation. The size of the primary diamond crystal is 4-5 nm.

After carrying out of works on the disintegration of nanodiamond
agglomerates in water suspension by means of laser radiation it was found that
the laser radiation promotes not only the destruction of aggregates, but also
stimulates the formation of regular structures.

Laser treatment, in contrast to the other methods, leads to the growth of
three-dimensional structures resembling the form of "baskets" from the primary
DNA. The analysis of the AFM 1mages shown, that at the deposition on a
substrate of concentrated suspensions are formed aggregates (clusters) of a large
number of nanodiamond particles, whose size is in the range from 20 up to
270 nm.

The further researches are conducted to specify the mechanism of the
observed phenomena and the influence of external factors on the process of
stimulation and self- organization processes control of DNA and properties of
these structures.

[1] Lyamkin A.L, Petrov E.A., Ershov A.P., Sakovich G.V., Staver A.M., Titov V.M.,
Dokl. Acad. Sci. USSR 302(3), 611 (1988) (in Russian).
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Magnetic studies of nanodiamond — copper composites
synthesized at high pressure and high temperature

Shakhov F.M'*, Osipov V.Yu.', Kidalov S.V.', Takai K.>, Enoki T.”, Vul’ A.Ya.'

offe Physical-Technical Institute, 194021, Saint-Petersburg, Russia;
‘Tokyo Institute of Technology, 1528551, Tokyo, Japan;
*e-mail: fedor.shakhovi@mail.ioffe.ru

Some widely used electrical and heat conductors such as copper and silver are
the materials with low wear resistance and the enforcement of their abrasion
resistance is the task which may be successfully solved by using the detonation
nanodiamonds (DND). A series of copper composites with the inclusions of 0 wt.%
DND was prepared at HPHT conditions (P~7 GPa, T=1100-1900°C, t=60 s).

The composites were studied by means of magnetic susceptibility (MS)
method 1n the temperature range 2-300 K. The MS of all the samples follows
well to the Curie-Weiss low in the temperature range below 100 K. The Curie-
Weiss term in the MS is related with the presence of paramagnetic spins (S=1/2)
or unpaired free radicals locating in the DND particles and not in the host copper
matrix. Recently we found that these paramagnetic spins (S=1/2) are originated
from the own point-like defects of diamond lattice which are located within thin
(~1.5 nm) undersurface layer of DND particles with mean size ~5 nm [1]. The
concentration of localized spins in a diamond phase of synthesized composites is
about 5.4-6.0x10" g, which is a little bit lower than that one in pristine DND in
the powder form (~6.3x10" g'). The increasing the temperature of HPHT
synthesis from 1100°C to 1700°C does not practically affect on the
concentration of unpaired radicals in DND phase although the subtle reducing of
this value with raising the synthesis temperature is clearly seen. These results
mean that during rapid HPHT synthesis of Cu/DND composites DND particles
inside the matrix do not subjected to the intensive graphitization process and
their crystalline cores are well conserved and unconventionally stable in a
melted copper. Such stability can be easy understood taking in mind the facts
that copper does not create compounds with external carbon atoms of DND and
own defects of DND are not so movable at short time of HPHT synthesis. From
the other hand the obtained results mean that own paramagnetic radicals of DND
particles can serve as an unconventionally stable spin markers for some special
tasks related with identification of objects with inclusions of detonation
nanodiamonds.

This study was supported by the RFBR grant 09-08-01200-a and by the
Ministry of Education and Science of the Russian Federation contract
16.740.11.0216.

[1] A.L Shames, V.Yu. Osipov, A.E. Alcksenskiy, E. Osawa, A.Ya. Vul'. Diamond Relat.
Mater. 20 (2011) 318.
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High thermal conductivity diamond-copper composites
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“Saint-Petersburg State Institute of Technology, 190013, Saint-Petersburg, Russia
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A composite material with high thermal conductivity of 600-900 W/(m K),
as well as a process for fabricating a composite material is developed [1].

Diamond-copper composites are obtained from monodisperse fillers having
the following characteristics:

- thermal conductivity is up to 800-900 W/(m*K) for diamond particles of
200-400 mkm size;

- diamond volume fraction ~62 %;

- composite density ~5,5 g/em’;

- coefficient of thermal expansion 5 ppm/K at 20°C and 8 ppm/K at 200°C;
- longitudinal speed of sound ~9 km/s;

- Young modulus ~300 GPa;

- specific electrical resistivity 5-10 mk€2 cm.

For comparison, the thermal conductivity of copper is 390 W/(m K). In
regard to their characteristics the obtained materials do not inferior to or superior
the diamond-metal composites fabricated by all other known means (pressure-
assisted infiltration of copper alloys containing carbide-forming additives;
sintering with copper or infiltration at high pressures more than 1 GPa).

The diamond-copper composite material is made by a method of capillary
(spontaneous) infiltration of copper melt in a bed of diamond particles with
preliminary applied coating of carbide-forming metal. The coating thickness is
about 100-300 nm. Raw materials are available (powders of synthetic diamond
and copper, alloys are not used). The infiltration is carried during short time
(several minutes) and the process has almost no restrictions as to the form and
sizes of product items. The products can be manufactured in final or close to the
final form and can have cavities, ledges and through apertures in them. The
product material can be easily jointed to other constructive elements by means
of soldering.

The proposed composite material can be used in heat exchangers, heat
sinks, heat spreaders for semiconductor and vacuum electronic devices, in high-
heat-flux systems, for example, in synchrotron radiation sources, elementary
particles accelerators and nuclear fusion reactors, etc.

This study was supported by the RFBR grant 09-08-01200-a and by the
Ministry of Education and Science of the Russian Federation contract
16.740.11.0216.

[1] A.M. Abyzov, S.V. Kidalov, F.M. Shakhov. J. Mater. Sci. 46, 1424 (2011).
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Investigation of nanostructured particles obtained from
sintered nanodiamonds

Vitiaz D.A.", Senyut V.T.**, Markova L.V}
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Research of the phase transformations occurring in nanodiamond cluster
under the influence of high-temperature annealing in various atmospheres have
shown, that the sequence of structural transformations takes place: nanodiamond
- onion-like form of carbon - nanographite. It is essential, that if at annealing in
inert atmosphere the relation sp’/sp’ - hybridized carbon grows, that is the share
of a graphite phase increases, on the contrary, at annealing in hydrogen
atmosphere there is an interval of temperatures in which the share of sp’ -
hybridized carbon grows [1]. In hydrogen atmosphere in some interval of
temperatures transition from the onion-like form of carbon in diamond can be
observed.

Therefore for increase in the output of a diamond phase and improvement
of sintering quality it is expedient to carry out preliminary modifying of initial
nanodiamond’s powders before compaction.

Object of research in this work were both nanodiamonds and diamond-
containing mixture of detonation synthesis manufactured by Joint-Stock
company "Sinta" (Minsk) after annealing 1in various conditions
(hydrocarbonateous, reducing atmospheres, vacuum) and sintering at pressures
of 1-3 GPa in the temperature range of 1200-2000°C. The purpose of the work is
to research the influence of annealing, temperature and pressure on structure and
phase composition of the particles obtained both from nanodiamond and
detonation diamond-containing mixture.

The carried out research of phase structure of milled compacts, obtained
after various modes of annealing and sintering of nanodiamonds and diamond-
containing mixture, has shown, that the basic phase for samples, sintered under
pressure after annealing in reducing atmosphere is graphite with various degree
of perfection. Research of phase structure of the powders subjected to the
vacuum thermal treatment, has shown, that the basic crystal phase is diamond,
instead of graphite, as by other modes of sintering. The content of a diamond
phase over 50 % is revealed in the samples obtained after annealing in vacuum,
hydrocarbonateous atmosphere and sintering under pressure.

[11 Vul A.Ya. Detonation nanodiamonds. Structure, phase transition and applications // VIII
Int. Conf. "Hydrogen Materials Science and Chemistry of carbon Nanomaterials".
Sudak, Ukraine.-Kiev.-P. 506. (2003).
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Nucleation of CVD diamond particles and films on heat-
treated polymers PHC and PNHC

Sedov V.S.*' Ralchenko V.G.!, Sizov A.1.%, Zvukova T.M.%,
Khomich A.A', Konov V.I.!

'A.M. Prokhorov General Physics Institute RAS, 119991, Moscow, Russia
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Formation of nucleation centers (seeding) on the substrate is a necessary
step for CVD diamond growth, detonation nanodiamond particles commonly
used now for this purpose. Here we report on alternative approach for the
seeding that is based on heat treatment of a specific polymer layer, rich in sp’
bonds, to produce nanodiamond particles (along with other carbonaceous
species) [1,2], which serve further for diamond film nucleation.

Two types of polymers, poly(hydrocarbine) (PHC) and poly-
(naphthylhydrocarbine) (PNHC), used as precursors, were spun-off on silicon
substrates, and annealed at temperatures up to 700°C for 2 hours in Ar
atmosphere to form diamond nuclei. Then the diamond films were deposited in a
microwave plasma CVD system UPSA-100 (2.45 GHz) in the H,/CH, gas
mixtures for time intervals from 1 minute to 2 hours. Either isolated CVD
diamond particles or continuous films were grown depending on deposition
conditions.

Analysis of the samples before and after CVD process was performed with
SEM and Raman spectroscopy (488 nm wavelength excitation). While only sp2-
bonded carbon could be revealed in the annealed polymer products, diamond
structure (with narrow Raman peak at 1333 cm™) was definitely was detected in
the films just after first minutes of CVD process, confirming the presence of
diamond nucleation sites with submicrometer dimensions in the polymer. The
results of selective etching of graphite-like component from the polymers by
oxidation and hydrogen plasma treatment to enrich the nucleation layer with
diamond phase will also be reported. We believe that the use of the polymer
precursors for seeding is especially helpful in case of porous substrates, e.g.
zeolites, opals or nanoporous semiconductors.

The work was supported by RFBR grant No. 10-03-00943.

[1] Bianconi P.A., Joray S.J., Aldrich B.L., Sumranjit J., Duffy D.D., Long D.P., Lazorcik
J.L., Raboin L., Keams J.K., Smulligan S.L., Babyak J.M., J. Am. Chem. Soc. 126, 3191
(2004).
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Catalytic activity of nanodiamonds in redox process
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Detonation ultradisperse diamonds (UDD) are already offered on the
market, but its properties and chemical composition vary with production
conditions and degree of purification. The presence of catalytically active metals
in UDD suggests that they could be regarded as ready-made nanostructured
metallic catalysts on carbon carriers. Its catalytic activity in reaction of ozone
decomposition was studied on UDD offered by various manufacturers: UDD-1 -
Gansu Goldstone Nano-Material Co., Ltd., China; UDD-2 NanoCarbon
Research Institute Ltd., Japan; UDD-3 Real-Dzerzhinsk, Russia; UDD-4
Tekhnolog FSUP SKTB, Russia. All of them, except UDD-1, are similar in
elemental composition (carbon content 78.4 to 87.5%), and their H/C values
0.022-0.027, typical of a diamond phase (sp’). Similar adsorptive characteristics
are shown by UDD-2 and UDD-3. The average pore volume is 0.5-0.6 cm’/g.
The average pore radius is 3.4-3.8 nm. UDD-4 has a wider pore size distribution
spectrum, and its volume and average radius are 2.5 times as large. The
micropore radii, 3.4+0.1 nm, calculated from the Dubinin-Radushkevich
equation, are characteristically identical [1].

The specific surface and volume of pores are observed to change slightly
during ozonation, whereas the average radius of micropores remains constant
and does not depend on the method of synthesis and the UDD purification
details.

A high catalytic activity and stability of UDD in a low temperature ozone
decomposition reaction could be extended to other redox processes. The
catalytic activity depends on metal impurities content and particle size: it
decreases by two orders of magnitude if the average particle size is > 200 nm.

The work was supported by Basic Research Program, RAS, Earth Sciences
Section-5

[I] Rozhkova, N.N., Gorlenko, L.E., Emelyanova, G.I. Jankowska A., Korobov M.V,
Lunin V.V, Osawa E., Pure Appl. Chem. 81(11), 2093 (2009).
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Use of mechanical alloying for production of MMC with
nanodiamond reinforcements

Popov V.A."*, Chernov B.B.%, Nugmanov A.M.?%, Shchetinina G.P.?
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‘Adm. G.I. Nevelskoy Maritime State University, 690059 Vladivostok, Russia
*e-mail: popov38r@inbox.ru

MMC were produced by mechanical alloying of the components to obtain
composite granules followed by their consolidation into a compact material.
Commercially pure copper and nickel, as well as aluminium alloys, were used
for the matrix. The content of the ND fraction was varied from 5 up to 40 vol.%.
Mechanical alloying was performed in planetary mills with balls and
quasicylindrical milling bodies as process tools.

The composite materials with an increased concentration of nanodiamond
reinforcing particles feature an increased air oxidation after a small treatment
time. This effect is found for all matrix materials studied, i.e., for aluminium,
nickel, and copper. The emergence of cuprous oxide in granules with ND
content greater than 20% is confirmed by the X-ray diffraction method.
However, increased oxidation is observed only for clusters of crushed, separate,
and partially matrix-bound ND particles. After a prolonged treatment in a
planetary mill, which leads to an even distribution of nanoparticles in the matrix
and to the absence of free particles on the surface of granules, the effect is much
smaller or almost absent. Conditions are determined for the effect of the
treatment regimes on the uniform distribution of reinforcing ND particles in the
copper matrix for different milling tools.

It 1s known that copper oxides, especially copper(I) oxide, are the most
efficient materials for protection from biofouling. That is why formation of
copper oxides (including the large volume fraction of copper(I) oxide) on the
surface of the copper matrix composites with large ND volume fraction suggests
them to be suitable for biofouling protection systems of marine facilities. This
material can be used in the form of granules after mechanical alloying, as a
component of paints, lacquers, and polymer coatings; as a component of bulky
composite materials (e.g., additives to concretes); and, after compaction, for
articles operated in water but carrying no large loads. Three specimens were
kept for 100 days in marine water during the summer season to determine the
efficiency of using the developed material in biofouling protection systems of
marine falicities: (1) the control specimen without protection; (2) a plate from
chlorinated polyvinyl chloride resin CPVC+40% copper(I) oxide composite
coated with standard antifouling paint; and (3) a specimen from the developed
Cut25%ND composite. The study shows the absence of biofouling on
specimens 2 and 3; on the control specimen, the biofouling 1s 0.52 g/cm” per
year.
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An investigation of nanodiamond and carbon onion
structures by UNR-TEM methods
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Transformation processes in a isolated diamond nanoparticles under
vacuum annealing were studied by combination of UHR-TEM method and
nanodiffraction. Initially, part of diamonds were combined in agglomerates,
consist of several blocks, others — were monocrystalline. It should be noted the
latter predominated in initial detonation synthesis diamond particles. Still, a
significant part of particles contained various defects of crystalline structure:
twins with {111} twining plane; large-angle boundaries both with various twins
and in between blocks, etc. Only the reflexes corresponded to one crystalline
zone existed on the nanodiffraction patterns of the monocrystalline initial
particles. After the annealing at 1000°C, three types of nanoparticles were
observed on the surface of agglomerates: (1) diamond nanoparticles shaped
similar to the initial state; (2) totally transformed onion-like carbon
nanoparticles (carbon onions); and (3) unidentified owing to a poor contrast
nanoparticles. It should be noted that on the surface of nanodiamond particles
after small annealing many investigators observed layers often called as
graphite-like. However, nanodiffraction patterns of such particles show that
these layers should be assigned to the amorphous state, because reflexes
corresponding to the crystalline phase do not appear. The nanodiffraction pattern
of carbon onion consists of broadened rings, corresponded to graphite. No
individual reflexes, which implies the complete transformation of the
nanoparticles, were observed. Nanodiffraction patterns of unidentified
nanoparticles were represented by many individual reflexes that fill with some
density the diffraction rings corresponding to diamond. This fact allows to
suggest that the monocrystalline structure breaks down into numerous fragments
of extremely small size. That is why the crystal lattice does not resolve and the
shape of the nanoparticle resembles an amorphous state. In the literature, such a
state is often called “amorphous diamond”. In the transformation process, this
state might be intermediate. In further transformation, the amount of amorphous
diamond fraction goes down, while a graphite-like component increases. Thus,
the diamond structure undergo the transformed into a graphite-like. The process
is violent, and it is extremely difficult to observe nanoparticles simultaneously
containing the graphite-like and diamond structures. Still, on large-size
nanoparticles it is sometimes possible to register the residual part of the diamond
constituent.

188


mailto:popov58@inbox.ru

Nanodiamonds P3.26
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y
plasma of high frequency arc discharge and their
properties
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Detonation diamonds have stable cover usually. This cover contained
carbon and prevented from their using.

In this work the results of ultradispersed diamonds investigation after
plasma treatment were presented. For arc plasma generation we developed the
setup on the base of fourstreams high frequency plasmatron placed on the
leakproof cell. Four plasma streams formed plasma cone. Ultradispersed
diamond fed into plasma along the cone axis with the flow of inert gas. Initial
ultradispersed diamond passed into metal cover diamond with 100% conversion.

Investigations by X-ray powder diffraction (see Fig.), XPS and Raman
spectroscopy have shown that ultradispersed diamonds covered by thin layer of
copper and its oxides. The presence of copper oxides connected with insufficient
purity of using gases. Also we plan to present the investigation results of
ultradispersed diamonds covered by palladium and nickel.

Intesity, a. u.

20, degree

X-ray powder diffraction patterns of (1) initial ultradispersed diamonds before and (2)
after treatment of plasma contained copper.
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Synthesis and electronic structure of surface of CVD
diamond films

Okotrub A.V.*, Polyakov O.V., Asanov [.P., Bulusheva L.G.

Nikolaev Institute of Inorganic Chemistry SB RAS, 6303090, Novosibirsk, Russia
*e-mail: spectrum@niic.nsc.ru

The surface structure of diamond nanoparticles and films arouse an active
interest, since just the chemical functionalizing of diamond surface exerts
influence upon physicochemical and electric properties of diamond material.
The synthesis of diamond films was performed employing AX5250 microwave
plasma reactor (SkW power, Seki Technotron, Japan). The growth rate was
amounting to about 10 pum/h and acetone vapor was used as a reactant source of
catbon. For monitoring the process of diamond film growth, substrate
temperature was measured and plasma optical emission spectra were registered.

The best quality films have been obtained on polished silicon surface after
preliminary sputtering the suspension of nanodiamonds using an aerographic
spray method. The films obtained were characterized by the methods of Raman
spectroscopy, IR absorption spectroscopy, etc. It was revealed that varying the
substrate temperature and the composition of the gas phase provides changing in
the orientation of crystallites at the film surfaces as well as in the structure of
surface layer.

CK-edge absorption spectra of diamond films have been measured at the
Russian-German beamline of synchrotron radiation source BESSY-2.
Simultaneously, measurements were performed within the framework of X-ray
absorption spectroscopy with the use of internal photocurrent and Auger
electron emission techniques. Thus, it could be possible to observe the
difference between electronic structures of the surface layer 1 nm thick as well
as that at the depth up to 100 nm. The features surface spectra indicate an
increase in the contents of C-H of bonds and somewhat increase in sp” carbon
fraction. The measurements of photoelectron valence band and Cls XPS spectra
of the same samples allowed us to reveal the correlation between an increase in
sp> C-H bonds and sp carbon content. Comparing the spectra corresponding to
different ratio between surface atoms existing in different electronic states, we
have revealed the features of spectra related to precisely these conditions.
Cluster approximation quantum-chemical calculations have been performed in
order to interpret the spectra measured.
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Nanodiamond influence on a microstructure of galvanic
nickel coatings
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Detonation synthesis nanodiamonds are common additives for metal-
diamond galvanic coatings. Introduction of nanodiamonds in the electrolyte
allows to obtain coatings with more fine-grained structure, which improves their
quality. Surface modification of nanodiamonds with multivalent metal salts
leads to additional increase of their application effectiveness in galvanic
technologies.

Galvanic nickel coatings are widely used. Layers of galvanic nickel
coatings to increase lifespan and improve the quality of stamping and pressing
tools, parts of friction etc.

On photomicrographs (scanning electron microscope Hitachi TM-1000),
we obtained samples of nickel coatings, coatings with nanodiamond and with
modified nanodiamonds (modifier nickel chloride) was established reducing
number-average radius of nickel coating grains from 0.83 to 0.74 micrometers
with introduction of nanodiamonds, nanodiamonds surface modification leads to
its reduction up to 0.66 micrometers.

On a powder diffractometer Bruker D8 Advance X-ray investigation of
coating samples was carried out. Analysis of the diffraction patterns of all
samples showed that intense reflection (200) is the most for the nickel coatings
and coatings with nanodiamonds, reflection (111) for coatings with modified
nanodiamonds. Experimental and literature data allows to suggest that as a result
of the introduction of modified nanodiamonds in the coating is implemented
high content of solid solution in the nickel matrix, as compared with unmodified
nanodiamonds.

The lattice parameter, calculated by extrapolating of dependence of a from
cos“0/sind to O = 90°, was 0.35023, 0.35111 and 0.35136 nm, respectively, for
nickel coatings, coatings with nanodiamonds and with the modified
nanodiamonds. Calculated by the Debye-Scherrer for coherent scattering region
also have the lowest value for the coating with the modified nanodiamonds (for
(111) reflection is 14.5 £ 0.7 nm).

Coating with the modified nanodiamonds are also characterized by increase
in microstrain lattice. Collection of X-ray structural analysis data about the
effect of nanodiamond surface modification on the microstructure of obtained
coatings allows to explain increase of nickel coatings microhardness with
modified nanodiamonds.
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Calculation of the electron effective mass in a
nanodiamond-metal composite
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Under investigation is a material in which the diamond nanoparticles are
immersed in the metal. The effective mass of electron m of such materials is
essentially depends on sizes and mutual location of the differently conducting regions.
In order to understand in workmanlike manner the available regularities, it is solved
the problem with a periodic structure. Diamond nanoparticles will be considered to be
the same size d and immersed in the metal at the same distances L. Nanoparticles
make up a cubic lattice.

Calculation is made by the well known kp-method. Diamond nanoparticles
influence on m is introduced by the local electron-phonon interaction potential in form
of Gaussian function with maximum value U0~0,1eV [1]. The Schrodinger equation
with corresponding potential is solved by means of the Fourier transformation, which
gives the system of linear equations. So received Wave functions, received in that way,

are used for calculation of effective mass
)

o The dependence of inverse effective
mass on the concentration is shown on the
| diagram. This diagram shows that in the
area of applicability of the theory effective
electron mass increases with increasing

/ concentration of diamond nanoparticles
e , , , . and therefore, for example, the electrical
ormormommmme e conduction of the nanodiamond-metal
composite is changed non monotonically. Experimental detection of this effect would
confirm the correctness of the choice of such a potential of electron-phonon
interaction. Of course, in a real sample effect will be less expressed because of the
disorder.
Authors are grateful to Reich K.V. for discussion and Vul A.Y. for attention to
this paper. This paper is made under support of RFBR (grant 09-08-01200-a and grant
11-02-01029-a).

[1] Reich KV, Eidelman ED. Physics of the Solid State 53(9), (in press) (2011).
[2] Anselm A. Introduction to Semiconductor Theory (Translated from Russian by MM
Samokhvalov), Englewood Clifs, N.Y. 2008 (Ch.4).
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Diamond and nanodiamond new obtaining method in its
metastable region: autoepitaxial growth from liquid
carbon

Lysenko L.Yu.', Basharin A.Yu.*', Spitsyn B.V.?
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The possibility of diamond and nanodiamond epitaxial growth on the
diamond substrate from the liquid carbon in the isobaric gas-static conditions
with 30 MPa pressure has been experimentally demonstrated for the first time.
Liquid carbon was obtained as the result of the laser melting of the
microdisperse graphite islands held by the adhesive on the substrate - the edge
of natural diamond crystal. The diamond original surface was formed by
pyramidal growth hillocks, with steps oriented along the edges of the octahedron
(111), as well as the tetrahedral cavities — trigons. Trigons are known to be
strictly oriented in the direction opposite to the octahedron edge and are formed
as the result of the peculiar growth discordance. Remelted island surface is the
well known cobble structure [1] consisting of graphite densely packed
hexagonal crystals and strikingly different from the flaky structure of the islands
before melting. In the solidified carbon from the contact area of the liquid
carbon and the substrate transparent crystal particles and films were detected,
protruding above the original diamond.

