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The results ofab initio band-structure calculations and measurements of x-ray-emission valence spectra
(XES) (CuLe, VKBs, VLa, SKB13, SL, 3 and x-ray-photoelectron valence-band and core-level spectra
(XPS) of CuV,S, thiospinel are presented. It is found that a peak in valence-conduction bands close to Fermi
level is formed by V 3l states, which provide the metallic properties of G8Y. The valence band is formed
by Cu 3d, V 3d, V 4p, and S 3 states. Examination of the XES and XPS results and the calculated
charge-density maps and densities of states indicates that the valences of both Cu and V are similar to those of
their elemental solids. Calculations show a strong electron-phonon coupling ipSea¥id the prospect of
superconducting behavior has not been confirmed.

I. INTRODUCTION levels of C¢* are broadened into an energy band.
In the present paper the results alb initio electronic

The sulphospinels and selenospinels of MGX,-type  structure calculationgband structure and density of stgtes
(whereM = Ti, V, Cr, Co, Rh, and IrX= S, Se, Teshow a and high-energy spectroscopy measurements of a,SuV
variety of structural, electrical, and magnetic propertiés. Single crystal, including XPS valence-band and core-level
For instance, a metal-insulator transition was found recentlgPectra and x-ray-emission valence spectra of each compo-
for Culr,S,;3~°CuV,S, exhibits a phase transition associatednent(CuL a, V KBs, VLa, SKB13, SL,3), are presented
with charge-density waves® and superconductivity with together. This aIquvs us to study the oxidation states of the
T.= 3.45-4.80 K was measured for CuRde,, CuV,S,, copper and vanadium ions and to check_ the_above-mentloned
and CuRBS, 8 However, recent experiments on high-quality models of the electronic structure of thiospinel compounds.

single crystals did not confirm superconductivity in We will analyze the bondmg fgatu_re of C4%, in terms O.f
CuVZS4.9'1° the calculated charge distributions. We also e.st.|mate
Two empirical models of the electronic structure of electron—phonon coupling s_trength and s.up.erconduct|\/'|ty us-
. : .ing our calculated electronic structure within the McMillan-
CuCrX, compounds were suggested to explain their phyS|-HO field theor
cal properties!~1The first modet'~*3is based on the for- P Y-
mula Cu'[Cr" Cr**]X, with assumptions that diamagnetic
Cu" ions occupy the tetrahedral sites and that the ferromag- II. COMPUTATIONAL AND EXPERIMENTAL DETAILS
netic moment arises from a parallel alignment of the spins of
Cr* and CF* present at the octahedral sites. The metallic
conduction and the ferromagnetic interaction are attributed to We have calculated the band structure and density of
double exchange betweenCrand CF*. According to the states(DOS) of crystalline CuMS, using the linearized
second model?~1% the octahedral sites are occupied by augmented-plane-wave methddAPW) based on the local-
Cr". and the tetrahedral sites are occupied by formally di-density approximatiodLDA),'” in which we have used the
valent copper. In this model the metallic conduction and theexchange-correlation potential of Ceperley and Alfeas

magnetic behavior are explained by assuming that ttle 3 parameterized by Perdew and Zunge€uV,S, crystallizes

A. Calculation
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in the face-centered-cubic MIgO,-type structure (with
Pearson symbol of cF56, space groug-af3m at room tem-
perature. The primitive unit cell contains 14 atofhso for-
mula unit3: two Cu atoms occupy th€0,0,0 and G,3,3
positions, four V atoms occupy the,€,32) and equivalent
positions, while eight S atoms occupy the,{,u) and
equivalent positions. We use the experimental lattice
parameté® of a=9.799 A andu=0.3807 in our calcula-
tions. In this structural configuration, Cu atoms tetrahedrally
coordinate with S atoms, S atom tetrahedrally coordinates
with one Cu atom and three V atonfat a slightly larger
distance compared with the Cu-S distanoghile V atom
coordinates with six S ator{g the center of an octahedrpn _ CuV,S,
The LDA equations are solved self-consistently by the -10
LAPW method?!?2 The core states are treated fully relativ- .
istically, while the valence states are treated semirelativisti-
cally (without spin-orbit interaction, which plays a relatively ~ f"""} """
minor role herg No shape approximation is made for either 15 L o
the potential or the charge density. The muffin-tin sphere
radii are 1.106, 1.217, and 1.111 A for Cu, V, and S, respec-
tively. The nonspherical charge density and potential are ex- FIG. 1. The calculated band structure of G/ along some
panded in terms of lattice harmonics of angular momentunfigh symmetry lines. The Fermi energy is denoted by a solid, thin
| <8 inside the muffin-tin spheres and are expanded in mordne atI_E:0.0 eV. The Brillouin zone here is the same as that of an
than 14 300 plane waves in the interstitial region. A basis sefcc lattice.

