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Electronic structure of the Chevrel-phase compounds SiMogSe 5: Photoemission
spectroscopy and band-structure calculations
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We have studied the electronic structure of two Chevrel-phase compoungSgMand Si s;M0ogSe 5, by
combining photoemission spectroscopy and band-structure calculations. Core-level spectra taken with x-ray
photoemission spectroscopy show systematic core-level shifts, which do not obey a simple rigid-band model.
The inverse photoemission spectra imply the existence of an energy gap lecagd above the Fermi level,
which is a characteristic feature of the electronic structure of the Chevrel compounds. Quantitative compatri-
sons between the photoemission spectra and the band-structure calculations have been made. While good
agreement between theory and experiment in a wide energy range was obtained as already reported in previous
studies, we found that the high density of states near the Fermi level predicted theoretically due to the Van
Hove singularity is considerably reduced in the experimental spectra taken with higher energy resolution than
in previous reports. Possible explanations for this observation are proposed.
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[. INTRODUCTION and its position relative t&€: depends on the number of
electrons in the cluster. It is this feature as well as the

The Chevrel-phase compounds, which were extensivelgluster-based crystal structure that gives some researchers
studied in the 1970s as one of the largest families othe hope that thermoelectric materials may exist among the
superconductor;® have recently attracted renewed interestChevrel-phase compounts.
as candidates for thermoelectric materfaisTheir general Experimentally, photoemission spectrosco@yES is
formula isA,MogXg, WhereX is a chalcogen atom, namely, one of the most useful methods to investigate the electronic
S, Se, or Te and\ is an alkali metal, alkaline earth, simple structures, and it has already been applied to this system
metal, transition metal, noble metal, or rare edbozens of several times. Following the early work by Ihara and
compounds with this formula are known, a large portion ofKimura!* many studies have been reported including
which show superconductivity. Crystallographically, theyx-ray photoemission spectrosco¥P$S), ultraviolet photo-
have a rather remarkable structure consisting ofXjcclus-  emission spectroscopP9,*?*" and x-ray emission spec-
ters. In this sense, the Chevrel system is a forerunner dfoscopy'? Although the measured valence-band spectra
cluster-based superconductors like the fullerenes. Such matere compared with band-structure calculations and good
terials tend to have rather exotic electronic structures, whiclagreement was obtained between experiment and théd&ty,
gives us a unique opportunity to search for compounds witlexperiments have not been performed using high enough
unusual properties. resolution to access the electronic structure rigar Infor-

A number of theoretical band-structure calculations havemation about the unoccupied states that could be obtained by
been reported for the Chevrel-phase compolntsTwo  inverse photoemission spectroscqfiyES is also lacking.
characteristic features should be remarked. The first is the In this paper, we report on a study of the electronic
high density of statesDOS) near the Fermi level E) structure of two Chevrel-phase compounds ¢8e 5 and
mainly due to flatbands of Mo dicharacter, which would Smn ,M0gSe 5, combining the results of PES, IPES, and
favor a high superconducting transition temperature accordsand-structure calculations. First, the experimental results
ing to standard BCS theory. In fact, the Fermi level is locatedor the core-level, valence-band, and conduction-band spec-
close to a Van Hove singularitf/HS).2 In addition, the tra will be shown. The valence-band spectra were taken with
flatbands mean a low Fermi velocity, which leads to a shortmuch higher resolution than in previous reports. Second, af-
coherence length and hence a high critical magnetic fielder the results of the band-structure calculations for; &g
(Hc,) .2 Second, there exists an energy-gap-like structur@ind SnM@Se, are reported, a quantitative comparison be-
about 1 eV abové. This arises from a splitting between tween the experimental PES and IPES spectra and the theo-
the bonding and antibonding states of the Mw dhanifold  retical spectra derived from the band-structure calculations
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will be made. We finally discuss to what extent the theory
explains the experimental results.

e Sn,,MogSe; 5
0 MogSe, 5

(b)
Mo 3d

Il. EXPERIMENT

A. Sample preparation

Intensity (arb. units)