The surface of the particles also had the form of "cobble" due to the
different types of instabilities in the growth process, but the "cobbles" was the
flattened octahedral-faceted crystals having the characteristic lateral dimension
of about 100 nm and thickness 100-200 nm. Raman spectrum of the particles
contains diamond narrow line 1332 cm™, as well as graphite lines: D-line
(1349 cm™) and shifted to the 1589 cm™ G-line with intensity ratio
k =Ip/I; = 0.8. The G-line shift and the value of k, however, correspond to the
strongly disordered nanographite with crystallite size ~ 5 nm [2]. Therefore, the
particles are characterized by the line 1332 cm™ and have the diamond structure.
Orientation of the particles on the diamond substrate surface was similar to the
trigon orientation, that indicates the autoepitaxial growth character.

The transparent films have a thickness of 10-20 nm. Nanodiamond
structure 1was identified by the Raman line 1320 c¢cm™ and G-line shift to the
1576 cm™.

[1] Kawasaki M, Onuma K., Sunagawa I., J. Crystal Growth 285, 188 (2003).
[2] Ferrari A.C.,Robertson J., Phys. Rev. B, 61, 14095 (2000).
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Electronic and elastic properties of diamond films with
nanometer thickness
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The graphene as two-dimensional material has attracted attention from the
scientific community long before experimental fabrication. The first theoretical
study of graphene is dated 1946, when the remarkable band structure of “Dirac
cones” has been studied. First experimental observation of free standing
graphene in 2004 [1] initiated the comprehensive study of this material.

Hydrogenation of graphene enlarges its potential application in
nanoelectronics. Regular adsorption of hydrogen atoms changes graphene
electronic structure and opens the band gap depending upon the distance
between hydrogen regions. Total hydrogenation of graphene changes the nature
of electronic states due to changing of sp® hybridization of C-C bonds to sp’ one
and opens the dielectric band gap. Such two-dimensional insulator was called as
graphane. Graphane i1s an offspring of graphene along with graphene
nanoribbons and carbon nanotubes. The other type of carbon bonding opens a
new way for developing of two-dimensional carbon based materials.

Graphane is the first member in a series of sp’ bonded diamond films with
nanometer thickness (or diamanes) consist of a number of adjusted (111
oriented layers which display unique physical properties. The consequent study
of graphene, graphane and proposed diamanes can be considered as bottom-up
nanotechnological approach opposite to ordinary top-down paradigm. The main
goal of this work is to study diamane physical properties. We consider diamanes
with different thickness; we investigate their stability and compare them with
known data for sp’-hybridized hydrocarbon clusters. We study the elastic
properties of the structures and obtain phonon dispersion, wave velocities and
elastic constants. Finally we discuss possible ways to synthesize the structures.

[1] K.S.Novoselov, D.Jiang, F.Schedin, T.J.Booth, V.V.Khotkevich, S,V, Morozov,
A K. Geim, Proc. Natl. Acad. Sci. USA 102, 10451 (2005).
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Effect of detonation nanodiamond surface chemistry on its
catalytic properties

Kulakova I.I.*, Tveritinova E.A., Zitnev Yu.N., Lunin V.V.
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Carbon materials used in catalysis, have usually graphite structure. Most
often they are used as the supports of the active phase. Many researchers believe
that the structure features formed by sp’-carbon atoms contributes to the
manifestation of their own catalytic activity. Indeed, in recent years the catalytic
activity of various forms of nanocarbon (eg carbon nanotubes) has been
identified and it has been found that the expression of the catalytic properties of
such nanocarbon is due to the presence of certain functional groups on its
surface [1].

Diamond materials with different structure, were not practically used in the
catalysis before the appearance of detonation nanodiamond (ND). Data of the
catalytic activity of the latter 1s extremely scarce. Chemical state of ND surface,
as well as other carbonaceous materials, is determined by the conditions of their
pre-treatment (modification) [2].

The aim of this study is to determine whether ND it has the catalytic
activity and how the gas-phase pre-processing conditions will affect it. We
chose a model reaction — the conversion of alcohols — to test of ND catalytic
activity. The study was performed by the set of physicochemical methods: the
pulse mikrocatalytic method, electron microscopy, optical (IR) and electron
spectroscopy, elemental analysis.

We obtained data of ND catalytic activity in C,-Cs alcohols conversion, the
_ products ratio through the dehydrogenation

and dehydration as well as the effect on these
O deHy ..
m del;n  parameters of pre-treatment conditions of ND
and of alcohol nature (see, for example, the
Figure at 330°C).
Thus, it was found that ND shows a
significant catalytic activity and selectivity in
in.ox.red. _ in.ox.red.  in.ox.red. conversion of alcohols. At the same air
propanol2  propanolt ehenel  peatment (400°C, 5 h) increases its activity,
whereas the hydrogen treatment (800°C, 5 h) reduces it.
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[1] Figueiredo J.L., Pereira M.F.R., Catalysis Today 150, 2 (2010).
[2] Kulakoval.l, Korol’kov V.V., Yakovlev R.Yu., Lisichkin G.V., Nanotechnologies in
Russia 5, 474 (2010).
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The effect of filler surface chemistry on the tribology
properties of nanodiamond/polytetrafluroethylene
composites
Koscheev A.P.*, Tereshenkov A.V., Petrovskaya A.V, Chukov N.A.,
Sadovskaya N.V., Perov A.A., Khatipov S.A.

Karpov Institute of Physical Chemistry, 105064, Moscow, Russia
*e-mail: koscheev@nifhi.ru

Detonation nanodiamond (DND) is very attractive nanoscale filler of polymers.
The commercially available DND have quite different surface chemistry depending on
the details of synthesis technology. The question of how the DND surface chemistry
can affect the properties of polymer composites remains open.

We have studied the tribological behavior of polytetrafluoroethylene (PTFE)
filled with DND of different types both in as received and chemically modified forms.
The DND surface chemistry was characterized by IR-spectroscopy and
thermodesoption mass spectrometry. DND(1-5%)/PTFE composites were prepared by
mechanical mixing, compressing molding and sintering at 380°C. The composites
samples were characterized by differential scanning calorimetry, scanning electron
microscopy and wear/friction tests.

Experimental results showed that the wear rate reduction, caused by DND filler,
depends strongly on the oxidation state of nanodiamond surface. The oxygenated
groups at DND surface were found to influence the crystallinity of polymer matrix as
well. These results indicate that DND particles in PTFE composites play not only the
role of “mechanical” impurities but they also could interact chemically with PTFE
matrix usually considered as “chemically inert”. This suggestion was confirmed by the
observed differences in mass spectrometric compositions of volatiles released during

sintering of PTFE filled with DND of

g different surface chemistry (see Figure).
10 o i o The obtained results give for the
Al al Y1 ., first time the evidences of: 1) the
=R I chemical interaction of DND filler with
T T | PTFE  matrix  during  sintering
0 ' I N | N B procedure; 2) the dependence of this
» o interaction on surface chemistry of
10 DND; and 3) the influence of this
3 J A I , interaction on the properties of
; h P 250 “  DND/PTFE composites.

The authors acknowledge the
support from the Russian Federal Agency for Science and Innovations (State Contract
No. 02.523.12.3024).
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Graphite diamond composites formed by a controlled
oxidation of detonation blend
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The most of publications describing research of detonation nanodiamonds
(DND) are devoted either to pristine detonation blend (DB) or to the high purity
DND. The latter is notable for the lack of graphite-like structural systems
included.

However the intermediate products contained both the diamond-like
fragments and the graphite-like ones may be the subject-matter, too. But, to
meet such a challenge it is necessary to create convenient obtaining methods of
the products with replicable features.

Special research of oxidation DB in water solutions of dilute nitric acid
(5-50% weight) has been undertaken to that end. The amount of nitric acid used
was not sufficient for the complete destructive oxidation of the «graphitic»
component. The oxidizing process has been carried out in an autoclave at the
temperature 150-250°C to achieve the maximal efficacy. Oxidation could be
stopped at any desirable stage.

In this way specimens with various ratios of diamond and graphitic
structures were produced and tested. The results obtained let us to analyze the
behavior of nanodiamond products as a function of the oxidation extent (OE). It
i1s remarkable to see substantial extremuma of a number of character properties
depended on the OE. The properties are the ones to be of practical interest and
their extreme values have a significant difference from that of the same
properties of initial DB and high purity DND.

The authors explain these facts by particular principles of a functional
group formation on «graphitic» areas of the nanoparticles. There are all reasons
for selection of partial oxidized intermediate products as a particular class of
graphite-diamond nanocomposite materials (GDNM). The pilot plant for the
production of DND and GDNM has already been created in SCTB
«Technology, St. Petersburg.
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Experimental study of electric discharge treatment of
nanodiamond particles in flow liquid
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Nanodiamonds as well as their suspensions have been widely used for
several decades in machinery as lubricants, additives to oil and galvanic
electrolytes. But nowdays carbon nanodiamonds are believed to have even more
profound practical applications in biology and other industries[1]. In present
article electric discharge treatment of nanodiamond particles has been studied.

In liquid phase pulsed electric discharge in water flow in Venturi tube was
used for nanodiamonds treatment and functionalization [2].

Nanodiamand powder structure modification after treatment in suspension in water by pulse
electric discharge in water flow.
a. Before treatment- diamond crystals are completely covered by nondiamond carbon;
b. Initial treatment - diamond crystals conglomerates are separated from nondiamond carbon;
c. Final treatment - diamond primary crystals are completely escaped from conglomerates;

Ordered self-organizing cubic superlattice formed by diamond nanocrystals
escaped and functionalized by electric discharge treatment have been observed.
The effect of reversible stretching of cubic superlattice formed by diamond
nanoparticles by Van der Waals forces caused by electric charging have been
observed.

[1] K.B. Holt, Philosophical Transactions of the Royal Society A 365, 2845 (2007).

[2] D. Medvedev, V. Petyaev, D. Sapunov, B. Potapkin, S. Korobtsev, Experimental study
of electric discharge treatment of nanodiamond particles in liquid and gas phases,
ISPlasma 2011, Nagoya , Japan, p. 211
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composition and strength of Portland cement materials
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Anhydrous Portland cement is essentially made of a synthetic rock, referred to as
“clinker”, which contains at least four major phases. Alite and belite are two calcium
silicates, Ca3;Si0s5 (C;S) and Ca,SiO, (C,S), respectively, with a few percent of
impurities. Two calcium aluminate phases are also observed: Ca;Al,O4 (C3A) and
C&4(A1,FC)4010 ( C4AF)

In the paper, the results of researching synthesized Portland cement materials
based on the clinker from Suhologsky work doped detonation nanodiamond (DND)
are presented.

As is known, there are a large number of active functional groups on the surface
of DND, which additives are suggested to affect significantly on the features of cement
materials properties. Also there was shown the addition of the DND in an amount of
0.1 wt.% increases the strength of cement materials [2].

There were two series of syntheses new materials doped DND (0; 0.1; 0.2; 0.5; 1
— 9 wt. %), distinguished by the absence (1% series) or presence (2™ series) gypsum
CaSO,*2H,0 addition in the amount of 5 wt. %. Phase composition was determined
by X-Ray method (STOE STADI P powder diffractometer, transmission geometry,
Cuk,=1.54056, 20=5-55°, A20=0.02°, exposition 100 sec.) Besides, to identify
features of DND particles distribution in hydrated samples light and scanning electron
microscopy (Leica Microsystem CMS CmBh and Quanta 200 3D, respectively) were
used. SEM research was carried out in reflected electrons (high vacuum, U=15-20kV,
analyst S.J. Yanson).

Maximum strength of researching samples in 1% series of experiments is
achieved at 0.1-0.5 and 4-5 wt.% DNA content with a large concentrations of calcium
carbonates and portlandite Ca(OH),, which is a measure of hydration degree [2]. At
higher contents of DND material becomes brittle and disintegrates. Gypsum addition
alters the rate of hydration: there are a gradual increase of portlandite and calcium
carbonates. Maximum strength in 2™ series is observed at 0.1 wt.% DND. The
destruction of the material in investigative range isn’t observed.

In general, the results had shown the addition of DND significantly affected on
the phase composition and strength characteristics of Portland cement materials that is
explained by the features of their hydration.

[1] Boikova A.L et al, Alitinform: Cement. Concrete. Dry mixtures 8(1) 37 (2009).
[2] Reichel W., Canrad D. Beton: in 2 B. B. 1. Eigenschaften Projektierung Priifung. VEB
Verlag fiir Bauwesen, Berlin, 1976.
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Tailoring the electronic properties of CVD nanocrystalline
diamond films by in situ nitrogen incorporation for
selective electrochemical detection of neurotransmitters
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CVD nanocrystalline diamond films are promising materials for field emission
devices, microelectrodes, and NEMS applications due to the material properties such
as chemically inert, mechanically hard, and biocompatible. We have reported on
nanodiamond film for field emission devices [1] and chemical sensmg [2]. In this
work, we tailor the electronic properties of nanodiamond films by in sifu nitrogen
incorporation for selective electrochemical sensing of neurotransmitters.

Different nitrogen contents of nanodiamond films were grown in a microwave
plasma enhanced CVD machine using H,/CH4/N, gases, keeping the H,/CH, ratio
(9:1) constant and increasing the N, flow rate for 15sccm, 30sccm, 60sccm and
90sccm labeled as film SO, S1, S2, and S3. SEM study shows complete and conformal
nanodiamond coverage for all films with surface morphology changes from a distinct
‘ridge’-like to a more ‘cauliflower’-like nano-structures as the N, flow rates mcreased
XPS Cls spectra indicated presence of carbon-nitrogen bonding in addition to the sp’
and sp’ hybrldlzed carbon- carbon bonds. The peaks fit at 284.6eV and 285.4eV,
contributed by sp> C-C and sp’ C-C hybrized bonds. The sp’ peak intensity decreases
(while the sp~ increases) with increased N, flow rate. The peaks locate at 286.5¢V and
287.5eV correspond to C-N and C;N,, respectively, and both of these peaks
consistently increase in intensity with increased N, flow rate.

Cyclic voltammograms were used for characterizing the electrochemical and bio-
sensing properties. The background scan at 100mV/s in 0.1M PBS at physiologic pH
7.4 revealed a working potential window of ~3.0 V for all the films. However, films
SO and S1 show distinctly different and better sensitivity for detection of dopamine as
compared to S2 and S3. Films SO and S1 showed very well defined redox peaks
detectable due to dopamine/o-quinone redox reactions. Films S2 and S3 were also able
to detect presence of dopamine but with poor peak definition and wide peak-peak
separation, exhibiting sluggish reaction kinetics and the peak definition was
completely lost at ImM DA and at scan rates greater than 50mV/s. The findings
demonstrate that a controlled amount of nitrogen incorporation in naodiamond film
(SO and S1) 1s vital to maintain superior bio-sensing behavior, however, higher N,
inclusion (S2 and S3) degrades the sensing response due to change in surface
morphology and increase in CN and C;N,4bonds.

In this work, we have successfully tailored the electronic properties of CVD
nanodiamond films for selective detection of dopamine, serotonin, epinephrine, and
acetylcholine independently, as well as in the presence of ascorbic acid and uric acid,
without any surface modification, hence real-time detection with long-term stability
and reliability.

[1] K. Subramanian, W.P. Kang, J.L.. Davidson, IEEE Electron Device Letters 29, 1259

(2008).
[2] S. Raina, W.P. Kang, J.L. Davidson, Diam. and Rel. Mat. 17, 896 (2008).
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The work i this study is focused on investigation of composite nickel
coatings. The coatings are deposited on ductile cast iron samples by electroless
method EFTTOM NICKEL with addition of strengthened nanodiamond
particles (2-4 nm) [1,2]. The ductile cast iron is of different composition. The
samples are prepared by casting and austempering. The microstructure,
microhardness and wear resistance of the coatings are investigated. The
thickness of the coatings is also determined (8-10um). Metallographic analyses,
electronic microscopic analysis (SEM), microhardness measurements by Knoop
Method, wear resistance tests are carried out. The coatings without heat
treatment as well coatings with heat treatment at 290°C, 6 h are tested. Twice
increase in microhardness value and improvement of the coating’s properties of
heat treated coatings is determined.

[1] Gavrilov, G. Electroless Nickel, Sofia, Bulgaria (1976).

[2] Karaguiozova, Z., Stavrev, S., Formation of nickel layer-covers on nanodiamond
powder, Paper presented at the 8th International Workshop, Nanoscience &
Nanotechnology, November 2006, Sofia, Bulgaria (2006).
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Nanodiamond-based nanolubricant
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Recently, certain nanomaterials in powder and colloidal forms have
emerged as potential anti-friction and wear additives to a variety of base
lubricants. Highly purified detonation nanodiamonds (DND) with small
aggregate sizes are a relatively new nanomaterial additive [1, 2]. In the current
work, we report results of the comparative analysis of the colloidal stability and
tribological performance of DND-based additives as well as other commercial
additives based on detonation soot, boron nitride and PTFE particles, oil soluble

molybdenum compounds and their combinations in PAO-6 and mineral engine
oil 15W40 (API CF/CC).

..............................................

...........................................

1 10 100 1000
Size (d.nm)

Figure 1. Photographs of colloidal suspension of 0.1% 10nm DND (10nm when dispersed in
DI water) in PAO-6 oil (a) and volumetric size distribution of DND shown in
PAO-6 oil (from [2]).

Testing has been performed on these formulations using ring-on-ring
(friction coefficient) and four ball tests (extreme pressure (EP) failure load and
diameter of wear spot). Effects of different parameters of the formulations on
their tribological properties will be discussed.

[1] M.G. Ivanov, S.V. Pavlyshko, D.M. Ivanov, L. Petrov, G. McGuire, and O. Shenderova,
Mater. Res. Soc. Symp. Proc. 1203, 1203-J17-16 (2010).

[2] M.G. Ivanov, S.V. Pavlyshko, D.M. Ivanov, I. Petrov, and O. Shenderova, JVST. B
28(4), 869 (2010).
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Aerosol spraying of detonation nanodiamond for seeding
and growth of transparent B-doped CVD nanodiamond
films

Grudinkin S.A.*, Feoktistov N.A., Aleksenskii A.E., Vul’ A.Ya., Golubev V.G.
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Transparent in ultraviolet (UV) region nanodiamond (ND) conducting
films are necessary for creation of UV photoconverters and electroluminescent
structures. In UV region it is necessary to be particularly attentive to receiving
of smooth ND films to decrease the loss connected with light scattering by
devices interfaces. For growth of smooth transparent diamond films you should
create on the substrate a high density of diamond nucleation centers (>10'cm™).
At present time the using of detonation nanodiamonds (DND) as nucleation
centers for diamond films growth by the CVD deposition method is more
widespread.

In this paper we report about development of new method of aerosol
spraying of DND on silicon and quartz substrates with diameters less than
100 mm and receiving on them boron-doped ND films with surface roughness
not exceeding 15 nm by the MWPECVD method. We investigated the change of
transparency and conductivity of obtained films depending on boron
concentration and on methane content in the methane-hydrogen gas.

During aerosol spraying we used a DND water suspension with average
size of DND particle agglomerates about 40 nm, received by the additional
treatment of industrial DND powder produced by SCTB «Technolog»
(St.-Petersburg). We used diborane as a doping impurity in the MWPECVD
process.

It 1s shown that by modifying of the DND deposition time and weight
concentration in suspension over the range 0.001-1% you can change the DND
agglomerates form and quantity per unit area of substrate surface from 10° to
10" em™. The optimization of MWPECVD conditions and the deposition of the
DND nucleation layer with more amount of nucleation centers of diamond phase
per unit area (10'°-10"" cm™) allowed us to receive a transparent in
UV — visible region (T~50% at A=300 nm) conducting (¢ = 1-5 Q"' cm™) ND
films on quartz substrates. The high content of diamond phase in these films was
confirmed by the Raman spectroscopy method.
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Synthesis, structure and magnetic properties of composite
powders UDD/Ni-P and UDD/Co-P

Goncharova O.A.*', Chekanova L.A.?, Iskhakov R.S.?

!Siberian State Technological University, 660049, Krasnoyarsk, Russia
’L.V. Kirensky Institute of Physics SB, RAS, 660036, Krasnoyarsk, Russia
*e-mail: log85@mail ru

A significant interest to composite powders is caused both by expectations
to realize in compacted products a high level of physical and chemical properties
(and consequently performance characteristics) and by structural features of this
state, problems of it’s technological realization. In resent years chemical
methods have been developed for obtaining nanostructural composite powders
widely used for catalysts, sorbates, medical filters, magnetic media production,
drug targeting [1, 2].

Ultradispersed diamond (UDD) powders were obtained by explosive
method. Coatings of Co-P or Ni-P alloy on UDD powders were prepared by a
chemical deposition method from water solutions of Co or Ni salt. Sodium
hypophosphite (NaH,PO,) was used as a reducing agent.

The structure and phase composition of the composite powders were
studied by the X-ray diffraction method using CuKa radiation. The morphology
of the particles was studied by scanning electron microscopy (see Figure 1).
Magnetization versus field measurements were carried out by means of a
vibrating sample magnetometer in external fields up to 14.5 kOe. Ferromagnetic
resonance properties were measured using conventional spectrometer with
working frequency 9.2 GHz.

Figure 1. Scanning electron microscopy micrograph of composite powder UDD/Ni-P
[I] Han M., OuY., Deng L., J. Magn. Magn. Matter. 321, 1125 (2009).

[2] Wu M., Zhangb Y.D., Huib S., Xiao T.D., Ge Sh., Hines W.A., Budnick J.1.6 J. Magn.
Magn. Matter. 268, 20 (2004).
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Quantum-chemical simulation of interaction of hydrogen
atoms with diamond nanoclasters

Filicheva Yu.A.!, Lvova N.A.*', Anan’ina O.Yu.
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142190, Troitsk, Moscow region, Russia
Zaporizhzhya National University, 69600, Zaporizhzhyva, Ukraine
*e-mail: nlvova@ntcstm.troitsk.ru

Hydrogen is one of the most important adsorbate which interacts with a
diamond surface. Unique physical properties of the hydrogenated C(100) surface
makes this material perspective for creation of nano- and microelectronic
devices [1, 2]. Vacancies are the important surface defects influencing electric
and optical properties. At formation of defect the process of the surface
reconstruction, local regibridization of the electronic states, formation or break
of bonds between superficial atoms may essentially influence energy
characteristics and strongly complicate available models of hydrogen adsorption
and desorption [3].

In this work using MNDO semiempirical method (Modified Neglect of
Differential Overlap) and MOPAC program package calculations were carried
out. Investigations of vacancy defect configurations on C(100)-2x1 surface at
different hydrogen coverage are presented. Diamond nanoclasters Cg;Hso and
Cia6Hoy were used for C(100)-2x1 surface simulation. The potential primary
adsorption centres of vacancy defect area and energy characteristics of
adsorption - activation energy of chemisorption and C-H bond energy in mono-
and dyhidride states have been defined. The analysis of molecular orbital
compositions were carried out. Possible mechanisms of hydrogen desorption
from mono- and dyhidride states in the defect are offered. The possibility of
existence of two states of vacancy defect on a clean C(100)-2x1 surface with
different geometry, electronic properties and energy of formation is discussed. It
was found, that the activation barriers for hydrogen desorption from C(100)
diamond surface containing the vacancy defect make values Ep =1,2+4,3 eV,
depending on the defect state and degree of surface hydrogenation.

However, full saturation by hydrogen of any of defect state leads to a
uniform state in which carbon atoms occupy positions close to C(100)-1x1
surface.

[1] Ristein J., Surface Science 600, 3677 (2006).

[2] Tachiki M., Kaibara Yu, Sumikawa Yu, Shigeno M., Kanazawa H., Banno T.,
Song K.S., Umesawa H., Kawarada H. Surface Science 581, 207 (2005).

[3] LiuF.B., Wang J.D.,, Chen D.R., Liu B., Solid State Phenomena 121, 1119 (2007).
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Electrochemical silver-diamond coatings

Burkat G.K.", Dolmatov V.Yu."", Myllymiki V.2

'FGUP «Special design-engineering bureau « Technology, 192076 Saint-Petersburg, Russia
“Carbodeon Ltd. Oy, Bulevardi 2 A, 00120 Helsinki, Finland
*e-mail: DiamondCentre@mail.ru

Main demerits of silver electrochemical coatings are low wear-resistance
and high porosity.

The use of detonation nanodiamonds (DND) at deposition of silver coating
from toxic cyanic electrolyte has been known [1]. In work [2] possibility of
deposition of silver coating from ferricyanic and dicyanargentate electrolytes in
the presence of DND has been described. At that, microhardness increased by
20-80% and wear-resistance had a 1.5-2.0-fold increase.

