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The crystal structure of Dy@4dz isomer | at 298 K has been determined by Rietveld refinement for x-ray
powder diffraction with synchrotron radiation. Isomer | shows a simple cubic stru@stur@ag) with a lattice
constanta of 15.781) A. The G, axis of a G,-Cg, cage aligns along thigl11] direction of this crystal lattice.

The Gg, cage is orientationally disordered to satisf?ay&nmetry alondg111], which is requested in this space
group. The large thermal parameter for the Dy atom estimated from the x-ray diffraction probably reflects a
large disorder caused by a floating motion of the Dy atom inside thea@e as well as a ratchet-type motion

of the Dy@ G, molecule. The electronic transport of thin film of Dy@,Ghows a semiconducting behavior.

The energy gaj, is estimated to be 0.2 eV. Further, the variation of valence from Dy Dy?" is found by

metal doping into the Dy@¢; crystals.

DOI: 10.1103/PhysRevB.67.115410 PACS nuniber61.66—f, 61.72.Ff

INTRODUCTION lattice (Fm3m,a=15.766 A), and include the hcp phase as
a minor phase. The x-ray powder diffraction patterns show a
Structures and transport properties of solid metallograstic variation between the two crystal structures.

fullerenes M@G,) are a very exciting research-subject in e reported on the x-ray powder diffraction and the x-ray
chemistry and physics. The crystal structureM@ G, was  Absorption Fine Structure of a purified sample of solvent-
first determined by a maximum entropy meth@dEM)  free Dy@ G, which contains at least two isomers of | and
analysis for x-ray powder diffraction of crystalline solid of || ° The x-ray diffraction pattern of mixed crystals of isomers
1:1 toluene-solvate of Y@@." The crystals were assigned | and Il at 298 K were indexed with an fcc lattice af
to a monoclinic space group 6f2;, and the Y atom lay on  =15.86(1) A. The x-ray absorption near-edge structure
a six-membered ring inside theg{rage. Further, the MEM (XANES) of the Dy@ G, sample revealed a valence 61
analySiS was applled to the structural determination of 1:]for the Dy atom. The distance between the Dy atom and the
toluene solvates of Sc@gand Sg@ Cgy; the space group first nearest C atoms, (0), and that between the Dy atom
wasP2; for both crystal@:3 The crystal structure of solvent- and the second nearest C atom&)Cwere determined to be
freeM@G, was determined with single crystals of La@C 2.522) and 2.862) A, respectively, from an extended x-ray-
isomer | by Watanuket al* The crystals of La@g; isomer  apsorption fine-structur€EXAFS). Very recently, we found
| take a face-centered-cubitce) lattice with a lattice con- 3 structural phase transition from sc to fcc for solvent-free
stanta Of 1578 A at 300 K. The Stl‘uctural transitions to Crysta's Of DyC@@2 isomer | around 310 K based on the
various phases were found in a wide temperature region froemperature dependence of the lattice constant and peak in-
the x-ray diffraction for single crystals of La@gisomer tensities of the x-ray diffraction ascribable to the sc pHse.
1.%° The various phases are realized by differences in thehis structural phase transition was confirmed by a differen-
molecular orientation of the g cage and the molecular elec- tja| scanning calorimetry. Therefore, the crystals of isomer |
tric dipole moment produced by a displacement of metal ionake a sc structure at 298 K, although the mixed crystals were
from the cage center. The magnetic property of aassigned to the fcc structure.
La@GCSy) 15 solid with a body-centered-cubicbcc) The transport properties of metallofullerenes are very im-
structure (43d) was recently reported by Nuttadt al® In  portant and interesting research-subject because they give a
crystals, the long axis of theggcage is oriented along the key for their application to electronic devices. The resistivity
[111] direction and the La atom is displaced aldadl] from  p of single crystals of La@§; was measured by a two-probe
the center of the § cage’ The magnetic property shows a method™ The La@ G, crystals were a small gap semicon-
strong antiferromagnetic interactio@ Weiss temperature ductor with gap energyky, of 0.3 eV. The photoemission
6~—130 K).° A phase transition was observed at 150 K,spectrum of La@§, also showed argq of 0.35 eV for
which originates from an orientational ordering of thg,C La@ G;,.*?1*Very recently, the optical gap of 0.3 eV was
cage. Further, two crystal structures were reported foobserved in the absorption spectrum of a thin film of
Ce@ G, by Nuttall et al® The crystals obtained after an an- La@ Gy,.*° The transport properties for the solid samples of
nealing under vacuum take a hexagonal-close-pacting  metallofullerenes except for La@ghave never been stud-
structure P6;/mmg a=11.1544 A andc=18.2256 A), ied, to our knowledge.
while the sublimated Ce@ggcrystals dominantly take a fcc In the present paper, the crystal structure of a Dyg C
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isomer | in the sc phase is determined by Rietveld refinement
for x-ray powder diffraction. The orientation of the{tage

