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Introduction
The method of direct hydrogenation is
used for preparation of  polycrystalline

hydrofullerites. It is connected with work in
conditions of increased pressures and temperatures
[1]. In this case and in the case of synthesis of
polymeric phases by thermopressure treatment [2]
the best results are achieved when recrystalized by

vacuum sublimation samples of C, are used as

starting substance. The sublimation process is
labor-consuming enough and takes much time. The
final product losses at vacuum sublimation can
reach 50%. In the connection with it there is the
task to search for alternative ways of starting
substances preparation. As one of such ways the
method of fast crystallization of fullerene from its
saturated solution in aromatic solvent was chosen,
in which any substance is added into this solution
and which does not dissolve fullerene, but itself is
dissolved in the aromatic solvent better than
fullerene. During this process more soluble
substance pulls out less soluble one from the
solution [3, 4]. Below we describe our experiments
on the fast precipitation, which allowed us to
produce powders of well crystallized fullerites.

Results and discussion

For development of the technique of
fullerites preparation by the method of fast
precipitation toluene and benzene solutions of

C 4, were used ( the impurity of C,, was less than

0,4% from C,content).Ethanol and isopropyl

alcohol (2-propanol) were chosen as substances,
which cause effect of fullerite precipitation (effect
of salting out).  Precipitation has been carried out
by addition of super abundance of precipitative
substance into fullerene solution. After addition of
the alcohol the solution grew turbid fast enough
owing to formation of solid phase.

" E-mail: shulga@icp.ac.ru

582

XRD patterns of fullerite C ., precipitated

from toluene solution by 2-prponol is shown in
Figl(curve 1).
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Here are the principle peaks which characterize
well crystallized fullerite C, of fcc lattice (curve

2). The curve 3 in the figure represents XRD
spectra of fullerite, precipitated from cooled to 280

K fresh prepared solution of C,in benzene. The

last sample considerably surpasses the first one by
its degree of the crystalline structure and
comparable with a sample, prepared by vacuum
sublimation (curve 2). The short arrows in the
figure mark peaks, which are absent in XRD of
fullerite of fcc lattice , are caused by distortions
connected to alternation of basic tri-layer and
admixture two-layer hexagonal packages [5].

Parameters a of fcc lattice calculated for

the samples 1 and 3 (fig.1) practically coincide
with that for the sample, prepared by vacuum
sublimation ( 1 - 1426 =+ 0,02A;
2-14,17+£0,01; 3 -2,18 £ 0,01). According to
Sherrer’s equation crystallite sizes (axis 111) were
determined for the samples, prepared of the both
methods.

A characteristic TBA curve of mass loss of
the samples studied (Fig.2) shows that the largest
decreasing of the mass occurs in the temperature



range 300-500 K and corresponds to removing
solvent from the ramified and remote surface of

connected among themselves C ( crystallites.
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This conclusion is supported by mass-
spectra analysis of gas, released out of the samples
studied, at heating in inert medium (fig.3):
spectrum 2 corresponds to room temperature, 3 —
373 — 473 K interval. The most intensive peaks
(m/z =91 and 92) in the spectra belong to toluene
(solvent). The peak of m/z=45 characterizing 2-
propanol is present not only in spectra studied (is
marked by badge *), but and in that of pure toluene
too of about the same small values. The solvent

remains in a sample of fullerite C ., even after
heating it up to 373 K.
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It is known, that formation of clusters can occur in
the solutions of fullerenes [6]. It is understandable,
that precipitation of fullerene from solution, where
it exists as clusters or, moreover, as cluster fractals,
it is impossible to produce fullerite with large
values of areas of coherent dispersion. More
perfect crystallites are produced at low temperature
precipitation from fresh prepared solutions. The
conclusion made in paper [3] remains correct:
”fullerites, prepared by the method of salting out,
are fast soluble in hydrocarbon solvents”. It occurs
even for well crystallized samples, as during
salting out there are not conditions to form
chemical bonds “fullerene-fullerene”, and that is
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impossible to exclude at high-temperature
processes, such as evaporation or sublimation.

Conclusions

Thus, it is possible to prepare fullerite of
different degree of crystalline structure by selecting
the solvent and the substance with salting out effect,
and by adjusting conditions of the process.