of about ~100 LAPW’s/atom are used. During the self- . .

consistency cycle, the Brillouin zor(82) integration is per- KBs and SiK; 3 XES were measured with an energy resolu-
formed using 28 speci&l point€3in the irreducible BZ. The  tion of about 0.35 and 0.25 eV, respectively. _

total DOS and site-decomposed local DAPOS, within The SL, 3 x-ray-emission spectru.m was studied with the
the muffin-tin sphereare calculated using the tetrahedron hglp of_small-s_pot ultrasoft X-ray-emission spectrometer with
method*? interpolated from the energy eigenvalues of 195diffraction grating =600 lines/mmR=2 m) and electron

k points directly calculated using the LAPW method. The€Xcitation™” S L, 5 spectra were measured with an energy

DOS are smoothed using a Gaussian function with half widtfésolution of about 0.3 eV. The x-ray tube was operated at
of 0.2 eV. V=5 keV, =130 nA.

X-ray-emission spectra have been brought to the scale of
_ binding energies with respect to the Fermi level using the
B. Experiment binding energies of relevant initigtore-leve) states of the
The x-ray-photoemission spectroscopPS) valence- X-ray transitions as measured by the XPS technique. Corre-
band and core-level spectra of C484 were measured using Sponding binding energies ar&g(Cu 2p)=932.8 eV,
an ESCA spectrometer of Perkin-EIm@&HI 5600 ci, mono- Eg(V 2p)=513.5 eV,Eg(S 2p)=161.0 eV. The values of
chromatized Al Ka radiation. The single crystal of E(V Ka;)=4952.2 eV andE(S Ka;)=2307.6 eV were
CuV,S, was cleaved in high vacuum prior to the measuretaken for comparison with the Va and VK5 XES and S
ments of the XPS spectra. The XPS spectra were calibratdfi81,3 XES.
based on the Au #spectra of metallic AuEg= 84.0 e\}. The Cu\,S, single crystal was synthesized in a quartz
The Cula and V La (2p-3d4s transition x-ray- ampoule by TeGl vapor transport at growth temperatures
emission spectrdXES) were measured on the RSM-500— from 830 to 720 °C in a two-zone furnace. The crystals grow
type x-ray vacuum spectrometer with a diffraction grating@s octahedrons with a maximum size abowt33 3 mn?.
(N=600 liness/mm;R=6 m) and electron excitation. W«  According to the X-ray-diffraction pattern, the pure spinel
and CuLa spectra were recorded in the first and secondPhase is obtained. The characterization of the crystals and the
order of reflection, respectively, by a secondary electron multesults of measurements of some electrical and magnetic
tiplier with a Csl photocathode. The energy resolution wagProperties are given in Ref. 10.
about 0.4 eV for VLa XES and 0.55 eV for ClLa XES.
The x-ray tube was operated \ét=4.6 keV,| =0.4 mA. . RESULTS
The VKps (1s-4p transition) and SK, 5 (1s-3p transi-
tion) x-ray-emission spectra were measured using a fluores-
cent lohan-type vacuum spectrometer with a position- Figure 1 depicts the calculated band structure of
sensitive detectd® CuK and PdL x-ray radiation from the CuV,S, along some high-symmetry lines. The S
special sealed x-ray tubes was used for the excitation of th8s-derived bands located from — 15 to — 13 eV below the
fluorescent VK85 and SK; ; XES, respectively. A quartz Fermi energy(denoted by a thin, solid line &=0 eV) are
single crystal (101 plane curved toR=2000 mm(for mea-  well separated from the rest of the valence bands by more
surements of VK35 XES) and toR=1300 mm(for mea- than~5 eV. The S 3 bands are quite narrow except for the
surements of &, 3 XES) served as a crystal analyzer. The V lowest two bandgat ~—14 eV) with widths of ~0.6 eV,

