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The electronic structure of spinel-type LCyNi,Rh,S, (x=0.0, 0.1, 0.3, 0.5, 1)tand CuRhSeg, compounds
has been studied by means of x-ray photoelect@S) and fluorescent spectroscopy. Cgt Ni Lg, SL;,3,
and SeM, ; x-ray emission spectré&XES) were measured near thresholds at Beamline 8.0 of the Lawrence
Berkeley Laboratory’s Advanced Light Source. XES measurements of the constituent atoms of these com-
pounds, reduced to the same binding energy scale, are found to be in excellent agreement with XPS valence
bands. The calculated XES spectra which include dipole matrix elements show that the partial density of states
reproduce experimental spectra quite well. States near the Fermi Eygelh@ve strong Rid and $Se p
character in all compounds. In NiRB, the Ni 3d states contribute strongly &g, whereas in both Cu
compounds the CudBbands are only-1 eV wide and centeree- 2.5 eV belowEg, leaving very little 31
character aEg . The density of states at the Fermi level is less in NiRhthan in CuRRS,. This difference
may contribute to the observed decrease, as a function of Ni concentration, in the superconducting transition
temperature in Cu ,Ni,Rh,S,. The density of states of the ordered alloy,@uiy sRh,S, shows behavior that
is more “split-band”-like than “rigid-band”-like.

I. INTRODUCTION tronic structure of the sulfides and the selenides: are there
Spinel compounds exhibit an extensive variety of interestindications of strong correlations effects, or can their prop-

ing physical properties and have potential technological aperties be accounted for as Fermi liquids described by con-

while the S and Se counterparts usually contaihot 50 CU in these compounds have been discusSexiit according
atoms. Several of the compounds are superconductof§ '€cent photoemission measurements given for SV
(LiTi,O,, CuRhS,, CuRhSe, etc), there are unusual CUll2Ss, CulSe,™and CysFesCrS,, ™ Cu is best char-

magnetic insulatorge.g., LiMn,O, and Fg0O,), and re- acterized as monovalent in spinel compounds. Therefore, one

cently, ad-electron-based heavy fermion metal has been dis&Xpects that the Rh ion will have a formal mixed valence of

covered (LiV,O,).! The suprisingly high value of the super- +3.5 in CuRkS, and CuRhSe, and indeed both are good

! e 2 metals. However, very little of the typical temperature-
conducting critical temperaturd 1 K) in LiTi ,O, has never dependent behavior of “mixed valence compounds” is seen

been understootiAnother spinel compound, CyB,, is nei- in these Rh-based spinels.

ther magnetic nor superconducting but displays a rather un- The electrical and magnetic properties of,CiNi,Rh,S,

usual metal-insulator transition that is not yet undersl.?t)od.ha\,e been presented by Matsumetball® The supercon-

The ternary sulfo- and selenospinels Cy8fand CuRBSe,  ducting transition temperature decreagds’0 K—3.7 K

have been found to be superconducting@t4.70 and 3.48 .2 8 K—<2.0 K) as Cu is replaced by NixE0.00, 0.02,

K, respectively"** They have the typical spinel structure 9,05 and 0.19 but the reason for this behavior is unex-

[Fd3m] where Cu ions occupy tha tetrahedral sites and plained. Haginoet al* have presented extensive data on

Rh ions occupy thd® octahedral sites. CuRhS, and CuRRSeg, (resistivity, susceptibility, magneti-
This wide range of phenomena in the spinel-structure oxzation, specific heat, NMR but their differences do not yet

ide compounds raises very general questions about the elelsave any microscopic interpretation. Only for CyBhhave
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general(full potential, all electroh band-structure calcula- sen as 2.1, 2.2, and 2.0 a.u. for Cu/Ni, Rh, and S/Se, respec-
tions been reportetf. tively. The plane-wave cutoff wa ,5,= 3.25 a.u., resulting

