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The new quaternary compounds BaLaCuQ}, (Q = S, Se) have
been synthesized by the reaction of the constituent binary chalco-
genides and elements at 1000°C. The crystal structures have been
determined by X-ray diffraction techniques. Crystal data: BaLa
CuS,—space group D¢-Pnma, M = 435.97, Z = 4, a = 11.316(2),
b = 4.236(1), ¢ = 11.724(2) A (T = 115 K), V = 562.0(2) A,
R.(F?) = 0,059 for 1051 observations and 38 variables, R(F) =
0.019 for 1037 observations having F: > 2¢(F2); Bala
CuSe;—space group D1§-Pnma, M = 576.61, Z=4,a = 11.111{4),
b = 4.2932), c = 13.830(4) A (T = 115 K), V = 659.7(4) A},
R,(F = 0.129 for 1385 observations and 38 variables, R(F) =
0.050 for 1313 observations having F? > 2o(F}). The BaLaCuS,
structure has a three-dimensional framework with channels that
accommodate barium ions. The lanthanum atoms have mono-
capped trigonal prismatic coordination and the copper atoms have
tetrahedral coordination. BaLaCuSe, crystallizes into two phases,
an a phase that is isostructural with BaLaCuS; and a layered 8
phase that is isostructural with Eu,CuS;. The layers, which are
separated by Ba?* ions, consist of edge-sharing octahedral chains
and corner-sharing tetrahedral chains. The two structures are
closely related and p-Bal.aCuSe; undergoes a phase transforma-
tion to a-BaLaCuSe; upon mechanical grinding. The reverse phase
transition occurs when a-BalaCuSe, is annealed at elevated
temperatures. © 1994 Academic Press, Inc.

INTRODUCTION

The scarch for new complex chalcogenides has led to
the synthesis and characterization of a number of new
quaternary chalcogenides in this laboratory (1-8). These
compounds display a wide range of structural features
that can be described by the packing of metal-chalcogen
polyhedra. In some of these systems (1-4), two kinds of
metal atoms disorder and result in pseudoternary com-
pounds. We anticipated that new structural features
would be found if the cation disorder could be avoided
through the use of elements with different coordination
preferences (9). Recently, several new series of quater-

nary chalcogenides that contain three metal elements from
different major blocks of the Periodic Table, namely, an
alkali- or alkaline-earth metal, a rare-earth metal, and a
main-group or transition metal, were synthesized (8, 10),

“These structurcs have crystatlographically distinct sites

for the three different types of metal atoms and there
is no disorder. In this paper, the synthesis and crystal
structures of the two new compounds BaLaCu$S, and Ba
LaCuSe; are reported.

EXPERIMENTAL

Syntheses. The compounds BaLaCu, (O = S, Se)
were prepared by the reaction of elemental Cu (AESAR,
99.999%) and S (Alfa, 99.9995%) or Se (Aldrich, 99.999%)
with the binary chalcogenides BaS (AESAR, 99.9%) or
BaSe (prepared by the high-temperature stoichiometric
reaction of Ba (AESAR, 99.5%) and Se) and La,S; (Strem,
99.9%) or 1.a,Se¢; (prepared by the high-temperature reac-
tion of La (Johnson Matthey, 99.9%) with Se), The start-
ing materials were placed in quartz tubes that were subse-
quently evacuated to 10~ Torr and sealed. After a
preliminary study, an elemental ratioof 1: 1:1:3 for Ba:
La: Cu: @ was used. The quartz tubes were heated gradu-
ally to 500°C where they were kept for 24 hr before being
successively brought to 700°C for 24 hr and {000°C for
150 hr. The tubes were then cooled at a rate of 4°C/hr to
300°C and then the furnace was shut off. Yellow crystals
of the sulfide and red crystals of the selenide had grown
in the tubes. In each system semiquantitative EDAX anal-
ysis with the microprobe of a Hitachi §-570 scanning elec-
tron microscope confirmed the presence of all four ele-
ments in a ratio of approximately 1:1:1:3. Both
compounds appear to be modestly stable in air and in
water.