The present work is devoted to investigation of an influence of diamond-
containing additives such as: DND modified with ammonia treatment at 230°C,
initial diamond-containing blend (DB) and partly oxidized DB [3] on quality of
the silver coatings obtained from low-toxic dicyanargentate- thiocyanate
electrolyte with the following composition, g/l: Ag (calculating on a metal) — 25,
K2CO3 — 25-30, KCNS — 150. Temperature — 20°C, current density — from 0.5
to 0.9 A/dm2, pH=10-11.

Kinetic studies showed that insertion of the additives into the electrolyte
does not change known mechanism of deposition of silver, cathode process rate
is limited by diffusion. The use of additives increases both electrolyte
electroconductivity and throwing power. Specific electrical resistance of
coatings does not practically increase.

In the presence of nanodiamond additives microhardness increases by
30-40% as compared with pure silver coatings (from 80 to 115 kg/mm?2). As
well microhardness rises as the current density is increased from 0.5 to
0.9 A/dm2. Nanodiamond additives appreciably decrease porosity of silver
coatings (from 65 to 2-5 pores/cm2). At addition of 1 g/l DND or 1.5 g/l
oxidized DB into electrolyte the porosity reduction is observed to be maximum
(to 2 pores/cm2 at current density of 0.9 A/dm?2). Wear-resistance of silver-
diamond coatings increases ~5 times at 1 g/l DND or 1.5 g/l oxidized DB.

[I] USSR Inventor’s Certificate No 1668490, C 25D 3/46, prior. 10.05.1989, Bull.of
Inventions, 29, 123 (1991)

[2] Patent application of Russia No 96104061, C 25D 3/46, prior. 16.03.1995, Bull.of
Inventions, 12(1), 67 (1998)

[3] Patent of Russia No 2046094, prior. 26.07.1995, Bull.of Inventions, 29, c.189 (1995)
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Chemical state of carbon atoms on nanodiamond surface:
growth mechanism of detonation nanodiamond

Dementjev A.*, Maslakov K.

NRC “Kurchatov Institute”, 123182, Moscow, Russia
*e-mail: demcarbon @yandex.ru

Identification of intermediate and final products of a chemical reaction is a
key factor in understanding its mechanism. In nanodiamonds the only possible
practical way of studying the chemical reactions of carbon atoms is the after
synthesis analysis. As a result the identification of different possible chemical
states of carbon atoms (such as graphite, diamond, carbon nanotubes, fullerenes,
onion-like and adventitious carbon) 1is required. X-ray photoelectron
spectroscopy (XPS) (including electron energy loss at Cls and valence band
spectra) and N(E) CKVV Auger spectroscopy are eminently suitable techniques
for such an identification since they provide chemical information from the top
2—10 monolayers.

Nanodiamond samples were produced by ALIT (Kiev), SCINTA (Minsk)
and Diamond Centre (Saint-Petersburg) and studied before and after chemical
cleaning by XPS and Auger spectroscopy.

It was found that the chemical state of carbon atoms is the same before and
after chemical cleaning and it can be described as carbon atoms being
sp’-bonded inside nanodiamond particles and having a new, unique chemlcal
state on the surfaces. The latter differs significantly from sp> and sp’-bonded
carbon and can be figured as the valence band near the Fermi level being
occupied by three electrons.

We propose the following mechanism of nanodiamond growth:

1. Formation of CO,, CO, N,, NOx-molecules and C-atoms in the gas phase as a
result of the detonation;

2. Recombination of C atoms and NOx-molecules with the formation of
nanodiamond nuclei with the unique chemical state of carbon atoms on its
surfaces;

3. Interaction of C atoms and NOx-molecules with the surface of nanodiamond
nuclel which leads to the growth of nanodiamond particles with the formation of
sp>-bonded carbon atoms inside particles but without changing of the chemical
state of carbon atoms on their surfaces. The process lasts until no carbon atoms
are available for further growth.

These results are contradictive to the generally accepted conception of
chemical state of carbon atoms on the nanodiamond surface. The reason of such
a contradiction is that XANES and EELS results which are widely used can’t
provide reliable information on the chemical state of carbon atoms on the
surface of nanodiamond particles.
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About creation of technology of "pure' synthesis of
detonation nanodiamonds

Danilenko V.V.
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Physical bases of nanodiamonds synthesis [1].

1. From comparison of the phase diagramme for nanocarbon with pressure
and temperature of a detonation for alloys TNT/RDX follows that these
parametres are in area of liquid sp3 nanocarbon (p > 16.5 GPa, above a line of
threefold points) where nanodrops are formed and then crystallised at cooling by
extending detonation products (DP) at p < 16.5 GPa, i.e. synthesis goes under
the scheme gas - liquid - crystal. The temperature grows in a zone of chemical
reaction of a detonation wave, therefore here carbon crystallisation is basically
impossible.

2. Influence of the scale factor (weight of a charge and a cover) affects two
competing processes — amorphization and crystallisation, and also nanoparticles
interaction with formation of strong units. Depending on time these units
transform from fractal structures to porous and non porous abrasive polycrystals.
The great speed of interaction is caused by microturbulence in DP and small
distances between nanodrops. Fast nanoparticles cooling in areas of liquid sp3
nanocarbon and nanodiamonds freezes growth of nanodrops and their
crystallisation. Thus the volume of amorphous nanocarbon increases.

The ND output and their quality is also influenced by the form of a charge
and 1ts microstructure.

Manufacture condition for ND [2]. A potential market capacity of ND is
really great. Nevertheless, the ND market is not created. The reasons are: small
volume of detonation nanodiamonds (ND) is necessary for creation of optimum
technology, high cost and low unstable ND quality.

Features of new technology of "pure" ND synthesis [2].

1. Explosions of charges in weight of 20 kg in the automated chamber with
laser initiation of charges and protection of walls of the chamber against fast-
flying ND particles. As a result ND doesn’t have non carbon impurity, and the
cost price of ND decreases in 4-5 times in comparison with use of charges in
weight of 1 kg (for production 24 t/year).

2. The absence of metal impurity allows to refuse acid clearing, having
replaced it with cheaper gas-phase oxidation of not diamond carbon. Such
replacement reduces the cost price of ND even in ~ 3 times.

[11 V.V. Danilenko. EXPLOSION: physics, engineering, technology. M. Energoatomizdat,

2010, 784 p., chapter 16.
[2] V.V.Danilenko. Superhard Materials Ne 5, 15 (2010).
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Synthesis of nanodiamond reinforced dental composite
resins and their mechanical properties

Chu Y.Q.", Tong Y."", Wang X.Z.>, Zhang T.L.!, Huang F.L."

School of Mechatronical Engineering, Beijing Institute of Technology, Beijing, China
‘Faculty of Prosthodontics, School of Stomatology, Beijing University, Beijing, China
*e-mail: tongyi@bit.edu.cn

To measure mechanical properties of dental composites reinforced by
nanodiamond, three groups of independently synthesized dental composites
were prepared with different diameter detonation nanodiamond (DND) clusters.
DND cluster (100nm, 220nm and 500nm) were modified with y-MPS, then
added to matrix which was a mixture of Bis-GMA, TEGDMA, glass powder,
CQ and DMAEMA, with DND content up to 0.25%. Flexural strength, elastic
modulus and hardness were characterized for each material, using standard
specification tests designed for the materials.

Mechanical properties of R-100 (resin with 100nm DND) were
significantly lower than the other two groups, while R-220 and R-500 presented
relatively higher values except at 0.25% content. Along with the increase of the
content of diamond, flexural strength of all the three groups increased at first
then reduced. Elastic modulus and hardness showed strong correlations with
flexural strength except for elastic modulus of R-220, which had a higher value
than that of R-500 at 0.25% content.

[11 V.V. Danilenko. Synthesis and sintering of diamonds by explosion. E'nergoatomizdat,
Moscow, 2003

[2] Urmimala Maitra, K. Eswar Prasad, U. Ramamurty, C.N.R Rao, Solid State
Communications 149, 1693 (2009).

[3] HuX.G., GuX.Y., Tong Y., New Chemical Materials 34(2), 60 (2006).

[4] Chu Y.Q., Tong Y., Wang X.Z., Wang Q., International Journal of Stomatology 38(1),
27 (2011).
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The nucleation and growth of nanocrystalline diamond
films in millimeter-wave CVD reactor

Chernov V.V.!, Vikharev A.L.*', Gorbachev AM.', Kozlov A.V.", Vul’ A.Ya?,
Aleksenskii A.E.”
Institute of Applied Physics RAS, Nizhny Novgorod, Russia

*Joffe Physical-Technical Institute RAS, St. Petersburg, Russia
*e-mail: val@appl.sci-nnov.ru

Nanocrystalline diamond films grown by CVD technique possess a number
of unique properties. This makes it possible to use them in thermal management,
electromechanical, microelectronic, optical, biological and many other scientific
and industrial applications [1]. Due to these reasons the interest for the
investigation and application of nanocrystalline diamond films has grown
considerably in recent years.

An important role in deposition of uniform smooth nanocrystalline
diamond films is played by the prior preparation of the substrate, the choice of
the diamond nuclei and the method of its seeding on the substrate. In our
experiments the diamond nuclei were particles of detonation nanodiamond [2]
seeded on the substrate from suspension. The diamond powder from the
suspension was deposited on the substrate by using the spin coating process.
This method ensures the same uniform and high-density deposition of the
diamond powder on the substrate as in the case of the ultrasonic bath, while the
consumption of the nanopowder is lower.

Nano-diamonds of two types were prepared for the experiments on
deposition of nanocrystalline diamond films, namely, those having the average
sizes of nanoparticles 4 nm and 40 nm, correspondingly. Seeded by the spin
coating silicon substrates having a diameter of up to 100 mm and nucleation
density ranging from 10'° to 10'* cm™ were put into the chamber of millimeter-
wave CVD reactor [3] filled with the Ar—H,—CH,; mixture. As a result uniform
smooth nanocrystalline diamond films with thicknesses of several hundreds of
nanometers were obtained. Properties of the nanocrystalline diamond films were
compared for two types of used seeding suspension.

[1] O.A. Williams, M. Nesladek, M. Daenen, S. Michaelson, A. Hoffman, E. Osawa, K.
Haenen, R.B. Jackman, Diam. Relat. Mater. 17, 1080 (2008).

[2] A.Ya. Vul’, ALE. Aleksenskiy, A.T. Dydaikyn Detonation nanodiamonds: technology,
properties, and applications. In the book «Encyclopedia of systems of life support»
Nanoscience and nanotechnology, pp. 832-857 (2009).

[3] A.L. Vikharev, A.M. Gorbachev, A.V. Kozlov, D.B. Radishev, A.B. Muchnikov, Diam.
Relat. Mater. 17, 1055 (2008).
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Effect of physical-chemical treatments on the aggregative
properties of nanodiamond of detonation synthesis
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Results of studies of kinetics of aggregation of nanodiamond powders
depending on the time, temperature and pH of medium (solution) are considered
in this report.

It has been ascertained that the rate of aggregation of freshly-mixed
suspension is so great that during 10 sec the near 90% (mass) of nanodiamond
are aggregated. As temperature increases the aggregation rate increases as well.
The rate of aggregation depends on the pH of solution. Alkalization of solution
results in the reduction of aggregation rate due to the dissociation of the oxygen-
containing compounds of surface layer.

Theoretical explanation of mechanism of aggregation has been proposed.
Aggregation process has same phases: 1) adsorption of oxygen-containing
groups from solution, 2) generation of functional cover, 3) adjustment of
equilibrium between solution and functional cover, 4) agglomeration due to Van
der Waals forces (bonding), 5) agglomeration due to covalent (chemical) bonds.

Effect of low-temperature cooling (freezing) of nanodiamond suspension
(water) on the physical-chemical and physical-mechanical properties of
nanodiamond was studied. It has been ascertained — for the first time — as a
result of freezing the displacement of oxygen-containing groups from surface of
nanodiamond is progressed. Agglomerates grow up— by 25 times — and physical-
mechanical characteristics of it’s is improved, apparently, due to the forming of
double bonds (C=C) between surface atoms of distinct particles of
nanodiamond.

Effect of proportion of carbon of sp” and sp’ hybridization in nanodiamond
on the aggregation of the powder was studied. As portion of non-diamond
carbon in nanodiamond increases the average diameter of particles increases as
well, i.e. agglomeration takes place.

Effect of thermochemical and electrochemical reconstruction of
nanodiamond surface on the chemical composition and aggregation of the
powder was studied. Thermochemical reconstruction of surface results in the
downsizing of average diameter more than by 2 times.
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Graphite remelting as a new method to obtain metastable
carbon phases

Basharin A.Yu.

Joint Institute for High Temperatures RAS, 125412, Moscow, Russia
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Advances in the investigations of carbon are associated with the search of
new methods of its formation. Nowadays the opportunities of graphite remelting
at gas-static conditions are investigated insufficiently. The versatility of
mechanisms and crystallization products of liquid carbon (LC) from remelted
graphite described in [1-4] showed this method to be promising to obtain
metastable carbon phases (MCF). The thermodynamics shows an opportunity of
getting a MCF with the Gibbs potential G, beyond the limits of stability of this
phase on the carbon phase diagram resulted in by the homogeneous nucleation
(HN) in strongly supercooled LC.

Experiments on local graphite melting by a laser pulse at isobaric
conditions in the helium atmosphere at pressures 10-100 MPa allowed to find
the conditions at which the AN takes place in a melt. It is cleared up that the
wave properties of the laser radiation and correct choosing of the original HOPG
sample orientation towards the laser beam direction have a leading role for this
process. We succeeded in obtaining at HN the admixture of carbon components
sp (carbine), sp” (graphite) u sp’ (diamond) and C8 phase [2], which is a carbon
alloy, according to [5]. The formation of this alloy is likely to obey the Ostwald
rule of stages, according to which the transition from MCF to the stable phase
(graphite) occurs via a number of intermediate stages with the potentials G;
>G>G3...> G

The diamond is also obtained as separate phase by the heterogeneous
crystallization of LC on the diamond substrate. In the field of diamond surface
forces there have been obtained transparent diamond microcrystals and nano-
diamond white-colored films [4]. The influence of extremely high thermal
conductivity of the substrate made of the natural diamond crystal on the process
of autoepitaxy has been discussed. There had been also discussed an
agglomeration of liquid carbon thin films caused by its instability on the
surfaces of graphite and diamond and opportunities of using non-graphite liquid
phase precursors.

[1] Basharin A.Yu., Brykin M.V., Marin M.Yu., Pakhomov LS., Sitnikov S.F., Teplofis.
Vys. Temp. 42, 64 (2004).

[2] Basharin A.Yu., Dozhdikov V.S, Dubinchuk V.T., Kirillin A.V., Lysenko I.Yu.,
Turchaninov M.A., Pis 'ma Zh. Tekh. Fiz. 35, 84 (2009).

[3] Basharin A.Yu., Dozhdikov V.S, Kirillin A.V., Turchaninov M.A., Fokin L.R., Pis’'ma
Zh. Tekh. Fiz. 36,39 (2010).

[4] See this issue.

[5] Yasuda E., Inagaki M., Kaneco K., Endo M., Oya A., Tanabe Y. Carbon Alloys: Novel
Concept to Develop Carbon Science and Technology, Elsevier, Tokyo (2003).
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Carbon phase diagram and the liquid carbon properties:
the new results

Basharin A.Yu.*, Lysenko 1.Yu., Turchaninov M.A.
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Carbon phase diagram is a basis for the graphite — diamond phase transition
analysis. It defines these phase coexistence line parameters with carbon melt and
vapor, as well as parameters of both carbon triple points. The results of the
carbon phase diagram investigation and some properties of liquid carbon
obtained recently by the authors are presented in this report.

Contact angle of graphite basal plane wetting by the liquid carbon 40 + 10°
was measured for the first time [1]. Thermodynamic estimation of the diamond
melting temperature 4160+50 K at the pressure 12 MPa was made. [2] The
analytical curve (fig. 1) separating metastable diamond from supercooled liquid
carbon coexisting region was plotted down to the 12 MPa [3] using Simon’s

two-parameter equation:
T c
p=potall | -1

where a =0.41 GPa and ¢ =18.42 determined empirical parameters. The data
for pressure range 10 MPa — 5 GPa were obtained for the first time, and for
pressure range 5 — 12 GPa are in a good agreement with Bundy’s data [4].
Minimal values of temperature 4750+100 K [1] and pressure 10.7+0.1 MPa
at which graphite can be melted (carbon triple point graphite—liquid—vapor) were
measured by us, and also are in a good agreement with the data from [4].

25 v v . —
30: ; s ] Figure 1. Carbon phase diagram. / — diamond
ekl Diamond 4 melting curve (present work calculated data); o
gisp 270 7 Liquid — metastable diamond melting point (12 MPa,
L‘é“lo | ] 4160 K); coexistence curves according to
i AN Bundy et al. [4]: 2-diamond - graphite,
5k L s 3 — graphite - liquid carbon, 4 — metastable
e L. diamond - liquid carbon; 5 — data from [4], used
T m— 50005500 for our calculation

[1] Basharin A.Yu., Brykin M.V., Marin M.Yu., Pakhomov LS., Sitnikov S.F., Teplofis.
Vys. Temp. 42, 64 (2004).

[2] Basharin A.Yu., Dozhdikov V.S, Kirillin A.V., Turchaninov M.A., Fokin L.R., Pis’'ma
Zh. Tekh. Fiz. 36,39 (2010).

[3] Turchaninov M.A., Avtoref. Dissert. (2010)

[4] Bundy F.P., Bassett W.A., Weathers M.S., Hemley R.J., Mao H.K., Goncharov A.F.,
Carbon 34, 141 (1996).
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Comparative study of some commercial detonation
nanodiamonds
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Comparative systematic study of physical/chemical properties of series of
commercial detonation nanodiamonds (DND) has been performed. In addition to
conventional set of methods (HTEM, DLS, IR, x-ray) differential scanning
calorimetry (DSC) was used to reveal dispersibility of DND in water.

The study was mainly focused on the materials, made by PlasmaChem
GMbH. Single Digit ND (SDND) material produced by acidic/temperature
treatment of crude DND [1] demonstrated unique properties both in DLS and
DSC. The material easily forms stable in time almost mono-sized water
dispersion. The DLS averaged diameter of DND species in the dispersion
(~5-8 nm) was close to the size of primary DND particles (d~5nm).

Peak of melting of nanosized water (PMNW) [2] occurred in DSC traces of
SDND at 263-264 K. This is the lowest temperature of PMNW measured for
DND materials so far. One may assume that SDND as aqueous gel and dry
powder is a completely disaggregated material consists of non-bonded primary
particles.

For all the materials studied (SDND, WND, GOI1, Nano-Pure GO1, made
by PlasmaChem GMbH) the correlation was found between DLS and DSC data.
The lower is the temperature of PMNW in the DSC trace; the smaller is the DLS
diameter of DND aggregate in the dispersion. One may predict possible size of
aggregate in the dispersion from the DSC traces of the material prior to making
of the dispersion. Reproducibility of DSC traces is better than those of the DLS
data.

The results obtained were compared with the data for other commercial
DND.

[1] Fedutik Yu, Antipov A, Maltseva E, Kalachev A, Gubarevich T. Proceedings of 3rd
International Symposium «Detonation Nanodiamonds: Technology, Properties and
Applications» St.Petersburg; Russia; 2008 p.65 — 72

[2] Korobov M.V., Batuk M.M., Avramenko N.V., Ivanova N.I., Rozhkova N.N.,
Osawa E., Diamond & Related Materials 19, 665 (2010).
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Influence of local Coulomb potential on transport through
carbon nanotubes
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In this paper, we present the results of helium temperature transport
measurements through carbon nanotubes using an AFM conductive tip as a
mobile gate for creation of a local distributive Coulomb potential.

Shifting of the conductance peaks positions for the first hole states is
observed and explained qualitatively in framework of particle in 1-D box model
for semiconducting nanotubes.

Stability of the fourfold degeneracy of the energy states in a metallic
nanotube to external Coulomb potential and coupling to the contacts is
demonstrated (see Fig. 1). These observations are in agreement with previous
theoretical calculations where no influence of local Coulomb potential and the
opacity of potential barriers on degenerate states has been found [1]. Thus, we
can conclude that destruction of the fourfold degeneration only comes from
defects and imperfections of the metallic nanotube itself.
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Figure. Conductivity of the CNT of high quality vs back gate voltage for different
AFM tip positions. The value of tip voltage is of 8 V.

[1] San-Huang Ke, H.U. Baranger, W. Yang, Phys. Rev. Lett. 91, 116803 (2003).
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Growth of vertically oriented nanotubes on clusters, made
by nanoimprint lithography

Zaytsev A.A.", Simunin M.M.*', Egorkin V.I.', Solovyeva N.A.', Nikiforov D.N'

'Moscow Institute of Electronic Technology, 124498, Zelenograd, Russia
*e-mail: Michanel@mail.ru

It’s well known today, that properties and structure of catalytic particles
determine key features of nanotubes growth and their properties. Catalytic
particles engineering hereby determine further formation of carbon nanotube
based nanostructures and this is why it is actual scientific problem. Nanoimprint
lithography 1s a promising method of creation structured catalytic particles about
50 nm over [1].

100 nm thick PMMA layer was spun onto silicon substrate. Nanoimprint
stamp and substrate were heated up to 180°C and then stamp was pressed into
polymer. After releasing, substrate was cooled and polymer layer was etched in
O, plasma. If time of etching is 35 seconds the remaining thickness of polymer
i1s 40 nm. 6 nm of nickel was deposited by thermal evaporation and lift-off in
warm dimethyl formamide. Finally there are Ni islands on the substrate with
diameter of 50 nm.

CNT synthesis performed with CVDomna unit by catalytic pyrolysis of
ethanol. Temperature of process is 600°C and ethanol vapour pressure is 10 kPa.
Heated clusters tend to minimize their surface energy and relax to spherical
form. When ethanol vapours get into the chamber, they decompose into carbon
monoxide. Catalytic particles adsorb this monoxide. Disproportionation of CO
molecules takes place on their surface. Products of this reaction are CO, and
carbon dissolving in catalytic particles. Carbon nanotubes grow from these
particles and according to existing models nanotube diameter must be
determined by radius of curvature of catalytic cluster. Our results are in full
accordance with this fact. Diameter of our nanotubes is about 30 nm (see Fig.),
what corresponds with dimension of sphere, whose volume equal to the volume
of cluster.

Figure: vertically oriented carbon nanotubes.

[1] S. Zankovych, T. Hoffmann, J. Seekamp, J.-U. Bruch, C.M. Sotomayor Torres,
Nanotechnology 12,91 (2001).
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Ethanol pyrolytic synthesis of carbon nanotubes using a
novel Ni/(NiO+Y,0;) catalyst
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McRae E.%, Devaux X.’, Iskhakova L.D."

'D. Mendeleyev University of Chem. Techn. of Russia, Moscow, 125047, Russia
“Institut Jean Lamour UMR CNRS 7198, Nancy Université, Faculté des Sciences et
Techniques, B.P. 70239, 54506 Vandoeuvre-lés-Nancy Cedex, France
*Institut Jean Lamour UMR CNRS 7198, Nancy Université, Ecole des Mines, CS14234,
54042, Nancy, France
*Fiber Optics Research Center of the Russian Academy of Sciences, Moscow, Russia
*e-mail: zharikov@rctu.ru

When carbon nanotubes (CNTs) are producing using the chemical vapor
deposition method, the process of nanoscale catalyst particle (CP) formation plays an
important role. The CPs can be efficiently obtained using a sol-gel technique allowing
the obtaintion of a catalyst material with high specific area, containing
previously fabricated metal nanoparticles with the desired size.

The prospects of using sol-gel technology for the manufacturing of the
catalyst 1s rendered feasible by the possibility of preparing a material containing
metal nanoparticles of predetermined and uniform size that subsequently
determines the homogeneity of the CNTs fabricated.

The catalyst was synthesized by a modified sol-gel technique from
Ni(NO;), and Y(NO3); using polyvinyl alcohol. The resulting material consisted
of agglomerates of platelets (about 10 nmx2 px2 p) which were
nanostructured and contained the mixture N10O+Y,0; (weight ratio ~ 4/1) with
Ni inclusions in the form of nanoparticles (>3 nm in diameter).

Before synthesis, the catalyst was pre-treated by ultrasound in ethanol, then
deposited on a quartz substrate, dried and placed in the reactor. Carbon
nanostructures were synthesized by ethanol pyrolysis under both atmospheric
and reduced (0.2 atm) pressure. The experimental temperature was varied from
600°C to 800°C. The carbon deposit was analyzed using scanning and
transmission electron microscopy and X-ray diffraction.

