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Since the synthesis of crystalline fullerite Cgy,
the question arouse of whether a fullerite
modification with the hexagonal closed-packed
structure (h.c.p.), which is less stable than the face-
centered cubic (f.c.c.) structure, is really existed.
Some solvates and clathrates of C60 were found to
crystallize to form the hexagonal sublattice [1] that
can transform into the h.c.p. structure after
removing a solvent. It was established (see, for
example, Ref. 2) that the h.c.p. phase of fullerite
can be obtained by thermolysis of some clathrates
of Cg. However, earlier methods provided only
microscopic  quantities of the hexagonal
modification of Cg that made it difficult to study
its  physico-chemical properties. We have
developed the procedure of bulk synthesis of the
h.c.p. modification of Cg so called
cryosynthesis, which was further modified in
cryoextraction.

The aim of this work was to underline the
mechanism of formation of h.c.p. precursors under
cryosynthesis conditions and to study the h.c.p.-
f.c.c. transition in detail.

X-ray diffraction  analysis (XRD) of
cryogranules at low temperatures indicated that
layers of X-ray amorphous, highly-dispersed
fullerene Cg (probably, in the form of
nanoclusters) occur between large crystallites of an
aromatic solvent.

To study crystallization of Cg under
cryosynthesis conditions, two series of samples
were used: I (C60-benzene-hexane) and II (Cgo-
benzene-acetone). They were synthesized using the
following procedure. A saturated solution of Cg in
benzene was sprayed into a large volume of liquid
nitrogen; the cryogranules obtained were placed
into extractant (n-hexane or acetone) cooled to
255 K. The mixture was allowed to stand until
solidified aromatic solvent was completely
dissolved. The precipitate formed was filtered off,
washed, dried in air, and thermally treated.

The mechanism of formation of fullerite Cg, at
cryoextraction is different for series I and II. When
n-hexane was used as an extractant (series I), a
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rather stable suspension was formed at once after
cryogranules were dissolved. The XRD pattern of
isolated material indicated poorly crystallized
h.c.p. phase with great number of defects. After
continued extraction, fine crystals precipitated,
which were identified as the clathrate of Cyy with
n-hexane.

Extraction with acetone (series II) led to the
formation of poorly crystallized precipitates of the
h.c.p. phase independent of the extraction time.

In addition to XRD, thermal analysis (TD and
DSC) and IR and mass spectrometry were used to
study the samples of both series. When crystalline
matrix of solvent is destroyed, Cq species make
effort to form more stable f.c.c. phase. In the first
stage, f.c.c. structure has great number of defects
due to a high rate of crystallization. However, the
solubility of fullerene in n-hexane is not equal to
zero; therefore, the clathrate is formed in the
saturated solution-solid phase system, which likely
is less soluble than fullerite. Owing to this
clathrate, the hexagonal sublattice of fullerene is
formed. The solubility of Cg, in acetone is close to
zero; therefore, the formation of clathrate is
impossible, and the h.c.p. structure with defects is
conserved. The thermal treatment of these samples
under dynamic vacuum at 750 K for several hours
leads predominantly to h.c.p. phase when n-hexane
was used, while with acetone, the defected h.c.p.
phase was formed. No phase transitions were

observed upon heating the sample until
degradation of the fullerene framework
(ca. 1200 K).

The h.c.p. structure was found to transform into
f.c.c. structure under mechanical treatments with
shearing deformations (grinding, compression in
one-axis direction etc.). However, this transition
was not observed under hydrostatic compression.
The regularities revealed allow one to suggest the
martensite type of the transition. Disordered
polytypic phases are likely to occur in the samples
under study.
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Beenenne