and the Dy atom in the unit cell are discussed. Further, the
electronic transport property is studied by aneasurement
for a thin film of Dy@ G, and a semiconducting behavior is
observed below 350 K. Finally, the intercalation of K atoms
with the Dy@ G, crystals is tested, and a variation of va-
lence from Dy 3 to Dy*? is observed.
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EXPERIMENT
| 1 ! 1 |
I_Details for the separation of _Dy.@gjisomer. | was de- 0.0 5 10 15 20 25 30
scribed elsewheréThe characterization of the isomer | was 26 (degree)

performed by a high performance liquid chromatography,

time-of-flight (TOF) mass spectra, and the UV-VIS-NIR ab-  F|G. 1. Observed x-ray-diffraction pattersolid line) of the
sorption spectra. The molecular symmetry of isomer | wady@ G, isomer | at 298 K together with indices for a sc lattice.
identified to be G, from the similarity in the UV-VIS-NIR  The symbol#® show the peaks which cannot be indexed with a fcc
spectrum to those of La@gisomer | and Pr@§g; isomer lattice. In the inset, the observed x-ray-diffraction patternsym-
1.916-20Fyrther, the UV-VIS spectrum of Dy@gisomer |  bols) and that calculated with the structural parameters determined
obtained by our group was consistent with that of theby Rietveld refinemengsolid line). The allowed peak positions and
Dy@ Cg, isomer of G, cage symmetry reported by Tagma- the difference between the observed and the calculated patterns are
tarchis and Shinohar&.The solid sample of isomer | was drawn by ticks(middle) and the solid lingbottom), respectively.
obtained by evaporating toluene from the toluene solution of

isomer | separated after five-step HPLC. A trace of '[oluen%pace groupst§ Pn3 Pa3. P2,3 andP23, which sat-

was removed from the solid sample by a dynamical pumpinqsfy the condition that there are four Dy@4£mnolecules per
under a pressure of 10 Torr for 12 h at room temperature, one conventional cubic cell, in the same manner as the

T L oL iee Sl ot e e Lo eyt
P . P a P If an inversion symmetry is assumed for the crystal struc-
glove box, into a glass capillary®(=0.5 mm) for an x-ray- . — = —
diffraction measurement. The x-ray powder diffraction pat-{ure. three possible space groupsRuin3, Pn3, and Pa3
terns of the isomer | were measured at 119 and 298 K undéran be suggested. For the general positiornj24 Pn3, the
ambient pressur¢l ban [wavelengthx=0.8520(1) A] at systematic absence kst-|=2n for Okl andh=2n for h0O.
BL-1B of KEK-PF (Tsukuba, Japarf* Thep of the thin film  As indicated in Fig. 1, the existence of 430 reflection rules
of Dy@ G, was measured from 170 to 350 K by using four- out the possibility ofPn3. On the other hand, the observed
probe_ methods. Dy@BCZ‘\{vas deposited on Au elect(odes 56 reflections satisfy the systematic abserice 2n for Okl and
nm thick, and 500Q«m wide, and a 2Q:m channel distance h=2n for h00) for the general position (2 in Pa3. Fur-
was formed on the SigSi substrate at a deposition rate of ther, the general position (B4in Pm3 does not require any

=1 -6 . ;
0.01 nm$™ under a pressure of 10 Torr; the thickness systematic absence. However, we performed the Rietveld re-

of SiO, was 570 nm. The thickness and width of the . ; ;
N . finement for the x-ray powder diffraction pattern based on all
Dy@Ce, thin film were 120 nm and 300m, respectively. these space groups because the 430 reflection is weak.

