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Introduction

The superconducting properties of
fullerides, originally detected for homo- and
heteronuclear compounds of heavy alcali metals
[1,2], were subsequently discovered for alkali-
earth and some rear-carth metals fullerides [3-7].
During the intercalation of multivalent metal
atoms into the fullerite lattice, the sequential
filling of t;, sublevel and higher lying t;, sublevel
of a fullerene molecule by electrons occur.
However, the temperature of transition to the
superconducting state for fullerides of alkali-earth
metals does not exceed T.=8.4 K for fcc
CasCq [3], and for fullerides of rare-earth metals
T.<12.5 K (La™;Cq [6]).

Here we present the new method of
fulleride synthesis, based on homogeneous-
heterogeneous oxidation-reduction reactions of
potassium with different cations in organic
solvents at temperature T<340 K. The temperature

dependence of susceptibility, NMR and
Mossbauer spectra have been investigated.
Experimental and discussion

Trending  efforts on  synthesis  of
heterometallic ~ fullerides with  composition

K;MCgp in organic solvent we chose transition
metal chlorides from [-VIII B groups as an objects
of further investigations. These chlorides enable
to cover the whole range of electronic
configuration of metal from d’ to d'’. X-ray
powder data showed that exchange reaction of
K3Cgo with Cu™'Cl or Ag™'CI (d'%)

K3C60 + CuCl —» KzCUC60 +KCl

did not produce heterometallic superconducting
fullerides. This reaction reduces metal down to
zero-valence state (see table) and produces its
own phase. For example, in the reaction of K4Cg
with Cu™Cl, (&) the fulleride K,Cu™Cg was
synthesized.

Despite the small size d of the copper ion
Cu™ (d=0.69 A), K,Cu™Cy, is the superconductor
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with the critical temperature T.=14.5 K. Thus, not
filled d-orbitales in intercalated metal leads to
superconductivity of fullerides in contrast to f-
elements, in which superconductivity was
observed only in elements with f'*-shell [8].
Indeed in the reactions of potassium fullerides
with iron™ chloride (d=0.64 A), iron™ chloride
(d=0.76 A)

K5C60 + FeCl3 —> KzFeCGO + 3KCl
K4C60 + FCC12 e KzFCCﬁo + 2KCl

and nickel ™ chloride (¢=0.72 A) superconducting
materials with composition K,MCs were
synthesized with T=15-16 K.

Mossbauer spectra indicate the same
oxidation of every Fe atom in the fulleride
K,FeCq. Data shows that superconducting
properties depend on the size of intercalated ion as
well as its electron configuration. However we did
not know what factor is more important. May be
there is some additional important but not defined
yet factor. For example ions V> u Cr" (see table)
with different sizes and different valence but with
the  same  electron  configuration  are
superconductors while V' is not a superconductor
and Fe™ is a superconductor. Crystal lattice
parameter a=14.31 A [9] in fcc lattice of
superconducting K;Cg, synthesized in toluene is
higher than obtained by other methods. In
heterometallic fullerides parameter a, as we
expected, is less that in the host material and
almost the same as in “standard” K;Cgo
synthesized from gaseous phase (a=14.24 A). As
it is seen in table transfer more than 5 electrons to
the molecule of fullerene (for example Zr™,
Fe;?), as it was found in [8], Kkills
superconductivity. In contrast filling of the next
trg-level (3Fe™), restore superconductivity as it
was observed in intercalated by alkali-earth and
rear-earth fullerides M,”Cg (n=3-6) [10]. The
nature of superconductivity in this case may be
more complicated.
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Compositio Flectron
n of the Assumed Lattice +n
. o T. configura- dM
initial composition of (K) | tion of metal Color parameter (A)
compo- the fulleride ‘ons a(A)
nents
S5K+Ti"” K>TiCygo - 3d' Black 0.72
6K+7r™ K»ZrCoo - 4d° Black 0.80
5K+V™ K>VCeo - 3d* Black 0.74
4K+V*H K>VCeo 21 3d’° Black 0.82
5K+Cr™ K,>CrCeo 14 3d’ Black 0.69
S5K+Fe" K,Fe™Cgo 16.5 3d° Black 14.24(6) 0.64
9K+3Fe"™ Fe;~C% 15 3d° Black 0.64
4K+Fe™ K>Fe“Cgo 15 3d° Black 14.23(2) 0.76
5K+2Fe"™ KFe, “Cgo - 3d° Black 14.28(2) 0.76
6K+3Fe™ Fe; ?Ceo - 3d° Black 0.76
4K+Co ™ K>CoC - 3d’ Black | 14.264(4) 0.74
5K+2Co KC0,Cyo - 3d’ Black - 0.74
AK+Ni ™ K,NiCeo 13.9 3d" Black | 14.244(3) 0.72
5K+2Ni KNirCeo - 3d° Black - 0.72
4K+Cu™ K,>Cu~Cqgp 14.5 3d’ Black - 0.69
3K+Cu" K,Cu"'Cgp - 3d" Red - 0.96
3K+Ag"’ KyAg ' Ceo - 44" Brown - 1.26
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I'ETEPOMETAIVIMMECKUE ®YJIUIEPUABI IEPEXO/JHbBIX
METAJIJIOB COCTABA K;MCy