Band Energy (eV)

A. Calculation
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FIG. 2. The calculated total and site-decomposed density of b ‘V‘
states for CuyS, (a) Cu LDOS,(b) V LDOS, (c) S LDOS, andd) N
total DOS. The Fermi energy is denoted by dashed lines at :
E=0.0 eV. The major character of these states are indicatex] by 1 C = =
p, d. See Fig. 5 for further detail. 5 7/~

while width between the lowes band and highest bands
(threefold degenerateat theI” point is 1.84 eV. The band

manifolds in Fhe energy region of —7 eV below the Fermi (1?0) (right panel$ planes for various states (b, andc shown in
level are derived mainly from the Cud3V 3d, and S $  Fig 1) at the zone centef point: (a) the bonding statea from
states. The bands near the Fermi energy are predominantly afp 22 10— 0.19 ev,(b) nonbonding and antibonding statesrom

V 3d character, so that the metallic nature of G&Ycomes  0.42 to 0.62 eV, andc) the antibonding states from 2.84 to 3.21
mainly from the V atom. The bands immediately above theev. Note that the (1Q) plane contains the Cu, V, and S atoms, and
Fermi energy are rather flat, which leads to a sharp peak ithe (001 plane contains the V atoms, while S atoms are slightly off
the density of states just abof#g , as shown in Fig. 2. One the (001) plane. The successive contour levels differ by
also notices that there appears a band gap of 0.2 eV at+1/p,=2.226. The lowest contour levels are labeled in the figure
E~1 eV above the Fermi energy, separating the predomi(in the units of 0.01 e/ﬁ_y. Note that in(b) the charges are I_ocalized
nantt,, and e, bands of V, which has a local octahedral @round the V atoms with a node between the V-V béaatibond-
symmetry. As seen in Fig. 2, the Qitband manifold is ing), and in(c) there are nodes between V-V, V-S, and S-S bonds.

nearly exclusive to the range7 to —1 eV belowEk. hibits thed,2_,2 andd,2 character on the V atoms, while the
_Figure 3 shows the charge distributions in #1600 and g |opes orient away from the nearest Cu and V neighbors.
(110) planes for the states, b, andc at the zone-center Figure 4 depicts the valence charge dengitcluding the
I' point as indicated in Fig. 1. The six sta@sire just below S 3s states at~—13 to —15 e\) and difference charge-
the Fermi energy(from —0.22 to —0.19 e\). Figure 3a)  density(total charge density with respect to an overlapping
shows that these are the bonding states, as the S lobagomic charge densityBesides the expected ionic bonding
strongly orient towards nearest-neighbor Cu and V atomscharacter based on the elemental electronic configurations,
However, the V atoms exhibi}, (d,,, d,,, andd,,) types of  one clearly sees covalent and metallic features as well, i.e.,
orbitals with lobes pointing towards other V atoms ratherthe Sp lobes orient toward the nearest neighbor Cu and V in
than towards nearest-neighbor S atoms. On the other hanBig. 4(a) and charge piles up on the Cu-S and V-S bonds in
the six stated immediately above the Fermi energiyom  Fig. 4(b). Note that the valence charge density is almost
0.42 to 0.62 eY are nearly pure \W,,, dy,, and Vd,, spherical around the Cu atoms and the difference charge-
orbitals with little weight on the Cu or S sites as shown indensity map shows only slightly directional bonding around
Fig. 3(b). Note that the unoccupied bands along theaxis  Cu (unlike around the V atojn indicating a nearly fulld*©
(L toI') are nearly dispersionless. We also notice that theraghell, as can be surmised from the DOS shown in Figs. 2 and
is a node between the V-V bondkest seen on a line plot, 5.
however, not shown hereindicating V-V antibonding char- The band structures of spinel 8yS, (M= Co, Rh, and
acter. The uppeey; complex is made up of ¥ and Sp Ir) have been recently reported by Qetzal 28 and are fairly
hybridized antibonding bands. Examining the charge distrisimilar to our calculated bands of CuSj,. The presence of
bution associated with the eight states~ 2 eV above the the t,; and e, band gap is also seghin the CwM,S,
statesb one clearly observes the hybridizedey-and Sp (M= Co, Rh, and Iy materials.
antibonding nature, as there are nodes along the V-S and Figure 2 shows the full DOS and several of the site-
Cu-S bonddqFig. 3(c)]. The charge distribution clearly ex- decomposed local DO8.DOS) of CuV,S,. One immedi-