Polycrystalline samples of M&e s and SR MogSer s £ e e o
were prepared as follows. For M®e 5, a mixture of Mo ' | [ R L
and Se with the desired ratio was sealed in an evacuated "400 -395 -390 -285 -280 -2%5
silica tube, and was then heated from 200 °C to 900°C at a
rate of 100 °C/h, followed by annealing at 900 °C for 12 h.
The product was ground and pressed into a pellet, and was
then annealed at 1200 °C for three days. For SlogSe 5,

a mixture of the desired ratio of Sn, Mo and Se powders was
heated in an evacuated silica tube at 200°C for 12 h and at FP2
250°C for 12 h, and was then heated up to 800 °C at a rate —— fued =
of 100 °C/h, followed by annealing at 800 °C for 24 h. The 165 -160 -60 -55  -50

product was pressed into a pellet and was annealed again at Energy Relative to E (eV) Energy Relative to Er (V)

1000°C for a week. X-ray diffraction patterns of both 55 1 Mo 3 (a), Mo 3d (b), Se B (c), and Se @ (d) core-

samples were successfully indexed on the basis of the Cheyse| spectra of SpMosSe, s and Ma;Se; s indicated by closed and
rel structure. The hexagonal lattice parameters were dete()—pen circles, respectively. Ite), (c), and (d), the results of the

mined to bea=9.568 A and 9.521 A and=11.180 A and line-shape fitting are also shown by solid curves with vertical bars
11.838 A for MgSe; s and Si ,MosSe 5, respectively. The indicating the peak positions obtained through the line-shape analy-
SnMogSg phases were stabilized when the atomic ratio besis. Only in(b) are the positions of the intensity maxima indicated
tween Mo and Se was slightly nonstoichiometric. While thewith vertical bars since the ModBspectra contain signals from the
x-ray diffraction does not show any extra phase caused b$e 3 core level. The peak positions obtained are listed in Table |
the nonstoichiometry, it is not known whether Se deficiencybelow.

or excess Mo is responsible for this nonstoichiométry.

Judging from the results for the sulfide Chevrel-phaseneasurements of XPS and BIS were undertaken by scraping
compounds? however, the former is more likely rather the samples every several hours. However, scraping was
than the latter. Transitions to superconducting states werdone more frequently for the UPS measurements because
found to occur at 5-8 K for Mghe s and 2-8 K for UPS is more surface sensitive than XPS and BIS.

Sn ,M0ogSe 5, consistent with previous reports.

Intensity (arb. units)

IIl. EXPERIMENTAL RESULTS

B. Photoemission measurements A. Core-level spectra

The XPS measurements were done using thekMgline Figures 1a), 1(b), 1(c), and 1d) show the Mo ®, Mo
(hv=1253.6 eV) and photoelectrons were collected using &¢, Se 3, and Se 8 core-level spectra of M@e, s and
PHI double-pass cylindrica!-mirror analyzer. The UPS mea-sn, ,MogSe s obtained by XPS, respectively. The horizontal
surements were made using the iHend Hel resonance axis (E) measures the energy relativeEq and the binding
lines (hv=21.2 eV and 40.8 eV, respectivelgnd a VSW  energy €;) is given by —E. Two observations are worth
hemispherical analyzer. The IPES or Bremsstrahlungmentioning. First, systematic core-level shifts occur in going
isochromat spectroscopYBIS) measurements were per- from MogSe s to Sn ,MogSe 5. Second, the line shape of
formed by detecting photons div=1486.6 eV using a the Mo core level looks more asymmetric with a longer tail
quartz monochromator. The XPS and BIS measuremenigward higher binding energy than that of the Se core level.
were made at liquid-nitrogen temperature, and the UPS meé&ris is a feature common to both compounds.
surements at-28 K. We did the energy calibration and the T pe more guantitative on those points, we made a line-
estimation of the instrumental resolution by using Au evaposhape analysis by means of least-squares fitting. It is as-
rated on the surface of the samples after each measuremegtimed that each core-level peak has Mahan's asymmetric
They were performed for XPS by defining Auf#  |ine-shape reflecting the effect of core-hole screening by con-

=84.0 eV, and for UPS and BIS by measuring the Fermigyction electrons in metaf8. The degree of asymmetry is
edge. The total resolution wasl eV, ~35 meV,~80 meV,  characterized by the singularity indexgiven by

and~1 eV for XPS, Ha UPS, Hal UPS, and BIS, respec-

tively.