Kyab6aunnckuii B.A. ByabrueB B.M.”, Jlynun P.A., Kpeuyeros A.B., Keitun B.I'.,
IToxoaok K.B."
MockoBckuii ['ocynapcTBeHHbIH Y HUBEPCUTET, PU3MUECKUiA (AKyIIBTET; "XUMUUECKHUI (HaKyIIbTET;
119992, I'CII-2, MockBa, Poccus

BBenenne

CBepXITPOBOIAIIIHE CBOMCTBA
(dyiepusoB, MepBOHAYAILHO OOHAPYKCHHBIC B
TOMO- ¥ TETepO- COSAMHEHUSX  TSIKENBIX
MIETOYHBIX MeTauToB [1,2], B HaibHEHIIEM OBLTH
MOCIIEIOBATEILHO ~ OTKPBITBI B IIEJIOYHO-
3eMENbHBIX M  HEKOTOPBIX  PEeAKO3eMEeTbHBIX
dbymmepumax  [3-7]. llpm wHTepKaIUpOBAaHUH
ATOMOB MHOTOBAJICHTHBIX METAJJIOB B PEILICTKY
(dyiepuTa TPOMCXOMUT  TOCJIEIOBATEIHHOC
3ar0JTHEHUE DJICKTPOHAMU YPOBHSA ty, ¥ JIKAIIETO
BBIIE ypOBHA tj,. OnHako Temmeparypsl
CBEPXIPOBOAIINX MEPEXO0B sl (HyIIICPUI0B
[IEIOYHO-36MEIbHBIX METaJUIOB HE IPEBBIIIAI0T
T~=8.4 K mna I'IK CasCq [3] 1 Tc<12.5 K mns
Gbyepuion PEAKO-3eMENTbHBIX METAJIJIOB
(La";Ce0 [6]).

31ech MBI TIPEACTABIIIEM HOBBIA METOI

CHUHTE3a ¢bynnepunos, OCHOBaHHBIN Ha
TOMOT€HHO-T'€TePOT€HHBIX OKHUCJIHUTENBHO-
BOCCTAHOBUTENBHBIX  pEaKNUAX  Kajgus  C
pa3sIUYHBIMM ~ KaTHOHAMH B OPTaHHYECKHX

pacTBopuTensix mpu Temneparype T<340 K.
Usmepsnnck  TeMiepaTypHble — 3aBUCHMOCTHU
BocripuuMmunBocTH, SIMP m MeccbayspoBckue
CHEKTPBI.