In this paper, we present x-ray spectroscopic studies ah slightly more than 1400 basis functions per primitive cell
the valence band electronic structure of these materials. Tp~100 basis functions/atomThe local-density approxima-
provide a clear interpretation of this data, we also reportion (LDA) exchange-correlation potential of Perdew and
first-principles  band-structure  calculations [linear- ~ Wang? was used. Because the Fermi level falls on a peak in
augmented-plane-wave method APW)] for CuRhS,, the DOS for NiRBS,, as shown in Fig. 7, the gradient cor-
CuRhSe;, NiRh,S,, and Cy sNigsRh,S, that enable us to rection to the LDA exchange-correlation potential of Per-
address the properties of these spinels. Total and partial dedew, Burke, and Ernzerhofwas used in the DOS calcula-
sities of statesDOYS), plasma energies and transport-relatedtions shown in Fig. 7. A mesh of 4k points in the
guantities are calculated as well as x-ray emission spectrareducible zone (Blochl et al's modified tetrahedron
The total and partial DOS and calculated x-ray emissiormethod®) was used in achieving self-consistency.
spectra are found to compare favorably with the measured The XES spectra were calculated using Fermi’s golden
x-ray photoelectron spectiXPS) and x-ray emission spec- rule and the matrix elements between the core and valence
tra (XES) (which probe total and partial DOS, respectively states(following the formalism of Neckegt al?®). The cal-
All spectral measurements are performed using the sameulated spectra include broadening for the spectrometer and
samples which were used to study the electrical and magzore and valence lifetimes. The DOS calculations use# 47

netic properties of Cu ,Ni,Rh,S, in Ref. 18. points (again, Blahl's modified tetrahedron method was
used. The experimental lattice constarlisted in the previ-
Il. EXPERIMENTAL DETAILS ous sectioh were used in the calculations and the values

Mixtures of high-purity fine powders of Cu, Ni, Rh, S used for the internal parametemwere taken to be 0.385 for
and Se with nominal stoichiometry were heated in seale Il three stoichiometric compounds (CufSte,, CURRS,,

o : iRh,S,) as well as for CglsNipsRh,S,. Experimental data
quartz tubes at 850° C for a period of 10 days. Subsequentl¥?r the internal parameter was not available, so the values

the specimens were reground and sintered in pressed pardlare taken to be 0 38Gather than the “ideal” o
; - . : . position of
lelepiped form at 850° C for 48 h. X-ray-diffraction data 3/8) by analogy to the related CyB, and CulsSe, spinel

confirms the spinel phase in these powder specimens. T'I?Om ounds for which the parameter has been measu?ed
lattice constants of Gu,Ni,Rh,S, are 9.79, 9.79, and 9.71 P P '

A for x=0.0, 0.1, and 1.0, respectively, and 10.27 A for

CuRhSe,.
The XPS measurements were performed with an ESCA V. DISCUSSION OF SPECTROSCOPIC DATA
spectrometer from Physical Electroni@@HI 5600 ci, with A. CuRh,S, and NiRh,S,

monochromatized AK, radiation of a 0.3 eV fullwidth at The calculated total and partial DOS of CuSh and
half maximun). The energy resolution of the analyzer was NiRh,S,, shown in Figs. 1 and 2, respectively, reveal many

1.5% of the pass energy. The estimated energy resolutio fEQnt
was less than 0.35 eV for the XPS measurements on thggn:rr:;ogéfgtg;ezhlrgew\éalsgsreogi?:gtseI?/X_te;]dev antgk;]r;

copper and nickel sulfides. The pressure in the vacuug . avel lies near the top of a Ri-chalcogerp complex

i —9
chamber during the measurements was belowl @~ mbar. f bands that lie below a gap centered 0.5-1.0 eV above the

f”ﬁ.r tr? XPS mea:ﬂﬁm?ms tthe iampfs webre cleav?d N Wearmi level. The gap between the valence band and conduc-
rahigh vacuum. € investigalions have been pertormed;, 1,54 js found to be about 0.5-0.7 eV wide. The sulfur

at room temperature on the freshly cleaved surface. The XP : : L
spectra were calibrated using an Au foil to obtain photoelec- ates in CuRjB, and NiRRS, show similar DOS, S 8

. atomic like states in the region12.7~ —14.7 eV and band-
trons from the Au 45, subshell. The binding energy for Au . o g 3p states which are mixed with Rhddand Cu/Ni 31
4f,, electrons is 84.0 eV.