The K.D ample was prepared by annealing K metal —
KDy@ G, sample was prep y nd The G,,-Cg, cage of Dy@ G,, which posesses no$/m-

and Dy@ G, in a glass tube under a vacuum of £0Torr at i ) .
450 °C for 20 days; an excess K metal was added to Dy@C metry, has to be orientationally disordered because the sym-

in the glass tube. The sample was introduced into a glas®etry 3 or 3is required along111] to realize a cubic crystal.
capillary in an Ar glove box for XANES measurement. The At first, the refinement for the crystals of the Dy@gso-
XANES spectra of Dy@ & and KDy@ C;, were measured mer | was carried out based &a3. The crystals oPa3 are
at 298 K in a fluorescence mode at BL-12C of KEK-PF.  found for the low-temperature phase of pristing; @nd
Na,Cqo:;22?%in the crystals, the six membered ring of thg,C

molecule was faced tf111] to satisfy the 3symmetry. In
this case, the £ molecule does not need orientational dis-
Crystal structure of Dy@ Cg, isomer | order because the molecule has asgmmetry. For the
The x-ray-diffraction pattern of isomer | at 298 K can be Dy@ Cg; isomer |, the center of £-Cg, cage was placed on
indexed with an sc lattice ofi=15.78(1) A, as shown in the origin of the unit cell, and theGxis of the G, cage was
Fig. 1. Thehkl reflections do not satisfy the condition bf ~ aligned alond111]; such an orientation is found in the crys-
+k, h+1, k+1=2n for hkl, although the reflections without tals of solvent-free La@g& and La@ Gx(CS,)15.*" The
the condition are weak. All x-ray powder diffraction patterns C—C bond lengths in the initial £-Cg, cage were taken as
for isomer | from 17 to 298 K at 1 bar can be indexed with 1.37-1.47 A. The number of crystallographically indepen-
the sc lattice, as reported previouSiyWe enumerated all dent C atoms is 82 in thBa3 unit cell because the - Cg,

RESULTS AND DISCUSSION
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FIG. 3. Plots ofR,,, calculated with the structure obtained by
the Rietveld refinement for the x-ray-diffraction pattern at 298 K by
assuming the space group @ Pa3 and(b) P2,3 vs ¢. R, refer
to the values for the structure refined in the arbitrdryand are
calculated at thep denoted by thdll symbols. The solid line is
drawn by curve fitting.

FIG. 2. Structure of &,-Dy@ C;, molecule viewed alonfl11].

The setting angle is taken asp=0° for the structure shown ia), The x-ray-diffraction pattern of Dy@4 isomer |, and

gndh¢>:?0° in (b). The VLhite;“F’ blackhcirges refer to éhic atpm::] that calculated with the structural parameterspat30°, are

in the closest six-membered ring to the Dy atom and those in t ; : : . :

fused six-membered rings, respectively. The &is of the cage %f;own Ir:?tfhetmsst of I;I%5‘:’I; Thg zﬁgi{o"/"p and mtt(.agrfte_?h

passes through the six-membered ring and the center of the fus ensity 1actork, are s. 0 and £.54%, respectively. 1he

six-membered rings. The triple circle refers to the Dy atom. y-C(1) distance was 2.68) A, which is _Iarger than that,
2.522) A, determined by EXAFS. The displacement of the
Dy atom from the cage center is 1.64 A. On the other hand,
the x-ray-diffraction patterns calculated by assuming the

space groups oPn3 and Pm3 could not reproduce the ex-

has no 3symmetry. All C atoms occupy 2Hsites in thePa3  perimental one, although the Rietveld refinements in various

unit cell. The occupancy of the C atoms is 1/6. The Dy atom¢ were examined. This result implies that a3 andPm3.
was initially placed on the Laxis of the cage with the Dy-

. ) can be ruled out from the candidates of the space group for
C(1) distance of 2.5@) A determined by EXAFS, where the /&he low-temperature phase of Dy@gsomer .

distance between the Dy atom and the cage center is 1.85 A. gyrther, we tried to analyze the x-ray-diffraction data
(Ref. 9; the Dy atom occupies thec8site with an occupancy pased on the space group¥?,3 and P23, which have no
factor of 3. The structure of Dy@§; viewed alond111]is jnversion symmetry. At first, the Rietveld refinement was
shown in Figs. 2a) and 2Zb). The rotati_on of the cage around performed based on the space groupP#;3 which is a
[111] is allowed in the crystals oPa3. Thus the Rietveld maximal subgroup ofa3. The procedure of the Rietveld
refinement is performed in the arbitrary setting angle refinement is the same as that for the space gr‘éaﬁ
a}round[lll]: The geometrical structure of the;(age was except for the occupancy factors of C and Dy atoms \;vhich
fixed to the initial one, and and the temperature factBrof are 1/3 and 1, respectively. The pIotsR;,tp\E is shown in

the Dy atom were refined. Figure(é83 shows plots of , L
weighted patterrR factor Ry, VS ¢. The Ry, curve shows Fig. 3b). The cur:J/e is similar tq t.hat forPa3. quever, the
two local minima at=7.5° and 50°, and a global minimum Ruyp value of 4.09% at global minimum fd?2,3 is larger by

at ¢=30°, though the difference in tthp at each¢ is ~1% than_that forPa§ The difference of~1% in pr
very small. betweenPa3 andP2,3 is significant because the number of

