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Introduction

Fullerenes and their derivatives provided by
different companies for science and technology
should keep intact properties upon use and storage.
Since most of fullerene-based materials are
exposed to air, it is of interest to study their
stability under these conditions. Of particular
interest are the data on oxidation of these materials
at relatively low temperatures and influence of
oxidation products on properties. There are a large
number of works concerning the reaction of
different forms of fullerite C60 (crystals and films)
with molecular oxygen under various conditions
[1-15].

Thermal oxidation of fullerite C60 (C70) with
molecular oxygen is reported in detail in [1, 2]. It
was established that the reaction of fullerite with
O, is accompanied by the formation of various
products ranging from intercalation compounds to
carbon dioxide. According to X-ray photoelectron
and IR spectroscopy data, the oxygen first adds to
C60 via single bond. Within the temperature range
up to 370 K, the concentration of these adducts
was so low that they cannot be determined by the
IR method. Increasing in the temperature to 470 K
led to the formation of epoxy groups and cage
opening of the fullerene framework. At 570 K, a
series of fragments with epoxy, carbonyl, and
carboxyl groups were found in the oxidation
products.

The data of "“C NMR [3-5] indicated
intercalation of molecular oxygen in C60. The
oxygen was found to diffuse readily into the
octahedral interstitial sites of the face-centered
lattice of C60 and fill them depending on the
oxygen pressure and exposure time. Under normal
conditions, about 1% of the interstitial sites of C60
are filled with oxygen molecules [3]. However,
exposure of fullerite C60 to 1.5x10” Pa nitrogen
gas [4] did not change the °C NMR spectrum. In
[5], a conclusion was drawn that C60 reacts with
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O, without chemical bonding or charge transfer but
through the dipole-dipole interaction between the
BC nuclear and O, magnetic moments.

In [6], elimination of CO, CO,, and O, from
crystals of C60 grown by sublimation was studied,
the data obtained confirming the presence of
molecular oxygen species in crystals; the formation
of CO and CO, was observed, beginning from 580
K. In [7- 9], gasification of fullerite C60 in oxygen
was investigated using the thermal analysis; it was
found that chemosorption of oxygen started at
about 523 K to yield C4-Oy adducts, while CO and
CO, were formed at temperatures above 573 K.
The fact of chemosorption of oxygen was
confirmed by the data on oxidation of different
forms of carbon at a low oxygen pressure (<2 Pa,)
and the temperatures up to 1223 K. In [11], the
temperature dependence of electrical conductivity
of C60 (films and crystals) was determined at
similar (or lower) oxygen pressures and
temperatures up to 850 K. The electrical resistance
decreased with temperature while finally, above ca.
700 K, increased. This can be explained by
elimination of sorbed oxygen and reaction of

residual chemosorbed oxygen with the C60
molecules.
Thus, it was established that at room

temperature, molecules of C60 are stable in air,
and O, is sorbed by C60. However, fullerene
materials are not exposed only to air but also to
light. R. Taylor et al. [12] studied 13 differently
sourced samples of fullerite C60, which were
exposed to air and day light at room temperature
for 40 h. After exposure, the samples were
dissolved in an organic solvent and analyzed using
the HPLC method: in all samples, C;,00 (about
1%) was detected, which can further react with O,
or C60 to yield polymers.

In [13], a stable surface layer 15 nm in thickness
with the C:O =10 : 1 ratio was found in C60 films
exposed to air for several minutes. It was removed
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after heating the films at 453 K for 2 h under
vacuum.

Effect of laser irradiation (541.5 nm) on singl
crystals of C60 in the presence of air was studied
in [14] using Raman spectroscopy. The disordering
of sp>-hybridized carbon atoms of the C60
molecules and the formation of glassy carbon
phase were observed. The photoelectron
spectroscopy data evidenced that sorbed oxygen is
involved in photooxydation of C60 exposed to UV
[15].

The aim of this work was to study the initial
stage of thermal oxidation of fullerite C60 at a
minimal  concentration of oxygen. The
preliminarily evacuated sample of fullirite C60 was
heated and the composition of gas phase was
determined using the mass spectral analysis.