FIG. 3. Charge distributions in th€001) (left panels and
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(a) Valence Charge Distribution use of our calculated DOS results with the neglect of energy-
dependent matrix-element effects. The replacement of the
matrix elements by a constant should only affect the com-
parisons of the absolute intensities since the former are gen-
erally smooth functions of energy. For the XPS spectra com-
parisons we use the total DOS, while for comparison with
the K andL spectra for the constituent elements we use the
p andd DOS, respectivelywe comment on the-like con-
tributions in the discussion belgw

XPS and XES valence-band spectra along with a compari-
son with the calculated DOS are shown in Fig. 6. We see that
there is fairly good agreement between experiment and
theory, except for a more or less rigid shift 6fL eV in the
upper valence-band region. Experimentally, one sees that the
high-energy shoulder of the XPS valence-band spectrum
near Eg is close to the high-energy subband of thelL\#
XES. This confirms the theoretical conclusion that the me-
tallic properties of CuyS, are governed by the V@Belec-
tron states. The most intensive subband of the XPS valence-
band spectrum is located at3 eV and is due to Cu @
— paor) fOr CUV,S, in the (00 (left panels and (1D) (right sFates(aIso seen in the calculated total DDS_'Jhl_s cqnclu-
panel3 planes. Note that the (D) contains the Cu, V, and S atoms SION ¢an be inferred from. the large photoionization cross
and(001) plane contains the V atoms, while S atoms are slightly offS€ctions of Cu @ states with respect to those of W3S
the (001) plane. The successive contour levels (@ differ by ~ 3S, and S 3 states, and is also verified by the coincidence
pns1/pn=1.649. The lowest contour levels are labeled in the figureof the location of the intensity maximum in the XPS spec-
(in the units of 0.1 e/A), while in (b) the contour levels differ by trum with that of the intensity maximum of the Qur XES.
Apni1—Ap,=0.05 e/R. The thick solid contour next to the This interpretation is also confirmed by the special measure-
dashed line denot& p=0.00 contour. ments of the XPS valence-band spectrum of gs\Vafter

] ) i i ) ion sputtering of the surface, which showed a decrease of

ately notices that the Fermi energy is located in a dip of thgsansity of this peak due to the decrease of the Cu concen-
DOS. It has been previously observed from f'rSt'prmc'plestration(see Fig. 7. Note that the states above the Fermi level

calculations that the stable structures tend to adopt a struc: o
: ) sputtered crystalare due to a defect pinning. The defects
ture which has a small density of states at the Ferm? P ysta P 9

T3y *The DOS fatures mmodasly beon andaboei et 1 St proced i s saatoral
the Fermi energyfrom — 1 eV to 3 eVj consist of mainly V b P

3d states. In the bonding region of-6.0 eV to —1.5 eV CuV,S,. The next low-intensity ;houlder of the ).(PS VB
below Fermi energyCu 3d DOS dominates, while SiBand ;pgectrgmajat\li 3gb3,u2 _r‘? be'\é' ISd cor;rgectgd V\é'.thh the
V 3d contribute substantially in this region as well. These p—tu - —V ap hybridized subbands which can
can be seen clearly from Fig. 5, which gives thep, and be seen from the closeness of the energy position of the

: i ity maxima of the 3,3, CuLa (low-energy sub-
d site-decomposed and angular-momenta-decomposed D gensi 13
for Cu, V, and S. Thes and p LDOS of Cu and V are Ct)and, V La (low-energy subband and V KBs x-ray-

. . issi tra and from the calculated LDOS. The low-
approximately a factor of 10 smaller than the correspondin mission sSpec
: - e nergy peak of the XPS valence-band spectrum of &4V
s andp LDOS of S, while the S 8 DOS is negligible. located atE~ —14 eV is formed by predominantly S atom-

iclike 3s states mixed with a very small amount ®fndp
states of Cu and V. The fact that the DOS peak is approxi-

To compare our calculated electronic-structure resultsnately 2 eV higher in energy than the experiment is probably
with the experimental XPS and XES spectra, we have maddue to error in the LDA.