All fabricated samples contained few-walled CNTs (mostly 10-20 nm m
diameter) and carbon nanofibres. The specific microstructure of the new catalyst
and optimized thermodynamic conditions of synthesis led to a high yield of
CNTs with a low content of non-crystalline carbon.

The influence of both catalyst microstructure and synthesis parameters on
the structure and morphology of the carbon deposit will be presented. The X-ray
diffraction analysis of the deposit from different temperature zones of the
pyrolysis furnace was carried out. The probable mechanism of formation of
carbon nanotubes and nanofibres on the catalyst will be proposed.

158


mailto:zharikov@rctu.ru

Carbon Nanotubes P2.48

Investigation of carbon nanotube activity to heavy organic
molecules

Zaporotskova N.P., Zaporotskova I.V.* Ermakova T.A.

Volgograd State University, 400062, Volgograd, Russia
*e-mail: irinaz@rbcmail.vu

The high specific surface area of carbon nanotubes, which in several times
exceeds the surface area of the best contemporary sorbents [1, 2], opens up the
possibility of their using in filters and other equipment of chemical technology.
Nanotubes can adsorb impurities on the outer and the inner surface. This allows
to produce the selective adsorption. The effectiveness of nanotubes with respect
to organic molecules is in ten times greater than the activity of graphite
adsorbents, which are most popular means of treatment in this time. So proposed
to use carbon nanotubes for purification of liquids, such as alcohol-based
liquids, from the side (and / or toxic) products. These products include heavy
organic alcohols.

In this work have been made the quantum-chemical researches of the
adsorption interaction of carbon nanotubes with heavy organic molecules (in
particular the isopropyl alcohol: n-propanol and i-propanol) using methods of
MNDO, MNDO/PM3, DFT and program packages of MNDO92, HyperChem,
Gamess. Energy curves of interaction processes are built and main geometric
parameters of adsorption complexes and energy characteristics of the process are
defined. It has been theoretically proved the carbon nanotube activity to heavy
organic molecules.

Cleaning of the alcohol-based liquids by the extra small quantity of carbon
nanomaterials was made. To prove the purification of water-alcohol solutions
from the heavy organic alcohols have been used methods such as IR-
spectroscopy, titrimetry, chromatography. We have proved, that the cleaning the
water-ethanol mixtures of nanotubes contributes to a decrease in their content of
heavy alcohols and other impurity substances.

This research was supported by Russian Federal Target Program "Scientists
and pedagogical workers of innovation's Russia", 2009-2013 (Grant No. P328).

[1] A.V.Eletskii, Physics-Uspekhi (Advances in Physical Sciences) 174, 1191 (2004).
[2] LV. Zaporotskova, Carbon and noncarbon nanomaterials and composite structures
based on them: structure and electronic properties. Volgograd Russia, 2009, 490 p.
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Synthesis of high quality single-wall carbon nanotubes by
CCVD method

Zaglyadova S.V.*' Maslov LLA.', Don AK.', Kuptsov AK., Zhigalina V.G

"United Research and Development Centre, 119333, Moscow, Russia
’A.V.Shubnikov Institute of Crystallography, RAS, 119333, Moscow, Russia
*e-mail: ZaglyadovaSV@yrd.ru

YRD-Centre Ltd carries out research work in the field of development of a
highly capacity synthesis SWCNTSs by a catalytic chemical vapour deposition
(CCVD) methods with use floating catalyst

This work 1s dedicated to optimization of technological parameters of
synthesis with use such quality analysis methods of SWCNTs as: TEM, SEM,
and Raman spectroscopy.

All experiments were spent on vertical type set-up with use of the flow
reactor, power system of a reaction mix and carrier gases, and collection systems
of the carbon material on reactor outlet. As a carbon precursors used a methanol,
ethanol, n-propanol, isopropyl alcohol, and hexane; catalyst precursor —
ferrocene (n’-CsHs).Fe; activator of growth SWCNTs — thiophene C4H,S;
carrier gas — hydrogen, argon. The reaction time was varied from 0.1 to 3 hr at
temperature 850-1200°C. All experiments was led to formation of black fibrous
material consist of SWCNTs and metal particles. The best results were reached
for the reaction mixes based on ethanol. Characterization of synthesis products
with TEM, SEM and Raman spectroscopy showed that it is dominated by
SWCNTs with relatively narrow size distribution and missing amorphous
carbon. The absence of amorphous carbon in the product makes final
purification much easier.

It 1s necessary to note that high quality SWCNTs was achieved by
combination of such technological parameters as: composition and flow rate of
feed-stock and carrier gas, methods of reaction mix input in synthesis zone, and
synthesis temperature.

156


mailto:ZaglyadovaSV@yrd.ru

Carbon Nanotubes P2.46

A p-electron conjugation in fullerenes and carbon
nanotubes

Tomilin O.B.*, Muryumin E.E., Rodionova E.V.

Ogarev Mordovian State University, 430005, Saransk, Russia
*e-mail: tomilinob@mail.ru

Properties of fullerenes and nanotubes are considerably determinel by
conjugated p-electron system. If the pz-AO axes coincide with a perpendiculars
to a core plane in a hydrocarbon conjugated molecules then in fullerenes and
nanotubes the pz-AO axes coincide with a normals to spherical and cylindrical
surfaces, respectively. Therefore 7— and o—electron systems are not orthogonal
in these molecules. This fact bears witness about a distinction of 7 - conjugation
in a plane molecules from p-conjugation [1] in fullerenes and nanotubes.

For an ivestigation of p-conjugation peculiarities we made calculations of
the two groups of molecules with ab initio Hartry-Fock method in 3-21G basis
set: 1) cis- and trans-polyenes and 2) polyacenes and polyphenes. In every group
was examined the following location of carbon atoms: a) open on a plane
(linear), b) cycled on a cylindrical surface (cyclic), ¢) cycled on an one-side
Mobius surface (mobius). A double C-C bond number n is equal n=6-16 in the
first group, a hexagon number m — m=6-16 in the second group.

As distinctive characteristics of p-electron conjugation the value of the
band gap is used. The carried out calculations show:

1) The value AE for all types of cis-polyenes decreases monotonously
asymptotically with an increase of n (n is even for a security of a chosen
structure), for all types of cis-polyenes there 1s AEy, < AEnop < AEye.

2) The value AE for linear trans-polyenes decreases monotonously
asymptotically with an increase of n, AE ., oscillates asymptotically with an
increase of n, what a maxima of amplitude reaches when n is odd, AE.
oscillates also asymptotically with an increase of n though oscillations have
enough rather a complicated character.

3) The value AE for linear polyphenes decreases monotonously asymptotically
with an increase of m (m is even for a security of a chosen structure), for cyclic
and mobius polyphenes AE increases monotto asymptotically with an increase
of m. Fof all types of polyphenes there is AE¢y < AEjin < AEmob.

4) The value AE for linear polyacenes decreases m monotonously
asymptotically with an increase of m, AE, oscillates asymptotically with an
increase of m, maxima of amplitude are reached when n 1s odd, AE,, also
oscillates asymptotically with an increase of m though oscillations have rather a
complicated character.

Thus, p-conjugation of carbon atoms situated on non-linear surfaces has a
peculiarities distinguishing from =n-conjugation of a plane hydrocarbon
molecules.

[1] D.A. Bochvar, E.G. Galpern, Dokl. Akad. Nauk SSSR 209, 610 (1973).
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The regularities of p-electron conjugation in carbon
nanotubes

Tomilin O.B.*, Muryumin E.E., Rodionova E.V.
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The axes of p,-atomic orbitals coincide with normals to cylindrical surface
consisting of carbon atoms. Thus the conjugation of p-electrons differs from
conjugation of r-electrons in plane conjugated hydrocarbon molecules and
singles out in special p-electron conjugation type [1]. Calculations of molecules
modeling single walled carbon nanotubes (SWNT) (n,0) for n=6-9 were carried
out for research of specific features of p-electron conjugation. The length of
molecules was 12 hexagons placed on graphen surface along cylindrical axis of
SWNT. The end carbon atoms were saturated with hydrogen atoms. Ab initio
Hatree-Fock calculations were carried out in 3-21G basis set. The cylindrical
stripes were selected in central part of molecules. The trans-carbon cycled
chains were placed in those stripes. The number of chains m in cylindrical stripe
ranged within 1-6 for each molecule. Electronic structure and band gap AE of
molecules were calculated for optimized geometry conditions. Received results
are presented in fig. 1.
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Figure 1: Dependence AE on index chirality n and number of trans-carbon chains m.

As follows from fig. 1 the band gap has oscillating behavior for trans-
carbon chains for m=1-4. The maxima of amplitude agree with odd chirality
index n. At the same time the oscillations for model molecule SWNT have
minima in n = 3k. With further increase of m the character of band gap
oscillations changes to SWNT oscillations. Thus, the p-electron conjugation
corresponds to the combination of conjugation of p-electrons in cross-section
SWNT and z-electron conjugation of cis-carbon chains placed on graphen
surface in parallel with cylindrical axis of SWNT.

[1] D.A. Bochvar, E.G. Galpern, Dokl. Akad. Nauk SSSR 209, 610 (1973).
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Infrared spectroscopic investigation on non-covalently
functionalized single walled carbon nanotubes

Tohati H.-M.'*, Németh' K., Kamaras K.', Ben-Valid S.%, Zeng A%, Reiss L.%,
Yitzchaik S.%, Pietraszkiewicz M., Pietraszkiewicz O.’, Maggini L.",
Bonifazi D.*

'Research Institute for Solid State Physics and Optics, Hungarian Academy of Sciences,
1121 Budapest, Hungary
*Institute of Chemistry and the Center of Nanoscience and Nanotechnology,
The Hebrew University of Jerusalem, 91904 Jerusalem, Israel
*Institute of Physical Chemistry, Polish Academy of Sciences, 01224 Warsaw, Poland
*Department of Chemistry, University of Namur, 5000 Namur, Belgium
*e-mail: tohati@szfki.hu

Hybrid materials formed by adsorption of organic molecules on the surface
of carbon nanotubes form an important class of nanotube chemistry. This
importance originates in the possibility of combining special (optical, electric or
dispersive) properties of the added molecules with the mechanical stability of
carbon nanotubes (CNTs). Functionalization of CNTs by polymers or aromatic
systems is not only relevant from the functional groups’ point of view, but the
easier applicability of host nanostructure also plays an essential role.

The key to all applications is a method to study the qualitative properties of
interaction (strength, bond type, etc.) between nanotubes and the associated
species. We use infrared (IR) transmission and attenuated total reflection (ATR)
spectroscopy to understand how these compounds are adsorbed or attached to
the surface of the nanotube. Aromatic systems tend to adsorb by n-n stacking,
which causes surface-attenuated infrared absorption (SAIRA) and thus peculiar
vibrations of the added molecules can be investigated through the interaction of
the evanescent field on the surface of the nanotube with the vibrations of the
adsorbed species. We have studied these effects on pyrene-based systems and on
luminescent rare-earth complexes.
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Hydrogen sorption process modeling on the periodic
structures formed by carbon nanotubes

Slepicheva M.', Chernyshev Y.', Basteev A.', Bazyma L.*', Ugryumov M.
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The process of molecular hydrogen physical sorption on the surfaces of
carbon nanotubes (CNT) which are forming the spatial pattern is interesting
from mathematical point of view and numerical simulation of above process has
scientific interest as well [1]. The cell of computational region (see Fig.) in
which three or mutually orthogonal CNT without intersection are replaced was
considering for simplification.
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The molecular hydrogen as the model particles are sited in the cells. All
involved in consideration model particles have rectangle-shape potential that
gives us the opportunity to use the event-driven simulation method [2]. The
hypothesis about periodical conditions on the region borders was assumed and it
physically means that infinitely long CNT are closely interwoven one with
another [3]. The model particles are supplied from selected facet of cells system.
The percentage of sorbet hydrogen molecules at high temperatures was
calculated taking into account single sorption layer only. The reducing of system
temperature after initial filling and with primary adsorption layers formation has
been proposed with the aim to suppress the re-adsorption process.

The results of numerical investigations of defects-vacancies influence in
the CNT structure on the sorption capability at different thermo dynamical
conditions were obtained on the base of proposed method.

[1] B. Assfour, S. Leoni, G. Seifert and I. Baburin A., Advanced Materials, DOI:
10.1002/adma.201003669, (2011).

[2] A. Basteev, L. Bazyma, M. Ugryumov, Y. Chernishov, M. Slepicheva, 2010 MRS Fall
Meeting, Boston, 29 November — 3 December, USA, MRSF10-1284-C10-08 (2011).

[3] M. Slepicheva, Proceedings of the International Scientific Conference of Students and
Young Scientists, Kyiv: Bukrek, 294 (2011).
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Fabrication and characterization of hybrid solar cells
based on semiconducting single-walled carbon nanotubes
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Recently, hybrid solar cells used single-walled carbon nanotubes (SWNTs)
and the organic materials [1], and the hybrid solar cells based on
semiconducting SWNTs (s-SWNT)/Si heterojunctions [2] was reported. In the
former case, the SWNTs were used as a conducting component on the organic
solar cells, in the latter case, the SWNTs were employed as charge separator,
transporter, and light absorber component on the s-SWNT/Si heterojunction
hybrid solar cells. However, these hybrid solar cells used the SWNTs were
indicated low conversion efficiency (~1.7%).

In this study, we fabricated the s-SWNT/organic hybrid solar cells.
S-SWNT/N-type Si heterojunction hybrid solar cells and TTF or
TMTSF@SWNT/P-type Si heterojunction hybrid solar cells were also
fabricated. The s-SWNTs were prepared by separation of metal and
semiconducting SWNTs using agarose gel method [3]. The structure of the s-
SWNTs/organic hybrid solar cells were ITO-coated glass /PEDOT-PSS/s-
SWNTs/PCBM/Al. PEDOT-PSS and PCBM layer was fabricated using spin-
coating, and Al layer was prepared by vapor deposition. We were compared
drop-cast with spray method for preparing of the s-SWNTs layer. Both the J-V
curve and the impedance measurement both dark and under illumination up to
simulated air mass 1.5 global(AM1.5G)conditions were carried out in an inert
gas atmosphere glovebox.

The detail results will be presented in the conference.

[1] Jianxin Geng and Tingying Zeng, Journal of Chemical Society 128, 16827 (2006).

[2] P.L.Ong, W.B. Eluer and I.A. Levitsky, Nanothechnology 21, 105203 (2010).

[3] T. Tanaka, Y. Urabe, D. Nishide and H. Kataura, Applied Physics Express 2, 125002
(2009)

[4] T. Takenobu, T. Takano, M. Shiraishi, Y. Murakami, M. Ata, H. Kataura, Y. Achiba
and Y. Iwasa, Nature Materials 2, 683 (2003).
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Electronic structure of carbon nanotubes in benzene solution
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In this work the single-walled nanotubes (n, n) type (n = 5, 6) are considered. As
the geometrical models of nanotubes the clusters (fragments) containing n six-member
cycles (hexagons) on a tube perimeter and 8 - 10 elementary cells along an axis of a
tube are chosen. The boundary broken off chemical bonds became isolated atoms of
hydrogen. The calculations of an electronic structure of the structures are carried out
within the frameworks of the simple molecular cluster model [1] with the use of
quantum-chemical semi-empirical schemes MNDO [1].

Studied three variants of the orientation of benzene molecules on the surface of
carbon nanotubes: I) over a center of the hexagon (the plane of the molecule
perpendicular the plane of the hexagon); II) over the center of the hexagon (the
molecular plane parallel the plane of the hexagon); III) plane of the benzene molecule
parallel the nanotube. In each of the three cases the molecule was located in the center
of the cluster to reduce the influence of boundary conditions.

The analysis of quantum-chemical calculation results has shown that the the
highest occupied molecular orbital energy (Egomo) increases with the tube diameter
growth and the lowest unoccupied molecular orbital energy (Erymo) decreases. Change
of Egomo and Erymo sizes testifies the change of nanotube properties caused by
adsorption, namely the increase in reactionary ability of the given systems. l.e. the
tubes of a particle adsorbed on a surface increase affinity carbon nanotubes to other
particles.

The analysis of the length of the adsorption of chemical bonds has shown that in
cases (1) and (II1) between the benzene molecule and the atoms of carbon nanotubes
form only hydrogen bonds. And in case (II) formed covalent chemical bond type 6 +6
between the carbon atoms of the molecule and the tube. The latter case seems unlikely,
since the formation of both 6 bonds need only possible mutual orientation of the
particles, the steric factor which in solution is very low compared to other options.

The analysis of results has shown that due to the adsorption of the benzene
molecule the band gap of the nanotube increases slightly. This indirectly leads to a
slight change in the physical properties of carbon nanotubes, in particular, the
conductivity and transparency. This effect can be used to develop chemical sensors
[2], aimed at registering considered in the particles, and the creation of optically active
medium based on carbon nanotubes solutions in benzene.

[1] Stepanov N.F. Quantum mechanic and quantum chemistry. Moscow: MSU, 2001. 519 p.
[2] Aggins B. Chemical and biological sensor controls. Moscow: Technosphere. 2005, 336 p.
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Composite material with the carbon nanostructures for the
applications in optical power limiting
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It 1s well known that suspensions of the different carbon nanoparticles such
as carbon black [1], nanotubes [2], multi-shell fullerene-like particles [3] and
other show the abilities for the optical power limiting. The phenomenon in such
suspensions derives from the light-induced scattering. However, bleaching of
the suspension under the radiation of the laser pulse constrains their use as an
effective limiter in the rate repetition mode of the laser radiation [4]. We
experimentally showed the possibility of the composing of the carbon nanotubes
suspension on the organic polymer base which limits the laser impulses coming
in with the rate up to 10 Hz. This composite material with carbon nanotubes
possesses good optical quality, is transparent in optical spectrum (about 70%)
and does not have any coloration. Moreover it showed long-term stability and
can act in the wide range of the temperature. So the limiter with this composite
material can be used in the observation devices for the protection of the eyes and
detectors.

[1] Kamjou Mansour, M.J. Soileau, E.W. Van Stryland, J. Opt. Soc. Am. B9, 1100 (1992).
[2] Rahman S., Mirza S., Sarkar A., Rayfield G.W., J Nanosci. Nanotechnol. 10(8), 4805

2010).

[3] g).B. )Danilov, I.M. Belousova, A.A. Mak, V.P. Belousov, A.S. Grenishin,

V.M. Kiselev, A.V. Kris’ko, T.D. Murav’eva, AN. Ponomarev, E. N. Sosnov, SP/E

Proc. 5777, 277 (2005).

[4] Belousova I.M., Belousov V.P., Mironova N.G., Murav'eva T.D., Scobelev A.G.,
Yur'ev M.S., Videnichev D.A., Proceedings of SPIE 6455, 64551D1 (2007).
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Carbon clusters as an example for self-organization
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According to the main principles of self-organized criticality (SOC) concept [1], there is
a number of giant dissipative dynamical systems which are able to accumulate small external
perturbations. Mathematical criterion of self-organization is a power-law behavior of
avalanche size probability density. Several systems have been shown to exhibit SOC in terms
of finite-size scaling as well as power law avalanches, such as pile of rice, magnetic vortices
in superconductors [2] etc. The aim of this work is to show that carbon clusters such as
nanotubes and graphite powder can serve as convenient objects for experimental
investigations of SOC. Self-organized criticality can be experimentally observed as a power-
law resistivity behavior. The samples investigated were in the form of carbon nanotubes
(CNTs) with 20—70 nm diameter and up to 150 nm length and in the form of graphite powder
of grains with 3-5 pum diameter. We need to measure the slope of the heap (o) for
«avalanches» of CNTs and single grains of the powder. We present here the experimental
study results of the evolving sandpile resistivity dynamics. The samples were formed on an
inclined plane with fixed angle (¢.) with electrodes as described in [3]. Each sample was
formed by periodically adding material portions (n) of the same volume (~10” cm’). The @,
value is 55° for CNT, and 35° for graphite. We present a detailed study of the static voltage-
current characteristics which vary from ohmic (Upy,) to breakdown (Up.) on above
mentioned samples (U=0-20V). The typical I-V curves with an S-type instability region are
obtained. At voltages close to the critical one, the detailed shape of the I-V curve is typical of
multi-walled CNTs [4]. Typical dependencies of CNTresistance R by the number of material
portions n are shown at the Fig. The power-law behavior of R(n) typical for SOC is observed.
Dependency of line slope (B) by voltage (see Fig.) can be an evidence of inter-nanotube
circuits influence to the critical state formation. Line slopes of graphite powder are: B=-1.27
(Umin), B=-0.45 (Umax). The experimentally observed curves are attributed to CNTs and
graphite powders for angles 0<p<¢. and voltages 0<U<U .

1000 |
\.\._.\.‘.
‘."\. B=-152317

100 | CNTs AT
§E‘ R IR "-._\ Figure. The resistance R of CNTs at
& ! Upin (1) and Uy, (2) as a function of

10 B=-027825 n. Best fit line slope-B.
e 5

1
10 100
n

[1] P.Bak, C. Tang, K. Wiesenfeld, Phys. Rev. Lett. 59, 381 (1987).

[2] S.L. Ginzburg, N.E. Savitskaya, Phys. Rev. E 66, 026128 (2002).

[3] G.A. Held, etal., Phys. Rev. Lett. 65, 1120 (1990).

[4] A. Prikhodko, O. Konkov, E. Terukov, A. Filippov, Fullerenes, Nanotubes, and Carbon
Nanostructures 19, 1 (2010).
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Propagating of a light bullet through the beam of CNT
with a metallic inhomogeneity lattice
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Creation of powerful lasers and the wunique accuracy of optical
measurements have led recently to a considerable progress in the study of
nonlinear phenomena observed in a wide range of substances with very different
physical properties [1, 2]. The subject of inquiry should be a substance with
pronounced nonlinear properties, and, on the other hand, it should be extensively
used in applications. Carbon nanotubes (CNTs) are unique macromolecular
systems [3], so they are increasingly attracting the attention of the researchers in
the last decade. Their rather small nanometer diameters and relatively large
micrometer lengths make them a novel system for the use in nano- and
microelectronics. The study of optical solitons in carbon nanotubes is one of the
promising fields of modern research.

In the construction of the model of electromagnetic field propagation in a
2D array of carbon nanotubes we assume that the electromagnetic field strength
vector E(x, y, 7) 1s directed along the tube axis z, while the electromagnetic wave
moves in the transverse direction. Here we consider the ideal case, when carbon
nanotubes have a zigzag structure, and are situated at equal distances (0.34 nm)
from each other.

We used the simplest model to determine the current in the region occupied
by the metal wire, namely we supposed that the Ohm’s law is satisfied in the
area occupied by the wire: j=oFE =-00A/cot, where ¢ 1s the complex
conductivity, which generally depends on the applied field frequency.

The results of numerical simulation show that periodic partition of the
maximum does not occur and there is no exciting of inner vibrational modes of
light bullets in contrast to the system considered in [4].

The light bullet decays rapidly for a sufficiently large number of layers.
However, when a number of layers in the lattice are small (in the direction of the
light bullet) the bullet propagation is stable, but its duration is reduced. This fact
can be used to create a ultrashort light pulses.

This work 1s supported by The Education Ministry of Russian Federation
(project No. NK-16 (3)).

[1] A.Jeltikov M. UFN 177, 737 (2007).

[2] Maksimenko S. A., Slepyan G. Ya. In: Handbook of nanotechnology. Nanometer
structure: theory, modeling, and simulation. SPIE Press, Bellingham. 2004.

[3] P. Harris Carbon Nanotubes and Related Structures, Cambridge University Press, 2001.

[4] M. Belonenko, A.Popov, N. Lebedev, JTP Letters 37,51 (2011).
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Oldest natural carbon micro-and nanotubes on the Earth

Ponomarchuk V.A."** Titov A.T.!, Semenova D.V.!
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Novosibirsk State University, 630090, Novosibirsk, Russia
*e-mail: ponomar@igm.nsc.ru

Synthesising and isolating new forms of carbon allotropes (fullerenes, nanotubes,
graphene) has been the focus of much scientific and industrial research during the last
three decades in different countries. In magmatic and metamorphic rocks the main
form of carbon allotropes is graphite that usually observed in the form of lamellar
crystals of hexagonal syngony.