Experimental

A magnetic MI-1201-1 mass spectrometer was
used. The sample of C60 was obtained using the
following procedure: fullerite C60 was heated at
573 K under vacuum for degassing and then
sublimed at 773-823 K. Prior the mass spectral
analysis, the sublimed sample (1 g) was charged
into a quartz ampoule, which was preliminarily
annealed in air at 7000C for 5 h. The ampoule was
place in a pyrolyzer connected hermetically with a
mass spectrometer inlet system. The temperature
of pyrolyzed was kept constant within 10 K. The
sample was degassed at 503-523 K up to the
residual pressure of ca. 7.5 Pa and cooled to room
temperature. The air (1.10 5 Pa) or oxygen
(6.6 10 4 Pa) let in the pyrolyzer; which was
further allowed to stand for 5 h. Then the ampoule
was evacuated to ca. 7.5.10" Pa, disconnected
from a mass spectrometer vacuum system, heated
to 338 K and allowed to stand at this temperature
for 40-60 min, then the mass spectral analysis was
carried out using the routine procedure. After the
ion currents were measured, the ampoule was
evacuated at 338 K to 7.7.10™ Pa, and gases were
repeatedly collected within the 338-373 K and
373-473 K ranges. Three series of these
experiments were carried out with both air and '*O.

Results and discussion

The following was observed upon air inlet and its
sorption with fullerite C60.
1. The ion current ratio I(0,)/I(N,") increases with
temperature due to increase in the relative content
of O, in gases eliminated from C60, which was 10-
fold higher than that in air.
2. When the sample of fullerite C60 evacuated for
24 h at room temperature and then heated to
338 K, the content of O, in the gaseous products
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slightly increased (the I(O,")/I(N,") ratio increased
by a factor of 1.3).

This confirm the known fact that desorption of
O, from fullerite is noticeable smaller that
desorption of N,. Desorption of CO, was rather
similar to that of N,. We failed to detect CO and
CO; in the experiments with air, first, because of
enhanced background signals of CO" and CO,"
assigned to oxygen oxide and dioxide occurring in
air used and, secondly, because of overlapping the
N," and CO" signals (28 aum). These problems
were solved when oxygen enriched with heavy
isotopes was used instead of air.

The mass spectrum of oxygen enriched with '*O

showed that
1) the enriched oxygen has the isotope composition
%0 : 70 : *0 =0.10:0.12:0.78.; the calculated and
measured isotope distribution 320,: ¥0,: **0y:
¥0,: 0, =0,014: 0,021: 0,192: 0,144: 0,628
coincided within to 2%;
2) N,, CO, and CO, containing in the oxygen used
and those in the mass spectrometer cannot be
distinguished; the intensities of the corresponding
ion currents were not more than 2% of the intensity
of most intense signal I(['"*0"*07]").

The mass spectra of desorption products at T =
292, 292-338, and 338-373 K are similar; the
highest is the signal of '®0O,"; the background
signals of C'*O" and C'*0," are low-intense and
stable signals. However, at 373-473 K, the relative
contents of CO (30 aum) and CO; (46 aum), which
were measured as a ratio of the ion currents
I(30 aum)/I(36 aum) and [(46 aum)/I(36 aum),
increased to 83% and 33%, respectively.

The results of mass spectral experiments
evidenced that oxidation of fullerite starts at T <
473 K, the residual oxygen that was sorbed with
fullerite at room temperature and kept after
repeated evacuation to 7.5.10” Pa with heating at
338-373 and 373-473 K being involved in
oxidation. In other words, evacuating of fullerite
with heating is accompanied a competition of two
processes: elimination (diffusion) of oxygen from
fullerite and its reaction with C60.

Note in conclusion that the oxygen sorbed or
oxidation products (C-Oy adducts), as well as CO
and CO, eliminated at heating the samples under
vacuum, are obstacles only in some specific cases.
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BBenenue

@yIiepeHbl U UX MPOU3BOJIHBIE, TOCTABIIIEMbIE
pa3NMUYHBIMA ~ (QUPMaMH Ui HAyYHBIX U
MPOU3BOJACTBEHHBIX HYXJ JOJKHBI HE TOJBKO
o0yamaTh OIpeneleHHBIMH CBOWCTBAMH, HO U

COXpaHATh HUX  IIOCTOSHHBIMH  BO  BpeMsd
JKCIUTyaTallud M XpaHeHus. T.K. TNoJaBisrolee
OOJIBIIMHCTBO (bynnepeHoBbIX MaTepHaioB