IKcHepuMeHTAJIbHbIE
o0CcyKIeHue
IIponomxas
reTepOMETAIIIMYECKUX
KzMCm B

pe3yabTaTsl M HX
paboThI o CHHTE3Y

¢ymiepunoB  cocraBa
IPUCYTCTBUM  OPraHUYECKOIrO
pacTBOpUTEIS MBI BHIOpau XJIOPHUIIBI
nepexogusix  MetamwioB  I[-VIII B rpymn
[Teprnonnueckoit CUCTEMBI B KadecTBE OOBEKTOB
JATBHEHUIIIEr0 HWCCIENOBAaHUA. OTH  XJIOPHUIBI
MO3BOJIAIOT ~ M3YYUTHh BIMSHHE SJIEKTPOHHBIX
konburyparmii meramta or d° no d’ mHa
CBEPXIPOBOIAIINE CBOICTBa MOJTy4aeMBIX
MaTepHaIoB. Pentrenodasossrii aHaJu3
npoaykros peakiun K;Cg ¢ Cu™'Cl nmn Ag™'Cl
@)

K;Csp +CuCl — K,CuCygp +KCI
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MOKa3aJt, 49TO B3aMMOJEHCTBHE MEXITy
KOMIIOHCHTaMM HE TNPUBOAUT K TMOJYYCHHUIO
CBEPXNIPOBOIANINX (YIICPUIOB, @ 3aKAHYHBACTCS
Ha craguu BocctaHoBnenms Cu” m Ag™ g0
METaJUIMYECKOTO COCTOSHHUS (CM. Ta0nwiy) H,
BUJIUMO, TOJIIMMepHOro ¢ymneputa. B To ke
Bpems B peakmuu KyCgp C cu™*Cl, (d9 ) ObLI
cuntesupoBan  dymwrepun K,Cu™Cg. Bompeku
Manomy pasmepy d mona memu Cu'” (d=0.69 A),
K,Cu'®Cgy  sBISCTCH  CBEpXMPOBOAHHKOM €
kputudeckoit temneparyport T.=14.5 K. Taxum
o0pa3oM, NpUMEHEHHE B OOMEHHOH peaKiuu
XJIopuaa MEPEXO0/THOTO MeTaa c
HE3aloJIHEHHBIMU  d-opbumansimu TPUBOIAT K
MOJTyYE€HUIO CBEPXIIPOBOIAIIETO
rerepodyiepua B IPOTHBOIOJIOXKHOCTH  f-
JJIEMEHTaM, CBEPXIPOBOIUMOCTh B
rerepodyiiepunax — KOTOPHIX  HaOJI0manach
TONBKO y 9IeMeHTOB ¢ f' -o6omouxoii [8].
JleficTBUTENBHO, B PEAKIMAX  KaJHEBBIX
dyanepuaoB ¢ xmopumamu xenesa ¢ nonamu Fe™
(d=0.64 A), Fe™ (d=0.76 A)

K5C60 +FeC13 —> K2F6C60+3KC1,
K4C60 +FCC12 —> K2F6C60 +2KCl1

v xmopumamu ¢ wonamu Ni' (d=0.72 A) Gbum
CHUHTE3WPOBAHBl  CBEPXMPOBOAHHWKH  COCTaBa
KoMGCgp ¢ Te=15-16 K. MeccbayapoBekue
CHEKTPhI TTOKAa3bIBAIOT MPAKTUYCCKH OJIMHAKOBBIC
CTETIeHN OKHCIICHUS aTOMOB jkeJie3a B (yJuiepuue
K,FeCgy HE3aBHCUMO OT CT. OKMCJICHHS MeTajla B
HUCXOAHOM XJjopuae. M3 TomyuYeHHBIX JaHHBIX
CIIelyeT, YTO Ha CBEPXIPOBOMAIINE CBOWCTBA
rerepoyiepuioB BIWSET Kak pa3Mep HOHa
rerepoMeTayyia, TaK W  €ro  3JICKTPOHHAS
koHpurypanus. OIHAKO OCTaeTcs HESICHBIM,
Kakoi w3 A3TuX (HaKTOpOB OoJiee 3HAYUM WU
nMeeTcst JApyroi, Oosee BaXKHBIH, HO TIOKa
HEOTPE/ICICHHbBIN (CM. TalJd. - pPa3HOBAJCHTHBIC