115410-3
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and that calculated with the structural parameters determined by
Rietveld refinementsolid line); the Dy atom is displaced from the

C, axis of the G, cage. The allowed peak positions and the differ-
ence between the observed and calculated patterns are drawn by
ticks (middle) and the solid lingbottom), respectively.

parameters are the same in both space groups. Consequently,

the space grouﬁ’agis supported, whose space group is the
same as that for pristinegg:2? Further, we tested the space

groupP23, which is a maximal subgroup &n3 andPm3.
However, the experimental x-ray-diffraction pattern could
not be reproduced with this model. Therefore, we have ex-
cluded these models with no inversion center.

The value ofB, 13224) A2, of the Dy atom determined

by the Rietveld analysis in the space groupRH3 is ex-
tremely large. This suggests a disorder of the Dy atom

around[111]. This type of disorder is allowed in the crystals FIG. 5. () Structure of Dy@G, molecules in the unit cell

of Pa3. We tried to dls_place the Dy atom from the &xis of viewed along 111]. Six molecules are drawn to satisfy thesgm-

the C{32 cage. The pos_ltlon of the Dy atom was changed frommetry, and the cocupancies of the C and Dy atoms are (bj6.

the site & to the 24d site; the occupancy of the Dy atom was prgjection along100] of the unit cell. In(a) the white and black

set tog. The Dy atom was initially displaced by 0.6 A from circles refer to the C atoms in the six-membered ring and those in
the G axis. The Rietveld refinement was performeddat the fused six-membered rings, respectively; theagis of the cage
=30°; here the geometry of thegCcage was fixed to the passes through the six-membered ring and the center of the fused
initial one, and the parametefs, y, 2 andB of the Dy atom  six-membered rings. The triple circles refer to the Dy atomé&ijn
were refined. The x-ray-diffraction pattern obtained by theand (b).

Rietveld refinement is shown in Fig. &,, and R, are
2.91% and 2.07%, respectively. TBevalue was estimated
to be 2%7) A% The decrease iB by displacing the Dy atom
from the G axis implies a large disorder of the Dy atom in

Dy@GCs,. Very recently, a displacement of the Tm atom v o
from the G axis in TM@ G, is found from EXAFS below the G, cage; this disorder occurs around {ié&1] direction.

20 K, which is very small in comparison with that in The disordered molecules of Dy@Qdsomer | and a pro-
Dy@’CB 24 jection of the unit cell are shown in Figs(a&s and Fb),
2.

The Dy@ G, molecule takes place a static and/or dy- respectively. . .
namical disorder in this crystals; the disorder is probably The x-ray-dlffractlon_pattern at 119 K was analyzed based
dynamical, i.e., ratchethopping type rotation around the on the space groupa3. The best fit is obtained for the
[111] direction; such a rotation is found below 450 K in fcc cage-orientation okp=30° as in the case of 298 KR,
La@ G, crystals®® Further, the extremely larg@[=13224)  =5.98%.ais 15.712) A. The results show that the orienta-
A?] in the model in which the Dy atom lies on the @xis  tion of the G, cage is constant ab=30° between 119 and
and the largeB [=25(7) A%] even when the Dy atom is 298 K. B of the Dy atom, 15778) A%, was extremely large
displaced from the Caxis probably reflect the dynamical when the atom was placed on the &xis of the cage. On the
disorder of the Dy atom inside theg{cage. In fact, a large other handB was 167) A% in a model in wich the Dy atom
floating motion of the La atom is found from the MEM elec- is displaced from the Laxis. In the analysis based on this
tron density distribution of La@4.° The floating motion model, the finaR,,, andR, were 5.86% and 6.13%, respec-
is also suggested from the theoretical electrostatic potentidively. The position of the Dy atom at 119 K determined by
map?® Consequently, we have concluded that the Dy atonRietveld refinement is almost the same as that at 298 K. This

exhibits a large disorder, not only by the ratchet-type motion
of the Dy@ G, molecule but also the floating motion inside