KOHTaKTUPYIOT C aTMOC(epoi, TO X MOBEICHUE B
YCIIOBUSIX OJIM3KMX K aTMoc(epHBIM BBI3BIBAET
NIPUCTAJIbHBINA HMHTEpec. B mepByo odepens pedb
UAET O HHU3KOTEeMIIEPaTypHOM OKHUCIECHUH H
BIMSIHUM TIPOAYKTOB OKHCIIEHHS Ha CBOWCTBa
¢$yulepeHOBBIX ~MaTepuaioB. BzammopelicTue
MOJIEKYJISIpPHOTO Kuciopoaa ¢ ¢ymiepurom C60 B
€ro  pa3NUuYHBIX  COCTOSHMAX  (MOHO- W
MOJIMKPUCTAJUINYECKOM, B TIJIEHKaX) H3Y4YaJIUCh
pPa3NIUYHBIMA METOJAMH B IIMPOKOM HHTEpBale
KOHIICHTpAIi KUCIOPOJa B Pa3HBIX yCIOBUAX [1-
15].

Haunbonee monHble CBEAEHUS O TEPMHUYECKOM
okucnennu ¢ymaeputa C60 (C70) MoneKyIspHBIM
KHUCIIOPOJOM, Ha4YuHAas1 c KOMHaTHOH
TeMmmeparypsl, AaHo B paborax [1,2]. Bsuio
MOKa3aHo, uTo B3aumopeictaue O, ¢ dymaepurom
IPUBOIUT K INIUPOKOMY HaOOpy IPOLYKTOB: OT
UHTEepKajATa Kucinopoaa B ¢ymaepure C60 10
nuokcuaa yriepona. CornacHo gaHHbiM POOC u
UK oxucieHne HauMHAETCS C INPUCOEAMHEHUS

KACJIOpOAa K  Moyekyidam  (QymiepeHa ¢
o0pazoBaHHEM OMIHAPHOM CBSI3U. IIpu
HarpeBanun A0 370 K xonuyecTBO Takux

IIPOAYKTOB MAJI0 U HE PETHCTPUPYETCS METOAOM
UK. VBennuenne temnepatypsl 1o 470 K Bexmer
00pa30BaHUIO SMOKCUTPYII U CBA3AHHBIM C 3THM
packpsiTieM yriepogHoro kapkaca. Ilpu 570 K
MPOIYKTHI Jlerpafaliui (QyJUIEPEeHOB COCTOAT U3
psina QparMeHTOB C SIOKCH-, KapOOHHI- |
KapOOKCUIIbHBIMHU I'pYIIIIaMU
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IIpu komHaTHON TemmepaType, Kak OBLIO
ycraHoBiIeHo Metogom SIMP Ha smpax “C [3-5],
MIPOUCXOJUT WHTEPKAJIHPOBAHHE MOJEKYJISIPHOTO
kucinopona B ¢ymreputr C60. Kucnopox mnerko
TUGGYHIUPYET B MyCTOTHI TPaHEIEHTPUPOBAHHON
KyOmgeckoit (r.m.k.) pemerkun C60, 3amonHss B
3aBUCUMOCTH OT JaBieHus O, U BpeMeHH
AKCIO3UIMH 00pa3iia B KHCIOPOTHYIO aTMochepy
or 1 mo 6 okrasgpuyeckux myctoT. Ilpu
HOPMAJIbHBIX YCJIOBHSAX MOJIEKYJIAPHBINA KHCIOPOJ
3aHuMaeT okojio 1% mycror [3]. Okcmo3umms
dymrepura C60 B atmochepy asora mpu 1,5x10’
Ila He peructpupyercst 8 IMP PC  crmexrpax [4].
B pabotre [5] caeman BBIBON O TOM, 4TO
B3aumozneilicteue O, ¢ Monekynamu C60 He
MIPUBOJUT K 00pa30BaHUIO XUMHYECKOHN CBSA3H TN
MIEPEHOCY 3apsja, a HOCHUT XapakTep OOMEHHOIO
B3aMIMOJCHUCTBUS MEXIy SICPHBIM MarHUTHBIM
MoMeHToM atoma C i crimHOM Monekyibl O,.