The samples were scrapédsitu with a diamond file for a=22 (21+1)
every measurement. During the XPS measurements, the in-

tensity of the O % core-level signal, which indicates con- whereq, is the charge of the conduction electrons with an-
taminations on the sample surfaces, did not increase for segular momentuni which screens the core hole aagdis the
eral hours, once it had been almost removed. Therefore, thghase shift, satisfying Friedel's sum rulgg,=1. The line

8\? Q|2
F) =E| 2021+ 1) @
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TABLE I. Core-level peak positioE and singularity indexx ® Sn,,MogSe; 5
obtained by the line-shape analysis. For the Mocdre level only, 0 MogSe; 5 T @)
the peak positions determined by their intensity maxima are listed. pr i i K

AE denotes the spin-orbit splitting betweeps3 and 3p,,, or be-
tween 35, and 3.

MogSe 5 Sn; ,;M0eSe; 5
Core level E(eV) AE (eV) « E(eV) AE(eV) «a

Mo 3ps, —393.87 17.52 ~0.18 —393.67 17.52 ~0.18
Mo 3dg, —228.03 3.13 -227.88 3.14

Se P, —160.38 577 <0.02 —160.27 577 <0.01
Seds, 5391 091 ~005 -53.78 0.88 ~0.07

Intensity (arb. units)

shape is convoluted with a Gaussian and a Lorentzian func-
tion which represent the instrumental resolution and the
core-hole lifetime broadening, respectively. An integral

'
©

backgrouné’ is also assumed. The line-shape analysis was 0

successfully made except for the Mal Zore-level spectra 5

which contain a weak Se s3core-level peak atE~ g

—229 eV. The results are shown for the Mp,35e 3, and =

Se 3 core-level spectra of both compounds in Fig&),1 =

1(c), and 1d) by solid curves. The fit parameters are shown 2| 2 SmiglogSer

in Table . R B A
First, it is found from Table | that the singularity indices 25 -20 -15 -1.0 -05 0.0 05

of the Mo core levels are larger than those of the Se core Encrgy Belative:do Br(eN)

