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Fig.1.9a and b. Density of oc-
cupied and empty states in (a) a
metal and (b) in a semiconductor
or insulator. Also, definition of
the Fermi level Eg, the work func-
tion ¢, the electron afflinity E,, the
photoelectric threshold E;, and
the fundamental gap E,. For a

. metal E;=¢
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e Superconductivity in alkali metal — C, complex

Superconductivity at 18K in
potassium-doped C,,

A. F. Hebard, M, ). Rosseinsky, R. C. Haddon, From 18 K ( K3C60)

D. W. Murphy, 5. H. Glarum, T, T. M. Palstra,

A. P. Ramirez & A. R. Kortan to 33K (CSZRbCGO)

ATAT Bell Lanoratares, Murray Hill, Mew Jersey 07974-2070, USA
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FiG, 2 Temperature dependence of the electrical res|stivity of a 860. A -thick
film of K,Cgs-

NATLRE - VOL 350 - 18 APRIL 1991



As for A Cy,,
Stable phases : A;Cgp, A3Cq, AsCh0: AsCoho

Synthesis of alkali metal fullerides 1323

Ag C‘.-H AeLen
bct fcc bcc

Fig Schematic structures of Cg and A, Cg with Cgs as large spheres and A as the smaller spheres

awn mn an equivalent BCT representation. (b) The structure of Ma,C, with Na wns in

| imterstices. (¢) A;Cy with A wonsg in both tetra ral and octahedral interstices. (d) The A,C,

structure exhibited by K, Rb and Cs. (2) The FCC A, C,, structure (A = Na, Ca) with the darker Nas 50°
oceupied. ([) The BOC A,C,, structure of K, Rb and Cs,

J.Phys.Chem.Solids 53, 1321



Alkali (alkali earth) metal C,, complexes
— Metallic (superconducting*) phase :
A.Csos ACs* (A=K, RDb, Cs)
CagCep™, Bagleo”
Not all electron accepting fullerenes become
metallic or superconducting.

Electron donation to Cg Is the key.

They are unstable to the ambient air !



0,, H,0

Encapsulation of electron donating atom(s)
prohibits degrading of donor




Metallofullerenes synthesized so far
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Isolated pentagon rule (IPR) satisfying Cg, cages




One of the Issues on M@C,,

?



Summary of Mono-metal atom entrapped Cg,

Principally metallofullerenes with
the same C,, cage give
essentially the same spectra.

That Is,

Small or no interaction between
the fullerene cage and the
entrapped atom

10 8 6 4 2 0
Binding Energy / eV Difference only in upper band due
to the difference in the amount of
electrons transferred



Multiple atoms encapsulated metallofullerenes

Examples ;

Er,@Cs,,

La,@Cq, La,@C80, La,@Cg,

Sc@Cq,,Sc,@Cy,, SC,N@C,,, SC,@C,,(Sc,@Cy,), Sc,C,@C,,
Ti,C,@C4(T1,@Cyp), T,@Cg;, Ti,C,@Cg,

Y,@C,g,, Y,C,@Cg, etc. etc....

Issues
Any special difference from M@Cg, ?
Entrapped atoms play differently or not?



Cage structure of three isomers : (1) C,(6), (ll) C,,(9), (lll) C;,(87?)

J. Phys. Chem. B, Vol. 108, No. 23, 2004 7575
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Figure 2. UV—Vis—NIR absorption spectra of (Y2C;)@Cp(L, IL IIT)

m CS, solvent. . . -
T. Inoue et al. Different electronic structure, particularly
In upper valence band region



Cg, cage also contains metal atoms without carbon atoms.

Y,C,@Cg, and Y,@Cg, give analogous absorption and have
the same C;, cage structure

|
|
2 I'\ (Y, Cp)@Cs,(111)
P \ Y@ Cya(I11)
Lo
400 GO0 80D 1000 1200 1400 1600

Wavelength / nm

Figure 4. UV—Vis—NIR absorption spectra of (Y,C;)i@Cg(III) and
Y@ Ca(IIT) in CS; solvent.

Do they have analogous electronic structure ?



Comparison of Y,@Cg, and Y,C,@Cg, (IlI)
the same cage structure and entrapped metal atoms
difference is additional two carbon atoms.

lonization Potential (eV)
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C,-C,, (No.8)
charge =-4

hv = 30 eV

Yz@csz B Yzcz@caz

8 6 4 2 0 =£

Binding Energy (eV)

Cage symmetry seems to
dominate
the electronic structure !

Difference spectrum indicates
additional two electron transfer

inY,@Cg,
(YC),#*@Cg,* and Y3*,@Cg,%

Because Y3t is the oxidation states of
both fullerenes, carbon atoms accept
two electrons or bonds is formed in

(YZC)Z @ C82



when different species, Lu3* and Y3+, entrapped

hv = 40 eV

Luzcz@caz
Y,C,@C,,(Ill)
Y,C,@C,,(Il)
Yzcz@csz(l)

16 14 12 10 8 6 4 2 0
Binding Energy / eV



The UPS of the same
C,, (8) cages
T1,C,@Cg, and
Y,C,@Cg, are not
identical !

Oxidation state of Ti in
Ti,C,@Cy, is +2,

Y in Y,C,@C,, is +3 !

Oxidation state of

entrapped atoms T T AT,
seems to be the key ! 0 8 6 4 2 0
Binding Energy / eV

Electronic structure change might be introduced by strong
Interaction between the cage and entrapped species.



IPR satisfying C.4 cages

One of the important Issues

There are two Dg, structures.

Are the structure of
(TiIC),@C-g and La@C-4 the
same or not ?




(Tic),@C_,

==
Laz@C78

LDA-DFT calculation on two
D,,, cage structures with
encapsulated La, and (TiC),

Good agreement on Dy, (5)
cage structure

Although they have the
same cage structure,

but have the different
electronic structures

Oxidation states of entrapped
atoms may be the key !



Wave function distribution

(a) TiCy@Cos (b) La@Cyg

HOMO HOMO-1 HOMO HOMO-1

Hybridization is observed in HOMO-1 of Ti,C,@C-g4



Summary
(as for the effect of entrapped atoms to the
electronic structure of the cage)

 Mono metal atom encapsulated fullerenes
— Cage dominate the electronic structure
— Entrapped species have few influence

— weak interaction between the cage and entrapped
atom

e Multiple atoms encapsulated fullerenes

— Fullerenes with metals of the same oxidation state
and the same cage give analogous electronic
structure

— Upper n-valence band depends on different oxidation
states of entrapped species

— Strong interaction is expected thanks to narrow inner
space of fullerenes
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