MonekyisapHbIi Xapaxkrep IIPUCYTCTBHUSL
Kuciopona B kpuctamax ¢ymiepurta C60 mpu
KOMHATHOH TeMmImepaType Moka3aH B pabote [6]
npu usydenun gecopbuuun CO, CO, u O, us
MOHOKpHUCTAII0B C60, BBIpAIIEHHBIX C MOMOIIBIO
cyonmmmanmonHoit texHonoruu. [loseneane CO u
CO, naunnaercsa ¢ 580 K. ABtopsl [7-9], m3ydas
npoueccel razupukanmu  ¢ymeputa C60 B
atMocdepe KHCIIOpoJa METOJIOM TEePMHUYECKOTO
aHanmm3a, He3aBUCUMO JPYT OT JIpyra yCTaHOBHIIH,
YTO OKHCJICHHE HA4YMHAeTCs C XeMOCOpOLUHU
kucaopoza B paiione 523 K ¢ oopasosannem C,-Oy
aJIyKTOB, a oOpaszoBaHue ra3ooOpazHeix CO u
CO, naumHaeTcsi ¢ Temmeparypbl Beime 573 K.
[o3anee dakr xemMocopOIUM KuCIOpoAa ObLT
noaTBepkaeH B padote [10], B KoTOpo# u3ydanock
CPaBHHTEIBHOE OKHCIIEHHEe  Pa3HOOOpa3HBIX
yIIEPOAHBIX (GOpM TpuU HH3KOM jaBieHuu O,
(< 2 ITa) mo 1223 K. IlpumepHO NpU TOM XKe HIH
MEHBIIEM JaBJICHHH KHCIIOPO/Aa ITPOBOJMINCH
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M3MEpEeHHS TeMIepaTypHOn 3aBHCHMOCTH
(mo 850 K) mpoBOoauMOCTH IUICHOK M KPHUCTAJIOB
C60 [11]. YMmeHblIeHHE CONPOTUBIEHUS C POCTOM
TeMIepaTyphl U ero yBenuuenue, HaunHas ¢ 700K,
OOBSICHSCTCS CHauana AecopOIMel Kuciaopoaa, a
3aTeM peaxuueit OCTaTOYHOI'O
XEeMHCOPOUPOBAHHOTO KHCJIOPOJa C MOJIEKYJIaMu
C60.

Takum o00pa3oM yCTaHOBIEHO, YTO TMpH
KOMHAaTHOM  Temmeparype  Mojekyiasl  C60
CTaOMIILHEI B aTMOcdepe KUCIOPOoIa, a KPUCTAIIIBI
C60 ancopbupyror O,. Ho mnpu pabore ¢
(hyJIepeHOBRIMM MaTepHuajaMH Ha aTMocdepe Ha
HUX JAelcTByeT emie u ceeT. P. Taitnop u ap. [12],
LeJIeHanpaBiIeHHo u3y4as 13 oOpa3nos QysiepuTa
C60 pazHoro MIPOUCXOXKICHUS,
SKIIOHMPOBAHUPOBAT MX HAa BO3AyXEe U ITHEBHOM
ceere B TeueHue 40 4YacoB NpU KOMHATHOU
temnepatype. llocie pacTBopeHus MeETOAOM
BOXX Opumm  3aperucTpupoBaHBl BO  BCEX
obpasmax okoimo 1% Ci500, KOTOPBI MOXKET B
JIanbpHeWmeM BeTynaTh B peakiuu ¢ O, mwim CgoO,
00pa3oBBIBasl MOJHMMEPBI, KOTOPBIE MPOSBISIOT
ce0d TUIOXOM pPacTBOPUMOCTBIO B CTaHIAPTHBIX
st C60 pacTBOPUTEIISIX.

OO0pa3zoBaHue CTaOMIBHOTO TOBEPXHOCTHOTO
cios TonuHou 15 um ¢ cootHomenuem C:0=10:1
MpU SKCIOHMPOBaHUK IuIeHOK C60 Ha BO3AyX B
TE€4YEeHHE HECKOJBKUX MHHYT OBLTO YCTaHOBJICHO B
pabore [13] wMeTogamMu  DIUIMIICOMETPHUH U
pe3epdhopaoBCKOTro obpaTHOTO paccesHusl.
[Iporpes miieHok B Bakyyme nipu 453 K B Teuenue
2 4acoB NMPHUBOJIUT K YJAJIECHUIO MOBEPXHOCTHOIO
CJIOSI.