. states in a wide energy region. Cu/Nil 3tates are found to
X-ray fluorescence spectra were measured at Beamli

ng . :
! e much narrower than Rhd4states which are less localized
8.0 of the Advanced Light Source at Lawrence Berkeleyand form several large peaks in the DOS near the bottom and

Laborgtory. T_he undulator be%"n line is equipped with %the top of the valence band. Our results for CyRhare
spherical grating monochromatorand an experimental re- similar to those of Ref. 19 except for the distribution of Cu

solving power ofE/AE=300 was used. The fluorescence 3d DOS? As seen in Fig. 1, Cu @ states lie within the

end station consists of a Rowland circle grating spectrom- _ . o .
eter. The NilL; and CuL, XES were measured with an region of S 3 states but are weakly hybridized, forming a 1

. : : SeV wide peak centered around2.5 eV. The S character is
experimental resolution of approximately 0.5-0.6 eV and . I | f is of th iahbori
L, s and SeM, 53 with resolution of 0.3—0.4 eV. The incident quite small and probably reflects tails of the neighboring

angle of thep-polarized monochromatic beam on the sampleatoms more than atomicdscha_lracter. .
The total DOS at the Fermi levEN(Eg)] increases from

was about 15°. The Clugz and NiLy XES were measured .
just above thé 5 threshold but below the, threshold which N”ﬁhzsﬁ. (E'}F sterl]tes/eV/ce)llto EURBSI“ (9‘89 states_/ng(]
prevented overlap of the methk and metalL, spectra. cel) which has the same trend as electronic specific-heat
coefficients measured in Refs. 4 and 27. For the intermediate

compound CyisNigsRhS,, N(Eg) is 8.43 states/eV/cell,
much nearer that of NiRI$,. In CuRhS, the Cu 31 partial

The band-structure calculations were done with the fullDOS is very small at the Fermi level whereas Rthand S
potential LAPW codewiEN97 2! The sphere radii were cho- 3p partial DOS are the main contribution to the total. Con-

Ill. METHOD OF CALCULATION
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FIG. 1. Calculated total(top panel and partial DOS in FIG. 2. Calculated totatop panel and partial DOS as in Fig. 1

CuRR,S,. Note the hybridization gap that lies just above the Fermip, ; for NiRh,S,.
level (taken as the zero of enengyndicating the Fermi level lies in

a bonding region of the electronic structure. [E,o(Cu 2p)=932.39 eV, E,.(Ni 2p)=852.98 eV and

be(S 2p)=161.57 e\l. We see that the measured Cy,

i L3, and SL, 3 XES peaks are very close to Cal 3Ni 3d,

and S 3 partial DOS in CuRkS, (Fig. 3) and NiRhS, (Fig.

‘P- In each case, the peaks in the calculated DOS lie at some-
what lower binding energy: 1 eV for Ss3and Cu 3, but

only a few tenths of eV for Ni @. The difference reflects a
self-energy correction that lies beyond our band theoretical
methods. In addition, we calculated the emission intensities
of Cu/Ni Lg, Rh N3 (4d—4p transition?® and SL, 5 XES

in both compounds as described in Sec. Ill. The calculated
spectra are presented in the same figuFégs. 3 and #and
show close correspondence with experimental spectra as well
as with the corresponding partial DOS. From the close agree-
" " ment, we conclude that the influence of core holes in the
(3d4s—2p transition), and Sl (3s3d—2p transition measured XES spectra is minor and experimental spectra can

XES probe Cu 84s, Ni _3d4s, e}nd S 33d _partjal DOS in be understood directly from the calculated spectra and partial
the valence band and, in the first approximation, can be di

rectly compared with calculated band structures. The com-
parison of the calculated and measured partial DOS are _
shown in Figs. 3 and 4, where @, Ni L3, and SL, 3 XES B. Cu—xNixRh.S,; (x=0, 0.1, 0.3, 05, 1.0

are converted to the binding-energy scale using our XPS We measured XPS valence badB) spectra for the
measurements of the corresponding core level€y _,Ni,Rh,S, (x=0, 0.1, 0.3, 0.5, 1)0system(see Fig. %

sequently, the Cooper pairs in the superconducting state o
CuRhS, are formed mainly by the electrons in the hybrid-
ized bands derived from Rhddand S P states. Several
characteristic materials parameters are collected in Table
for easy comparison.

In NiRh,S, the situation is quite different. Ni B states
are broader and at lower binding energy than the @u 3
states of CuR}5,, and hybridization with $ leads to Ni 31
character ovea 3 eV wide region that extends above the
Fermi level. The result is that the main contribution to the
DOS at the Fermi level is from Ni @ states, unlike in
CuRhS, where the Cu 8 contribution atEg is very minor.

The experimental ClL; (3d4s—2p transitior), Ni Lj
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TABLE I. Transport related quantities and other data.