C wmomenra mnomydeHus ¢ymepura Ce
KpHUCTaJUIn3aLuei u3 apoOMaTHYECKUX
pacTBOpHUTENEH BO3HMK BONPOC O CYIIECTBOBAHUU
rexcaroHanpHOW  TuoTHOymakoBaHHou  (['TIY)
(ha3ser aTOTO (DyUIepUTa — MEHEE CTAOMIBHOU, YeM
IPAHELIEHTPUPOBAHHAS KyOndeckas (I'LK).
HekoTopsie conpBarel u knatpatsl gymiepura Cep
00pa3yoT MpH KPUCTAIUIM3AINHA TeKCaroHAIbHYIO
MOJIPELICTKY MOJIEKYJ ¢yuiepera [1], yTo Moxer
npuBecTn Kk oOpazoBanuto [TIY ¢aser mocre
yaalleHuss pacTBoputrens. B cepum pabor (cm.
Hamp. [2]) moka3zaHa BO3MOXKHOCTH OOpa3oBaHUSA
I'T1Y ¢assbr pynnepura Cqp B mpoliecce TEpMOIH3a
HEKOTOPBIX COJNBBATOB Ha OcHOBe (hymmeputa Ce.
Metonsl cuHTE3a, WCIONB30BaHHBIE B  ITHX
paboTax, MO3BOJIAIOT MOIY4aTh MUKPOKOJINYECTBA
I'TIY ¢a3p, yto pemaer TpoOIEMATHYHBIM
JaNbHEeHIre, MeTaabHbIe MCCIeI0BaHus (pru3uKo-
XUMUYECKUX CBOMCTB 3TOM (a3bl. B Harmeit pabote
[3] HCTIOJIB30BaH METOJ KpPUOCHHTE3A,
MO3BOIISIIONINI  TONydYaTh  MPENCTaBUTEIbHBIE
KOJIMYECTBAa Tmpenapara. B pganbHeimieM 3TOT
MeTox  Obul  TpaHCcHOPMHpPOBaH B  METOX
KPHO3KCTPAKINK Kak OoJiee MpOCTON U yAOOHBIH B
peaymzanuu.

Bompoc 0 MeXaHH3Me o0pa3oBaHUA
npekypcopoB ['TIY ¢a3sl B ycioBuAX KpHOCHHTE3a
HE paccMaTpHBajCs, a OCOOEHHOCTH Iepexoja
ITIY — T'IHK pgeransHO He u3ydanuch. llenbio
HacTosie paboThl SBISETCS aHaM3 YCIOBHUM
oOpazoBanust npekypcopoB [IIY ¢da3er mpu
KpHOCHHTE3e M UcCliefloBaHUe (Da30BOTO mepexosia
Iy —T'uK.

HuskoTtemmnepaTypHbie I paKIMOHHbIC
WCCIIEIOBAHUSl  KPUOTPaHyJd  IOKa3alk,  4TO
tdbymmeper Cg B KpUOTpaHyJIax HAXOJIUTCS B
amophHOM COCTOSIHHH. ApoMaTuueckuit

PACTBOPHUTEIb HAXOMUTCS B KPUCTAIHIECKOM
cocrogHun. Ha wmecte Hauboiiee HHTEHCHUBHOMU
muauu - Ce 'K (111), Ha KOTOpYHO HeE
HaKJIaObIBAIOTCSA JIMHHM OeH30da (IT-KCHJI0JIa),
Habmomaercst oomacts nuddys3Horo paccesaus. To
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€CTh ~ MEXAy  OONBIIMMH  KPHCTALUIUTAMU
apOMaTHYECKOTO PACTBOPUTENS HAXOAATCS CIIOU
peHTreH0aMopHOTO, BBICOKOJIMICTIEPCHOTO
¢ymnepena Cgq (ckopee Bcero, B  BHJEC
HAHOKJIACTEPOB).

Jnst  WccnemoBaHWS  HPOLECCOB  KPUCTAl-
muzaimu Cgp Ha CTAaMU  KPHOIKCTParupoOBaHHS
ObuTH paccMOTpeHbl 1Be cepuu o0pasmoB: | (Ceo-
OCH30JI/H-TEKCaH); II (Cso-OeH30m/ameTon),
CUHTE3MpPOBaHHBIE IO CIEAyHolleld MeToauke. B
OONBIION O00BEM JKHIKOTO a30Ta PacHbUILICS

HacelmeHHBIH  pactBop Cgq B OeH3OIE,
MOJIYYCHHBIE  KPUOTPAaHYJIbl  TEPEHOCWIH B
oxJaxnaeHHbI o 255 K skcTtparenT. B kauectse
SKCTPAareHTOB  HCHOJb30BaJlM  H-TEKCaH  WJIH
arteton. CMech BBIACPXKHUBAjIach M0 ITOJTHOTO
pacTBOPEHHUS TBEPOTO apoOMaTUYIECKOTO
pacTBOPUTEIISL. OO6pa3zoBaBmmiics ocamokK
OTOWIBTPOBBIBAIM, MPOMBIBATH, CYIIWIN HA
BO3MlyXe, 3aTeM  IMOABEPralll  TEPMHUCCKOM
o0OpaboTke.

