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Introduction

Endohedral  metallofullerenes  (EMF),
M@C,,, are carbon clusters compounds containing
one or several metal (M) atoms inside the fullerene
cage Cyl.

The unique structure of EMF and a great
variety of their physical and chemical properties
depending on metal inserted into the cage were of
great interest. EMF are promising materials for
advanced technologies. They can be used as
molecular conductors, magnets, and ferroelectrics,
radiopharmaceutical preparations, and contrast
agents for NMR  tomography.  Recent
investigations showed that EMF could be very
efficiently used in radiomedcine and tomography”.
However, physical and especially chemical
properties of EMF are almost not studied yet
because of certain preparation and purification
problems'.

This work reports on the efficient method
of EMF isolation from soot and the study of
possible application of metal hydrides instead of
conventional metal powders or metal oxides in the
preparation of composite graphite electrodes.

Results and Discussion

Composite graphite electrodes based on
metal hydrides (LaH; and YH;) were for the first
time used in the synthesis of EMF containing soot.
The use of metal hydrides instead of metal swarf
afforded electrodes with metal more
homogeneously distributed in a graphite rod that
provides more stable electric arc evaporation of
electrodes. Optimal parameters (helium pressure,
arc current, voltage and length, and evaporation
rate) of electric arc evaporation of the electrodes
based on metal hydrides were determined from
experiments.

It was found that the yield of N, N-
dimethylformamide (DMFA) extracts of La@C,
and Y@C,, from soot obtained by evaporation of
composite electrodes based on LaH; or YH; is by
2-3% higher than the yield of the extracts from
soot synthesized using the electrodes based on
lanthanum and yttrium swarf. The extracts were
studied using mass-spectroscopy and
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spectrophotometry. Figures la and 1b show the
mass-spectra of the DMFA extracts of La@Cy,
and Y@C,, measured by high-resolution
electrospray ionization mass spectrometry (ESI-
MS).
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Fig.1a. ESI-MS spectrum of the DMFA extract of
La@C,, EMF (negative mode) in o-chlorobenzene

It is seen that the main components of the
extracts (up to 80%) are La@Cs and Y@Cso,
respectively.
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Fig.1b. ESI-MS spectrum of the DMFA extract of
Y@Cs, EMF (negative mode) in
o- dichlorobenzene



EMF isolation from soot by extracting
with different organic solvents is most commonly
used now. A number of solvents is great enough:
toluene, o-xylene, carbon disulfide, 1,2,4,-
trichlorobenzene, pyridine’, and DMFA*>®. The
efficiency of EMF isolation is essentially higher if
polar solvents such as pyridine and especially
DMFA® are used. Optimized conditions of
synthesis and isolation of EMF allowed us to
obtain a record yield of the DMFA extracts of
EMF with Y and La, namely, 6% and 8% of soot
weight, respectively®. Our further investigations
showed’ that high efficiency of EMF extraction by
DMFA from soot is due to neutral EMF reduction
to monoanions by dimethylamine formed as a
result of DMFA decomposition in the process of
repeated cyclic extraction in boiling DMFA.
Diamagnetic La@Cs,” and Y (@Cg,” monoanions are
essentially more stable® and more soluble in polar
solvents than the paramagnetic neutral La@Csg, and
Y @Cs, complexes. In the DMFA extracts of EMF
obtained by repeated cyclic extraction, EMF are
mainly in monoanionic rather than neutral form.
These results were analyzed and the scheme of
EMF isolation from soot based on EMF reduction
in the extraction process has been suggested.
Dimethylamine (aqueous solution) and
tetrahydrofuran (THF) in which anionic complexes
of EMF are soluble’, were used as reductant and
solvent, respectively. Extraction was carried out in
boiling THF in argon atmosphere. Soot was
pretreated with o-xylene to remove empty
fullerenes™®. The extraction of EMF by THF in the
presence of reductant essentially shortens the time
of EMF isolation from soot and enhances
efficiency as compared to extraction in DMFA.
The mass-spectrum of the THF extract of La@C,,
showed that the main extraction product is La@Csg,
(up to 80%). The optical spectra of the THF extract
show the band at 980 nm attributable to the
[La@Cs,] anion.