The work has been carried out under
financial support of the Russian Foundation for
Basic Research (Project N 03-03-32796 and N 01-
03-32994).
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BBenenne

Jns TOoNXy4eHUs TONUKPUCTALTHYSCKHX
THAPOQYIUIEPUTOB HPUMEHSIETCS METOJ TMPSIMOTO
THAPUPOBaHUS  (DymepeHoB, HYTO CBSI3aHO C
paboToil B YCIOBHUSX TOBBINICHHBIX JaBICHUN U
temnepatyp [1]. B sTtoM cnywae u B ciydae
CUHTE3a MTOJTUMEPHBIX a3 METOIOM
TepMoOapudeckoir  oOpabotkm  [2]  mydmme
pe3yAbTaThl TOCTUTAIOTCA TNPU HCIONB30BaHUU B
KadecTBe HWCXOIHOTO TIpernapara IepeKpucTal-
JIN30BAaHHOTO BaKyyMHOW cyOmuMariieii oopasiion

¢dymnepura C,. Ilponecc cybaumanum JocTa-

TOYHO TPYIOEMOK | JuiuTelnieH. [lorepn KOHEYHOTO
NpoayKTa Mpu 3ToM MOryT gocturatb 50%. B
CBS3M C OTHUM BO3HHMKAaeT 3aja4ya IIOHMCKa
IBTEPHATUBHBIX CIIOCOOOB MOJyUSHHST UCXOTHBIX
mpenapaToB. B kadecTBe OAHOTO W3 Takux
mmpolieccoB  ObUT  BBIOpaH  MeTon  ObIcTpoi
KpucTaum3anuy  QyJuilepeHa H3 HACBHIIEHHOTO
pacTBOpa B apOMaTH4eCKOM pacTBOPHUTENE NpHU
MOOABJICHWN BEIIECTBA, KOTOPOE HE PacTBOpSET
(ymaepeH, HO caMO pacTBOPHMO B  3TOM
pactBopuTtene jiyumie deMm ¢yiuiepeH. Bo Bpewms
9TOro mporecca Oojiee PacTBOPHMOE BEIIECTBO
BBITECHSACT MeEHEee pacTBOPUMOE W3 pacTBopa
[3, 4]

Pe3yabTaTthl 1 00cy:KIeHue

Jdns  oTpaOOTKM METOAWKU TOJTYUYEHUS
(yIIepuToB  METOIOM  OBICTPOTO  OCAXKICHHS
WCTIONB30BAIM  TOJMYOJIBHBIM ®  OCH30JBHBIN

pactBopel uucroro C g, (mpumecs C ., cocrapisia

menee 0,4% or comepxanua C,). B kauectse

BEILIECTB, KOTOPHIC BBI3BIBAIOT dPPEKT OCakICHHS
¢ymreputa  (3pdexkr  BelcanuBaHMsA)  ObUIH
BBIOpAHBI 3TAHOJ W H3OMPONIIIOBEIA crupT ( 2-
npomnanoi). OcaxaeHue MPOBOIWINA J00aBICHUEM
MHOTOKPAaTHOTO H30BITKA OCAagUTENs B PacTBOP
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(dymmepenoB. Ilpu moGaBieHMH CIUpTa PacTBOP

JOCTaTOYHO  OBICTPO ~ MyTHEN  BCJICACTBHE
BBIJICJICHUSI TBEPOH (asbl.
Judpakrorpamma (dymieputa Cq>

OCXJIEHHOTO W3 pacTBOpa TOJyOJida H30IpPO-
MIaHOJIOM TpuBeieHa Ha puc. 1 (kpuBas 1).
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B Heli  nOpuUCYTCTBYIOT  OCHOBHBIE  ITHKH,
XapaKTEpHBIC JUIS XOPOIIO 3aKPUCTALTU30BAHHOTO
¢bymnepura C ¢ ruk pemietkod (kpusas 2).
KpuBas 3 Ha

nmudpaKTorpaMMoit
OCaXKJCHUEM U3

3TOM  PHUCYHKE  SIBIISETCS
(dbymmepura,  MOTYYESHHOTO
oxnmaxnaeHnnoro g0 280 K
CBEKENPHUIoTOBJIEHHOro pactBopa C B OeH3ole.

Otor o0pazen MO CTEMEHH KPUCTALITMYHOCTH
3HAYUTEJIFHO MPEBOCXOIUT IEPBBIH U CPaBHUM C
o0Opas3rioM, TONY4YEHHBIM MYTEM BaKyyMHOH
cyonumanuu (xkpuBas 2). KopoTkumu crpenkamu
Ha PUCYHKE OTMEYEHbI IMHUKH, OTCYTCTBYIOILHE Ha
mudpakrorpamMmme (ysuiepuTa ¢ THOK PEHISTKOH, U

KOTOpBIE 00y CIIOBJICHBI HUCKaKCHUSIMH,
CBA3aHHBIMH  C  YepeJOBaHWEM  OCHOBHOM
TPEXCIOWHOW  KyOHMYeCKOM ®W  TNPUMECHOM

JIBYXCIIOMHON IreKCaroHaIbHOM YIIaKOBOK [5].