[Ipu kpuoskcTpakuu odpa3oBanue Qymiepura
C60 mporekaer pa3nuyHbBIM 00pa3oM s cepuit |
u II. [Ipu skcrpakiuu H-rekcanoMm (cepust 1) cpasy

Ioclie  PacTBOPEHHs KpHOTpaHyn oOpa3syercs
JIOCTaTOYHO yCcTOHYMBast B3BECh. POA
BBIJICJICHHBIX qacTun (1)I/IKCI/IpyeT IIJ1I0XO0

3aKpUCTAIIM30BaHHYI0, cHIbHO AedektHyro ['TIK
(hazy. Eciu mpomoImKUTE 3KCTPAKITHIO, 00pa3yeTcs
MEJTKOKPUCTAJUTUYECKUI 0CaJOK MPECTaBISIONIHH
coboit knarpar Qymiepura Cq ¢ H-rekcanoM. [Ipu
AKCTParupOBaHUH areTOHOM (cepus ID)
00pa3yroTcss TOJMBKO INIOXO  (DHIIBTPYIOIIHECS
cnabo 3aKpUCTAITM30BAaHHbIC OCaJIKH,
npencrasisromue 'K ¢a3y BHe 3aBUCHMOCTH OT
BpeMeHH OkcTtpakmun. Kpome PDA oOpasibt
0o0oWX CepHil M3y4alllCh TEPMOAHATHTHYECKUMH

meromamu  (TT' w  JCK), HUK- wu wmacc-
CIIEKTPOCKOTHEH. IIpu pazpylieHuu
KPUCTAIUTHIECKOM MaTpPHITBI pacTBOpUTETIS
HaHouactunibl  Cg  cTpemsrcs — o0Opa3oBath

HambOonee ycronumByro - ['LIK d¢a3y. HUs-3a
BBICOKOM CKOPOCTH KPHCTAUIM3aI[Md Ha IEPBOM
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Jrame Toiydaercs cwibHO gmedektHas 1K
ynakoBka. HoO  MOCKONBKY  pacTBOPUMOCTH
¢yuiepeHa B H-TeKcaHe He HyJeBas, TO B CHCTEME
HAaCBIIICHHBI  PAacTBOP TBepmas  ¢aza
MIPOUCXOAUT 00pa3oBaHME KJIaTpaTa, KOTOPBIH, MO-
BUAMMOMY, MEHEE PaCTBOPUM, YeM caM (yJUIepHUT.
OO0pazoBaHue KiaTpaTa BeleT K (OPMHPOBAHHIO
TreKCaroHaJbHON ToapemeTkn ¢yiuiepeHoB. [l
aretona  pactBopuMocTh  Cgp  MPaKTUYECKU
HyJleBas ¥ 00pa3oBaHUe KiaTpaTa HE MPOUCXOIHNT,
T.e. coxpamsiercs nmedextHas I['TIK crpykTypa.
Tepmuueckas o00paboTKa JTHX TPOAYKTOB B
JUHAMHWYECKOM BakyyMme Npu Temneparype ~ 750
K B TeueHue HECKOIBKHUX 4YacOB NPUBOIUT K
oOpazoBanuto npeumyiiectBenno ['TIY ¢assl npu
9KCTpakiuu H-rekcanoM u aedextHort 'K dazwr
IpUd  HCIOIB30BaHUU  aneToHa. JlampHeHmmil
HarpeB 10 TEMIEPATypsl pachajga yriepogHOro
kapkaca Cg (~ 1200K) HEe BBIABHI HHKaKHX
(hazoBBIX TIEPEXOI0B.

MexaHnndeckoe Bo3jeiicTBue Ha oOpasubl [TIY
thazbr pymnepura Cq co caBuroBoit aedopmarueit
— pacTHpaHue, OJHOOCHOE C)KATHE HNPUBOAMUT K
npespamienuto  ITIY B TI'IIK pemerky. A
TUAPOCTATHYECKOE C)KaTHE HE MPUBOAUT K
(hazoBomy MIPEBPAILECHHUIO. BrisiBIeHHBIE
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3aKOHOMEPHOCTH TPOTEKAHMS MPEBPALICHUS TAI0T

OCHOBaHHE  [ojlaraTb, YTO  OHO  HMeEeT
MapTEHCUTHBIN XapakTep. Beposrno
CYLIECTBOBaHHE B  HCCIENyeMbIX  oOpasmax

pa3ynopsA0ueHHBIX TOJIUTHITHBIX (a3.
PaGorta BeImonHeHa mnpu mnoaaepxkke PODU
(rpant Ne 01-03-32994).
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