Conclusion
For the first time the possibility of metal
(La, Y) hydrides use in preparing composite
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graphite electrodes has been studied. The yield of
the DMFA extracts from soot prepared by the
evaporation of composite electrodes based on LaH;
n YH; is by 2-3% higher than the yield of extracts
from soot synthesized using the electrodes based
on lanthanum and yttrium swarf. An efficient
scheme of EMF extraction based on EMF
reduction in the extraction process has been
developed.
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Beenenne

DHJI03/IpaIbHbBIC MeTaIO(yILIEPEHBI
(BM®) M@C,, - VrIepogHble KIACTEpPHI,
cojJiepKalllie OJWH WM HECKOJbKO aTOMOB

Metaiia (M) BHyTpu (yJuiepeHOBOTO Kapkaca
Con'.

YHuKambpHass ~ CTpykTypa OM® u
pa3HoOOpa3ue WX CBOHCTB B 3aBUCHMOCTH OT
BHEJJPEHHOTO MeTasuia BBI3BIBAIOT OOJBIION
WHTEpEeC K HUM B IJIaHE M3yUeHHS X XUMHUIECKUX
n  (usmueckux cBoiicTB. OM®  gBHAIOTCA
MEPCIICKTUBHBIMU MaTepuaniaMu JUISE
COBPEMEHHBIX TexHoJoruid. OHH MOryT HalTH
NPUMEHEHHE B  KAueCTBE  MOJICKYJISPHBIX
MIPOBOIHUKOB, MAarHETUKOB H (hEePPOITCKTPUKOB,
paarodapMaIeBTHIeCKUX TperapaTroB u
KOHTPAaCTHBIX MaTepHayioB st SIMP-tomorpadum.

HenaBumue HCCIIEIOBAHUS IMOKa3aJIH, qTOo
npumeHeHue OM® B paguoMenuuUHE U
ToMorpahuu MOXKET OKa3aTbCs BeCbMa

s¢dexTuBHBIM’. OnHAKO (GH3MYECKHE U OCOOCHHO
xuMH4Yeckue cBoiictBa OM® g0 cux mop ciabo
M3YYeHBI. JTO CBSA3aHO C MpoOieMaMy WX CHHTe3a
¥ OUMCTKH .

B pabore mpemnoxkern 3ddexTUBHBIHI
MmeTo BeiaeaeHusd DOM® u3 caxxu ¥ HUcciaegoBaHa
BO3MOXKHOCTh TPUMEHEHHS TUIPUIOB METaJUIOB
JUIS  TIOJIy4E€HUS  KOMIIO3UTHBIX  TPahUTOBBIX
3JEKTPOJOB BMECTO TPAIULKUOHHO HCIIOJIB3YEMBIX
IUTA 9TOW IEeTH TOPONIKOB METAUIOB WM WX
OKHCJIOB.

Pe3yabTaThl 1 00cyxk1eHne

st curaTesa  DOM®-comeprkamielt  caxu
BICPBELIC ObIIM  MCIIOJIL30BAaHLEI  KOMITO3UTHEIE
rpaduTOBBIE DIIEKTPOIBI, MOJTYUYCHHbIE Ha OCHOBE

rugpuaoB MetamioB LaH; u YH;. Ilpumenenue
TUAPUIOB METAJLIIOB BMECTO OOBIYHO
HCIIONIb3yEMBIX METaUIMYECKHX OITHIIOK
MMO3BONIWJIO  TIOJNIYYHTh  3JEKTPoAbl ¢  Ooiee
ONIHOPOJTHBIM  paclpefeicCHHeM  MeTaula B
rpaduTOBOM CTEpKHE, YTO MOBBIIIAET
CTaOMIILHOCTH HCTIapeHus AIIEKTPOJIOB B

