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Introduction

Fullerenes are the only soluble carbon
allotrope. Beginning from the 1990ths, when the
method of fullerene production was discovered,
much attention paid to these compounds. Today
they are investigated very well. To produce species
with new properties fullerenes added to rubbers
and alloys. Fullerenes are reagents for synthesis of
new compounds with biological activity. But the
most unique properties should have molecules with
asymmetric distribution of electron density, such
as hetero- and endohedral fullerenes. They have
dipole moment and can be applied in electronics.

This article devoted to the heterofullerene

C59B.

The theoretical estimations made by semi-
empirical AMI1 method and pseudopotential
method (DFT) have confirmed that the CsoB
molecule can exist (Fig. 1). Binding energy of
fullerene CsoB at temperature 2100 K is equal to
492 eV that is less than binding energy of Cg on
2.6 eV. Dipole moment of this molecule is about
0.75 D. First the molecules of CoxBx (x=1-6)
were detected in gas phase [1]. Muhr et al. isolated
a very small amount of boron-containing
heterofullerenes from soot [2]. But the quantity of
the substance was sufficient only to carry out
mass-spectroscopic analysis and X-ray
photoelectron spectrum measurements.

In our previous article [4] we presented mass
spectrometric investigation showing that synthesis
of CsoB molecules is possible in flow of carbon-
helium plasma at atmospheric pressure. CsoB was
registered in mass spectrum and the pressure of
saturated vapor was determined.

Results and discussion

For obtaining boron-containing heterofullerene
we used the original method of fullerene synthesis
into HF-arc at atmospheric pressure [3]. Boron was
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Fig. 1. Isopotential surface of CsoB.

inputted into arc as powder of B,Os. The fullerene
mixture extracted from soot condensate from
chamber walls was analyzed.

Emission spectroscopy and NMR confirmed
boron presence in fullerene extract. EPR
investigation showed the presence of fullerene
radical signal and the absence of CsyB signal.

Fullerene extract was separated by HPLC.
Obtained chromatogram (Fig. 2) differed form
pure fullerene mixture chromatogram: there is a
fraction with the elution time less then for Cgy.
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Fig. 2. HPLC chromatogram of fullerene mixture
with CsoB. F1, F2, F3, F4 — fractions.
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This fraction was investigated by IR
spectroscopy (Fig. 3). To interpret obtained
experimental data the calculation of CsoB IR
spectrum was carried out. The semi-empirical
AMI1 method in the GAMESS package was used.

In Fig. 4 one can see that calculated spectrum
is similar to experimental spectrum but not
identical. This discrepancy can be explained by
dimer (CsoB), formation (number of possible
dimers is 450) or another compounds formation.
This assumption
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Fig. 3. IR spectra of fractions, which showed on
Fig. 2.
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Fig. 4. IR spectrum of CsoB calculated by semi-
empirical method AMI1 in program GAMESS
(dashed line) and IR spectrum of fraction F1 (solid
line).
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Conclusion

Our investigations showed that CsyB can be
synthesized in flow of carbon-helium plasma in
amounts of 10%. Apparently, the dimers (Cs9B), or
compounds formed from radical CsoB™ by losing
atom of hydrogen from solutions or their additions
are formed.

In future we plan to isolate borondoped
fullerenes in sufficient amount.
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Brenenmne

DyiepeHsl SIBJISIFOTCS €JIMHCTBEHHOMN
pacTBOPUMON  aJIOTPONTHOM  MoAH(HKaIuen
yraepona. Haumnas ¢ 90-x rojoB, korma ObLT
OTKPHIT ~ CIOCOO  cHWHTe3a  (DyJJIepeHOB, HUX
HCCIICIOBAHHUIO YIESUIOCH OOJBIIIOe BHUMAaHHE.
Ha cerogusuinuii 1eHb OHU YK€ XOPOIIO U3yUCHEI.
OymrepeH M00aBIAIOT B CIUIABBl W PE3UHY IS
TTOJTYICHHUS BEIIECTB C HOBBIMH CBOWCTBAMH, OHH
SIBJSIIOTCSL  PEareHTOM ISl CHHTE3a  HOBBIX
BEIIECTB, 00J1aJaroIIIX OHOJIOTHYECKOM
akTHBHOCTHI0. OmHako Hambosee YHHKATHHBIMU
(HDMBUKO-XUMUYECKUMUA ~ CBOMCTBAMH  JOJIKHBI
001a/1aTh MOJICKYJIbI, UMEIOIINE HECUMMETPUYHOC
pacmipeneneHne SJIEKTPOHHON IUIOTHOCTH, TaKHe
Kak reTepo- u sHAopymiepensl. OHM 007amaf0T
JTUTIONIEHEIM MOMEHTOM U TIO3TOMY MOTYT HalTH
HIMPOKOE MPUMEHEHHE B DIIEKTPOHHUKE.