However, the study of graphite mineralization in intrusive rocks have established
submicroscopic carbon of different morphologies in the forms of singlewalled and
multiwalled micro- and nanotubes, foam-like and wool-like spongy aggregates, onion-
like carbon particles and graphene. The combination of all of these forms in a single
aggregate is an intriguing challenge to the existing models of the formation of carbon
nanostructured materials.

Study of multiple scan-frames allowed to distinguish different morphological
forms of carbon nanostructured materials: 1) Cylindrical tubes consisted of three
complex zones: a) the inner hollow tubes (diameter less than 100 microns (um));
b) intermediate foam-like layer (10-20 pum); c¢) outer zone consisting of a "forest" of
microtubes (diameter - 1-5 um) and nanotubes (diameter 100nm). 2) Planar carbon
structures, characterized by zonal morphologies: a) plane of nanometer thickness;
b) intermediate foam and wool-like layer (20 um); c¢) microtubes and nanotubes
emerged from the intermediate layer (diameter less than 5 pm, length - 100-150 um).
3) Large onion-like fullerens (diameter ~5 um).

Carbon isotope composition analyses of different carbon morphologies have
shown the variability of the 8'°C values in range from -12.5 to -14.6%o (VPDB).

The available data on the morphology of nanostructured materials and their
combination in single aggregate, as well as isotopic data allow to reconstruct the
processes of formation of carbon nanomaterials in the natural environment that is of
interest for specialists in nanotechnology.

i Hnnuymmh-m{."a.r o
carhon & "\ h,

Figure. The fragment of the carbon aggregate (the scale: figure - 100 pxk, inset — 10 pk).
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Adsorption of methylene blue onto chemical modificated
carbon nanotubes

Pelech R.", Petech 1.2
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Carbon nanotubes possess splendid potential applications in energy storage,
environmental remediation and medical delivery due to their unusual one-
dimensional hollow nanostructures and wunique chemical and physical
characteristics. The strong adsorption affinity of carbon nanotubes towards
organic contaminants, such as dioxins, trihalomethanes, aromatic organic
chemicals, antibiotics and organic pesticides was approved. In order to improve
carbon nanotubes properties, pristine CNTs are oxidized in nitric acid or
hydrogen peroxide.

In this work the studies of sorption properties of modified carbon
nanotubes are presented. The pristine carbon nanotubes were produced by a
chemical vapor deposition method using iron-cobalt catalyst and subsequent
modified using chlorine gas at 150°C under atmosphere pressure. When the
process was ended, the sample was degasified under vacuum in the same
temperature like temperature of chlorination process. Next the material was
washed with acetone, filtered and dried at 120°C under vacuum. Additionally
the carbon material after chlorination process was boiled using 1M NaOH for
lh. After that the sample was neutralized using 0.1 M HCI and washed with
distilled water up to pH=7. At the end the sample was dried under vacuum at
120°C.

Both carbon nanotubes after chlorination and oxidation using sodium
hydroxide were studied in the process of methylene blue (MB) adsorption from
aqueous solution. Adsorption process was conducted in the batch agitator
containing 500cm’ of solution of MB. The initial concentration of MB was fixed
to 10mg/dm’, the mixing velocity - 300 rpm, the weight of carbon material -
200mg.

It was found that on the raw material adsorption process practically didn’t
proceed. The material is characterized by very poor wettability and its dispersion
in the aqueous solution wasn’t observed. Carbon nanotubes after modification
processes possessed very good wettability with water and formed a
homogeneous suspension. In this case reduction of MB concentration at 25°C
amounted about 45%.
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Microwave-assisted acid digestion method for purification
of carbon nanotubes

Petech L*!, Narkiewicz U.', Owodzif K.", Borowiak-Palen E.'
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Carbon nanotubes can be produced at a large scale using chemical vapor
deposition method. The CVD method involves catalyst-assisted decomposition
of hydrocarbons. The best results are obtained with iron, nickel and cobalt
catalysts supported on various carriers. While the strong points of the CVD
method are connected with its low production costs, the method’s weak point is
the quality of the obtained product — i.e. the presence of defects, amorphous
carbon and metal particles. To purify CNTs from carbon impurities, chemical
oxidation including gas phase oxidation using air or steam or by liquid phase
oxidation using potassium permanganate, hydrogen peroxide or nitric acid is
applied. The separation of carbon nanotubes from catalyst traces is most often
carried out using acid reflux method in the presence hydrofluoric, hydrochloric,
sulfuric or nitric acid.

The present work deals with the synthesis of multi walled carbon nanotubes
by chemical vapor deposition using ethylene as a carbon source and
nanocrystalline iron with an addition of a small amount (2-3 wt.%) of CaO and
ALO; as the catalyst To the purification microwave-assisted acid digestion
method was applied. Carbon materials directly after synthesis or additionally
treated under air atmosphere was immersed in the Teflon vessel filled with nitric
or hydrochloric acid. Then the whole was placed in the reactor heated with
microwaves. Experiments were conducted under pressure in the range form 10
to 30 at. Reaction time from 5 to 60 minutes was changed.

To characterize CNTs different methods were employed. The phase
composition of the samples was studied using X-ray diffraction method.
Transmission electron microscopy was used to determine the type of carbon
nanotubes obtained and to verify their structures. To determine metal quantity in
the samples thermogravimetric analysis was applied.
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CNT/ PMMA electromagnetic coating:
effect of carbon nanotube diameter

Paddubskaya A.G.', Kuzhir P.P.*', Kuznetsov V.L.>**, Mazov IN.>’,
Moseenkov S.I.>%, Ishchenko A.V.*?, Romanenko A.L>°, Anikeeva O.B.>”,
Buryakov T.I>°

'Research Institute for Nuclear Problems of Belarusian State University,
220030, Minsk, Belarus
’Boreskov Institute of Catalysis SB RAS, 630090, Novosibirsk, Russia
*Novosibirsk State University, 630090, Novosibirsk, Russia
*Novosibirsk State Technical University,630092, Novosibirsk, Russia
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In the present communication we focus on the comparative study of the
electromagnetic response properties provided by polymethylmetacrylate
(PMMA) filled with well purified CVD multi-walled carbon nanotubes of two
different mean diameters (9nm and 12-14nm). The effect of smaller diameter
together with higher electromagnetic shielding effectiveness has been observed
experimentally i Ka-band and interpreted theoretically. Geometry and
polarizability of individual filler constituents — the constitutive parameters of
nanocarbon assemblies — 1s addressed here to be pointed out as controllable
factors for producing effective electromagnetic coating.
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Figure: MWCNT/PMMA EM transmittance versus concentration of MWCNT. The inset
figures: frequency dependence of real parts of the permittivity in Ka-band for MWCNT
(9 nm diameter)/PMMA samples.

The work was partially supported by the ISTC project B-1708, and the EU
FP7 project FP7-266529 BY-NanoERA.
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Comparative study of NVM elements based on single-
walled carbon nanotubes and silicon nanocrystals

Orlov O.M., Matyushkin I.V.; Krasnikov G.Ya.

Mikron JSC, 124460, Zelenograd, Moscow, Russia
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Discrete storage nodes type of NVM (nonvolatile memory) devices have a
high potential to improve its properties on the contrary to conventional floating
gate memory; due to the absence of adjacent nodes interference further
technological scaling becomes reachable. Based on Si nanocrystals (nc-Si)
NVM is of considerable interest last decade [1]. One of expected applications of
single-walled carbon nanotubes (SWCNTSs) is NVM by using it instead of nc—Si
as charge storage nodes within, e.g. S10,, wide-band dielectric ambient.

There are advantages [2]: 1) compatibility with a standard CMOS process
(high thermal stability 1500°C); 2) supplying of a profitable CNT work function
(4.8 eV) by via diameter control, chemical doping, and O, desorption.
SSWCNTs on the SiO, surface can be form by various CNT growth methods
[3]. The performance of two SWCNT NVM device subtypes was discussed
earlier [4]: with embedded into SiO, vertically standing SWCNTs and
horizontally lying SWCNTs. By extrapolation it was shown that after 10 years at
room temperature levels of 60% and 15% stored charges are preserved for S-
and L-subtypes respectively. S-subtype shows [4] better program/erase switch
and enhanced retention time compared to L-subtype due to high coupling ratio
(that relates with increased effective surface of control electrode) and the defect
immunity based on the isolated distribution SWCNTs.

Evaluation of SONOS structure retention time gives about 100 years at
room temperature condition [5]. Here we estimate the charge retention time for
nc—S1 NVM as 10-20 years at the 67%-level. The further improving technology
and design of NVM based on SSWCNT with high coupling ratio will develop
competitive devices compared to devices on nc—Si.

[1] M. Cooks. Semiconductor Today. Comp. & Adv. Silicon, 3 (2008), 45, No.5

[2] P.G. Collins, K. Bradley, M. Ishigami, and A. Zettl, Science 287, 1801, 2006.

[3] X.J.Huang, S. W. Ryu, H. S. Im, and Y. K. Choi, Langmuir 23, 991, 2007.

[4] Seong-Wan Ryu, Xing-Jiu Huang, and Yang-Kyu Choi J. Apl. Phys. Let., 91, 063110,
2007

[5] O. Orlov, N. Shelepin, F. Meyer, U. Paschen, H. Vogt. X International Conference on
Nanostructured Materials NANO 2010, ROMA, Italy, Abstract book, p.78 (2010)
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Solubility of functionalized carbon nanofibers in different
aqueous media

Nguyen H.V., Luu S.T., Fadeeva E.V., Rakov E.G.
Mendeleev University of ChemicalTtechnology of Russia, 125047, Moscow, Russia

Carbon nanofibers (CNF) represents a variety of filamentous carbon
nanomaterial and inherently are similar to multi-walled carbon nanotubes.
Interaction with concentrated HNO; or mixture with concentrated H,SO, leads
to oxidation of CNFs, formation of surface carboxyl, hydroxyl, carbonyl and
other oxygen-containing functional groups. The functionalization allows to form
stable dispersion of CNFs in different solvents.

In our work we used functionalized CNFs with a solubility (concentration
in aqueous dispersion) from 1.9 to 8.7 g L™ at pH = 6-7. To measure the
solubility at different pH value (in a range from —1 to 12) HCI or NaOH were
added to the dispersions.

As 1t is shown on the
presented graph, sharp change of
solubility at pH = 1.0 1s evident
for all studied samples. The
difference in solubility 1s due to
the formation of hydrogen bonds
between carboxyl groups, which
are formed at pH < 1. Bonding of
Il | . . the adjacent CNFs leads to
| | | | | _ aggregation, constitutive growth

of mean molecular mass and
/] ' ' ' ' ' precipitation of the formed
particles. In the area of pH > 1
deprotonation of carboxyl group
and decomposition of the

05 15 35 55 715 95 115 pH

aggregates are evident.

The deprotonation can proceed not only at pH > 1. Addition of aqueous
solutions of some salts to deposit of carboxylated CNFs also causes
decomposition of the aggregates and solubilization of CNFs even at pH < 1. The
mechanism of this process is connected to substitution of protons by metals due
to 1on exchange sorption. Such behavior was registered for ZrOCl, and ZrOSO,,
but was not observed for Ni and Cu salts.
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Synthesis of end-cap precursor molecules for the
controlled growth of single-walled carbon nanotubes
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Despite considerable advance in growth methods for single-walled carbon
nanotubes (SWCNTs) it is still not possible to rationally control their diameters
and chiralities.

According to recent theoretical and experimental work, growth of
SWCNTs starts by nucleation of an end-cap fragment on the catalyst particle
followed by subsequent growth through incorporation of carbon atoms.!” ?
Considering this growth mechanism of CNTs, it appears prospective to avoid the
usual nucleation step of CNTs leading to the formation of an end-cap with
accidental geometry by introducing a predefined end-cap molecule, the structure
of which can be fully controlled. Subsequent growth will lead to the desired
SWCNT species as determined by the end-cap geometry.

Several precursor molecules for different SWCNT species, including
armchair, zigzag or chiral type have been prepared.”’ Such polyaromatic
hydrocarbons can then be condensed to the corresponding bucky bowls by
catalyzed cyclodehydrogenation on a metal surface. ¥

The synthesized precursors were used for the growth scenario shown in the
scheme below and their influence on the carbon nanotube growth was
investigated.

Synthesis 0 Deposition

el )
Y P
\ Do
X O

General scheme for the cyclodehydrogenation of the SWCNT end-cap precursor molecules
and the subsequent growth of the CNT.

[I] Y. Ohta, Y. Okamoto, S. Irle, K. Morokuma, J. Phys. Chem. C 113, 159-169 (2009).

[2] S. Hofmann, R. Sharma, C. Ducati, G. Du, C. Mattevi, C. Cepek, M. Cantoro, S. Pisana,
A. Parvez, F. Cervantes-Sodi, A. C. Ferrari, R. Dunin-Borkowski, S. Lizzit, L. Petaccia,
A. Goldoni, J. Robertson, Nano Lett. 7, 602-608 (2007).

[3] A. Mueller, K. Amsharov, M. Jansen, Tet. Lett. 51, 3221-3225 (2010).

[4] K.Yu. Amsharov, N. Abdurakhmanova, S. Stepanow, S. Rauschenbach, M. Jansen,
K. Kern, Angew. Chem. Int. Ed. 49 , 9392 (2010).
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Comparative study of reflectance properties of
nanodiamonds, onion-like carbon and
multiwalled carbon nanotubes
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Carbon nanomaterials are promising candidates for potential broadband
limiting applications and extremely low reflectance coatings, particularly in the
infrared, visible and UV spectral regions. In this paper we have performed
comparative study of diffuse reflectance of nanodiamond (ND), sp’/sp’
composites and onion-like carbon (OLC) and multiwalled carbon nanotubes
(MWNTs) in visible and UV regions.

ND, sp’/sp’ composites and onion-like carbon (OLC) produced via high
temperature annealing of the same set of NDs allow us to vary sp”/sp’ carbon
ration, size of primary particle agglomerates and concentration of defects while
MWNT set provides possibility to vary NT diameters and length, order/disorder
degree (via high temperature MWNTs annealing).

The diffuse reflectance of carbon nanomaterials depends mainly on
electronic configuration, defect concentration, size of graphene-like ordered
fragments and agglomerates in nanocarbons along with their morphology. Thus
the increase of nanographene shells size in the interval of 1-200 nm on ND
particle (produced after elimination of surface functional groups) results in the
increase of the absorbance accompanied with red shift (because of the m band’s
optical transition). The increase of number and size of fullerene-like shells
demonstrates significant increase of absorbance (decrease of reflectance) which
correlates with increase of density states at the Fermi level calculated from
temperature dependence of conductivity of NDs annealed at different
temperatures.

Thin MWNTs (d~10 nm) demonstrate higher absorbance than that of thick
MWNTs (~20 nm). This phenomenon may be described taking into account
significant difference between numbers of individual nanotubes of each type
incorporated in the same volume of sample surface layers while conductivity of
thinner MWNTs is lower than that of thick NTs.

Decrease of defect number in nanocarbon materials, annealed at
temperature higher then Debye temperature results in the increase EMI
reflectance.
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Stone—Wales defect generation in carbon nanotube being
fractured

Moliver S.S.
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Quantum-chemistry modelling of small-radii nanotubes, was fulfilled in
frame of INDO parametrization, the same one had been applied previously to
other condensed states of carbon. These total-electron calculations of the
supercell models reveal some properties of the Stone—Wales defect (SW), i.e. a
topo-chemical turning of a C—-C bond, providing 5-7-7-5 cycling within
graphene net. It was found, that rolling of the plane graphene into (8,0) nanotube
decreases SW defect formation energy by 0.6 eV. The electronic spectrum
obtains resonant levels when SW defect appears in the tube. Under the fracture-
type loading (see figure below) of the tube, SW position at the compressed side
has an advantage over stretched-bond side. Critical value of the zigzag (8,0) tube
fracture was found to be 1.7 degree (this angle i1s marked on figure below): it is a
ductility barrier, at which SW defect generation reduces the total energy [1].

Recently it was proved by many-electron calculations, that SW defects and
their complexes may be generated in carbon nanotubes under tensile strain [2-3].
To compare our semi-empirical calculations with ab initio level [3], one should
note the similarity of the above mentioned difference of SW defect formation
energy in graphene and nanotubes.

free-tube axis

Supercell model of (8,0) tube of 192 atoms is divided on 2 cylinders, whose
axes make a fracture. 5 of 3 C—C bonds between undistorted half-tubes are
shown by dashed lines.

Grant-in-aid 08-03-97000 of Russian foundation for basic research is
acknowledged.

[I] Moliver S.S., Zimagullov R.R., Semenov A.L. Tech.Phys.Lett. 37, in print (2011).

[2] Orlikowski D., Buongiorno Nardelli M., Bernholc J., Roland C. Phys.Rev.Lett. 83, 4132
(1999); Phys.Rev.B. 61, 14194 (2000).

[3] Zhao Q., Buongiorno Nardelli M., Bernholc J. Phys.Rev.B. 65, 144105 (2002).
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Dielectric properties of the nano composites on the base of
crosslinked poly(e-caprolactone)
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Till now the dielectric parameters of nano composites based on crosslinked
poly(e caprolactone) (cPCL) remain poorly investigated in enough wide
frequency range.

In the present work a research of the complex dielectric permittivity of
cPCL composites with nano particles of multiwall carbon nano tubes (MWNT),
nano Fe;O4 and Fe;O, absorbed MWNT is carried out at wide ranges of
frequencies f=10"-2x10°Hz and in the millimeter wave range
(f=80-100 GHz). On different frequencies the different equipment was used,
and different measurement techniques of parameters of materials were applied.

At low frequencies up to 10 kHz we used laboratory equipment, at
frequencies from 10 kHz to 2 MHz device BDS-40 (Novocontrol) was used.

In the millimeter range Scalar Network Analyzer working in the frequency
band 78—118 GHz was applied. The complex parameters of a material, such as
real n and imaginary k parts of the refraction index, real & = n* — k* and
imaginary &' = 2nk parts of dielectric permittivity in the millimeter range were
calculated from the measured quantities of transmission and reflection
coefficients of plane- parallel samples.

Sample cPCL changes & from 13 at frequency 10" Hz to 7 at frequency
10 Hz and does not changes up to 2 MHz. Nano composites have much more &,
from 48 to 19 at frequency 10" to 13-8 more than 10 Hz. &’of cPCL changes
from 40 at frequency 10" Hz to 0.03, has minimum at 200 kHz, and then
increases up to 0.08 at 2 MHz. Nano composites have &' = 115-40 at frequency
10" Hz and then decreases up to ' approximately 0.1 at frequency 2 MHz.

In the frequency band 90-100 GHz sample of cPCL has & 2.9 and
£'=10.03. Nano composites have & =3.0- 3.4 and &’ = 0.045 -0.27.

[1] B.M. Garin , I.LA. Chmutin, V.V. Meriakri, B.A. Murmuzhev, E.E. Chigryai, M.P.
Parkhomenko, V.S. Solosin, S.V. von Gratowsky, N.A. Fedoseev, Chen Wang,
Jingsong Zhu, International Kharkov Symposium on Physics and Engineering of
Microwave, Millimeter and Submillimeter Waves, Proceedings, paper W 10, Kharkov,
Ukraine, June 31-26, 2010, IEEE Catalog Number: CFP10780-CDR,
ISBN: 978-1-4244-7898-9.
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Anizotropic reinforcement of polymeric composites
properties by electromagnetic orientations
of carbon nanotubes
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We consider methods of nanoparticles orientations in polymer matrix by
various electromagnetic fields to produce composites with desirable properties
of individual nanotubes as bulk properties. Analytical expressions are obtained
for the purposeful choice of a method with taking into account properties of
particles and field strengths. At present the following methods of particle
orientation are under consideration by affecting them with 1) the external
electric field, 2) the external magnetic field, 3) the nonuniform electric field of
dielectrophoretic phenomena. Each method orients the particles according to
their properties, which makes it possible to create desirable composites. The
conditions for particle orientation with polarizability o and the magnetic
moment p, are: 1. E2J4kT1n|tg0|/goa/0, where E is the electric field with
strength, &, is the electric constant, 6 is the angle for the nanoparticle with
respect to E, T is the temperature of liquid polymer precursor; 2.
B=8xzr’n/ pmt){ln|tg6’/ 2 |—ln’tg6’0/ 2 |}, where B is magnetic field intensity, ¢ is
time of alignment, 7 1s fluid matrix viscosity, r is radius of sphere equal particle
volume, 6y and 6 are initial and final angles between vectors p, and B.
Comparison of the considered methods allow us to conclude: 1) For using the
electrostatic field the polarizability of particles must be not lower than
a ~10* nm’; 2) For using the magnetic field the particles must have sufficiently
high magnetic moments. This method allows to obtain films of relatively large
size which are often in demand: 3) In using DEP it is difficult to obtain films
larger than lem” in area. 4) Analytical formulas for fields intensities £ and B
helps to choose the method.
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Alignment of single-wall carbon nanotubes along
preferred axis in suspensions and polymeric films
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Physical properties of single-walled carbon nanotubes (SWNTSs) have an
anisotropic character due to their unique geometrical structure. In order to
observe and to investigate an anisotropic character of SWNT ensemble it is
necessary to form a massif of nanotubes oriented along some preferential
direction [3].

The ordering of SWNTs along some preferred axis could be achieved using
the self-assembly process of nanotubes in suspensions [1]. The substrate was
placed into an enriched suspension of SWNTs. SWNTs precipitated on the
substrate during the evaporation of the liquid, keeping horizontal orientation
along the line of meniscus. SWNTs ordering may be also reached by the
mechanical stretching of different polymeric films with nanotubes implemented
[2].

It was discovered that the width of the angular distribution of nanotubes in
the structures described above was equal to 7 degrees. The polarization
dependence of the main Raman modes was investigated for semiconducting and
metallic SWNTs. The laser wavelength was A = 647 nm. The behavior of these
modes varied depending on the relative orientation of the sample and the
polarization of the incident radiation. That can be explained by the different
mode symmetry.

The work was supported by the federal target program "Scientific and
academic and teaching staff of innovative Russia" for 2009-2013, contract
111286, and the Russian President grant MK-2164.2011.2.

[1] Engel M., Small J.P., Steiner M., Freitag M., Green A., Hersam M., Avouris P., ASC
Nano 2(12), 2445 (2008).

[2] Ichida M., Mizuno S., Kataura H., Achiba Y., Nakamura A., Appl. Phys. A 78, 1117
(2004).

[3] N.R. Arutyunyan, A.I. Chernov, E.D. Obraztsova, Phys. Stat. Solidi b 247, 2814 (2010).
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P2.25 Carbon Nanotubes

Impedance of single-wall carbon nanotubes fibers

Ksenevich V.K.*!, Gorbachuk N.I.', Poklonski N.A.", Samuilov V.A.'?,
Kozlov M.E.’, Wieck A.D.*

"Belarus State University, 220030, Minsk, Belarus
“State University of New York at Stony Brook, N.Y. 11794-2275, USA
3The Nano Tech Institute, University of Texas at Dallas, TX 75083-0688, USA
*Bochum Ruhr-University, 44780, Bochum, Germany
*e-mail: ksenevich@bsu.by

Understanding of charge transport mechanisms in carbon nanotubes arrays is a
crucial task for their possible application as a humidity-, gas- and biosensors and as
interconnects in integrated circuits. Therefore electrical transport in carbon nanotubes
arrays of different morphology has been studied intensively during last decades.

Highly non-linear DC electrical properties of the single-wall carbon nanotubes
(SWCNT) fibers were earlier observed [1]. In order to clarify the physical nature of
nonlinearity and to determine the role of contact barriers between individual nanotubes
in fibers impedance measurements of SWCNT fibers were carried out in the frequency
range of 100—10° Hz at temperatures 4.2<7<300 K and in the range of applied bias
voltage 0-5 V. It was found (see Fig.1) that in the low frequency range (f< 1 kHz) at
the bias voltage U, > 2 V sign of the imaginary part of impedance was changed from
negative to positive, in-dicating the existence of the crossover from capacitive
reactance to inductive one.
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Figure. Impedance diagram of SWCNT fiber measured at T=4.2 K with different applied DC
bias voltage.

This crossover is induced by the decreasing of height of the energy barriers
between nanotubes at the rising of U,. As a result decrease of the fiber’s impedance is
accompanied by the rising of the role of kinetic inductance of nanotubes, which is
predicted to be much larger than magnetic inductance [2].

[1] V.K. Ksenevich, V.B. Odzaev, Z. Martunas, D. Secliuta, G. Valusis, J. Galibert,
A.A. Melnikov, A.D. Wieck, D. Novitski, M.E. Kozlov, and V.A. Samuilov, J. Appl.
Phys. 104, 073724 (2008).