cal]

[010]
[001]

FIG. 4. Calculateda) valence(excluding the S 8 state$ and
(b) difference charge-density distributid¢total charge density with
respect to the overlapping atomic charge densifyy= pa

B. Comparison of experiment and calculation

P A R | P | R PSS FIG. 5. Site-decomposed and
<‘% §AA43.X1%AN EN)/H 4ISX9\MM i)/j\ L 33 L Lji) angular-momenta-decomposed den-
= 2:"""""""'('b'):-_""""“""'('e'):-_"""""""'('h')_- sity of states for CuYS;: (@)
Q@ OJ4RX10 / dta 4 X0, R Y .1 Cus, (b Cup, (¢) Cud, (d) Vs,
S g T e e e (@ Vp, (DY d, (@) Ss, (S, ()
g 1t : 1+ 1 Sd LDOS. Note that some of the
@ 4 1T I i ] LDOS's have been multiplied by a
8 2r Sd : 1 3d ,MJ\NJ\J: /\'__‘ 3d X 10 AL,«\_' factor of 10. The Fermi energy is
a 0b— ’_1'0‘ - '_1'0' 5 0 1‘0 - 0 denoted by dashed lines &t=0.0

Energy (eV) ev.
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FIG. 7. Measured valence-band spectra of €g\Mor a freshly
cleaved crystal and a sputtered crystal. The states above the Fermi
level for the sputtered crystal are due to a defect pinning. The de-
fects are caused by the sputtering procedure. Note that after the ion
sputtering, the intensity of the Qua peak decreases.

Intensity (Arbitrary Units)

The oxidation state of vanadium atoms of G&y can
also be estimated from XPS and XES measurements. In the
case of XPS it is rather difficult because of the absence of
: good-quality single crystals of reference compounds. The V
15 ‘_'1‘0‘ 5 0 La x-ray-emission band shows a splitting for two subbands
and a ratio of low-energy and high-energy subbands is also
sensitive to oxidation state of vanadium in compounds. Ac-
cording to Ref. 37, this ratio is about 0.75 and 1.0 for
V,0; and VG, respectively. We have found that for
CuV,S, is about 0.8, i.e., closer to that of,@;.

Theoretically, it is impossible to unambiguously assign
charge to a particular atortor site) in a solid, since the
orbitals overlap and hybridize with each other. Formal va-
lence count is only well defined for ionic crystals such as
NaCl, where the N&CI) ion loses(gaing approximately one
electron(Na" and CI'%). In such ionic materials, the charge
state of the ions can be seen by comparing the self-consistent

One of the most intriguing question for analysis of elec-charge densities and energy bands with those obtained from
tronic structure of the Cu&, thiospinel is connected with - overlapping ionic charge densities without the self-consistent
the determination of the oxidation states of the copper angbop. For Cu\S,, a system with substantial covalent and
vanadium atoméor the formal valence countsAccordingto  metallic bonding(see Fig. 4, the formal valence is less
our XPS measurement shown in Fig. 7, the Quldinding  meaningful. Table | gives atomic site and angular-
energy of Cu\S, is closer to that of Cu and C40O thanto  momentum decomposed charges within the muffin-tin
that of CuO® Therefore, one can conclude from this mea-
surement that the oxidation state of Cu atoms of this com-
pound is closer to Cu A characteristic feature of XPSp2 ok
spectra of Cu-containing compounds that would provide evi- Cu 2p
dence in favor of a Cii oxidation state is a high-energy
satellite structure that is found for CuO and all highsu-
perconducting cuprateé$3® As seen from Fig. 8, this struc-
ture is not found in the XPS Cup@spectra of Cuys,.
Another spectral test for the determination of the oxidation
state of Cu atoms in compounds is connected with measure-
ments of the ratio of spectral and integrated intensities of Cu
LB (2py»-3d4s transition) and CuLa (2p5,-3d4s transi- 0.0 - IR
tion) x-ray-emission spectra. According to Ref. 36, the ratio : ' : :
of integrated intensitie$(Cu LB)/I(Cu L«a) for Cu,O and 920 930 940 90 960 970
CuO is 0.18 and 0.26, respectively. According to our mea- binding energy (eV)
surementgFig. 8), this ratio for Cu\MS, is about 0.21, which
is closer to CyO than to CuO. FIG. 8. Measured Ciin CuV,S, XPS 2p core spectra.