Igvels, in qualitative agreement V\{ith the resqlts for .the sul- £, 2. valence-band photoemission spectra ofsSt ¢ and
fide Chevrel-_pha_se compouhti This observa}tlon |n.d|cates S, MogSe s in the entire valence ban@) and in the vicinity of
that the contribution from the Modlelectrons is dominantat g_"(h). The photon energies used for the measurementshare
Er rather than that from Sep4 which is qualitatively con- =212 ev(Hei UPS, 40.8 eV(Heil UPS, and 1253.6 eMXPS).
sistent with the band-structure calculations. Second, we alsgl| the spectra were normalized to the area betwEen-8 eV and
found that each core level in MBeg; s is located at a binding 0 eV after backgrounds of integral type and of Henrich type were
energy that is 0.1-0.2 eV higher than that in, ¢MogSe, 5. subtracted for the XPS and UPS spectra, respectively.
As for the trend of the core-level shifts, it has been reported ) )
that the shifts have weak linear correlation with the interclus-grounds of integral tygd and Henrich typ€ had been sub-
ter Mo-Mo distance and the rhombohedral lattice parameteffacted for the XPS and UPS spectra, respectively.
of Chevrel systems judging from the core-level and Mo 1 Roughly speaking, three structures are identified in the
absorption spectra of variows,MogXg compounds A= Pb, spectra of both compounds. For the moment, these structures
Ni, Cu, and so on an&X=S, Se, and Te'® Our results fol-  are referred to aé (from 0 to~—2 eV), B(~ -3 eV), and
low the same trend in thdg increases as the Mo-Mo dis- C (from ~—4 to ~—7 eV) as indicated in the figure. Be-
tance increases. Since the total number of electrons in tHeAuse the Sn$core level is observed &~ —14 eV, we
cluster increases when Sn is added tosB® s, the rigid- Nave to take into account only Moddand Se 4. The con-
band model predicts that each core-level binding energyfiPution of Mo 5s and Sn Spto the valence-band spectra is
should increase in going from MBe s to Sny M0SE 5. negligible because of the!r sma_II numbers of electro_ns in
The observed core-level shifts are therefore opposite to thodB€se compounds and their relatively small cross sectfons.
expected from the rigid-band model, assuming that Sn is apased on the fact that the relative cross section of $¢o4
electron donor and that the Fermi level would be raised byMo 4d is largest athy=1253.6 eV(XPS) and smallest at
Sn doping. Thus, our results imply that the valence-band*0-8 €V(Hell UPS, we can consideA to be of mainly Mo
structure itself changes and the system behaves unlike 4¢ character, showing up as a distinct peak in the ired
rigid-band model when Sn is added interstitially to Hel UPS spectra. In a similar way, structur@sand C are
MosSe 5. attributed to Se @ character because they appear as strong
' broad features in XPS. In the XPS spectra, it is hard to dis-
criminate betwee and C because of the low energy reso-
lution. The above assignment is qualitatively consistent with
The valence-band XPS and UPS spectra of®®sand  the band-structure calculatiorisee Fig. 4 beloyw Mo 4d
Sn ,M0gSe 5 in the entire valence band and in the vicinity character is dominant in the rather narrow energy range from
of Er are shown in Figs. (@) and 2Zb), respectively. They E=0 to ~—2 eV and Se # character appears as a broad
were normalized to the area of the whole valence bandpand fromE~ —3 to ~—7 eV. Quantitative comparison will
which spreads betweeR~—8 eV and 0 eV after back- be made below.

B. Valence-band photoemission spectra
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BI 035V | MogSe 5 to Sn ,MogSe 5, the narrowing of the Mo 4
| Mv=14888eV bands occurs not only in the bonding state but also in the
.g antibonding state and the position Bf is lowered relative
S| au A to the core levels. On the other hand, the centroid of the band
g in both states should be unaffected by the narrowing in the
> first approximation, causing the Mad4peak in the unoccu-
@ P pied state to be shifted away froB in the Sn ,MogSe 5
2l S s | spectra.
- i T - Sn; ,MogSe; ¢ Now, a characteristic feature in Fig. 3 is the existence of a
,fd[ . -0~ MogSe; 5 shoulder atE~0.5 eV in the Sp,MogSe 5 spectrum as
2 0 > 4 6 8 marked by an arrow in the figure. This shoulder implies the
Energy Relative to Eg (eV) existence of a dip in the unoccupied DOS. Though not so

obvious as in the SPM0ogSe 5 spectrum, there is a similar

FIG. 3. BIS spectra of SpMogSe; s and Ma;Seys. The arrows  shoulder atE~1 eV in the MgSe s spectrum. As men-
indicate the shoulder around 1 eV abdse. At the top, the spec-  tioned above, the band-structure calculations for many
trum of gold is also plotted. Chevrel-phase compourfdd® have predicted the existence