[2] P.J. Burke, IEEE Trans. Nanotechnol. 2, 55 (2003).
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Investigation of the interaction between some polymers
and carbon nanotubes

Zaporotskova [.V.* Krutoyarov A.A., Krutoyarova N.V.,
Perevalova E.V., Boroznin S.V.

Volgograd State University, 400062, Volgograd, Russia
*e-mail: irinaz@rbcmail.vu

Carbon nanotubes are ideal reinforcing materials, including for polymeric
materials, because they have unique properties. Carbon nanotubes in polymer
matrices have a great influence on the electrical conductivity, viscosity and other
transport properties, being a hybrid of nano-scale fillers and additives [1].

A theoretical study of the interaction between the nanotubes and monomer
units of several common polymers has been done. The mechanisms of these
processes and their main characteristics have been identified. The possibility of
joining of the monomer unit of ethylene (CH2=CH2) and propylene
(CH3-CH=CH2) to the external surface of single-walled carbon (6, 6)-nanotube
have been investigated. The research was carried out by applying the Molecular
Cluster model (MC) and semi-empirical quantum-chemical MNDO scheme [2].

The process of adsorption for both cases was simulated by step-by-step
approach (with a step of 0.1 A) of monomer molecules of polyethylene or
polypropylene to the carbon nanotube surface. The geometry of system was
optimized on each step. The calculations have allowed to model energy curves
of these processes. The research showed the most probable mechanisms of these
processes and their basic characteristics. The calculated values of the adsorption
energy suggested the strength of the resulting hybrid polymer material.

It was proved, that the hybrid polymer nanostructures are stable. The values
of intermolecular interaction energy have been carried out. This research
suggests that the reinforcement of polymer polyethylene and polypropylene
matrices with carbon nanotubes is possible and efficient. This fact cans ensure
the creation of new polymer nanocomposite materials with new physical and
chemical properties.

This work was suggested with Federal Target Program “Scientifical and
pedagogical Staff of Innovative Russia” 2009-2013 (grant No.P328).

[1] Dyachkov P.N., Carbon nanotubes: Structure, properties and applications .- Moscow. -
2005.-196 P.

[2] Zaporotskova I.V., Carbon and noncarbon nanomaterials and composite structures on its
base: the structure and electronic properties. - Volgograd: VolSU, - Volgograd, 2009.—
490.P.
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P2.23 Carbon Nanotubes

About the mechanism of field emission of carbon
nanostructures

Kosakovskii G.G.*, Kosakovskaya Z.Ya., Orlov A.N., Smolovich A.M.

Institute of Radioengineering and Electronics RAS, Mokhovaya 11-7, Moscow, 125009, Russia
*e-mail: german_kos@mail.ru

The mechanism of field emission from nanodimensional cathodes doesn’t
understand [1]. The carbon nanotubes were most studied among carbon cathodes. The
majority of researchers treat the field emission characteristics of carbon nanotubes
cathodes by Fauler-Nordgeim model accepting it as the pointed cathode with metal
conductivity and very big strengthening factor of electric field intensity [2]. It is
known that the carbon nanotube and graphite is not metal. They are semimetal with
energy gap width Eg =0 and two type of charge carrier, which together take part in
field emission. The articles where authors observed the deviations of I-V
characteristics from Fauler-Nordgeim law for carbon nanodimensional cathodes are

known. For example, data of emission
current CNT cathode appreciably
above their value which have been
calculated by Fauler-Nordgeim
equation [3].

In this work the field emission
mechanism from various carbon
¥ nanostructures was studied. Graphite
nanoplates (Fig. 1la), carbon multi
walled nanotube (Fig. 1b) and normal
aligned nanotube film were deposited
on a nickel wire. The aspect ratio
approximately was 80 and 600 for
graphite  nanoplates and carbon
nanotube cathodes respectively. The I-
U characteristics of all carbon cathodes
have been measured in cell of electron
microscope Carl Zeiss NEON-40. It is
noted, the I-V characteristic in the Fauler-Nordgeim coordinates isn't linear for all
cathodes. (Fig.1). The strengthening factor of electric field intensity near at the
cathode top was calculated for both types cathodes. It finds the wide disagreement of
strengthening factors with their aspect ratio. Consequently the Fauler-Nordgeim model
for carbon nanostructure is not valid.
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Fig.1. The I-V characteristic in the
Fauler-Nordgeim coordinates for the
graphite nanoplates and CNT cathodes .
On inserts SEM image of their structures

[1] Stetsenko B.V., JPT 81(4), 152 (2011).

[2] Eletskii A., UFN 172(4), 402 (2002).

[3] Stetsenko B.V., Shchurenko A.l., Plasma Physics 136 (2009).

[4] Sveningsson M., Morjan R.-E. et. al., Appl. Phys.A 73, 409 (2001).
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Toroidal modification of carbon nanotubes

Kondrashov V.A.*, Nevolin V. K.

Moscow Institute of Electronic Technology, 124498, Zelenograd, Russia
*e-mail: kondrashovva@mail.ru

At the moment, carbon nanotubes (CNTs) are widely known and widespread material
that is used in various industries such as construction, engineering, electronics, space
technologies. For their realization are used different nanotubes, multiwall and singlewall, of
different length and diameter. In this paper we explore another type of carbon nanotubes,
rolled into a torus shaped ring. Such nanotubes may possess unique electrical and magnetic
properties, such as weakly damped ring currents which generate significant diamagnetism.

Three approaches of CNTs modification are considered: ultrasonic treatment, exposure
to magnetic fields and modification by spark. All these options imply that the change will
occur with carbon nanotubes which have already prepared in another process. Research of the
material, obtained by these methods, is carried out by atomic-force and high-resolution
scanning electron microscopy.

Ultrasonic treatment of carbon nanotubes is an oxidizing environment. Since the
cavitation bubbles appear on the inhomogeneities in the bulk of liquid, the bubbles will be
formed near the CNTs, which lead to their flexion, by the impact of capillary forces on CNTs
due to collapsing bubble. The size of obtained CNT torus was 500-1000 nm in diameter and
10 nm thickness.

In fact the impact of the magnetic field is the same way as the first modification. Carbon
nanotubes are in an oxidizing environment and are subjected to ultrasonic treatment and the
impact of external rotating magnetic field. There are some publications about the application
of a magnetic field for separation of carbon nanotubes, so we can suggest that CNTs will
rotate in the field, as a rotor induction motor does. The size was 500 nm in diameter and 5 nm
thickness.

There is the third of methods of CNTs modification. When spark discharge is going
through the carbon containing gas and catalyst particles (Fe, Ni, Co), carbon nanotubes are
growing. Such catalyst particles will rotate in an electromagnetic field of the discharge, thus
the growth of ring shaped nanotubes will start. The size of the CNT torus was 200 nm in
diameter and 12 nm thickness.

There is the possibility to combine these methods to increase the quantity of the
material. Thus it is proposed to produce a spark discharge (28 kV, 190 Hz) in a carbon-
containing dielectric liquid (2-propanol) with a solution of carbon nanotubes. Due to
discharge it will be observed the effect of cavitation which is mixing of CNTs in solution. The
discharge will evaporate and ionize a liquid, releasing free carbon which will create a
reducing environment. Due to the discharge CNT will be activated for twisting by the spark
field and/or external magnetic field, which will lead to the folding and stitching the ends of
carbon nanotubes by free carbon. Expected size will near 80 nm in diameter and 3 nm.

Thus, we have developed three approaches to obtain toroidal carbon nanotubes and have
shown how to combine these methods at one process.
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P2.21 Carbon Nanotubes

Investigation of the effect of bending on the polymerization
of fullerenes inside carbon nanotubes

Glukhova O."*, Kirillova 1.>, Kolesnikova A.*

'Department of Physics, Saratov State University, 410012, Saratov, Russia
*Institute of Nanostructures and Biosystems, Saratov State University, 410012, Saratov, Russia
*e-mail: glukhovaoe@info.sgu.ru

The aim of this work is to investigate theoretically the influence of peapod
bending on the process of Cgy fullerenes polymerization with the help of the
model that effectively combines molecular and quantum techniques and is well
recommended to study the mechanical properties of carbon nanostructures [1-3].

The process of peapod bending formed from nanotube (10,10) with the
length of 0.244 nm, filled with twenty-seven Cgy. Cg 1s distanced from the tube
walls at a distance equal to 0.338 nm. Fullerenes are on the tube axis at the
distance between their centers equal to 0.815 nm. The polymerization of
fullerenes and partial connection with the walls of the tube were observed at the
bending of 270 degrees.

It was established that at such a bending:

1. The atomic structure of peapod is not destroyed.

The nanotubes surface of smaller radius is becomes wave-like and in some

places of trough is connected with the fullerenes.

3. The fullerenes come to the distance of 0.14 nm between the atoms of the
cell and are polymerized.

4. The hybrid compound of the nanotube, which was formed, retains the
atomic structure unchanged even when there i1s no external load.

e
-
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Figure. Fragment of peapod at bending of 270 degrees. The thick lines show the connections
formed during the polymerization of fullerenes with neighboring fullerenes and a nanotube.

[I] O.E. Glukhova, ILN. Saliy, R.Y. Zhnichkov, I.A. Khvatov, A.S. Kolesnikova,
M.M. Slepchenkov. Journal of Physics: Conference series, 248, 012004 (2010).

[2] O.E. Glukhova, 1.V. Kirillova, I.N. Saliy, A.S. Kolesnikova, M.M. Slepchenkov. Proc.
of SPIE 7910, 79101 (2011)
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Theoretical study of CNTs functionalized by fluorine and
chlorine

Khavrel P.A.*, Ioffe I.N., Chernukhina A.A., Skokan E.V., Sidorov L.N.

M. V. Lomonosov Moscow State University, Chemistry Department, 119991, Moscow, Russia
*e-mail: khavrel@thermo.chem.msu.ru

Functionalization of carbon nanotubes (CNTs) via chemical attachment of
atoms, molecules or molecular groups has attracted much attention, as it offers a
prospective approach towards modification of the electronic, chemical, optical
and mechanic properties of CNTs. Besides, CNTs can be used as starting
material for bulk synthesis of graphene nanoribbons (GNRs), another promising
system for nanoelectronics, by means of axial unzipping [1]. To date, studies of
polyfunctionalized CNTs are mostly limited to the theoretical realm, which is
due to the complexity of experimentally obtainable mixtures. Unfortunately,
most of the said theoretical studies consider addition motives that are not
supported by any kinetic or thermodynamic arguments.

The present quantum chemical study follows the sequential
functionalization approach based on energetic criteria, as suggested by the
authors of [2]. It is aimed at determining the most preferable arrangement of
fluorine and chlorine atoms chemisorbed on a CNT’s backbone. The choice of
fluorine as fuctionalizing addend is motivated by high stability of carbon-
fluorine bonds, which makes fluorinated CNTs a rcliable test case for future
experimental verification of the theoretical results. Chlorine addends are more
interesting with regard to unzipping CNTs into GNRs analogously to the
theoretical suggestions made in [3] for hydrogenated CNTs. Chlorine addends
may be even more efficient as promotors of unzipping due to lower C-Cl bond
energy, which facilitates the necessary sigmatropic rearrangements. Model
systems considered in this work are based on the (6,6) and (12,0) CNTs.
Quantum chemical calculations were performed at the DFT level of theory using
the PRIRODA package (PBE exchange correlation functional, TZ2P basis set)

[4].

[1] D.V. Kosynkin, A.L. Higginbotham, A.Sinitskii, J.R. Lomeda, A.Dimiev, B.K. Price
and J.M. Tour, Nature 458, 872 (2009).

[2] S.M. Avdoshenko, I.N. Toffe and L.N. Sidorov, ACSNano 4, 6260 (2010).

[3] S. Berber and D. Tomanek, Phys.Rev. B 80, 075427-1 (2009).

[4] D.N. Laikov, Chem. Phys. Lett. 281, 151 (1997).
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Influence of stretch ratio on the dielectric response of
polymer composite, consisting multiwall carbon nanotubes

Kanygin M.A.'*, Bychanok D.S.%, Okotrub A.V.!

!Nikolaev Institute of Inorganic Chemistry SB RAS, 630090, Novosibirsk, Russia
“Research Institute for Nuclear Problems Belarusian State University,
220030, Minsk, Belarus
*e-mail: mkanygin@gmail.com

Composite materials based on the organic polymers with carbon nanotubes
(CNT) are the object of many scientific investigations according to promising of
their application during creation of novel broadband absorbing and reflecting
electromagnetic wave materials [1]. Insertion of nanotubes in the composition of
composite material allows producing materials, which have variable dielectric
and magnetic properties. Materials with such properties can be demanded during
creation of electromagnetic shields with definite absorption coefficients [2].

Influences of stretch ratio on the dielectric properties of obtained composite
materials are propose in the present work. Composite materials were produced
using CNT, which were produced by chemical vapor deposition method.
Concentrations of nanotubes in the samples were varied from 0.1% to 2%.
Polystyrene was used as a matrix of composite material. Obtained samples were
mechanicaly stretched up to 30%. For comparison with experimental results
polystyrene sample without nanotubes were espoused under the same
conditions. The homogeneous of derived composite materials were investigated
by optical microscopy methods. The dielectric response of samples was
measured by double-electrode method. Investigation of stretch influence on the
value of dielectric permittivity show that rick of composite material lead to
decrease of dielectric permittivity of which is a result of orientation changes of
nanotubes in the samples. It was detected that dielectric permittivity
proportional decrease in comparison with stretch ratio.

[1] P. Saini, V. Choudhary, B.P. Singh, R.B. Mathur, S.K. Dhawan, Materials Chemistry
and Physics 113(2-3), 919 (2009).

[2] M.C. Paiva, B. Zhou, K.A.S. Fernando, Y. Lin, J.M. Kennedy, Y.-P. Sun, Carbon 42,
2849 (2004).
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The research on adsorption of methane on carbon
nanotube surface

Ivanchenko G.S.* Nevzorova Yu.V., Mikhaylov A.V.

Volgograd State University, 400062, Volgograd, Russia
*e-mail: genaivanchenko@yandex.ru

High sensitivity of electronic properties to the presence of molecules,
sorbed on a surface, as well as the record size of a specific surface area
(1300 m,/g), promoting such adsorption make carbon nanotubes (NT) a
perspective basis for the creation of subminiature biochemical sensors [1]. The
major part of natural gas is up to 98 % composed of methane (CH,4). Thus, in
order to create such a device it is necessary to research the influence of
adsorption of methane molecule on the surface of carbon nanotubes on their
electronic properties.

The result of the conducted research was the calculation of key parameters
of the process of methane atom adsorption on the carbon nanotubes surfaces of
various types [2]. It has been shown that adsorption can be performed in four
different ways: physical adsorption of methane molecules; adsorption of
hydrogen atom on NT and formation of CH; radical; adsorption with
decomposition into H and CHj3; 2H and CH,. In all cases there appears a change
of the width of the forbidden zone of nanotubes, and all the states are steady.

As a result, it is possible to say that the methane molecule will be adsorbed
onto a surface of carbon NT of small diameter. Therefore, it 1s rational to use the
tubes of the diameter of no more than 20 nm for the creation of a gas sensors on
the basis of carbon NT. The values of bond energies and top filled and bottom
vacant orbitals, the values of the forbidden zones of various carbon nanotubes
with the adsorbed methane molecule have been received.

The work was held during the Federal Aimed Program “The Scientific and
Scientific-Pedagogical personnel of the imnovative Russia”, 2009-2013 (the
State contract No P892).

[1] Eletski A.V. UFN 174(11), 1191-1231 (2004).

[2] Lebedev N.G. Metodi kvantovoy himii dlya issledovaniya elektronnogo stroeniya
molekul 1 kristallov. Chast. 1 Metod Hartri — Foka / N.G. Lebedev. — Volgograd.
VolISU. -2010. - P. - 116.
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Electrical conductivity of composite nanomaterial with
carbon nanotubes

Ichkitidze L.P.*, Podgaetsky V.M., Selishchev S.V.

Moscow Institute of Electronic Technology, 124498 Moscow, Russia
*e-mail: leo852@inbox.ru

Conducted are the experimental studies of the electrical conductivity o of
thick layers (thickness 10-80 wum) from composite nanomaterial (CNM),
consisting of a gel for medical purposes based on carboxymethylcellulose
(CMC) and multiwall carbon nanotubes (MWCNT) by "Taunit”. Also studied is
the dependence of o of CNM from the intensity of infrared laser radiation
(A=970 nm).

In the 4% aqueous solution of CMC at ¢ = 20 °C the value of o is
negligible ~ 0.5 S/m, its temperature dependence is positive with value
a ~ 0.0024 K in the range ¢ = (20-70)°C. After adding into the solution of
CMC the MWCNTs with ¢ < 0.5 wt. % the obtained suspension was carefully
stirred, then put onto a strip of cotton cloth and exposed to laser irradiation.

In the dried layers of CMC+MWCNT the value of o ~1.5 kS/m,
a ~0.004 K, the percolation threshold corresponded to ¢ ~ 0.1 wt.%. In the
control samples, consisting of CMC and carbon black K-354 with ¢ ~ 0.5 wt.%
and prepared identically to CMC+MWCNT, obtained values of o ~ 0.06 S/m
and o ~ 0.004 K'', and the percolation threshold was not observed.

Laser irradiation of the samples resulted in an increase of their relative
conductivity o, = (1—or /0)/W, where o 1is the conductivity before irradiation,
or — the conductivity after irradiation, W — the irradiation power density in
[W/em®]. In layers of CMC+carbon black observed were higher values of
ow = 25-35 %-cm®/W, while for layers of CMC+HMWCNT the value of
o, = 3-5 %-cm’/W. Photosensitivity of the studied samples is apparently due to
the-bolometric effect.

High specific electrical conductivity, low percolation threshold,
photosensitivity and biocompatibility allow us to consider the studied
conducting composite nanomaterial as promising for biomedical and other
applications.
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Composite nanomaterial based on protein and multiwall
carbon nanotubes

Ichkitidze L.P.*', Selishchev S.V.!, Ryndina T.S.', Tabulina L.V %,
Shulitski B.G.?, Galperin V.A.>, Shaman Yu.P.?

'Moscow Institute of Electronic Technology, 124498 Moscow, Russia
’Belarusian State University of Informatics and Radioelectronics, Belarus, Minsk
*SRC SMC “Technological centre”, 124498 Moscow, Russia
*e-mail: leo852@inbox.ru

The optical and mechanical properties of bulk composite nanomaterials
(BCNM) based on bovine serum albumin (BSA) and multiwall carbon
nanotubes (MWNT) are investigated.

For the synthesis of MWCNT used was bimetallic catalyst Fe-Mo/MgO.
Synthesis of MWNT at 900°C took place in a stream of Ar and CH, for
40 minutes. After synthesis the material was subjected to multi-step chemical
processing, which resulted in sticking of the functional groups to MWCNTs
(func.), enabling the formation of stable aqueous suspensions. Proportion of
MWCNTs 1n the final material after treatment was 95+1 wt. %.

In 25% aqueous solution of BSA were added the MWCNTs, MWCNT
(func.) 1n the interval (0.004-0.1) wt.%, while for the control samples added was
black K-354 in the same proportions. Suspensions of BSA+MWCNT,
BSA+MWNT (func.), BSA+black were obtained after mechanical and
ultrasonic stirring and decanting.

There were established the following absorption coefficients at a
wavelength of 970 nm: for BSA solution — 0.004 mm™, for a suspension of
MWCNT (func.) — 0.06 mm™', of BSA+black — 0.4 mm™', of BSA+MWCNT —
0.17 mm™, of BSA+MWNT (func.) — 1.1 mm™. Higher absorption coefficient in
suspensions of BSA+MWCNT (func.) were caused by many factors, perhaps
including their high uniformity and the increase in defectiveness of MWCNT
(func.) during functionalization.

Solutions and suspensions were exposed to the laser radiation at
wavelength of 970 nm in different modes (pulse, continuous) while varying
levels of power and exposure time. The hardness of the samples was measured
by Vickers.

The studies have shown that the maximum hardness (220-320 MPa)
BCNM is 3-5 times higher than that of the dried BSA and BSA+black and is at
the level of hardness of human bone tissue (~ 500 MPa).
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Semi-analytical theory of exciton fine structure in carbon
nanotubes

Goupalov S.V.**
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“offe Institute, 194021, St.Petersburg, Russia
*e-mail: serguei.goupalov@jsums.edu, goupalov@coherent.ioffe.ru

Optical properties of single-walled carbon nanotubes (CNTs) are dominated
by the excitonic effects. The high spin and subband (valley) degeneracy of the
electron-hole pair ground state in the absence of the Coulomb interaction leads
to a fine structure of excitonic levels when this interaction is taken into account.

It has been realized that both the long-range and the short-range parts of the
Coulomb interaction are essential for a description of the exciton fine structure
in CNTs. It has long been believed [1,2] that the best way to account for the
short-range part of the Coulomb interaction in CNTs within the tight-binding
method is to replace the Coulomb potential by the phenomenological Ohno

vir) = J—z
potential of the form V&) ** where U is the energy cost to place two
electrons on a single site.
We present an alternative approach whereby the matrix elements of the

Coulomb potential are expanded into a series over CNT’s one-dimensional

reciprocal lattice vectors, n =27 n/IT| where T is the CNT translational
vector [3]. We show that, in order to make a non-vanishing contribution to this

expansion, the reciprocal lattice vector 9n must satisfy the condition

nl < N/M_ where N and M are the chirality-specific integers relating the
chiral, Cr, symmetry, R, and translational, T, vectors of the CNT by

NR = C, + MT [2] (N has meaning of the number of hexagons within the CNT
unit cell).

We obtain analytical expressions for the Coulomb matrix elements which
provide an insight into exciton physics which cannot be gained using a
formalism based upon the phenomenological Ohno potential [1,2]. The
calculated splittings between the dark and bright exciton states are in good
agreement with the results of recent measurements [4,5].

[1] V. Perebeinos, J. Tersoff, P. Avouris, Phys. Rev. Lett. 92, 257402 (2004).

[2] J. Jiang, R. Saito, Ge.G. Samsonidze, A. Jorio, S.G. Chou, G. Dresselhaus,
M.S. Dresselhaus, Phys. Rev. B 75, 035407 (2007).

[3] R. Saito, G. Dresselhaus, M.S. Dresselhaus, Physical Properties of Carbon Nanotubes
(Imperial College Press, London, 1998).

[4] LB.Mortimer, R.J. Nicholas, Phys. Rev. Lett. 98, 027404 (2007).

[5] A. Srivastava, H. Htoon, V.1. Klimov, J. Kono, Phys. Rev. Lett. 101, 087402 (2008).

124


mailto:serguei.goupalov@jsums.edu
mailto:goupalov@coherent.ioffe.ru

Carbon Nanotubes P2.14

Implications of time-reversal symmetry for band structure
and optical properties of carbon nanotubes

Goupalov S.V.**
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“Ioffe Institute, 194021, St.Petersburg, Russia
*e-mail: serguei.goupalov@jsums.edu, goupalov@coherent.ioffe.ru

When single-particle electron states in single-walled carbon nanotubes (CNTs)
are characterized by two-dimensional wave vectors with the components 't and &
along the CNT circumference and cylindrical axis, respectively, then two such vectors
symmetric about a M-point in the reciprocal space of graphene are shown to be related
by the time-reversal operation. We show that to each CNT, }here COTTespo Igd five
re]gvant M-points with the lelowmg coordinates [1]: K" =N/2R K;" =0;
R = ‘LUZR K~ = —/T, K> =(2N- ‘Lf),#ZR Kﬁ = r/T K, () = ('Li’ + "-.');ZR
JI‘1:”‘ “TfT and K F =W M)/2R K”J = ‘WT where N and M are the integers
relating the chiral, C.M symmetry, R, and translational, T, vectors of the CNT by
NR_C; + MT [2], T=|T]|, and R is the CNT radius. We show that the states at the
edges of the one-dimensional Brillouin zone which are symmetric about the M-points
with K2 = /T gre degenerate due to the time-reversal symmetry.

We also discuss implications of the time-reversal symmetry for optical properties
of CNTs [3].