ANEKTPUIECKOHN Ayre. DKCIEPUMEHTAIbHBIM ITyTEM
OBUTM  ONpENEICHBl ONTUMAIbHBIC TMapaMeTphl
3JEKTPOYyTOBOTO HCIapeHus 3JIEKTPOIOB,
M3TOTOBJICHHBIX Ha OCHOBE THAPUIOB METaJUIOB
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(maBneHue renus, TOK IyTd, HANPsHKEHUE Ha JyTe,
JUIMHA IyTYU U CKOPOCTh UCITAPCHHUS).

beiio oOHapykeno, urto BbEIXOg N, N-
muMetiigopMaMuaabix  (AM®PA)  skcTpakToB
La@Cy, u Y@C,, "3 caxu, TMOJIyYCHHOM
HCMapeHUEM KOMIO3HUTHBIX AJIEKTPOJIOB HA OCHOBE
ruapunoB MeramwioB LaH; wmimu YH;, Ha 2-3%
BBIIIIE TI0 CPABHCHHMIO C BBIXOJIOM 3KCTPAKTOB M3
CaXXd, CHHTE3MPOBAHHOM C HCHOJIb30BaHUEM
3JIEKTPOJIOB HAa OCHOBE METAJUTMYECKUX OIHIIOK
JaHTaHa W wurTpus.  [IpoBedeHel  Macc-
CHEKTPOCKOIMMYECKUE U CIIEKTPO(POTOMETpUIESCKIE
WCCIIEIOBaHUS JTHX JKCTpakToB. Ha pumc.l1(a) u
1(6) moxazanbl Macc-criekTpbl JIM®DA-3KCcTpakToB
La@Cy, u Y@C,, TOJy4YeHHbIE Ha Macc-
CIEKTPOMETpE BBICOKOT'O paspereHus c
AJIEKTPOCIPEHHBIM HCTOYHHKOM HOHU3AIIHH.
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Pucl(a). Dnexrpocnpeit macc-criektpbl [|M®DA-
skcTpakTa DM La@C,, B o-auxnopbeH3oe

s Macc-CIEKTPOB BHJTHO, 4TO
OCHOBHBIMU KOMITOHEHTaMU SKCTPakToB (10 80 %)
sBisttoress La@Cgy 1 Y@C82, COOTBETCTBEHHO.

Brinmeneane OM® U3 caky 3KCTpAKITUECH
pa3sIUYHBIMA  OPTAaHHMYECKUMH  PACTBOPUTEISIMU
SBIIIETCS. B HAcTosiee BpemMs  Haubouee
pacipocTpaHeHHBIM METOJIOM. Kpyr
pacTBOpHUTENIEH, HCIONB3YEMBIX IJISi JTOH IeTu
JIOBOJILHO UTUPOKHIA: TOIYO, 0-KCHUJIOJ,
cepoyriepon, 1,2,4,-TpuxIopOeHson, —IHPHINH,
JIM®A*>. DddexruBrocts BbITETCHHS DMD,
MOJIAPHBIMH ~ PAaCTBOPUTENISIMH, TaKUMH  Kak
mupuauH, 1 ocobenno JM®A®,  cymecTsenHo



BBIIIIE, 4eM JIpYTHUMH PacTBOPHUTEISAMH.
OnTtuMu3anus YCIOBUH CHHTE3a W BBLACICHHS
OM® mno3BonMAM HaM NONYYUTh PEKOPAHBIN
Beixonl JIM®A-skcTtpaktoB OM® ¢ Y wm La,
cooTBETCTBEHHO 6% u 8% or Beca caxu’.
JlanbHelIMe HAIK MCCleJOBAHNS OKA3aIH ', UTO
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Puc1(6). Dmexrpocnpeir macc-criektpsl JIM®DA-
skctpakta OMD® Y@C,, B o- muxiopOeH30Ie
BBICOKasI