Energy (eV)

FIG. 6. Comparison betwedn) calculated total DOS and mea-
sured XPS spectrdb) Cud LDOS versus ClLa XES spectra(c)
V d LDOS versus VLa XES spectrafd) V p LDOS versus V
KB5 XES spectraie) S p LDOS versus K3 XES spectra, anff)
Ss LDOS versus 3., 3 XES spectra. To facilitate the comparison,
we renormalize both data sets such that their respective magitma
E less than the Fermi energgorrespond to the same value. The
Fermi energy is denoted by dashed lines.

05

intensity (rel. units)
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TABLE I. Angular momentum and atomic site-decomposed chérgenits of the electronic charge)
inside the muffin-tin spheresRyr is the muffin-tin radil. For comparison, we also give the charge of
elemental fcc Cu and bcc V in their respective experimental lattice constants.

Cu (Ryr=1.106 A V (Ryr=1.217 A S Ryr=1.111 A4
Compound Element Compound Element
Q(s) 0.331 0.344 0.222 0.294 1.456
Q(p) 0.308 0.262 0.293 0.276 2.715
Q(d) 9.007 8.983 2.890 2.946 0.085
Q(tot) 9.665 9.600 3.448 3.533 4.266

spheres in the Cuwb, compound and in elemental fcc Cu discuss. Furthermore, estimates of the superconducting tran-
and bcc V. Interestingly, the calculated total charge withinsition temperaturd, can be made using a Debye-like model
the Cu muffin-tin sphere for the compound is slightly largerfor the phonon spectrum. This is a further approximation on
than in the elemental fcc Cu, while the opposite is true for V.top of the RMTA, but is the best estimate we can make for
Note that the Cu and \p-electron counts in the compound T, lacking either experimental or calculated values for the
are larger than in their elemental solid, which can be exphonon spectrum other than estimates of the Debye tempera-
plained by noticing that the orbitals of S are fairly ex- ture from specific-heat measurements.
tended, much of the charge is outside its muffin-tin sphere, The electronic structure inputs into the RMTA are the
and is subsequently counted as Cu ang ¥lectrons. Note muffin-tin-ized potentials of each component and the total
that the Cu-92.218 A) and V-S(2.395 A) bond lengths are and site-angular-momentum-decomposed densities of states,
much smaller than the Cu-Q@.553 A) and V-V (2.624 A all available from our calculations. The calculatedvalues
bond lengths in their respective equilibrium elemental solidare given in Table Il, where the values per site are shown as
The Cu and V 8 orbitals are more localized than their well as the unit-cell contributions, and the valuespfor
4s and 4p orbitals, andd-electron charge will be mostly elemental Cu and Velemental S, being nonmetallic, has not
included in the muffin-tin spheres. Hence, thelectron oc- been calculated obtained from Ref. 40, are also shown.
cupation of Cu and V will reflect their valence states more The full unit-cell value ofy=3.08 eV/& for CuV,S, is
reliably than their total electron count. Cuand C#™* will substantial, with relatively large contributions from the V
have d'° and d° configurations, respectively, while?’,  and S sites. A semiquantitative estimate of the superconduct-
Vv3* and V* will have d®, d?, andd! configurations, re- ing transition temperature for this system can be obtained if
spectively. Table | shows that within the muffin-tin spheresone uses for the phonon factor in the mass enhancement
there are 9.@ electrons for Cuthe isolated atom has 1  factor, the Debye temperature of approximat®ly=200 K
electrons in all spage 2.9 d electrons for V(the isolated estimated from the experiments of Hagieball° (obtained
atom has 3 electrons in all spageand only 2.7p electrons  from the specific-heat measurementgielding \_,~2.0.
for (the isolated atom has @ electrons in all spageFrom  Inputting this into the McMillan equation foF., one obtains
the present calculations, it is unlikely that the valence couna value of approximately 20 K for the transition temperature
for Vis 4+, itis between 2 and 3+, while for Cu a valence (usingu* =0.13).
count will be between + and 2+. Since the Cu count is Haginoet al. also extrapolate their specific-heat measure-
only slightly larger in Cu\éS, than in pure Cu, the Cu va- ments to obtain an electronic specific-heaf, value of 50
lence in Cu\S, is closer to ¥ than to 2+. Examining the  mJ/K?> mol. Our calculated density of states at the Fermi
valence and difference charge-density distributibig. 4,  energy ofN(Eg) =96.8 states/Ry unit celbne unit cell has
one sees a nearly spherical charge distribution rather thavo CuV,S, molecule$ leads to yy=3m?k3N(Er) =8.38
directional distribution, indicating an almost fully occupied mJ/k? mol. This would give a larga wot= Yexd Y~ 1 value
d band @' configuration or Cu" instead of ad® configu-  of 4.97, which is more than twice the value estimated from
ration or Cd". Furthermore, the Cwl-like DOS is very
similar to thf_it of Cu metal with a filled band. Therefore, . TABLE II. The McMillan-Hopfield electron-phonon parameters,
our electronic structure results lead to the same conclusion