In addition to the M-points, we obtain explicit expressions for the coordinates of
the K-points in the reciprocal space of graphene relevant to a given CNT. If for a
(m,m) eNT, (M —M) i5 not a multiple of 3d | where @ is the greatest common
divisor of " and "™, then the coordinates of the relevant K-points (corresponding to the
K and K’ valleys, respectively) are K1 = N/3R, K, =0 ang K1 =2N/3R K,=0
This case includes all semiconductor CNTs and some metal ones. In particular, all the
zigzag CNTs (Mt = D) belong to this case. For the armchair nanotubes (n=m) gpe
has K1 =n/R , Ky = £2m/3T. For the rest of the metal CNTs the choice is to be
made between the two cases: (i) Ky =(N-M)/3R K, =2m/3T and
K,=(2N+ M),BR’ K, =—2n/3T ,n4 (ii) K,=(N+ M);’BR’ K, =—2n/3T ;54
K, =(@2N- M);‘BR’ K, = 2m/3T. (Which case realizes for a particular chirality turns
out to be a more subtle question.) Knowing the coordinates of the relevant K-points
greatly simplifies comparison of CNT descriptions within the zone-folding and
effective-mass approaches.

[1] S.V. Goupalov, JETP Letters 92, 507 (2010).

[2] R. Saito, G. Dresselhaus, M.S. Dresselhaus, Physical Properties of Carbon Nanotubes
(Imperial College Press, London, 1998).

[3] S.V. Goupalov, A. Zarifi, T.G. Pedersen, Phys. Rev. B 81, 153402 (2010).
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P2.13 Carbon Nanotubes

Laser-produced plasma of carbon nanotubes

Fronya A.A.*', Chernodub M.L.", Osipov M.V.%, Puzyrev VN,
Starodub A.N.!, Zaramenskikh K.S.?, Zharikov E.V.?

'P.N. LebedevPhysical Institute, 119991, Moscow, Russia
’D. Mendeleyev University of Chem. Techn. of Russia, 9, Miusskaya sq.,
125047, Moscow, Russia

*e-mail: nastya708@yandex.ru

Interaction of laser radiation with nano- and microstructured materials is
intensively developing direction of investigations. Such studies are conducted to
find optimum parameters and configurations of targets for inertial cornfinement
fusion [1], as well as the development of radiation sources with specified
characteristics in different spectral ranges, such as X-ray [2]. Carbon nanotubes
as a promising type of nanostructured materials are of interest for laser-matter
interaction.

Experimental studies of X-ray characteristics of the laser-produced plasma
of carbon nanotubes are presented. Multi-walled carbon nanotubes (diameter
~ 30nm) were fabricated by catalytic pyrolysis of benzene using ferrocene as a
precatalyst [3]. Nanotubes deposited onto the quartz substrate have been used as
the targets. The experiments have been carried out using the powerful laser
installation “Kanal-2"" [4]. The target has been irradiated by nanosecond IR laser
pulse (A = 1,06 um) with controllable function of mutual coherence. The power
flux density of the laser radiation on a target was ~10" W/cm’.

The spatial, temporal and energy characteristics of X-ray plasma radiation
have been investigated by means of pinhole-camera, Schwarzschild objective,
and time resolution detector. Radiation of plasma was registered in soft X-ray
(180-200A) and hard X-ray (A< 9 A).

The work 1s partly supported by the Russian Foundation for Basic
Researches, grant # 10-02-00113.

[1] Borisenko N.G., Merkul’ev Yu.A., and Gromov A.l. Journal of the Moscow Physical
Society 4,247 (1994).

[2] Bagchi S., Kiran P., Yang K., Rao A.M., Bhuyan M.K., Krishnamurthy M., Kumar G.R.
Phys. Plasmas 18, 014502 (2011).

[3] X. Devaux, S.Yu. Tsareva, A.N. Kovalenko, E.V. Zharikov, E. McRae. Carbon 47,
1244 (2009).

[4] S.I Fedotov, L.P. Feoktistov, M.V. Osipov, A.N Starodub. Journal of Russian Laser
Research 25, 1 (2004).
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Polyaniline coated aligned carbon nanotubes for
electrochemical supercapacitors

Fedorovskaya E.O.*, Okotrub A.V., Bulusheva L.G.

Nikolaev Institute of Inorganic Chemistry, SB RAS, 630090, Novosibirsk, Russia
*e-mail: fedorovskaya-eo@yandex.ru

Electrochemical capacitors, known as supercapacitors, have attracted great
interest as promising energy storage devices due to their high power energy
density and long cycle performance than conventional dielectric capacitors.
Among various conducting polymer, polyaniline has emerged as the one of the
most promising class of active materials for electrochemical capacitor, due to its
high capacitive characteristics, easy processing and environmental friendliness.
Carbon nanotubes commonly possess large specific surface area, remarkable
chemical inertness and physical stability. Formation of three-dimensional
conducting network from aligned nanotubes coated with a layer of polyaniline,
involved in the Faraday processes, seems to be promising for obtaining of high-
capacitance supercapacitors. Direct contact of carbon nanotubes with conductive
substrate provides fast charge/discharge and high stability of capacitor. Arrays
of vertically aligned carbon nanotubes have been grown on silicon substrates
using an aerosol-assistant catalytic chemical vapour deposition (CCVD) method.
The carbon nanotubes were synthesized from toluene. Ferrocene was used as a
catalyst source and its concentration in a solution was equal to 2 wt.%. The
substrate was gradually heated to 800°C in an argon flow and injection of the
ferrocene—toluene solution was performed for 30 or 60 min. Deposition of
polyaniline was carried out in two ways. The chemical polycondensation of
aniline occurred under an influence of an oxidant in an acidic environment. In
our experiments we used potassium dichromate. The electrochemical deposition
of polyaniline was performed during the carbon nanotube electrode cycling in a
solution of aniline in sulfuric acid in a three-electrode cell. Synthesis time was
500-4000 seconds, the potential range was [-300, 700] mV. A study of the
electronic structure of the carbon nanotubes and composites was carried out by
X-ray photoelectron spectroscopy and X-ray absorption spectroscopy
(NEXAFS) near the K-edges of carbon and nitrogen. The length and defectness
of CNTs were determined by Raman spectroscopy and scanning electron
microscopy. The electrochemical measurements were carried out on a
potentiostat Elins P-30S working in potentiodynamic mode. Electrochemical
measurements showed that the capacity of carbon nanotube electrode increases
with the polyaniline coating formation. Furthermore, specific capacity for the
composites based on the aligned carbon nanotube arrays is higher than that for
the composites from random nanotubes.

The work was financially supported by the Russian Foundation for Basis
Research (grant No. 10-03-91163).
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P2.11 Carbon Nanotubes

The investigation of photoactive J-aggregates of
cyanine dyes — carbon nanotubes composite for the
application in high-efficiency photoelectric converters

Fedorov .V.*, Kireev D.M., Bobrinetskiy I.I., Nevolin V. K.

Moscow Institute of Electronic Technology (Technical University), 124498 Moscow, Russia
*e-mail: farewell iv@mail.ru

For the time being one of the promising courses for the science and
industry is the development of photoactive devices on the basis of organic
materials. For istance, OLED technology enables us to transfer the energy of
electricity into radiation by means of using specific polymer luminophor for the
goal of enhancing efficiency and durability of the device. However, despite the
overall success in that field, there are still many difficulties to confront, e.g.
issues with the increase of efficiency should be paid significant attention.

Thus, for solving that problem we suggest to implement the idea of
merging two different approaches — the first one is to use cyanine dye
J-aggregate composite as a new luminophor material, owing to its outstanding
quantum yield properties, and the other — the usage of carbon nanotubes (CNT)
as a superior conductive medium for sufficient energy transfer. This method also
provides us with the ability of conducting two opposite processes, the transition
of light energy into electricity and vice-versa.

The process description: a glass substrate or a silicon chip with pre-
deposited contacts is coated with the film of carbon nanotubes (by drop-coating
or electrophoresis). In the next stage this layer is coated with the J-aggregates of
cyanine dyes (by spin-coating or cross-dielectrophoresis). The aim of CNT
arrays is to make good electrical contact and junction with J-aggregates. The
final stage is the testing of spectrophotometric and photoelectric properties of
the device.

The results are fascinating: conductivity of the structure increased
dramatically (in 2-3 orders) when exposed to light (see Figure). Briefly, the
structure could be used as an optical sensor and as an excitation-sensitive
matrix.

JUUMH
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Figure. Dependence of the output current on the light excitation during the measurement. As
the measurement takes some time, periodic light exposition results in the shown way.
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Degradation of a CNT-based field emission cathode due to
ion sputtering

Bocharov G.S., Eletskii A.V.**

'Moscow Power Engineering Institute (Technical University), Moscow, Russia
Russian Research Center “Kurchatov Institute”, 123182 Kurchatov Sq. Moscow, Russia
*e-mail: eletskii@imp.kiae.ru

The rate of degradation of carbon nanotubes (CNT) comprising a field emission
cathode 1s calculated. The sputtering of CNT material by incident ions formed through
the electron impact ionization of the residual gas molecules is considered as the
degradation mechanism. It has been found the abrupt dependence of the degradation
rate on the applied voltage which is caused by a sharp character of the Fowler-
Nordheim dependence.

The rate of degradation of a CNT was calculated using the following expression

. M [, 1E, OWTE, (el = e
dt e > e

where M, is the mass of the carbon atom; the axis x coincides with the direction of the
electrical field so that the point x = 0 corresponds to the nanotube’s tip; N.(x) is the
electron number density; / is the emission current; v.(x) is the electron velocity; E.(x)
is the electron energy that is determined by the distribution of the electrical potential
U(x) along the electrical field; Ei(x) is the kinetic energy of an ion formed in the x and
reached the emitter surface in the point x = 0; N,, is the number density of the residual
gas molecules subjected to the electron impact ionization; oi,,[Ec(x)] is the electron
impact ionization cross section for the residual gas molecules; S(x) is the cross section
of the cone where the electron beam is found; Y[Ej(x)] is the ion sputtering coefficient.
The applied voltage and the emission current are inter-connected through the
Fowler-Nordheim equation with taking into account the electrical field amplification
factor for a CNT of specific geometry. The results of calculation are shown on Figure.
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Figure. Dependences of the lifetime of a nanotube defined as ; _ #, % /d on the applied voltage calculated for a
my drt

CNT of d= 10 nm in diameter and L =1 pm in height on the basis of Eq. (1) at various residual gas (air)
pressures. The inter-electrode distance H = 100 pm, the electron work function for a nanotube ¢ =5 eV.
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P2.09 Carbon Nanotubes

Potential magnetic properties of carbon nanotube
fragments (n, 0) with asymmetrical edges

Chernukhina A.A., Ermilov A.Yu.*

Lomonosov Moscow State University, 119991, Moscow, Russia
*e-mail: Sanchik-U@yandex.ru

Since the very discovery carbon nanotubes attracted interest of scientists
thanks to the vast perspectives of their application. According to the concrete
ways of rolling up, these structures unexpectedly display a wide variety of
properties, including magnetic [1].

The principal aim of this work was to investigate magnetic properties of
single-walled carbon nanotube fragments with zigzag-shaped edges (n, 0). In
order to compare results of this work and of the main article [2] and to observe
regularity of properties, it was suggested to examine finite carbon nanotubes (8,
0) with fragments as long as q = 3, 4, 5. With reference to the main article of
comparison a structure with the dehydrogenated zigzag edge (DHZE) at one end
and the mono-hydrogenated zigzag edge (MHZE) at the other end was created.

For the electronic structure calculation, we used the same B3LYP
functional, basis set 6-31G* as in the article [3]. All the theoretical calculations
were performed with PC GAMESS [4]. All the structures were optimized.

Two main schemes of spin coupling were calculated. High-spin scheme
(ferromagnetic properties) resulted much lower on the energetic scale than the
low--spin variant. Low-spin model correlates with antiferromagnetic properties;
in the literature this type of solutions is called the Broken-Symmetry.
Furthermore, the energetic differences between the investigated spin states were
analyzed.

The results obtained in this work contrast sharply with [2], where LSDA
functional was used. An assumption was allowed that such calculation
procedure may depend on the type of the exchange-correlation functional. True
results can not be yielded using functionals not advanced enough.

Nano-scaled magnetic materials based on suggested structures are
extremely promising.

This work was supported by RFBR (grant Ne 10-03-00665).

[1] Dyachkov, P.N. Carbon nanotubes: structure, properties, applications. Binom.
Laboratoriya Znaniy: Moscow, 2006; P. 4.

[2] Higuchi Y., Kusakabe K., Suzuki K., Tsuneyuki S., Yamauchi J., Akagi K., Yoshimoto
Y., J. Phys.:Condens. Matter. 16, 5689 (2004).

[3] Chen Z., Jiang D., Lu X., Bettinger H.F., Dai S., Schleyer P.R., Houk K.N., Org. Lett.
9, 5449 (2007).

[4] Granovsky A.A., Firefly version 7.1.G

[5] http://classic.chem.msu.su/gran/gamess/index.html.
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Carbon Nanotubes P2.08

Model of anisotropy of deformed polymer carbon
nanotube based composites in Ka-band (26-37 GHz)

Bychanok D.S.*', Shuba M.V.!, Maksimenko S.A.", Kanygin M.A 2,
Okotrub A.V.?

'Research Institute for Nuclear Problems of Belarusian State University,
220030, Minsk, Belarus
*Nikolaev Institute of Inorganic Chemistry SB RAS, 630090, Novosibirsk, Russia
*e-mail: dzmitrybychanok@ya.ru

Theoretical model of the deformation influence on electromagnetic
response of carbon nanotube (CNT) based polymer composites is presented.
Anisotropy of dielectric permittivity was observed and theoretically modeled in
frequency range 26-37 GHz (Ka-band).

Extremely high aspect ratio and cylindrical structure of CNT causes
anisotropy of their mechanical and electromagnetic properties. For instance,
polarizability of isolated CNT in axial direction is much greater than
polarizability in perpendicular direction. Therefore in the case, when CNT are
oriented in composite, we can observe the anisotropy of electromagnetic
properties. Stretching deformation was used for orientation of CNT in polymer
matrix (PMMA). In this case electromagnetic response of composite depends on
direction of electric-field vector of scattered electromagnetic wave. The change
of nanotube orientation during stretch deformation of composite was simulated.
The distribution function of carbon nanotubes in deformed composite material
was analytically derived and used for calculation of complex dielectric
permittivity tensor of composite material (see Fig.).
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Figure: (a)Experimental data of dielectric permittivity of deformed CNT/PMMA composite.
(b) Calculated permittivity of deformed CNT/PMMA composite (¢ - permittivity of not
deformed composite, eL=¢,=¢., €=¢, — diagonal components of dielectric permittivity tensor
of deformed along y-axis composite).

This research was partially supported by the RFBR Project No. 10-03-
90901-mob-sng-st, the BRFBR Projects No. F10R-002 and No. F10CO-020, EU
FP7 under Project FP7-266529 BY-NanoERA, and ISTC Project No. B-1708.
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P2.07 Carbon Nanotubes

Carbon nanotube fabrication inside nano-channel porous
materials

Butko V.Y."** Fokin A.V.!, Nevedomsky VN.! Sisoeva A.A.!, Kumzerov Y.A.!

Toffe Physical Technical Institute RAS, 26 Polytechnichesaya st., St. Petersburg 194021,
Russia
’St. Petersburg Academic University, Nanotechnology Research and Education Centre, RAS,
Khlopin street 8/3, St. Petersburg, 195220, Russia
*e-mail: viadimirybutko@gmail.com

Carbon nanostructural materials have received increased attention in the
last several years because they offer the promise of bulk processing of flexible,
electronic devices at low cost. Among the most important carbon nanostructural
systems are carbon nanotubes The interest stems in part from the room
temperature charge carrier mobility that is much higher compare to silicon,
unique thermal and mechanical properties of the nanotubes, and their possible
transistor applications. One of the most important current limitations to
nanotube technology is an ability to control their geometrical parameters that are
also determining their electronic properties. Among the techniques that have
been used for these purposes is a pyrolysis of organic materials inside
nanoporous substances. We have developed a new modification of this method
to fabricate carbon nanotubes and other graphene related compound in the
restricted geometry. Our obtained TEM images demonstrate that this new
technique allows growing crystalline carbon nanotubes and nanofibers with the
length least up to 10 pm that is much longer compare to other nanoporous
fabrication methods. The simplicity of our method, the observed transport
properties, and TEM structural results suggest that this technique can
successfully be used for a device fabrication. Interpretations of the obtained
experimental results and device applications including Field Effect Transistors
will also be discussed.

We are grateful to A.Y. Egorov and A.V. Babichev for help. This work was
supported by the Russian Foundation for the Basic Research under project
No 10-02-00853-a, by the St. Petersburg Scientific Center of the RAS, and under
the Collaborative European Project EU-RU.NET.

116


mailto:vladimirybutko@gmail.com

Carbon Nanotubes P2.06

The creation of biocompatible transparent CNT-electrodes

Bobrinetskiy I.I., Kireev D.M.*, Seleznev A.S., Morozov R.A.

Moscow Institute of Electronic Technology, 124498 Moscow, Russia
*e-mail: kirdmitry@gmail.com

Carbon nanotubes still show a big perspective in purpose of creation
biocompatible composites. Bovine serum albumin (BSA) is very common protein
which can be used as biocompatible surfactant for hydrophobic carbon nanotubes.

Also, the creation of transparent conductive electrodes is a very promising
field of work. For example, by CNT-BSA composite creation we can solve a
problem of biocompatibility of the CNT films and consequently it allows to create
a quite new devices.

At this work CNT-BSA water solution was used as a source of refined CNT
coated with albumin. The method of solution preparation: a distilled water mixes
up with BSA (2mg/1ml) and single-walled carbon nanotubes (1mg/1ml) followed
by ultrasonication (duration is about 10 hours).

There are a lot of methods (dip-coating, drop-coating, spin-coating, etc.) of
transparent and conductive films creation from carbon nanotubes arrays. But there
are some difficulties in achieving of desired results. The cause is that the more
density of CNT arrays, the more conductivity, but the less transparency.

At this work suggest a drop-coating method. The method description: on a
glass or other optically-transparent and non-conductive substrate drops a solution
followed by short-time (5-10 min) lamp heating until the drop dries out. Next, the
film (see Fig.) is tested on transparency and conductivity.

To conclude, the work presents the results of the tests. The main problem is
that the films are non-uniform. The close to a side, the more transparent film and
less percolated (R=1-3 MOhm at 92-95% transparency and R=20-50 kOhm at
85% transparency), and consequently, the more concentrated close to center
(R=100-200 kOhm at 92-95% transparency and R=10-15 kOhm at 85%
transparency).

Furthermore, the results show us that our methodology could be very
promising in purpose of creation brand-new, differently works biocompatible
devices (like smart-clothes or pluggable displays, etc.).
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Figure: AFM image of the CNT-BSA film on a glass substrate.
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The macropores investigation in carbon nanotubes
agglomerates

Bessonova A.V., Bobrinetskiy L.I., Nevolin V.K.*  Simunin M.M.

Moscow Institute of Electronic Technology (Technical University), 124498, Moscow, Russia
*e-mail: vkn@nanotube.ru

The scanning electron microscopy (SEM) is the basic method of carbon
nanotubes (CNT) geometrical sizes definition. However this method doesn't
allow to investigate macroscopical quantities of CNTs and is labor-consuming.
There i1s a method based on nitrogen adsorption at 77 K to define a specific
surface area and porosity of CNTs, and there is a certain dependence between
these characteristics and the CNTs geometrical sizes. Revealing of this
dependence is the purpose of this work.

In this work we investigated sorption properties of various types multi-
walled carbon nanotubes (MWNT), produced by method of chemical vapour
deposition and method of catalytic pyrolysis of ethanol. The specific surface
area and porosity of MWNT samples were defined by nitrogen sorption at 77 K.

It was shown that experimental dependence of MWNT specific surface
area on their average diameter can be approximated as inversely proportional
[1]. The given approximation is chosen from calculation of CNT specific surface
area as relations of the CNT surface area to its weight.

The method of calculation of agglomerates pore volume in CNT as a
difference of limiting filling of all pores and filling of internal CNT cavities is
offered. The method is based on distinction of limiting pore filling and fillings
of CNT channels, and this distinction decreases with growth of CNT diameter.
CNT with smaller diameter are inclined to formation of agglomerates the
agglomerates pore volume increases with reduction of CNT diameter [2].

It was shown that at constant pressure of ethanol vapour with increase in
temperature of CNTs synthesis reduction of a specific surface both specific pore
volume and increase in the average pore size of CNTs is observed. It is related
to increase of CNT average diameter with growth temperature. At constant
growth temperature the increase in a specific surface and reduction of CNT pore
volume with increase of pressure of ethanol vapour is observed.

In the work dependences of a specific surface, specific pore volume from
average CNT diameter have been investigated. Selection of the models 1s spent,
allowing to find dependence of specific pore volume on the CNT sizes.

[1] K.A. Williams, P.C. Eklund, Chemical Physics Letters 320, 352-358 (2000).
[2] Hou P, Xu S, Ying Z., Yang Q., Liu C., Cheng H., Carbon 41, 2471-2476 (2003).
Abstract information.
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The quantum chemical research of the dependence of
SWCN’s dipole moment

Belolipetskii A.A.*, Lebedev N.G.

Volgograd State University, 400062, Volgograd, Russia
*e-mail: alexbelster(@gmail.com

It is interesting to investigate the possibility of using carbon nanotubes [1]
as some electronic gauges. The main feature of carbon nanotube which can be
used in the gauges is dipole moment. We have considered the fragments of
single-wall polarized carbon nanotubes (n, n) and (n, 0) types (n = 3, 4). The
unsaturated cluster boundary chemical bonds have been completed by some
atoms (or groups of atoms) on the both sides. The length of tubes has been
varied. The electronic structure and energetic properties of nanotubes were
calculated by applying the semi-empirical methods of quantum chemistry [2].

The results of the calculation have shown that the dependence of the dipole
moment from the length of nanotubes has a nonlinear character and dipole
moment value is depending on the boundary atom types. The values of the
dipole moment of carbon nanotubes oscillate and these oscillations are different
for each of the tube’s types. But the oscillations are less pronounced with
increasing the diameter of (n, n) type of nanotubes and the curves become
smoother. For (n, 0) type of nanotubes such dependence is not observed.

The work 1s supported by Russian foundation of basic research (project
08-02-00663) and by Education Ministry of Russian Federation (project
NK-16(3)).

[1] Harris P. Carbon nanotubes and related structures. New materials of the XXI century. -
M: the Technosphere, 2003.
[2] Stepanov N.F. Quantum mechanics and quantum chemistry. - M: Mir, 2001.
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The features of the low temperature behavior of heat
capacity and thermal expansion of bundles
of single-walled carbon nanotubes

Bagatskii M.I.*, Dolbin A.V., Sumarokov V.V., Barabashko M.C.

B.Verkin Institute for Low Temperature Physics & Engineering NASU,
Kharkov 61103, Ukraine
*e-mail: bagatskii@ilt.kharkov.ua

The heat capacity of bundles of single-walled carbon nanotubes (SWNTs)
has been investigated in a temperature interval of 2-120K using a compact
adiabatic calorimeter [1]. A cylindrical sample (0.71602 g) was prepared from a
SWNT powder (Cheap Tubes, USA).

The temperature dependence of the heat capacity C(7) of the measured
SWNT bundles has breaks near 36 K and 100 K. In the temperature intervals
2-34 K, 40-78 K, 86-100 K and 110-120 K the curve is described by different
power functions with the exponents varying from 2 to 1. At 7=65-80 K the
curve C(7) has a deflection.

The coefficient of the radial thermal expansion az(7) of SWNT bundles has
been investigated at 7=2-120 K [2]. The measurements were made using a
dilatometer with the sensitivity 2-10°cm. A cylindrical sample 7 mm high and
10 mm in diameter was prepared by compacting of a SWNT powder, which
oriented the tubes in the bundles perpendicular to the sample axis. The sign of
ar(T) was observed to change below 7=5.5 K. The heat capacity and the thermal
expansion [2] were measured on samples obtained by the same preparation
technique.

The temperature dependences of heat capacity and the coefficient of radial
thermal expansion ax(7) have features near 7=36 K.

The Gruneisen coefficient (y= o,(7T)-V/(x-C.(T)) was estimated for the
SWNT bundles oriented perpendicular to the sample axis. It is found that y is
weakly dependent on temperature above 37 K.

The origin of the features observed is discussed.

[I] M.I. Bagatskii, V.V. Sumarokov, A.V. Dolbin, CC2010: 8th Conference on
Cryocrystals and Quantum Crystals CC-2010 (Chernogolovka, Russia, July 26-31,
2010).