EctecrBenHo, 49TO WCTIOJIH30BaHHE
MHTEHCUBHOTO CBETOBOTO M3JIy4E€HHS HE TOJIBKO
BUIUMOTO, HO W Y@ nuama3zoHa, pacuIupser
BO3MOKHOCTH WCCIIEIOBaHUS MIPOIECCOB
(oTooKHCIEHNST U WX NPOAYKTOB. Bo3zneiicTBue
nazepHoro umznydeHus (541.5 HM) B MPUCYTCTBUH
aTMOC(epHOTO KHCIOpoJa Ha MOHOKPHCTAJLIEI
C60 6pu10 mccnemoBaHo B pabore [14] mMeromom
KP;  0oOHAapyXeKHO  pa3ymopsjOueHHe  Sp°
THOPUIN3UPOBHHBIX aTOMOB YIJIEpOAa MOJEKYI
C60 u obpazoBaHue CTEKII000Pa3HBIX
rpadgudecknx gactur. Ho W ocTaTOYHBIM
aJcoOpOUpOBaHHBIM  KUCIOPOJ ~ Y4acTByeT B
thotookucnenun ¢ymiepura C60 npu oOIydIeHUH
ero Y®, kak 93T0 OBLIO II0OKa3aHO METOJ0M
(0TO0371eKTPOHHOH crieKTpockonuu [15].

3amava, KOTOPYO MBI TIOCTaBHIIN Tiepe]] COOOH -
YYBCTBHUTEIHHBIM METOJIOM OTIPEIETNTH
HAYalbHYI0 CTaAMI0 TEPMUYECKOTO OKHUCIICHHS
¢dymnepura C60 npu MHHUMATBHOIN KOHIIEHTPAIUH
kucnopoga. Jms  3TOrO  Macc-CHeKTpajIbHBIM
METOJIOM aHaJM3UpOBaJIach Ta3oBasg (asa Hal
¢ymreputom C60 mocne ero BakyyMHPOBaHHSA H
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TEPMUYECKOTO HAarpesa.

JKcNepUMeHTAIbHAS YacTh

DOKCIEepUMEHT 10 copOnuM KHciopoda |
ra3zoBblieneHuI0 u3 pymiepura C60 ObUT MpOBEACH
in situ B MarHMTHOM Macc-crekrpomerpe M-
1201 W. B pabote OBLT HCIIONB30BaH CyOIMMaT
C60, momydeHHBIH CiemyionmuMm obpa3om. Ilocie
obesraxxuBanus ¢ymepura C60 B Bakyyme mpu
573 K cybmmmanus nposoaunace npu 770-820 K.
Ilepen  Macc-ceKTpalbHBIM  3KCIIEPUMEHTOM
¢yeput C60 (cyonumar, 1 rpaMM) MOMEIIANU B
HaxXOIIIyIOCST MpH KOMHATHOM TeMIlepaType
KBapLEBYIO amIryy, IPEABAPUTEIHHO
MIPOKAJICHHYIO Ha BO3MyXe mpu Temmeparype 973 K
B TeYeHHWE 5 YacoB. AMMyny pa3Melland B

NpUCTaBKe Uil NHPOIHM3a U TePMETUYHO
COEAMHSUIN C  CHUCTEMOHW  Hamycka  Macc
CIIEKTPOMETpa. TouHoCTB MoJIIepKaHUS
TeMmmeparypsl B nuponmusépe cocrasmsuia 10
rpasycos. IIpenBapurenbHyto JeTa3aluio

tdbymnepura ocymectBisn npu 500-520 K go
JTaBIICHUS ~7,5><10'4 I1a. TTosBICHME B OCTATOYHEIX
MaccC-CIICKTpax IINKOB, 06yCJIOBJ'IeHHLIX
YTIEBOOPOJIaMH, OBLTO HCKJIIOYEHO TEM, YTO
BaKyyM CO3/aBaJId C TIOMOIIBI0 IH(DPY3HOHHBIX

PTYTHBIX HAcCOCOB W  MarHUTHO-Pa3psAIHOrO
Hacoca. [locme ocTeiBaHUMsS — QysuiepuTa 10
KOMHAaTHOH TeMIIepaTyphl B MTUPOITU3EP