of an energy gap around 1 eV aboi#g . The observed

The intensity betweenE=-0.3 and —1.2 eV of shoulder is consistent with this considering thd eV en-
Sm MogSe, 5 is higher than that of MgBe; 5, which holds  ergy resolution of the BIS measuremefséee Fig. 5a) be-
true for all three spectra as seen in Figo)2Here, it may be  low]. To the best of our knowledge, the above observation is
tempting to consider that the Mod4band of MgSe; s is  the first experimental indication of the existence of the gap
shifted by~0.3 eV to higher binding energy compared with aboveE in Chevrel-phase compounds.
that of Sn ;MogSe, 5, corresponding to the core-level shift.
We should, however, emphasize again that the rigid-band
model predicts the opposite. Indeed, the line shape around
Er is qualitatively different for the two compounds, which  In order to interpret the experimental results from a theo-
clearly means that a simple rigid-band model is not appli+etical viewpoint, we have performed band-structure calcula-
cable to the Chevrel system and that the insertion of Smions for both compounds. The band structure was calculated
atoms between the clusters certainly changes the electroniglf-consistently using the local density-functional approxi-
structure aroundeg . Alternatively, the shift can be partly mation(LDA) and the scalar relativistic linear muffin-tin or-
attributed to the narrowing of the Mod4band due to the bital method(LMTO) in the atomic sphere approximation
increase in the distance between theg8i@ clusters. Gen- (ASA) including the combined correctiof©C).?>~2°
erally, when theX atom in the M@Xg cluster goes from S to In the ASA+CC, the one-electron potential entering the
Se, the lattice parameters increase due to the larger atom8chralinger equation is a superposition of overlapping
radius of Se. In a similar way, by inserting large atoms suctspherical potential wells with a positidR and radiisg, plus
as Sn and Pb, the distance between the clusters incréases kinetic energy error proportional to the fourth power of the
This results in the decrease of the Md #andwidth, and in  relative overlap of the spheres. The radii of the overlapping
turn lowers the position OE relative to the other core and muffin-tin spheres are determined by the conditions that the
valence levels because the Fermi level is located close to theverlapping muffin-tin potential be the best possible approxi-
top of the Mo 4 band in the bonding states. Actually, a mation to the full potential, and that the error due to sphere
slight decrease of the Moddband width from M@Se to  overlap be acceptable. For the Chevrel phases with open
SnMag;Se; is also predicted in the band-structure calculationsstructure, these conditions cannot be achieved with only
as reported below. atom centered spheres so several intersiigaipty spheres
were included to achieve good sphere packing and an overall
good representation of the potential. The radii of the atomic
and interstitial spheres as well as the position of the intersti-

The BIS spectra of SnMogSe, s and Mg;Se, 5 are shown  tial spheres were calculated by using an automatic procedure
in Fig. 3 with closed and open circles, respectively. The BlSdeveloped by Krieret al?® In the present calculation we
spectrum of Au near the Fermi level is also shown at the toallowed an overlap of 16% between atom centered spheres,
of the figure for the sake of comparison. The main peak all8% between atom centered and interstitial spheres, and 20%
E~2 eVis readily assigned to Moddcharacter, namely, the between interstitial spheres.
antibonding states of the Moddband, because Modthas a The basis set for both compounds consisted of Mo 5
high density of unoccupied states and its cross section iSp, 4d, Se 4, and the interstitiab LMTO’s. In addition for
larger than the other components such as SeThe broad SnMaq;Se; we included Sn §,5p LMTO’s. Ses, d, Snd, and
structure atE=6 eV is of Mo 4p character. As marked in interstitial p-d were downfolded’ This treatment not only
Fig. 3, the main peak position of $§MozSe 5 is shifted to  reduced the size of the secular matrix but also avoided dis-
higher energy relative to that of M8e 5 by ~0.35 eV. This  tortions of the phase shift of the high partial waves. Such
shift and its direction are consistent with the PES results, andistortions, or even ghost bands, may occur with the conven-
is explained in the same way as above: in going fromtional LMTO method. All k-space integrations were per-

IV. BAND-STRUCTURE CALCULATIONS

C. BIS spectra
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FIG. 4. Calculated DOS dfa) SnMq;Se; and (b) MogSe; with FIG. 5. (8) Comparison between theory and experiment for the
the total DOS and Mo d partial DOS shown by the solid line and Hern and BIS spectra of §3MogSe; 5 with solid curves and
the shaded area, respectively. MogSe 5 with dashed curves in a wide energy range. The solid and

dashed vertical bars indicate the positions of the intensity maxima

formed by the tetrahedron mettf8dising 254 irreduciblé  Of the main structures of the $MocSe; s and MgSe s spectra,
points within the Brillouin zone. respeptively. The energy splitting between the bonding and anti-