NiRh,S, Cup sNip sRhS, CuRhS, CuRhSe,
a (A) 9.71 9.75(assumey 9.79 10.27
N(Eg) (states/eV cell 8.18 8.43 9.89 12.05
N(Eg) Haginoet al. (Ref. 4 12.6 13.4
Ve (107 cm/9 2.49 2.22 1.79 1.75
1, (eV) 241 2.17 1.89 1.89
T, (K) <2.0 4.70 3.483Ref. 4

and found a four-peak structurea,(c, d, €) for CuRhS,  not hold but from the opposite “split-band” behavidtin
and @, b, d, e) for NiRh,S,, each of which is very close to Which both Cu and Ni retain their own DOS pedkse Fig.
the corresponding calculated total DASigs. 1 and 2 11) WhICh then vary in strength roughly as the concentrgmon.
Based on our calculations, we can conclude thaatheak at !N Fig. 6 we have compared XPS VB mea_suremen;g with Cu
1 eV binding energy is formed by Rhd4-S 3p states for Ls» NiLs, and SL; 5 XES spectra for GiNig sRh,S,.™" We
CuRhS, and Ni 3d—Rh 4d—S 3p states for NiRkS,. The  S€€ that positions of the peaks in thelNj CulL 3, and SL; 3
next peak b for NiRh,S, at 2 eV binding energy andfor ~ XES spectra correspond exactly to peaks, ande of the
CuRh,S, at 3 eV binding energycan be attributed mainly to XPS \_/B measurements, WhICh is consistent v_wth our inter-
Ni (respectively Ciu3d states. Thel peak(5.5 e\) relates to pretauop of thg XPS da}ta as |nd|cat|pg a solid solution of
Rh 4d-S 3p states and thee peak is associated with CUi-xNixRh,S, if the split-band behavior holds.
atomiclike S 3 states. In the solid solution Gu,Ni,Rh,S, In Fig. 7 we have compared the calculated total DOS of
the positions of the peaks do not change as the concentratidpRSs, NiRR,S;, and Cig gNig sRh,S,. With respect to
varies, but only the ratio of intensities bNi 3d) andc (Cu  the top of the highest occupied bands, the Fermi energy is
3d) peaks vary according to the Cu/Ni concentration. highest in the bands of Cui, to accommodate the two
This behavior suggests that the electronic structure of th@dditional electrons from the Cu atoms. The behavior of the
solid solution Cy_,Ni Rh,S, can be deduced by analyzing DOS for the three systems shown are quite different, particu-
the endpointsX=0.0 and 1.0, CuRh,S, and NiRhS,. This larly for Cu and Ni ions, in an energy range between the

conclusion results not from a rigid-band pictrehich does F€rMi levels for NiRBS, and for CuRRBS,, invalidating a
rigid-band interpretation of the differences and similarities in

these compounds. This is not surprising given the different

2 CuRh,S,

C —_

3 [

g Cu L, cal E

s — Oul,cale. > NiRh,S,
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FIG. 3. Comparison of calculated XES and partial DOS with

experimental spectra of CuR®,. Calculations used the LAPW FIG. 4. Comparison of calculated XES and partial DOS with
method as described in the text. experimental spectra of NiRS,.
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The peaks and shouldeasb,c,d,e are discussed in the text. 8 :
character of the Ni- and Cu-derived states in this energy E
region. As mentioned above, whereas states at the Fermi®
level in NiRh,S, have a strong Ni 3d character, Cd 3tates 8
lie entirely below the Fermi level in CuRB,. The character |
of states at the Fermi level in CuR®y are primarily Rh 0 T T T —— T I r ,
d-like states hybridized with S8 states. -0.4 -0.2 0.0 0.2 0.4
According to Ref. 18, the superconducting transition tem- Energy (eV)
perature of Cy ,Ni,Rh,S, decreases with increasing Ni
concentration from 4.7 KX=0.0) to 3.7 K k=0.02) and FIG. 7. Calculated total DOS of NiBB,, CuysNigsRh,S,, and

then to 2.8 K ¢=0.05). While we attribute this to a general CuRhS, aligned to the top of the valence band. Note that, despite
decrease in DOS at the Fermi level as the Ni concentration ihe general similarities, a rigid-band-interpretation is not applicable.
increasedsee Sec. Y, this trend does not require a simple

rigid-band interpretation. In the alloy, the DOS within a few -5, point out two differencesi) the Se 4 DOS is redistrib-
tenth_s _of an eV of¢ probably cannot be described by either ;1aq4 somewnhat compared to $ and has a higher contribu-
the rigid band or split-band models. tion in the vicinity of the Fermi level, andi) the Sed-like
character is even less than that of ttidike character in