Hamyckancss Bo3ayx (1 aTM) WM KHCIOpOJ
(6,6x104 [Ta) u BeIIEpKUBAJICS B TEUCHUE S5 YaCOB.
3areM ammyny ¢ QYJUIEPUTOM CHOBa OTKAaYHBAIH
MpU KOMHATHOW TeMmIiepaType A0  JaBJICHHS
~7,5><10'4 [ITa u orcoeauHsIM OT BaKyyMHOHU
cucteMbl — Macc-cnekrpomerpa. Ilocne  atoi
OTKAYK{ TEeMIepaTypy HaXOMSIIErocss B aMITyJie
oOpasna nogaumanu 10 338 K, BeiaepxuBanu npu
aroit Temmneparype 40-60 MUHYT M TOCIE€ 4Yero
HAaYMHAIM  MAacC-CIIEKTPOMETPHUECKHA  aHaIIn3.
Anamn3  ra3oBod  ¢dazpl  MPOBOAWICS  TI0
CTAaHAAPTHOM METOAMKE HAIyCcka Ta30B depes
BEHTUJIb TOHKOM  PETYJIMPOBKM B  HOHHBIA
HUCTOYHUK Macc-criekrpomeTpa. [locne usmepenus
WOHHBIX TOKOB AaMITyJly OIATh BaKyyMHPOBAIU
(mpm 338 K) mo maBneHus ~7,5><10'4 ITa. Hosrlit
cOop Taza TPOBOMWIM B  TEMIIEPaTypPHBIX
muanazonax 338-373 K u 373-473 K. bsuio
MPOBEACHO TPHU TAKUX CEPUU IKCIIEPUMEHTOB, KakK
C BO3IYXOM, TaK U C KHCIOpogoM 0.

Pe3ynbTaThl H 00cyKIeHHE

I[Ipu Hamycke Bo3myXa W ero copOIuu
dhymmepurom C60 OBUTO OTMEUEHO CIICAYIOIIEE.

1. OrHomenue MoHHBIX TokoB 1(0,")/I(N;") ¢
[TO3TAITHBIM TTOBBIIIICHUEM TEeMIEPaTyphI
YBEIMYUBAIIOCH, 49TO OTpakaio poct



OTHOCHTEIBHOTO copepikanusi coaepxanns O, B
BBIIENMBILEHCS U3 (ynepuTa Ta30BOH cmecH,
KOTOPBIN JOCTUT KO3 duimenta 10 mo cpaBHEHUIO
C cofiep KaHreM KHCIIOPOAa B BO3IyXeE.

2. Ilocne pnutenbHON OTKayku (24 dvaca) mpu
KOMHATHOH TemrepaTrype ObUT MPOBEJCH aHAaIH3
ra3oBoil ¢a3bl, COOpaHHOUW B pe3ylbTaTe Harpesa
dbymmepura C60 no 328 K. T'azoBas daza
oboraruiach KHCJIOPOJOM, HO HE 3HAYUTEIHHO
(otHomeHne  WoHHBIX  TokoB  1(O,")/I(N,")
YBEeIUIIIOCH B 1.3 paza).

Otn HAOMIONEHUS TOATBEPIAWIM W3BECTHBIN

(dakr [6], uro aAecopOIMs KUCIOpoAa W3
Gbymieputa  3HAYUTEITHHO MEHBIIIE aszora.
3ametHoro ommuus B gecopommm  CO, 10

oTHOIIIEHUIO K N, He ObLIO 3apeructpupoBaHo. Ho
B OKCIIEPHMEHTaX C BO3IyXOM HE YyAaJoch
BBUICHUTB, OOpa3zyloTCS T OKCHUA W TUOKCHI
yrieposa, BO-TICPBBIX, n3-3a CHJIBHOTO
yBenuuenus (GpoHoBbX curHanos CO™ u CO," or
OKCHJIa ¥l INOKCHU/IA yTIEePO/Ia, TPUCYTCTBYIOIINX B
HaITyCKaeéMOM  BO3AyX€,  BO-BTOpPBIX,  HU3-3a
nepekpriBanus curanos N,” u CO™ (32 a.e.Mm.).
Hcnonmp3oBaHre BMECTO BO3[IyXa KHCIOPOJA,
00OTaIIeHHOTO TSHKEITBIMA M30TOIAMH, YCTPaHSIET
OTMEYCHHBIC  mpoOsembl. M, kpome TOTO,
pazzmensier "crapelif" KHUCIOPOZ, KOTOPBIM MOT
XEMOCOPOMPOBATLCS PYIIICPUTOM 10 HACTOSIIETO
AKCIIEpUMEHTA (xoTs MBI CIICIIUATHHO
WCIIONB30BAIA  «CBEeXUH»  cy0iammar),  OT
COpOMPOBAHHOTO B XOJI€ IKCTIEPUMEHTA.