The calculated densities of states are shown in Figg. 4 bonding states of the Modtband is also showr(b) The enlarged
and 4b) for SnMq;Se, and Mq;Se, respectively, and they Plots of (@ in the vicinity of Ee .
are consistent with previous reports on other Chevrel-phase
compound$*° For example, MgSe; and SnM@Se; are Mo, Se, 5, respectively. To derive the theoretical photoemis-
calculated to have four and two holes betwdgnand the  sjon spectra from the results shown in Fig. 4 we took into
top of the valence band, respectively, as was previously reaccount the contribution of Mo dt and Se 4 only. The
ported. The DOS aEr is very high and situated near the partial DOS of each component has been weighted by the
VHS, which explains the asymmetric line shape of the Mocorresponding photoionization cross section at each photon
core-level spectra. The width of the Mal4and in the bond-  energy, and this weighted DOS has been broadened by con-
ing states decreases from 6.4 eV to 5.7 eV in going fromyoluting with a Gaussian and a Lorentzian which represent
MogSes to SnMa;Se;, which may be partly responsible for the instrumental resolution and the lifetime broadening, re-
the aforementioned non-rigid-band-like behavior. It shouldspectively. We have assumed that the lifetime width is linear
be noted here that the role of the insertion of Sn atoms bein energyE measured fronEg, i.e., the full width at half
tween the clusters is to change not only the number of ele¢maximumw= «|E — E¢|. The coefficienta, which phenom-
trons but also the cluster-cluster interactions. enologically represents the size of the lifetime of the photo-
hole with increasing binding energy, is a parameter that is
determined so that the measured spectra are well reproduced.
For both compounds we have taker0.24 and 0.40 for the
photoemission and inverse-photoemission spectra, respec-

In this section, we will make a quantitative comparisontively. The spectra have been normalized to their total area.
between the photoemission spectra and theoretical spectra As shown in Fig. 5a), the agreement in a wide energy
derived from the band-structure calculations. First, itrange between theory and experiment is quite satisfactory, as
is necessary to redefine the Fermi level of the calculationhas already been report&d:® The main features observed
because due to the Se deficiency the Fermi level okroundE=2-3 eV, —(1-2 eV, and—(3-6) eV in the BIS
Sm ,MogSe, 5 (MogSe, 5) is apparently higher than that of and PES spectra are well reproduced in the theoretical simu-
SnMao;Sg(MogSe;) by 1.4(1.0) electrons on the assumption lation. As shown in the figure, the energy difference between
that each Se vacancy gives two electrons to the valence banithe main peak in the He spectrum and that in the BIS
The shift corresponding to this in the band-structure calculaspectrum equals-4.1 eV for both compounds, while the
tion is 0.072 eV and 0.085 eV for $sMogSe 5 and  counterpart in the theory is3.8 eV for Mg;Se, 5 and ~3.6