115410-4



CRYSTAL STRUCTURE AND ELECTRONIC TRANSPOR. . . PHYSICAL REVIEW B 67, 115410(2003

g
o

0.9

r a) a) ;\4_ Dy 3+
1 ¢ :@ -
E " \ BT : :‘\/'/
a 3 = :
e \ = :
i 031 \\-\‘_’ Sosf i
] g ;,
~
0.0 . - 2
350 % -
L
11.5 0.0 1 1 1 1 1
b) 7730 7770 7810 7850
= Energy (eV)
é}E) 10.5
= 1.0
& Dy3*
= 95 b) .4« Dy
8.5 .
0.0030 0.0040 0.0050 0.0060 Dyz*-\ . \__/"

UT (K1)

FIG. 6. (a) Plots ofp vs T in a thin film of Dy@ G, from 170 to
350 K. Observed data are drawn by symiol(b) Plots of Inp vs
T from 170 to 290 K; the observed data are drawn by synibol
The solid line refers to that fitted with the linear relationship.
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implies that the molecular structure of the Dy@@omer | FIG. 7. XANES spectra ofa) Dy@ G, and (b) KDy@ G,

at 119 K is almost the same as that at 298 K, and the Dy
atom exhibits large disorder.

sition observed around 310 K in Dy@gisomer | is the
Transport property of Dy@ Cyg, semiconductor-semiconductor transition.

The temperature dependence pfof a thin film of
Dy@ Gs, is shown in Fig. 6a). The Dy@ G, sample used for
the fabrication of thin film contains two isomers | and Il, in
which the abundance is estimated to be 4:1 from the inte- The K metal was doped to the Dy@4rystals in order
grated intensity of the HPLC pedkp decreases with an in- to prepare a new compound,,By@ Cg,. The L -edge
crease in temperature up to 350 K. Thevalues are 6.8 XANES spectra of Dy@¢; and KDy@ Cg, are shown in
kQycm at 290 K and 3.0®cm at 350 K. The Ip vs 17T Figs. 7a) and 7b), respectively. The shoulder at 7785 eV is
plots from 170 to 290 K are shown in Fig(l8, exhibiting a  observed in addition to the peak at 7791 eV D@ Cg,,
linear relationship. This implies that Dy@gis a normal while only the peak at 7791 eV was observed in Dy@.C
semiconductorEy was estimated to be 0.2 eV which was The peak at 7791 eV for JOy@ Cs, can be associated with
smaller than those of & (1.8 or 2.1 eV, Na,Cg, (0.8 €V), the Dy** because the peak for Dy@gis assigned to
K,4Ceo (0.5 eV), RbyCgo (0.6 €V) and Cglqp (0.6 €V)27~3°  Dy*".° The shoulder may be assigned to the?Dypeak,
The E4 value of Dy@ @G, is slightly smaller than those of from the analogy with the fact that the XANES peak ¢t
La@ Gs,, Which are estimated to be 0.3 eV from théor the  in Eu@ G shifts to lower energy by 6 eV in comparison
single crysta’ and 0.35 eV from the photoelectron with that (EG¢*) in Eu,0;3.3! Thus the intercalation of K
spectroscopy?** These results show that Dy@gCis a metal into the Dy@§, crystals can result in the variation of
semiconductor with a smalt,. Such a smalE, suggests valence from Dy" to Dy?*. Recently, the sample of
the possibility of the appearance of interesting physical propK,Tm@ G, was prepared, and its electronic structure was
erties in Dy@G,. For example, the semiconductor-metal studied by photoemission spectroscépy’ In K, Tm@ G,
transition may be observed by applying pressure. Ndhe existence of fcc structure ofsKm@ G, and bcec struc-
anomaly in the plots op vs T was observed around 310 K. ture of KsTm@ G, is confirmed based on the relative inten-
This implies that the structural phase transition of Dy@ C sity of C1s/K2p photoemission peaks. In this case, the va-
isomer | has little effect on the transport property. Consedence of Tm(+2) did not change upon intercalation of K.
quently, it can be concluded that the second-order phase traihis result is different from that in foy@ GCs,. On the other

Intercalation of K atoms into Dy@ Cg, crystals

115410-5
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such as Raman and IR as well as high energy spectroscopies
such as XANES, x-ray photoemission, and X-ray absorption