JlanHass paboTa TOCBSAIIEHA HCCIICIOBAHHIO
rerepodymiepera CsoB.

Teoperndyeckue  OLCHKH,  BBIIIOJHECHHEBIC
NOJY3MIUPUYECKUM MeTogoM AMI1 u metomom
MICEBIOTOTEHITANA, TTONTBEPAMIIN, YTO BO3MOKHO
CYIIIECTBOBaHUE OOpO3aMelieHHOTO  (yiuiepeHa
CsoB (Puc. 1). Dueprus cBsa3u B monekyie CsoB
npu temneparype 2100 K paBna 492 eV, uyto
MEHBIIIE SHEPTUU CBsI3U B MoJiekyie Cg Ha 2.6 €V.
Bennuuna aunonsHoro momenta CsoB coctaBmiser
0.75 D.

Brepeeie Monekyibl CoxBx (x=1-6) ObLin
oOHapykeHbl B Ta3oBoil daze [1]. Beimenuts u3
CaxKu OOpIPOHU3BOTHBIC (hynnepeHoB B
KOHJICHCHPOBAHHOM COCTOSIHHH YIAJIOCh aBTOpaMm
pabotsl [2]. OgHAKO KOJIMYECTB 3TOTO BEIIECTBA
UM XBaTWJIO TOJBKO [UUIsl TIPOBEIEHHUS Macc-
CIIEKTPANBHBIX HCCIACAOBAHUA W TSI U3MEPEHUS
PEHTTC€HOBCKOTO (POTOAIEKTPOHHOTO CIIEKTpA.
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Puc. 1. M3onoTtenmanpHas moBepxHOCTh CsoB.

B pabote [4] MBI mpencTaBWId Pe3yIbTAaTHI
Macc-CIEKTPOMETPUUECKUX UCCIIeIOBaHUH,
MokaspiBaromue, uto cuHTe3 CsoB Bo3MOXkeH ¢
BBICOKOH 3()()eKTUBHOCTBIO B IMOTOKE YIJICPOIHO-
TeIMEeBON IA3MBI TIPH aTMOCHEPHOM NaBlieHUH. B
Macc-CIeKTPe BBIICTICHHON (YJUIEpeHOBOM CMeCH
ObUTH 3aperucTpupoBaHbl Monekynsl CsoB, a Tak
*Ke OBUIO ONpeAeseHO MAaBJICHUE HACHIILEHHOTO
napa CsoB.

Pe3yabTaThl u 00CyxKAeHHE

Hns HOJY4CHUS 60po3aMeIIeHHOTO
rerepodynnepena MBI WCTIOJIH30BAIIN
OpPUTHHAIBHBIN METOJ CUHTE3a B
BBICOKOYACTOTHOH  Jyre Ipu  arMocepHOM
nmasnenuu [3]. bop BBommics B AYry B BHC
mopomka  B,Os;.  AHamM3upoBanack ~ CMeCh

(I)ynnepeHOB, BBIACJICHHAA MCTOAOM 3JKCTPAKIIUN
U3 CaXCEBOIO0 KOHACHCATA, 06pasy}01uer005{ Ha
CTCHKAaX KaMCphbI.