V. COMPARISON BETWEEN THEORY
AND EXPERIMENT
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eV for Sn ,MogSe 5. Although the theoretical values are may thoroughly explain the discrepancy between theory and
slightly smaller than the experimental ones, the values of th@xperiment, the electron-electron interaction is the most
energy splittings, which directly reflect the electronic struc-likely to be responsible among them, because a transfer of
ture of the M@Se, cluster, fall in the same range for both spectral weight of the order 6t1 eV can be explained only
theory and experiment. In the theoretical studies, it is knowrPy taking this interaction into account. In fact, the signifi-
that a molecular-cluster approach is a good first approximacance of electron correlation effects in the Md Band in the
tion® due to the localized nature of the Mad4electrons Chevrel cluster were previously pointed out by Brusetti
within the cluster. al.* Finally, it should be remarked that the vanishing of the
In spite of that agreement, however, there exists a largfigh DOS due to the VHS is not peculiar to this system but
discrepancy just arounir between the experimental and has been observed in several superconductors such as the
theoretical Hel spectra as shown in Fig.(: while the  borocarbides and th&15 compounds® The reason for this
intensity of the M@Se,  spectrum is larger than that of the universal observation remains to be clarified in the future.
Sn ,MogSe 5 spectrum, which qualitatively holds true in
theory and experiment, the absolute _intensity is n_ot repro- VI. CONCLUSION
duced at all. Indeed, the sharp peak in the theoretical spec-
trum originating from the VHS completely disappears in the We have studied the electronic structure of two Chevrel-
experimental spectrum. Although the energy resolution is nophase compounds, M8e, 5 and Sp ,M0gSe; 5, using PES
high enough to check this point for the BIS spectra, one caexperiment and band-structure calculations. The XPS core-
see a similar tendency there too. We believe that the disapgevel spectra revealed systematic shifts, for which the change
pearance of the VHS is intrinsic judging from the overall of the Mo-Mo intercluster distances may be responsible.
good agreement between theory and experiment in the widérom the fact that the valence-band spectra do not agree with
energy range. Actually, there are several effects that havihe rigid-band model, we propose that the narrowing of the
been neglected in the band-structure calculations. The réMo 4d bands caused by the insertion of Sn atoms explains
markable reduction of the PES intensity néar indicates the observed shift. An indication of the energy gap located
that such an effect plays a significant role in the spectra on-1 eV above the Fermi level characteristic of the Chevrel
the low energy scale. Because the total spectral weighgystem was obtained in the BIS spectra. We have also calcu-
should be conserved if integrated to a sufficiently high endated the band structure of M8e and SnM@Sg; and com-
ergy, the significant weight ne& that is theoretically pre- pared them with the experiment. The overall good agreement
dicted is supposed to be transferred to the region away frorhetween theory and experiment in a wide energy range
Er (at least 1-2 eV fronkg) in the experimental spectra. A shows that the LDA is valid for these compounds. On the
similar discrepancy between theory and experiment exists inther hand, the high DOS due to the VHS was reduced in the
the photoemission spectra of another cluster-based supercogxperimental spectra. While it has been reported several
ductor, K3Cgo.2° times that band-structure calculations well reproduce the ex-
Several candidates that can cause the above phenomenperimental valence-band spectfd? this discrepancy was
may be listed. First, disorder due to the nonstoichiometryfound in the present study because of higher energy resolu-
The Se deficiencyand the excess of Sn for §MogSe 5  tion than in previous work.
may create a random potential that reduces the coherence of Our results imply that the insertion of various atoms be-
the electrons, leading to the decrease of the spectral intensitween the clusters influences the electronic structure around
nearEg . It has been reported that static disorder causes sudhe through a change in the intercluster interaction, resulting
an effect in the PES spectrum of TaSB A PES study for in a change beyond the simple rigid-band picture. The flex-
more stoichiometric single crystals of Chevrel-phase comibility of the insertion of cations into the unique cluster-
pounds will clarify this point. Second, we may consider based structure is attractive and, besides the possibility of
electron-phonon interactions. It has been reported that thepplication as thermoelectric materials, there may lie other
electron-phonon coupling constafit) in a Chevrel-phase aspects in the Chevrel-phase and related compounds such as
compound is as large asl (Ref. 3, a value that may reduce one-dimensional compounds made of Chevrel clusters.
the spectral intensity to almost half of the theoretical vdfue. Systematic theoretical and experimental studies are needed
The same explanation has been made fgE4s.%> The typi-  to clarify the relationship between the inserted atoms and the
cal energy of phonons in the Chevrel-phase compounds iglectronic structures arourtel- . Such information would be
however, only~10 meV (Ref. 3, which cannot cause a useful to finely tune the electronic properties of the Chevrel-
transfer of spectral weight of the order &fl eV. The third phase compounds.
candidate is the electron-electron interaction, which is pre-
sumably significant in the Mg clusters containing local-
ized 4d electrons. In 8-transition-metal oxides with strong
electron correlation, for example, it has been reported that The authors would like to thank T. Mizokawa, K.
the large spectral weight arouiit}: is transferred to higher Mamiya, and T. Konishi for their technical support and in-
binding energy farther fror as an “incoherent” part>3*  formative discussions. K.K. was supported by the Japan So-
While not only one but a combination of these three effectiety for the Promotion of Science for Young Scientists.
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