: . 7., for the atom components of Cy$, in units of eV/A. For the
obtained from a study of t.he XPS and XES F‘tx_pe”mentalcompound, both the individual site components are shown, as well
results: the valence of Cu is close to Tun addition, we

g . . as the full unit-cell contributions in parenthedekere are 2, 4, and
conclude that the valence of V is close to its metallic valencey gioms of Cu. V. and S respectivelfThe values for the mono-

state. atomic elements Cu and V are shown in the last colfrom Ref.
40) for comparison.

C. Electron-phonon couplings and superconductivity

We estimate the electron-phonon coupling strengths a 7a
McMillan-Hopfield parameters;) for each atom in the unit Element CuVs, compound Pure metals
cell in the Cu\S, system utilizing the Gaspari and cu 0.009(0.018 0.456
Gyorffy®*9rigid-muffin-tin approximationRMTA), an ap- v 0.539(2.156 6.894
proach that is known to work reasonably well for metals,g 0.113(0.904 not available

although there are some caveats for this system that we will
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the electron-phonon interaction. Note that the calculated IV. CONCLUSIONS
Fermi energy is located in a dip of a sharply rising feature in
the DOS, so that moving our calculated Fermi energy up by We have presented experimental XPS and XES measure-
0.05 eV would nearly double our calculatd, and hence ments for the thiospinel compound Cy84; and compared
double theyy, value as well, which in turn would give a the results tab initio electronic structure calculations of the
Aot Value comparable ta._,. One also notices thagey,  band structure-derived densities of states. Good agreement
value of Cu\,S, is rather large, twice as large as the similarhas been found between theory and experiment as to the
spinel compound CuRSS, ** which is a superconductor with energy-dependent structure seen in the experiments. An
Te~4 K 10 ] o analysis of the XPS and XES experiments and the theoretical
Haginoet al:™ claim that there is no indication of SUper- cnarge densities shows that Cu is in a metalliclike valence
co_nduct|v¢y in-a _smgle crystalline sam_pl_e of Cs8, de- state with approximately 1@ electrons in occupied states,
spite earlier claims of superconductivity for IOOVVderec'with a similar conclusion for a metalliclike valence of V in

::mflﬁzhﬁgzsgg:céﬂfasMf;yr'ro\t;]Se i)é)ﬁcltgs g? st;; g;rl?c?tlgr_ this compound. The calculated charge density also confirms
9 y b Y Shis interpretation. From our electronic structure results and

of CuV,S,, it is clear that theory predicts respectable super- . e
conductivity for this system, in disagreement with experi-the Debye temperature determined from specific-heat mea-

ment, if the use of Debye approximation is a reasonable aps_urements, we have also estimated the electron-phonon cou-

proximation to the true coupling with the phonons. In Pling strength in Cuys, and find a largex value of ~2.0
addition, the specific-heat-derivext,, also indicates rela- @nd the prediction of robust superconductivity in G&y.
tively high T, for this system. The N\ value extracted from the specific-heat measurements
The discrepancy between theory and experiment regard!sing our calculatetl(Eg) is even larger and would lead to
ing superconductivity in Cu)8, is large and disturbing. The an even largefT.. It is puzzling that the same crystals on
unusual specific-heat-derived values Yofand 6y, indicate ~ which the specific heat measurements were made shows no
unusual properties of this compound that warrant further inindication of superconductivity. Further studies of the

vestigation, both theoretical and experimental. CuV,S, system are called for.
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