3(PEeKTUBHOCTE  3KCTpakimu OMD wu3 caxu
AMOA CBsI3aHA c BOCCTaHOBJICHUEM
HEUTPaJIbHBIX OMO o MOHOAHHUOHOB
TUMETUIIAMHHOM, o0Opa3yromumcs npu
paznoxxenun JIM®PA B mpoliecce MHOTOKpaTHOU
UUKIAYECKONH OJKCTPAKIUU TpU  TeMIeparype
kuneHus JM®PA. JluaMarHUTHBIE MOHOQHHOHBI
La@Cs 1 Y@Cs, ABIAIOTCSA 3HAYMTETHHO O0Jice
CTaGUIBHBIME® u obmagator  Oonblueit
pacTBOPUMOCTBIO B TOJISIPHBIX PACTBOPHUTEISX,
YeM TlapaMarHUTHBIE HEUTpaJbHbIE KOMIUIEKCHI
La@Cs, 1 Y@Csr. B IM®A skcTpaktax OMO,
MOJYYEHHBIX B  pe3yJbTaTe  MHOTOKPaTHOM
LUKIAYECKON »sKcTpakuuu, DM@ HaxonsaTcs B
OCHOBHOM B MOHOaHHMOHHOH, a HE HEUTpalbHOU
dhopwme.

Ucxons u3 ATHUX pe3yIbTaToB,
MIpeMIOKeHa cXeMma BhireneHuss DM w3 caxw,
OCHOBaHHas Ha BoccTaHOBJIeHUN DM@ B mporecce
SKCTpakuuu. B KadyecTBe BOCCTAaHOBHUTENS U
pacTBOpHUTENS HCIOIB30BAIM, COOTBETCTBEHHO,
JUMETUIIaMUH (BoHBIN pacTBop) u
TeTparuapodypan (Tro), B KOTOpOM
PAaCTBOPSIIOTCS AHHOHHBIE KOMIUIEKCH DM@’
OKCTpaKIMIO TPOBOAWIN B  arMocdepe aprona
npu  Temneparype  kumenHus TT'®. Caxy
MpeIBaPUTEIHHO 00padaThIBAIA O-KCHIIOJIIOM ISt
yaaneHHs TONBIX (QymiepeHoB™. DKCTPaKIus
OM® TI'® B mpHUCYTCTBUH BOCCTAHOBHUTEI
CYILIECTBEHHO COKpaIiaet Bpems Boiaenenus DM
U3 CaXH W  TOBBIIAET 3PPEKTUBHOCTH I10
cpaBHeHHMIO ¢ OdkcTpakuuedt B JIM®DA. Macc-
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cektp TI'd-skctpakra La@C,, mokaszan, dYTO
OCHOBHBIM KOMITOHCHTOM 3KCTpPAaKTa SIBJISCTCS
La@Cs, (mo 80%). B ontuueckux cnektpax TI'®-
JKCTpakTa HaOmomaercs Toimoca 980  HM,
cooTBeTcTBYIOMIast annoHy [La@Cs,]'.
BrIiBOaBI

BrepBeie  mcciemoBaHa — BO3MOXHOCTH
WCTIONB30BaHMsI HAa  CTaJAWd  TPUTOTOBIICHUS
KOMIIAYHJUPOBAHHBIX TI'Pa(UTOBBIX  3JCKTPOIOB
ruapunoB MmetamwioB (La., Y). Bexom JIM®DA-
9KCTPAKTOB W3 CaXH, IOIYYCHHOH HCIIapeHUEM
KOMITO3UTHBIX 3JICKTPOJOB HAa OCHOBE THIPHIOB
LaH; u YH; na 2-3% Bbillle 1O CpaBHEHUIO C
BBIXO/IOM JKCTPAaKTOB W3 CaKW, CHHTE3UPOBAHHON
C HCIIOJIb30BaHHUEM JJICKTPOJOB Ha OCHOBE
METAJJIMYECKUX OMHWJIOK JIaHTaHA W HTTpPUSL.
Pazpaborana »ddexTuBHAsS cxema IKCTPaKIUU
OM®, ocHOBaHHas Ha BoccTraHoBiIeHHH OM®D B
MIPOIIECCE AKCTPAKIIMH.

Pabota mognepxana Poccuiickum @oHIOM
OynrnameHnTanpHbIX MccnenoBanuii (mpoekThl NeNo
02-03-33352 u 03-03-06164) u INTAS Young
Scientist Fellowship Ne YSF 2002-327/F3.
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