+ +
worst V7 wm Cr” pasHoro pasmepa, HO
OJIMHAKOBOU 3JIEKTPOHHOMN KOH(HTYyparuu
SIBJISIFOTCS CBEPXIIPOBOJHUKAMH, a u3

OAMHAKOBLIX IO pa3MEpy U BAJICHTHOCTH HOHOB



V* u Fe®, Ho pasHoii KoHGUIypaLHH HepBblii He
SIBIISIETCS CBEPXIPOBOTHIKOM). YuureiBas
yBenuueHne mapamerpa « [LK pemerkn
ceepxnpoBomsmero  K;Cq, momywaemoro u3s
pacTBOpOB B apOMATHYECKUX YITIEBOAOPOJAX
(14.31 A 9D, BUJIHO, 4TO B
reTepOMETAINTNYECKAX CBEPXIPOBOIHUKAX 3TOT
mapaMerp, Kak W CIeNOBAJIO  OXXHIATh,
CYIIECTBEHHO MEHBIIIE HCXOJIHOTO 17§
MPHOJIKASTCS K «CTAaHAAPTHOMY» 3HAUSHUIO IS
TpUKaaueBoro romodysmiepuaa  ra3zodazHOTo
cunrtesa (14.24 A). U3 pauHpIX TaGouibl Takxke
clleflyeT, 4TO IEepPeHOoC Ha MOJeKydy (yepeHa
Gonee 5 anmexTpoHoB (Zr', Fes™), kak u B ciyuae
[8], mpuBOAMT K TOTEpe CBEPXIPOBOIUMOCTH.
HanpoTtuB,  3amoiHeHHE  CIEAYIOIIEro  the-
noyposas (3Fe™), kaxercs BoccTaHABIMBACT ee,
Kak 93T0 HaOmiomaercs mia  QyIICPHIOB
HIETI0YHO3EMEITbHBIX " HEKOTOPBIX
peKo3eMenbHBIX MeTamioB M, “Ce (n=3-6) [10],
HO, BO3MOXHO, TMPHPOJA CBEPXIPOBOIIIINX
CBOWCTB B 3TOM CiIy4ae MOXET OBITh CJOXKHEe
0XKUAAEMOM.

Pabota momgnepskana rpantamu POOU Ne 02-03-
06093 u 02-03-32575.
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I/I(S((Z)(;r}?lljlx HpeZEHOHOFa_ T. iﬁgﬁf;ﬁ;ﬁ IBer 1;2131?2(:(2) am™
Kommonent | C M cOCTaB (K) MeTaia a(A) (A)
S5K+Ti™ K,TiCgo - 3d! YepHBIA 0.72
6K+Zr™ K»ZrCgo - 4d° YepHBIIt 0.80
S5K+V K>V Ceo - 3d? qepHbIIT 0.74
4K+V™? K,VCg 21 3d°* YEPHBIN 0.82
5K+Cr™ K>CrCeo 14 3d’° YepHBIiA 0.69
5K+Fe™ K>Fe™Cgo 16.5 3d° aepHblii | 14.24(6) 0.64
9K+3Fe™ Fe;C® 15 3d’ YepHEIit 0.64
4K+Fe"? K>Fe™Cgo 15 3d° uepnblit | 14.23(2) 0.76
5K+2Fe" KFe,?Cgo - 3d° aepnblii | 14.28(2) 0.76
6K+3Fe™ Fes™Cgo - 3d° YepHBIIT 0.76
4K+Co™? K,CoCg - 3d’ yepHbId | 14.264(4) 0.74
5K+2Co KCo,Ceo - 3d’ YePHBIIT - 0.74
4K+Ni™ K,NiCg 13.9 3d® uepHbIi | 14.244(3) 0.72
5K+2Ni KNi,Cgp - 3d® YePHBIN - 0.72
4K+Cu™ K>Cu™Cqg 14.5 3d’ YePHBIIT - 0.69
3K+Cu™ K>Cu™'Cqgo - 34" KPACHBIIt - 0.96
3K+Ag"! KrAg™' Ceo - 44" KOpHWYH. - 1.26
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