[TapameTpsl a, TIK peLeTKH,

paccuntanable i obpasuoB 1 m 3 (puc.l)
NPAKTHYECKH COBMAJAOT MO BEIMYUHE C A , JIA



obpasma, MoJydeHHOT0 BaKyyMHOW cyOImManuei
(1-14,26 £ 0,02A; 2-14,17+ 0,01; 3-2,18 £ 0,0,1).
Hnst 0o0pa3uoB, MOTYyYEHHBIX OOOMMH METOAAMH,
no ypaBHenuro Illeppepa ObUIM paccUUTaHBI
pa3Mepsl KpUCTAITUTOB (B Hampasienuu 111).
XapaxtepHas TI'A kpuBas morepu macchl
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W3y4YeHHbBIMH oO0pasuaMu (pUc2) TMOKa3bIBAET,
OCHOBHOE YMEHBIIEHHE MAacChl OCYILECTBISETCS B
obmactu Temmeparyp 300-500 K u cooTBeTCTBYyET
YAAJEHUIO pacTBOPUTENSI C DPAa3BETBICHHOW U

TPYAHOJOCTYIIHOM  HOBEPXHOCTH  CPOCIIUXCS
Mexy co00i kpucTamauToB C .
OTOT BBIBOJ HOJTBEPKIAETCS  Macc-

CTIEKTPAJIbHBIM aHAJIM30M Ta3a, BBIICISAIOIIETOCS
u3 o0pa3sloB NpWM HarpeBaHWUd B HWHEPTHOU
atMocdepe (puc.3): cmekTp 2 COOTBETCTBYET
KOMHATHOM  Temmeparype, 3 — HHTEpBalLy
373-473 K. Haubosiee WHTEHCHUBHBIE IHKH
(m/z=91 u 92) npuHAIEKAT  TOIYOIY
(pactBopuTens). [Ink ¢ m/z=45, XapakTepHBIA I
W30IMpOIaHoNa, TPUCYTCTBYeT HE TOJNBKO B
W3yYEHHBIX CHEKTpax (MOMeuYeH 3HauykoM * Ha
pHC.), HO U B CIEKTPE YHCTOT'O TOJIYOJa, IPUUEM C
PUMEPHO OJIMTHAKOBBIMH HEOOTBIINMH
3Ha4YeHUsIMH. PacTBopuTenb ocTaercss B oOpasie

¢bynnepura C,, naxe mocje HarpeBaHUs BILUIOTh
no 373 K.
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W3BecTtHO, uTO B pacTBOpax ¢yJuiepeHa MOXKET
uatu  ero kimacrepusanus [6]. IlonstHo, d9TO
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OCaXJEHWEM W3 pacTBOpoB, rAe (QyUIepeH
HaXOIUTCS B BUJE KJIACTEPOB WM, Oojiee TOro, B
BHJE KJIACTEPHBIX  (PpakTasioB, HEBO3MOXKHO
MOTYIUTh QYITICPUT ¢ OONBITUMHU  pazMepaMu
oOnacTeli  KOrepeHTHOTrO  paccesHus.  boee
COBEPIICHHBIMH TIONYYalOTCS KPHUCTALUTUTHI TPHU
HU3KOTEMIIEpaTypPHOM OCaXJICHUHU u3
CBEXETIPUTOTOBJICHHBIX  pacTBOpoB.  Ocraercs
BepHbIM BBIBOZ (3): «YIICPUTHI, TONyYEHHBIC
METOJIOM BBICAIMBaHUs, OBICTPO PACTBOPHMBI B
YTIEBOIOPOIHBIX pacTBOpUTEIsIX». 1 mpoucxoaut
9TO Jake [UIA XOpOUIO 3aKpUCTaNTU30BAHHBIX
o0pa3IoB,  MOCKOJbKY  TpPHU  BBICAIMBAHUU
OTCYTCTBYIOT  YCJIOBUS  Jis  0oOpazoBaHUS
XAMUYECKUX CBsizel «dysuiepeH-yiepen», 4To
HENb3sl UCKIIOYHTH IPH BBICOKOTEMIIEPATYPHBIX
MIpoIleccax, TAKUX BBINIAPUBAHNE WM CYOIHMAITHSI.
BpiBoabI

Takum o6paszom, moadupas pacTBOPHUTENH
U OCaJAWTEeNh W PETyNHPYys YCIOBHSA TpoIiecca,
MOXXHO OIMCaHHBIM BBIIIE METOAOM IIONyYaTh
(GyJUIepUT pa3IuYHON CTETIEHH KPUCTALTHYHOCTH.

PaGota BhImonHeHa Tpu (HUHAHCOBOH
MOAJIEPIKKE Poccuiickoro tdhorma
(hbyHIAMEHTANBHBIX ~ HMCCIEAOBAHWMA  (IIPOEKTHI
Ne 03-03-32796 u Ne 01-03-32994).
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