U3 CHATOrO Macc-CIieKTpa 06orameHHoro O
KHUCIIOPOJia, HAIyCKaeMOro HEMOCPEACTBEHHO U3
OayutoHa, OBIJIO OTIPE/IETICHO CIIAYIOIIEe.

1) Hcnoms3yeMblii KHCIOPOXI TPEACTABIISII
co6oii cMech 30TOMOB coctapa 'O: ''0: PO =

0.10: 0,12: 0.78. PaccumTanHO€ H30TOITHOC
pactpenencaue O, U U3MEpEHHOE 320,: ¥0,: ¥0,:
¥0,: 0, =0,014: 0,021: 0,192: 0,144: 0,628
COBIAJH Jyu1ie, 4yeM 2%.

2) llpumecsiMu HaITyCKaeMoro KHCIOpoaa |
OCTaTOYHBIM  (OHOM B  MacC-CIEKTPOMETPE,
KOTOpBbIC HEBO3MOXKHO Pa3/ICiNTh, SBISLINCH No,
CO u CO,;; UHTEHCHBHOCTU COOTBETCTBYIOLIUX

WOHHBIX TOKOB He mnpeBpimamx 2 % or
HHTEHCHBHOCTH I(["*0"071") - caMoro
WHTEHCUBHOI'O CUTHAA.

Macc-cekTpsl  Ta30BOM  (a3sl  MPOIYKTOB

necopb6ruu ¢ymepura C60 mpu T = 292, 292-338,
338-373 K MPaKTUYECKU UJICHTUYHBI;
JOMHHHPYIOIIMM  siBNSeTCA  curHan O,  u
(hOHOBBIE CHUTHAIIBI C"®0" u C®0," nocrosHuBl U
mansl. Ho npu T = 373-473 K yxe oTHOCUTENBHOE
conepxkanne CO (30 a.em.) m CO, (46 a.e.m.),
M3MEPEHHOE KaK OTHOIICHHWE MOHHBIX TOKOB I(30
aeM)1(36 aem) u I(46 a.em)I(36 ae.m.),

573

yBenmuumnBaetrca A0 83% u 33%, COOTBETCTBEHHO.
Cnenyer oOpaTuTh BHUMaHHE Ha TOT (DaKT, 4YTO
otHouienue CO k CO, cocTaBiseT BEIUUUHY 2.5, C
KOTOpOoi B pabore [6] HauyMHAETCS POCT DTOTO
OTHOIIEHUS /O BEIWYMHBI 3.4 ¢ yBeIHMYCHUEM
temnepaTypsl ot 573 K o 703 K.

Pesynprarsr MacC-CIIeKTPAIIbHOTO
JKCIIEPUMEHTa ITOKA3bIBAIOT, YTO a) OKHCIECHWE
¢ynneputa HauuHaercs yxe npu T < 473 K u 0)
OCTATOYHBIM  KHCJIOPOAOM,  KOTOPBIA  OBLT
copOupoBaH  QyUIEpUTOM  TIPH  KOMHATHOM
TemmepaTrype, M TOCI€  HEOAHOKPATHOI'O
BaKyyMUPOBaHU [0 7,5x10* Tla ¢ mosTamHeIM
HarpeBOM B  TEMIIEPATypHBIX  JMana3oHax
338-373 K wu 373-473 K. UWHBIMEH cliOBaMu
BaKyyMHpOBaHHe (yJiepuTa TNPU HArpeBaHUU
COTIPOBOXKIIAETCSI KOHKYPEHIIMEH JBYX IPOIECCOB
C yJacTHEM KHCTIopoaa: dBakyanwn (muddy3un) u3
dbynnepura u peakuuu ¢ monekynamu C60.

CnemyeT OTMETHTB, 4YTO COpOMPOBAHHBIIH
KUCIIOpOJ, MPpoayKThl okucneHus (Cy-Oy aamyKThl)
u BeIemstomuecs npu HarpeBanun CO u CO,
MOTYT  OKa3aTh HETaTUBHOC  BJIMSIHHE  Ha
poxoJsimye B (yliepuTax MPONEcChl TOIBKO B
HEKOTOPBIX CIydasX.

Paborta BeImonHeHa mnpu mnoagepxkke PODU
(rpant Ne 01-03-32994 u 03-03-32976).
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