[2] A.V. Dolbin, V.B. Esel’son, V.G. Gavrilko, V.G. Manzhelii, N.A. Vinnikov,
S.N. Popov, and B. Sundqvist, Fiz. Nizk. Temp. 34, 860 (2008) [Low Temp. Phys. 34,
678 (2008)].
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Transparent SWNT and MWNT mixture films

Blank V.D., Alshevskiy Yu.L., Batov D.V.*, Kazennov N.V.,
Tatyanin E.V., Ivanov L.A.
Technological Institute for Superhard and Novel Carbon Materials (FSI TISNCM),

142190, 7a Centralnaya street, Troitsk, Russia
*e-mail: batov@tisnum.ru

In most cases by synthesis of single and double walled carbon nanotubes,
the bundles are formed. There need a special treatment to separation them into
individual nanotubes.

We found the experimental conditions permitting to grow the films of
individual nanotubes situated in substrate plane. The thickness of the film
depend on sputtered layers and process time.

We synthesized thin films consisted of long carbon nanotubes and others
nanostructures in HF CVD reactor using various gas mixtures and temperature
up to 1100°C. This method allows to grow carbon films of different thickness.

TEM investigations and Raman spectroscopy investigations shown that the
films consist of single- and double walled carbon nanotubes with several
quantity of thin multiwalled nanotubes and small quantity of disordered graphite
(peak D at 1345 cm™). Rough estimate of nanotubes diameter by radial
breathing mode frequency (empirical formula from [1]) says that diameter of
multiwalled nanotubes is approx 10-20 nm and the one of single- and double
walled carbon nanotubes 0.8-0.9 nm

[1] J. Kurti, V. Zolyomi, M. Kertesz, and G. Sun. New Journal of Physics 5, 125 (2003).
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Investigation of properties of carbon nanotube-cadmium
sulfide nanoparticle hybrids

Algaer Yu.A.2* Okotrub A.V.!

Hnstitute of Inorganic Chemistry, 630090, Novosibirsk, Russia
2Novosibirsk State University, 630090, Novosibirsk, Russia
*e-mail: yalgaer@gmail.com

At present the development of hybrid nanosystems combining the
properties of one-dimentional carbon nanotubes (CNTs) and quantum dots from
semiconducting materials attracts considerable interest. Interaction of
semiconducting nanoparticles with light is expected to have result in the electron
photocurrent through CNT and localization of the hole on nanoparticle. This
effect can be used for creating a new type of photovoltaic devices. Here, we
present a preparation and investigation of hybrid materials from CNT and CdS
nanoparticles.

CdS nanoparticles have been grown on the surface of aligned multi-walled
CNTs from an aqueous solution of CdCl,, (NH;),CS (Thio), and NH;. Scanning
electron microscopy has showed that size of the nanoparticles varied from 5 to
100 nm. The synthesis conditions has preserved an alignment of CNTs in the
array and uniformly decorated the CNTs with CdS nanoparticles. Continuous
CdS/CNT interface indicated that nucleation and growth of the nanoparticles has
taken place directly on the nanotube surface. XPS evidenced that the formed
CdS particles have had the oxidized outer layer that is probably related to the
reactions occuring in basic solution in the process of the nanoparticle growth.

Electroluminescence properties of CdS nanoparicles deposited at the CNT
tips have been measured in the conditions of field electron emission from the
CNT array. ITO glass has been used as an anode and image has been taken with
a photocamera. Images exhibited a set of luminous points corresponding to
individual CdS nanoparticles, which have been deposited on the CNT tips. The
points have been of green and red coloure and different colouring could be
related to the different size of the nanoparticles.
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Solitons in a system of a coupled bilayer graphene
waveguides

Yanyushkina N.N."* Belonenko M.B.?, Lebedev N.G.'
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We consider a propagation of ultra-short optical pulses, which can be
represented as discrete solitons in the bilayer graphene waveguides. The
effective equation, which has the form of an analog of the classical sine-Gordon
equation was obtained. And the effects associated with changing of the width of
initial momentum and of the Coulomb energy were investigated.

The unique properties of graphene and bilayer graphene [1-2], largely
related to the periodical dispersion law, and also works on ultrashort optical
pulses amplification in nanotubes and graphene [3] give additional incentive to
study the problem of the propagation of electromagnetic pulses through a system
consisting of several bilayer graphene sheets.

Studying the dynamics of the momentum carried in the nine parallel bilayer
graphene planes. The dependence of electric field on waveguide number is
presented in Figure. The dependences suggest a significant effect of the pulse
width B on the energy distribution between the waveguides.

10 ar 1o
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Figure. Dependence of the electric field on the waveguide number. All magnitudes are in the
non-dimensionless units. For the solid curve the time is t=130, for the dotted curve t=200, for
the dashed curve t=250: a) B=1; b) f=2; ¢) B=3.

This work was supported by the Federal Target Program “Scientific and
pedagogical manpower” for 2010-2013 (project No NK-16(3)) and by the Grant
for younger scientists of VolSU Ne3-2011-MU/VolSU.

[1] K.S. Novoselov, A.K. Geim, S.V. Morozov, D. Jiang, Y. Zhang, S.V. Dubonos,
L.V. Grigorieva, A.A. Firsov. Science 306, 666 (2004).

[2] K.S. Novoselov, A.K. Geim, S.V. Morozov, D. Jiang, M.I. Katsnelson, 1.V. Grigorieva,
A.A. Firsov. Nature 438, 197 (2005).

[3] N.N. Yanyushkina, M.B. Belonenko, N.G. Lebedev. Opt. and Spec. 108, 618 (2010).
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Reversible chemical reactions on adsorbed graphene
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A robust thin film platform is a fundamental requirement for chemical
sensing implying that the system must be chemically, physically and thermally
stable. In addition, chemical reactions taking place on the sensors must result in
detectable property changes and these reactions have to be reversible.
Calculations [1] have shown that the band structure (gap size) of carbon
nanotubes changes specifically upon interaction with chemical functional groups
(-CH, -C-0O, -C-OH and —C=0). Experimental studies [2] have proven that there
is a profound conductance change when graphene oxide is reduced.

It has been demonstrated recently that a monolayer of graphite (MG or
graphene) adsorbed on transition metal (TM) such as Ir and Pt is more
susceptible for chemical reaction with atomic H and the adsorption process is
reversible upon soft annealing, i.e. the perfect MG surface can be recovered [3].
However, not all chemical processes on such systems are perfectly reversible by
thermal treatment due to the formation of strong chemical bonds between carbon
atoms and an adsorbate. For example thermal breakdown of -C-O-C- and -C=0
functional groups which form upon atomic oxygen adsorption on graphene can
rip off carbon atoms and cause defects in the MG layer [4]. Here we report on
our x-ray spectroscopic studies confirming that MG adsorbed on Ir(111) can be
reduced and oxidized at room temperature repeatedly and with high degree of
reversibility by atomic H and O, respectively (RT).

[1] H.Park, J. Zhao, J.P. Lu, Nanotechnology 16, 635 (2005).

[2] J.T. Robinson, F.K. Perkins, E.S. Snow, Z. Wei, P.E. Sheehan, Nano Letters 8(10),
3137 (2008).

[3] M.L. Ng, R. Balog, L. Hornekzer, A.B. Preobrajenski, N.A. Vinogradov, N. Martensson,
K. Schulte, JPCC 114, 18559 (2010).

[4] N. Vinogradov, K. Schulte, M. L. Ng, A. Mikkelsen, E. Lundgren, N. Martensson,
A B. Preobrajenski, submitted to JPCC 2011.
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Transport coefficients of bilayer graphene
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Currently, scientists are paying great attention to the study of a new carbon
material — graphene [1-2]. Determination of its transport properties and their
dependence on external fields is one of the most pressing problems in the
physics of low dimensional nanostructures.

In this paper, the semiclassical approximation of the relaxation time to
obtain an expression for the current density and transport coefficients of two-
layer graphene in the presence of an external electric field. Double-layer
graphene consists of two graphite layers with a hexagonal structure. Between
two layers of graphene attached electrostatic potential. The electronic structure
of such a system is usually considered in the m-electrons in the nearet framework
of tight-binding model for neighbors.

The dispersion relation for bilayer graphene is chosen in the form [3]. From
the periodicity of the dispersion that can be represented as a Fourier series. In
the semiclassical approximation of the electron distribution function i1s found
from the Boltzmann equation in the t-approximation. We can assume that the
relaxation time experimentally established that in graphene even at temperatures
of about 40 K, the relaxation time constant and does not depend on temperature.

Obtained by the method of theoretical calculation of transport coefficients
of electrons of semiconducting single-walled carbon nanotubes in an electric
field in the relaxation time approximation. Obtained analytically and
numerically analyzed the expression for the diffusion of electrons and nonlinear
electronic conductivity. Found nonlinear dependence of these factors on the
field. When the diameter of CNTs these ratios are also increasing. It is shown
that for strong fields, these ratios tend to saturation.

This work was supported by the Federal Target Program “Scientific and
pedagogical manpower” for 2010-2013 (project Ne NK-16(3)).

[1] K.S. Novoselov, A.K. Geim, S.V. Morozov, D. Jiang, Y. Zhang, S.V. Dubonos,
L.V. Grigorieva, A.A. Firsov, Science 306, 666 (2004).

[2] K.S. Novoselov, A.K. Geim, S.V. Morozov, D. Jiang, M.I. Katsnelson, 1.V. Grigorieva,
A.A. Firsov, Nature 438, 197 (2005).

[3] N.N. Yanyushkina, M.B. Belonenko, N.G. Lebedev, Phys. Scr. 83, 015603 (2011).
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Recently one of the most perspective direction of the nanoelectronic becomes a
creation of ordered arrays of the nanocrystals at the porous of the thin films different
nature, which have novel physical properties. It is due to their develop surface and
quantum dimensional effect.The most famous materials for preparation thin-filmed
systems are graphene films, films of y — Al,O; and films of silicon oxide. But there is
no theoretical research of these objects till present time.

That’s why in our paper we report about calculations of the vacancy creation
mechanism at the graphene layer and at the surface of aluminum oxide y — Al,O; to
prove the possibility of the nanopour creation mechanism in these thin-filmed systems.

As a geometric model of thin film graphene film and film of y — Al,O; were
used. The research was carried out by applying the Molecular Cluster model (MC) and
semi empirical quantum-chemical MNDO scheme. Graphene film cluster consiSt of
60 carbon atoms. As a basic model for y — Al,O3 layer building crystal lattice of spinel,
in which Mg atoms were changed on Al atoms, was used [1].The process of the
vacancy creation at the surface of graphene and y — A,O; films has been modeled by
step-by-step removal (minimal step 0.1 A ) of carbon and aluminum atom from the
surface of the film respectively till their full break-off. Geometry of the system was
optimized on the each step. The analysis of energy curves of these processes show that
there are two extremum on it: minimum and maximum. Minimum of the energy
corresponds to stable state of the thin-filmed system. In that state carbon or aluminum
atom is located near to the film surface. Maximum of the energy corresponds to
activation energy of the vacancy defect. This fact caused the creation of different
topological structures near the place where the vacancy located. This defect might be
called nanopour.

The theoretical findings were experimentally confirmed by growing the porous
aluminum oxide by electrochemical method. Analysis of the oxide surface’s topology
showed that there are periodically arranged pore diameter of 26 nm in it.

So, we have proved the possibility of nanopour’s creating on the surface of
filmed systems, which can become a place, where arrays of nanocrystals of different
metals can be further formed.

This work was suggested with Federal Target Programm “Scientifical and
pedagogical Staff of Innovative Russia” 2009-2013 (grant No.P328).

[1] Litinskij A.O., Gohbere P. Ja, Shatkovskaja D.B., Bolotin A.B., Litinskaja N.N.,
Popov G.P. TEC 19(4) 486 (1983).
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Nanoroads and quantum dots on fluorinated graphene
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After the first experimental evidence of graphene research on its properties and
applications has continued to grow with unprecedented pace. However, a lot remains
to be done to fully incorporate graphene’s unique properties into electronic devices.
The quick advances on fabrication methods have now made it possible to produce
graphene in larger scale. The major hurdle for its application in electronic devices is
the lack of a consistent method to open the zero gap of graphene in a controlled
fashion.

A recently proposed alternative [1] to open the zero-gap is to use a fully
hydrogenated graphene (also known as graphane) as a matrix where graphene
nanoroads or dots are patterned. The biggest advantage over the nanoribbons is that
both semiconducting and metallic elements can be patterned on the same graphene
sheet. The nanoroads and quantum dots can be patterned on any insulating
functionalized graphene, e.g., graphane. Here we explore the functionalization of
graphene by fluorine which was released experimentally quite recently [2].

Using ab initio methods we investigate the fluorination of graphene and find that
a complete CF phase can be formed without any nucleation barrier. The fluorinated
graphene is an insulator and turns out to be a perfect host for patterning nanoroads and
quantum dots of graphene. Depending upon the edge orientation and width the
electronic and magnetic properties of the nanoroads can be tuned. The energy gap
between the highest occupied and lowest unoccupied molecular orbitals (HOMO-
LUMO) of quantum dots are size dependent and show a typical confinement of Dirac
fermions. Furthermore, we study the effect of different coverages of F on graphene on
their band gaps, and show their suitability to host quantum dots of graphene with
unique electronic properties.

[1] A.K. Singh, B.I. Yakobson, Nano Lett. 9, 1540 (2009); L.A. Chernozatonskii,
P.B. Sorokin and J. Briining. Applied Physics Letters 91, 183103 (2007)

[2] R.R.Nair, W.Ren, R.Jalil, 1. Riaz, V.G. Kravets, L. Britnell, P. Blake, F. Schedin,
A.S. Mayorov, S. Yuan, M.I. Katsnelson, H.M. Cheng, W. Strupinski, L.G. Bulusheva,
A.V. Okotrub, I.V. Grigorieva, A.N. Grigorenko, K.S. Novoselov, A.K. Geim, Small 6,
2877 (2010); S.H. Cheng, K. Zou, F. Okino, H.R. Gutierrez, A. Gupta, N. Shen,
P.C. Eklund, J.O. Sofo, J. Zhu, Phys. Rev. B 81, 205435 (2010); J.T. Robinson,
J.S. Burgess, C. Junkermeier, S.C. Badescu, T.L. Reinecke, F.K. Perkins,
M.K. Zalalutdniov, J.W. Baldwin, J.C. Culbertson, P.E. Sheehan, E.S. Snow, Nano Lett.
10, 3001 (2010).
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Monoatomic thickness of graphene [1] allows fabrication of bilayer
structures with nanometer-scale separation between graphene layers [2, 3]. The
gate electrodes can independently dope these two layers and create equal
concentrations of electrons and holes in them. In these conditions, spatially
separated electrons and holes can form Cooper pairs due to their Coulomb
attraction [4-6].

The theory of this pairing is presented with taking into account peculiarities
of electron dynamics in graphene described by the Dirac equation for massless
fermions. At strong coupling, the pairing is multi-band [7, 8]. The factors
leading to enlargement or reduction of gap and critical temperature are
considered (static and dynamical screening of electron-hole interaction, self-
consistent weakening of the screening and others). The critical temperature at
achievable experimental conditions is estimated.
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Schematic of graphene bilayer. Independent doping of two layers by gate voltages V, and
—V, allows to achieve equal concentrations of electrons and holes with chemical potentials

uand —u.

[1] K.S. Novoselov, A.K. Geim, S.V. Morozov, D. Jiang, M.I. Katsnelson, 1.V. Grigorieva,
S.V. Dubonos, A.A. Firsov, Nature 438, 197 (2005).

[2] H. Schmidt, T. Liidtke, P. Barthold, E. McCann, V.I. Falko, R.J. Haug, Appl. Phys. Lett.
93, 172108 (2008).

[3] H. Schmidt, T. Ludtke, P. Barthold, R.J. Haug, Phys. Rev. B 81, 121403(R) (2010).

[4] Yu.E. Lozovik, A.A. Sokolik, JETP Lett. 87, 55 (2008).

[5] H. Min, R. Bistritzer, J.-J. Su, A.H. MacDonald, Phys. Rev. B 78, 121401(R) (2008).

[6] C.-H.Zhang, Y.N. Joglekar, Phys. Rev. B 77, 233405 (2008).

[71 Yu.E. Lozovik, S.P. Merkulova, A.A. Sokolik, Phys-Usp. 178, 757 (2008).
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Catalytic Vapour Decomposition (CVD) process is widely used for carbon
nanostructures growth (CNT, Fullerenes, Graphene and etc.). The type of
feedstock gas and temperature of synthesis are main parameters influencing
efficiency of CVD. One possible way for decreasing synthesis temperature is
use complex mixture of feedstock gases that have different decomposition
temperature. Authors in [1] have shown that addition of acetylene or ethylene in
methane leads to methane decomposition at low temperature about 500°C.
Explanations of this temperature decrease are coadsorbtion of methane and
acetylene/ethylene on surface of catalytic particles or phase transitions in
catalytic particles due to exothermic reaction of acetylene/ethylene
decomposition.

Experiments were carried out at thermal-CVD setup in conditions
appropriate for CNT growth. A carbon containing gas mixture
(Ar/H,+CH4+C,H,/C,H,) was supplied to quarts tube reactor after pre-warming
with neutral gas flow. Iron catalySt was delivered to reactor hot zone by
bubbling controllable portion of buffer gas flow through liquid iron
pentacarbonyl at 0°C. Gas composition at the end of reactor was in situ
controlled by gas analyzer RGA 200. Structures formed in reactor volume were
collected at Teflon filter. Analysis of carbon soot was performed using TEM and
SEM technique.

We observed that addition of small amount of acetylene/ethylene decrease
temperature of decomposition methane however amount of decomposed
methane equal to addition concentration. Therefore the most probable
mechanism is formation of aromatics on surface of catalytic particles. Carbon
soot collected from filter consists of CNT, onion like nanoparticles and
amorphous carbon.

[1] Weizhong Qian,Tao Tian, Chenyi Guo, Qian Wen, Kuangjie Li, Hongbo Zhang, Haibo

Shi, Dezheng Wang, Yi Liu, Qiang Zhang, Yongxiong Zhang, Fei Wei, Zhanwen
Wang, Xiaodong Li, Yongdan Li. J. Phys. Chem. C 112, 7588 (2008).

103


mailto:smovzh@itp.nsc.ru

P1.33 Graphene

Investigation of graphene films grown on SiC substrate
subjected to original pre-growth treatment
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At present time only the epitaxial growth technology based on high temperature
annealing of SiC substrates has a real potential for mass production of wafer-scaled and high
quality graphene films [1]. Despite the quickly increasing number of publications developing
fundamental and applied aspects of this technology, it is still far from being accomplished. In
this work we demonstrate that our original technique of substrate pre-growth treatment may
promote considerable progress in this field. To this effect we investigated graphene films
grown on a high quality commercial 6H-SiC (0001) substrates which were preliminary
subjected to pre-growth treatment, that is, were annealed for 30 minutes in a high-vacuum
chamber in a quasi-closed growth cell at a temperature about 1300°C. Then, the substrate was
again annealed for 30 minutes, but at an ambient argon pressure of 1 atm. and at temperature
2000°C [2].

Properties of the film thus grown were studied by atomic force microscopy (AFM), low
energy electron diffraction (LEED), x-ray photoelectron spectroscopy (XPS), and near edge
x-ray absorption fine structure (NEXAFS) spectroscopy. AFM study showed that substrate
surface consists of flat and wide (~1 um) terraces covered with sufficiently large and
continuous graphene domains. Numerous LEED
patterns (see example in the figure) obtained from
different points of the sample demonstrate concurrent
presence of a well-ordered graphite (1x1) pattern and
019 (6V3x6Y3)R30 pattern inherent to the underlying

buffer layer [1] and, thereby, evidence mainly bilayer
character of the grown film. XPS and NEXAFS data
obtained on synchrotron BESSY II (Berlin) allowed us
to specify a chemical composition and electron
structure of grown graphene film and confirmed its
high quality and mostly bilayer nature.

The research was supported by the Russian-
LEED pattern of graphene film grownon ~ G¢rman Laboratory at BESSY II, by the FASR

SiC substrate subjected to pre-growth contract 02.740.11.0108 and by the program “Quantum
F—— physics of condensed matter” of the Russian Academy
of Sciences.

[1] HassJ., de Heer W.A., Conrad E.H. Phys. J. Phys.:Condens Matter. 20, 323202 (2008).
[2] Virojanadara C., Yakimova R., Zakharov A.A., Johansson L.1., J. Phys. D: Appl. Phys.
43, 374010 (2010).
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Recently the response of a nanographene sheet to external stresses has been
considered in terms of a mechanochemical reaction [1-3]. As shown, a high
stiffness of the graphene body is connected with that of the benzenoid unit. The
anisotropy of the unit mechanical behavior in combination with different
packing of the units either normally or parallel to the body C-C bond chains
forms the ground for the structure-sensitive mechanism of the mechanical
behavior of the object that drastically depends on the deformation modes. The
mechanical behavior of graphene under zg and ach deformation modes is similar
to that of a tricotage when either the sheet rupture has both commenced and
completed by the rupture of a single stitch row (ach mode) or the rupture of one
stitch 1s ‘tugging at thread’ the other stitches that are replaced by still elongated
one-atom chain of carbon atoms (zg mode). For the first time, the approach
makes allowance for tracing deformation-stimulated change in the chemical
reactivity of both nanographene sheet as a whole and its individual atoms in
terms of total and partial numbers of effectively unpaired electrons.

The current paper presents a comparative study of mechanical properties of
a set of molecules involving hexametyl (HXM) and hexamethylene (HXMe)
benzene, HXM cyclohexane, HXM hexafluoro cyclohexane, and HXM
cyclobornitrid (HXM B;Nj3) that constitute the main hexagon patterns of pristine
and chemically modified graphene as well as its bornitrid analogue under
uniaxial tension. HXM and HXMe framing of the molecules makes the molecule
hexagon motive alike to that of the related graphenium bodies. Cyclohexanes in
both cases correspond to chair-like conformers.

As follows from the study, both the Young moduli and their gradual
lowering when going from HXM benzene to HXM hexafluoro cyclohexane and
HXM cyclobornitrid are well consistent with experimental data related to
graphene and both graphane (CH),, graphene fluoride (CF), as well as to
bornitrid analogue (B3;Nj3), thus confirming the hexagon pattern responsibility
for both mechanical characteristics of graphenium bodies and mechanical
anisotropy of their properties.

[1] E.F. Sheka, N.A. Popova, V.A. Popova, E.A. Nikitina, L.Kh. Shaymardanova.
arXiv:1005.0796 [cond- mat_mess-hall], 2010.

[2] E.F. Sheka, N.A. Popova, V.A. Popova, E.A. Nikitina, L.Kh. Shaymardanova. J. Exp.
Theor. Phys. 139(4) (2011).

[3] E.F. Sheka, N.A. Popova, V.A. Popova, E.A. Nikitina, L.Kh. Shaymardanova. J. Mol.
Mod. DOI: 10.1007/s00894-010-0816-3, 2011.
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Graphene is a two-dimensional hexagonal crystal with an atomic thickness
and its isolation has opened new frontiers for the researches. Recent
observations showed that suspended graphene sheets are not perfectly flat
showing corrugations that have been detected from electron microscopy and
diffraction. Besides the intrinsic corrugation, the structure of graphene supported
on substrate was found to be dedicated by the substrate roughness.
Establishment of relationship between properties and geometrical configuration
of graphene may add to the design of electronic and optical graphene-based
devices.

We have performed ab initio calculations using plane-wave self-consistent
field formalism to investigate the electronic and optical properties of rippled
graphene. Armchair-edged graphene models were constructed using a
cylindrical arrangement of carbon atoms. Dielectric function calculation was
performed in the framework of the random-phase approximation.

We found that corrugation of graphene results in appearance of additional
peaks in the imaginary components of the dielectric function and shift of main
resonances typical for flat graphene for certain light polarization. Analysis of
interband transitions demonstrated a contribution of electron transitions being
forbidden for the flat graphene (7 =>¢* and 0 = 7™ transitions for £L¢ and
7—>7* and ©—>0* transitions for ~1°) in the in-plane and out-of-plane
components of dielectric function of rippled graphene. Thereby, we conclude
that positions and shape of peaks in optical absorption spectra are very sensitive
to the geometry of rippled models. Stressing the graphene mechanically or
placing the layer on an artificial substrate one could control the graphene
rippling constructing a material with optical properties adjusted for a certain
application. Particularly, bending of graphene can tune optical transparency
window of the material.
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In the recent years, increasing attention has been focused on the adsorptive
properties of the carbon nanostructures. As to graphene, any atom interacting
with monolayer carbon sheet is in fact adsorbed on it. Moreove