— — oo metal atoms in metal intercalated metallofullerenes. Krause
— K- T K+ oo et al. found a well defined relationship between the stretch-
= \ ing mode of metal-cage and the valence of metal atom in
s s —_s 1 . .
. |_J‘> — — metallofullerened! Consequently, a vibration spectroscopy

-0-e-

:; 5 x e seem to be useful to confirm the valence-variation of Dy in
: : : : : : K,.Dy@ Cg,. A further investigation is necessary in order to
Dy Cg Dy*  Cg* Dy*  Cg* (or Cg*) obtain the conclusive evidence for the valence-variation of
Dy in K,D , and to clarify its mechanism.
Dy Cs, Dy@Cs, K,Dy@Cg, Y DYO G v
FIG. 8. Schematic representation of molecular orbitals of CONCLUSIONS

Dy@ G;, and electron transfer between the metal atoms agd C )

Three electrons drawn by white circles refer to those transferred 1he crystal structure of the Dy@gisomer | has been
from the Dy atom to the & cage, while double and triple circles determined by the Rietveld refinements for the X-ray-
refer to the electrons transferred from the K atom. If the first elec-diffraction patterns at 298 and 119 K. It has been shown that

tron from the K atom occupies the LUMO originated from the Dy the solvent-free crystals of the Dy@LCisomer | take the
atom, only a double circle is significant. On the other hand, thespace group oPa3 in the sc phase below 310 K. The, C
second electron drawn by the double circle occupies the LUMOgxis of the G,-Cg, cage in the Dy@¢; isomer | aligned
originated from the Dy atom, if the first electron occupies the Or'along[lll], and the Dy@ @, molecule is orientationally dis-

bital originated from the g cage, as shown by the triple circle. ordered aroun111] to satisfy the 3symmetry. The larg®
of the Dy atom estimated from the x-ray diffraction reflects
the large disorder produced by both the ratchet-type rotation
hand, the variation of valence of metal atom is found be-of the Dy@ G, molecule and the floating motion of the Dy
tween metallofullerene and dimetallofullerenes from the UV-atom inside the ¢, cage. The crystal structure of the fcc
VIS absorption and XANES spectf&®*The valences of Tm phase of the Dy@§ isomer | above 310 K is not discussed
in Tm,@ G, and TmHo@ G, are +3, while the valence of in the present paper. However, it can be expected that the sc
Tm in Tm@ G, is +2; the XANES peak of Tm@4 shifts  structure changes to an fcc structure when the orientational
to the lower energy by 7 eV than that of J@ GC;,.%* disorder of the Dy@ & molecule occurs with respect to all
We can propose the simple model that an electron rethe axes 0f111).
leased from K atom occupies the lowest unoccupied molecu- A semiconducting behavior is found for the Dy@.C
lar orbital (LUMO) originated from the Dy atom in order to crystals from 170 to 350 KE4 was estimated to be 0.2 eV.
explain the variation of valence of Dy in,Ry@GC;,, as  This shows that the Dy@dzcrystals are the small-gap semi-
shown in Fig. 8. The LUMO originated from metal atom is conductors. Further, the intercalation of K atoms into the
theoretically suggested for Gd@G?® The coexistence of Dy@ Cg, crystals was tried, and the XANES spectrum was
Dy?* and Dy’* in this sample seems to imply the existencemeasured in order to determine the valence of the Dy atom.
of K" Dy?* @ C3, and non-doped Dy @ C3, rather thanthe The valence of the Dy atom in Dy@gand Dy@ Gy is
solid-solution type phase with the mixed valence of?Dy reported to bet3 (Refs. 9 and 4R very recently,M @ Gy
and Dy**. This suggests that thevalue of the KDy@GC;, = compounds such as Dy@¢were purified by the HPLC
sample is less than 1.0. On the other hand, we can expect thaith aniline>~*>On the other hand, a peak was observed in
the electron from the K atom occupies at first the orbitalK,Dy@ Cg, at an energy at 6 eV lower than that for By
originated from the g, cage, from the analogy with the elec- We assigned this peak to BY. If this is the case, the control
tron transfer between the Dy atom and thg €age. In this  of the electronic structure can be expected by metal doping
case, after the electron-filling of the orbital ofage, the into the metallofullerene solid.
electron must transfer to the LUMO originated from the Dy
atom, in order to realize the valence of Dy(Fig. 8. In this
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