[IpucyrctBue  Gopa B  (ymnepeHOBOM
9KCTPAKTE IOATBEPKAECHO METOIOM AaTOMHO-
SMHUCCHOHHOTO  CIIEKTPAJbHOTO  aHalM3a W

meronoM SAMP. B pesynbrare wHccleqoBaHU,
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MpoBeACHHBIX MeTofoM DIIP, ycTtaHOBIIEHO, 9TO B

OIlP-cnekTpe nmaHHOW  (YJUIEPEHOBOM  CMecH
MIPUCYTCTBYET JIVHUSA, MIPUHAJJICKAIIAS
(dbymmepeHoBoMy pamukaimy, a curHai ot CsoB
OTCYTCTBYET.

OynnepeHoBBI 9KCTPaKT OBbLT MOABEPTHYT
XpoMaTorpauyeckoMy  pPaszeNeHHI0  METOAOM
BOXX. Ilomydyennass xpomarorpamMma (puc. 2)
OTIMYaeTcss  OT  XpoMarorpaMMbl  YHCTOM
($yJuIepeHOBOM cMecu: MpHUCYTCTBYET (pakuus c
MEHBIINM BpeMeHeM BbIxoJa, 4eM y Ceo.

Hannast ¢ppakuus ObUIa UCCIENOBaHa METOIOM
UK-cnexkrpockonuu (puc. 3). ns uaTEpnperaniu
MOJYYCHHBIX 3KCIIEPUMEHTAIBHBIX JAaHHBIX OBLI
npoenen pacuer UWK-cmextpa CsoB. Pacuer
MIPOBOAMIICS OTYIMIIUpHUYECKUM MeTogoM AMI1 B
nporpamme GAMESS. U3 puc. 4 BumHO, 4TO
paccuuTaHHbIHA CIIEKTp 1no00eH
9KCIEPUMEHTAILHOMY, HO HE TOXXJIECTBEHEH.
HecoBnanenue IKCIIEPUMEHTAIBHOTO U
TEOPETUYECKOTO CIEKTPOB  MOXKHO OOBSICHUTH
teM, uto CsoB oOpaszyer mumepsl (Cs9B),
(BO3MOXHOE KOJMYECTBO JUMEPOB COCTaBISET
450) wmm  KakWe-THOO coemuHeHHWA. JlaHHOE
MPEINOJIOKECHUE IOATBEP)KAACTCS OTCYTCTBUEM
curHana ot panukaina CsoB B OIIP-criektpe.
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Puc. 2. BXXDX-xpomarorpamma QyJiepeHOBOM
cmecu ¢ CsoB. F1, F2, F3, F4 — dpaxium.
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Puc. 4. Oxcnepumentansabiii UK criekTp dpakiimm
F1 (/) B cpaBHEHHH C pPacCCUHUTAHHBIM CIIEKTPOM
CsoB (2).

BriBoabI
B pesynbrare NpoOBEACHHBIX HCCIEIOBAHUN
YCTaHOBIICHO, qTo CsoB MOXKET OBITh

CHHTE3MPOBAaH B TIOTOKE YTJIEPOTHO-TEIHECBOM
mwia3Mbel B kKoaudectBe 10% OT IMOTHOM Macchl
BBIIETICHHOTO  (pyiepeHoBoro 3kctpakrta. llpm
3TOM, OYEBUIHO, 00pazyroTcs auMmepsl (CsoB), nmm
COCIIMHEHHMs, TONydYeHHble u3 pagukana CsoB',
HampuMep, OTPBIBOM  aToMa BOAOpOAa  OT
pacTBopuUTEIeH UK UX TTPUMECEH.

[Tnanupyercss BBIIEIUTH OOPQYJUICPSHB B
KOJIMYECTBAX, JOCTATOYHBIX I TPOBEACHUS
MMOJTHOMACIITAOHBIX HCCIIETOBAHMIA.

PaboTa BeIONMHEHA TpH MOAAEPKKE (OHAOB
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nojaepxkke nporpammbl  IIpesunmuyma PAH
(mampaBnenue Ne9, mpoext Ne 1) u Poccuiickoii
roCy/1apCTBEHHOM HAy4YHO-TEXHUYECKON
[IPOTPAMMBI.
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