) ) CuRhS,. The total DOS at the Fermi level is 12.05 states/
Figure 8 shows the calculated total and partial DOS fofgy cell which is higher than in CuRB,, in qualitative
CuRRSe,. While itis similar to that of CuR}B, (Fig. 1), we  5greement with measurements of electronic specific-heat

C. CuRh,Sg

cuzg Nisd measurements.
Cu,Ni, .Rh,S, sap J-—"‘“ In Fig. 9 the experimental Cli; and SeM, 5 (4s—3p
Ml A transition XES measurements are compared to the @u 3
4 '-._‘:;haid and Se 4 partial DOS and calculated spectra. The agreement
§3s: s Pl of the peak positions between experiment and theory is quite

N , ' close. Again we note that calculated XES spectra exactly

o % XPS VB follow the partial DOS, as in the case of Cuf$h and
NiL, XES S — . . .
T s S et NiRh,S, (Figs. 3 and & The XPS valence band data is com-
SL,,XES : R pared with the ClL3; and SeM, 3 XES spectra of Fig. 10.

Intensity (arb. units)

: The location of Cu 8—Se 4-derived bands is reproduced
3 A N < Cul,XES ™. well (comparable to that in the sulfidey the calculations.
— T e T There are some differences in ratio of the XPS peaks for
15 Bind1i?1 ener (‘:V) 0 CuRh,Sg, and CuRBS,: the relative intensity of Cu@® peak
9 9 located at around 2.5 eV is less in CuyRSl, than in
FIG. 6. Comparison of the valence band XPS specttupper ~CURNS,. This may be due to the 2.5 times larger photo-
set of datato the CuL, Ni L, and SL, 3 XES in Cyy NigsRh,S,.  i0nization cross section of Sep4states as compared to that

Note the close alignment of XPS and XES peaks. of S 3p states’*
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FIG. 8. Calculated total and partial DOS in CufSie,, as shown

for CuRhS, in Fig. 1.

)
— =2\ gkgT, 3)
V. OTHER DATA Tep

In a metal the Drude plasma energy tensél,j; con-  \ypere ), is a “transport” electron-phonoEP) coupling
tains a good deal of information about low-temperaturegyrength that is usually close to the EP coupling constant
transport and low-frequency optical properti€, ; is given  hat governs superconducting properties. Then in the Tiigh-

by regime we obtain the estimate
2 1 2 hQ2
Qp'ij:47Te v z VkYin'jg(Sk—SF):47Te <Vivj>N(8F)! N p di )
" 87kg AT
()
where vy ; is the ith Cartesian coordinate of the electron
velocity, V is the normalization volume, and - -) indicates @ CuRh,Se,
a Fermi surface average. The optical conductiydyecializ- sed Se 4p
. . . . . . S e 4p Cu_3d Rh 4d
ing now to cubic metajscontains as-function contribution Rhad i
at zero frequency proportional mf, (which is broadened by & J,.-"“*-—": 3
scattering processgsand the static conductivity in Bloch- > Se ke £ » Ain4d
Boltzmann theory? becomes a N ;. :
o : oul, XPS VB
. A , £ M’g;;:\\\ R —
= + —— — — —T —T
P(T)=po QST @ 15 10 5 0

. . s Binding Energy (eV
(po is the residual resistivity af =0) as long as the mean g 9y (eV)

free pathl =vg7 is large enough that scattering processes are FIG. 10. Comparison of XPS VB to Clu, and SeM, 3 XES in
independent. When phonon scattering dominates, which iSuRhSe,. Note the close alignment of the peaks.
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Hagino et al. (Ref. 4 have presented resistivity data on 20
sintered samples of CuR$, and CuRhSe,. Although both .
are clearly metallicdp/dT>0), the magnitudes g differ
by a factor of 20 over most of the range 56<sH'<300 K.
CuRh,Se, haspy=2 w{) cm, indicating excellent metallic
behavior in spite of the intergrain scattering that is present in
the sintered samples. The CufSh sample hadp,=500
) cm (perhaps from intergrain scattering connected to dif-
ferences in surface chemistry of the sulfide and the selgnide
which makes Eq(2) inapplicable. Moreover, both materials
(especially CuR}S,) show saturation behavior which makes
the Bloch-Boltzmann analysis less definitive. However, we

3d-DOS/eV/atom

can apply this formalism to CuBBeg, to obtain an estimate,
usingdp/dT~2uQ cm/K to obtain\,=1.8. This value is 25 -
almost a factor of 3 larger than=0.64 found by Hagino {1 CuyNi RhS,
et al. to be sufficient to account fof,=3.5 K. We expect € 204 c
. . o u 3d

that the magnitude gb measured on the sintered sample of & 4 ~ Ni 3d
CuRh,Se,, although small, is still not representative of the % 15 yd
bulk. 2

From their measurements, Hagiebal* inferred almost 8 10
indistinguishable values of the linear specific-heat coefficient O
v, the density of stateN(Eg), and electron-phonon coupling 3 54
strengthsh for CuRhS, and CuRRkSe,. (See Table ). Our 1
calculations lead to a 20% higher value NfEg) in the 0+ gl
selenide which is at odds with their values. The 1.2 K lower -15 -10 -5
value of T in the selenide is not very definitive, since this Energy (eV)

difference could be related to softer phonon frequencies. The FIG. 11. Comparison ofl bands from Ni and Cu in CuRB,
nearly factor of 2 increase in the susceptibility in the selenideanol Nii?rgs; vs Cpq) Nig sRh,S,. The significantly different DSS
. . . : A 5N10. 4 -
(and not |_n the sulfidebelow 300 K remains unexplained. profiles of Ni and Cud states in the pure phases discounts a rigid-
Data on smgle-cr_ystal samples may be necessary to resolyg interpretation. In GuNig sRh,S, we see that the Cu and Mi
these discrepancies. bands do not mix very strongly, supporting a “split-band” interpre-
tation.

VI. CONCLUSIONS

The main results of the present study of the electronic
structure in Cy_,Ni,Rh,S, and CuBSeg, can be summa-
rized as follows. The electronic states nEarconsist mainly
of Rh 4d and $Se 3p(4p) orbitals for CuRhS, and
CuRh,Se, and primarily Ni 3 with some Rh 4 and S 3
orbitals in NiRKS,. Thus, we find that the character of the

To summarize, the very good agreement between the
measured and calculated electronic spectra indicate a lack of
any strong correlation effects. The decrease in superconduct-
ing T, with Ni concentration is likely due to a decrease in
N(Eg). Beyond these general conclusions, however, several
states at the Fermi level changes in a non-rigid-band way juestions remain. Th? '"?ear §peqlf|c heat coefﬂqents are not
. . ; accounted for quantitatively; neither are the intermediate
Cu, _,Ni,Rh,S,, and while there is a general trend of a de- A
y . . . temperature resistivities, but these must be measured on
creasing DOS at the Fermi level as a function of Ni concen-_; : . . .
) X .single crystals to obtain a good experimental picture. Finally,
tration, we have found that the superconducting trends in .
. : o the temperature dependence of the susceptibility of
Cu, _,Ni,Rh,S, cannot be explained quantitatively by the CuRh,Se, remains unexplained
calculated DOS of the Gu,Ni,Rh,S, system. Moreover, & P '
such an interpretation would be at odds with the partial DOS
which shows the different character of states rnear The
measured x-ray data suggests interpreting CNi,Rh,S, as
a solid state solution more in line with a “split-band” inter- ~ This work was supported by the Russian Science Founda-
pretation. The calculated partial DOS for the 50-50 alloy, segion for Fundamental ReseardProject Nos. 96-15-96598
Fig. 11, also suggests this interpretation. and 98-02-04129 a NATO Linkage Grant(HTECH.LG
Calculated x-ray emission spectra are found to be in a®71222, INTAS-RFBR (95-0565, NSF Grants (DMR-
excellent agreement with experimental data, with peak posi9017997, DMR-9420425, and DMR-9802076nd the DOE
tions differing by only 0.3—-1.0 eV. This agreement impliesEPSCOR and Louisiana Education Quality Special Fund
that core hole effects are negligible. In addition to total DOS]DOE-LEQSF(1993-95-03]. Work at the Advanced Light
plasma energies have been calculated and used to offer aBeurce at Lawrence Berkeley National Laboratory was sup-
ditional theoretical inputsee Table)lto interpret the differ- ported by the U.S. Department of Energy under Contract
ences between CuR®, and CuRBhSe. Unfortunately, No. DE-AC03-76SF00098. G. L. W. Hart gratefully ac-
transport data appears to be too strongly affected by intelkknowledges Lawrence Livermore National Laboratory for
grain scattering to allow a quantitative analysis. generously providing computer resources for this work.
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