An alternative flux method was also used to grow single
crystals of the selenide. Halide fluxes have been used in
the growth of chalcogenide crystals for over a century
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(11), and recently several new guaternary chalcogenides
have been crystallized from such fluxes (12, 13). In the
present work, a halide flux was coupled with a high-tem-
perature methathesis reaction between BaBr, and K,Se;
to circumvent the need to presynthesize BaSe. A similar
approach was used (14} in the growth of CdCr,Se, crystals
from a mixture of Cd, Se, and Cr(Cl,. We have used a
starting mixture of BaBr, (AESAR, 99.9%, dried at 400°C
for 12 hr), La, Cu, K,Se, (prepared from the stoichiomet-
ric reaction of elemental K (AESAR, 99%) and Se in liquid
ammonia under an atmosphere of argon), and KBr (Strem,
99.999%;). The chemicals were loaded in the ratio of one
part of BaLaCuSe; to two and one-half parts of BaBr,/
KBr flux by weight. The flux had a BaBr,: KBr molar
ratio of 52:48 with a reported eutectic melting point of
609°C (15). This mixture was heated in an evacuated

quartz tube to 850°C for 150 hr before being cooled at a
rate of 4°C/hr to 300°C when the furnace was shut off. The
product was washed with water and then was separated by
filtration. The filtrate consisted of a mixture of red crystals
and sintered red crystallites. EDAX experiments and pre-
cession X-ray photography on selected crystals and pow-
der X-ray diffraction on ground crystals confirmed that
the material was BaLaCuSe;.

Bulk samples of BaL.aCu(}, (Q = S, Se) were prepared
by reactions of stoichiometric amounts of starting materi-
als at 850°C for 6 days with an intermittent grinding. Some
of these samples were then annealed at temperatures rang-
ing from 400 to 1000°C,

Crystallographic study of BaLaCuS,. A short needle-
like crystal of approximate dimensions 0.04 by 0.10 by

TABLE 1

Crystal Data and Experimental Detaiis for Bal.aCuS; and Bal.aCuSe,

Compound
Formula weight
Space group
ad)

b (&)

c (A

v (AY

Z

T of data collection (K)
Crystal vol. (mm?)
Crystal shape
Radiation

Linear abs. coeff. (cm™)
Transmission factors®
Detector aperture (mm)

Take-off angle (deg.)

Scan speed (deg. min™!)

Scan type

Scan range (deg.)

A~} sin 8, limits (A)

Background counts

Data collected

No. of unique data including
F: <0

No. of unique data with
Fi>20(FY

No. of vanables

Rw(Fl)e

R [on F for F1 > 20(F2)]

Error in observation of unit
weight

BaLaCuS;
435.97
DY¥-Pnma
11.316(2)
4.236(1)
11.724(2)
562.0(2)
4
1157
1.1 x 1073
Plate, bounded by {010}, {101}
Graphite monochromated,
MoKa(MKa, = 0.7093 A)
150.9
0.165-0.447
Horizontal, 5.5; vertical,
5.5, 32 cm from crystal
2.5
2.0in 29
9-28
0.7° below Ko, to 0.9° above Ko,
0.0369-0.7366, 3° = 2¢(MoKa,) = 63°
9 sec at each end of the scan
+h xk ¢
1051

1037

38
0.059
0.019
1.25

BaLaCuSe;

576.67

DY-Pnma

11118

4,293(2)

13.830(4)

659.7(4)

4

115

4,7 x 1073

Plate, bounded by {010}, {103}

Graphite monochromated,
MoKa(a(Ka, = 0.7093 &)

318.7

0.023-0.089

Horizontal, 4.0; vertical, 3.0;
20 cm from crystal

3.0

4.17in 20

w-26

0.9° below Ka, to 0.9° above Ko,

0.0332-0.7679, 2.7° = 26{MoKa)) = 66°

4.8 sec at each end of the scan

+h xk +f

1385

1313

38
0.129
0.050
2.07

“ The low-temperature system for the Picker diffractometer is based on a design by Huffman (29).

¢ The low-temperature system for the Nonius CAD4 diffractometer is from a design by Professor J. J. Bonnet and
S. Askenazy and is commercially available from Soterem, Z. T. de Vic, 31320 Castanet-Tolosan, France.

¢ The analytical method was used for the absorption correction (30).

! Reflections with o(I)/f > 0,33 were rescanned up to a maximurn of 45 sec.

*wl = o}(F2) + (0.04 x F3)* for F2 = 0 and w™! = o%(F2) for F2 < 0.
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0.25 mm was selected for data collection. Intensity data
were collected by the §-260 scan technique on a Picker
diffractometer controlied by a PC (16). The lattice con-
stants were determined from least-squares analysis of the
setting angles of 54 reflections in the range 38° < 28
(MoKa,) < 42° that had been automatically centered at
115 K. The refined cell constants and additional relevant
crystal data are given in Table [. Six standard reflections
measured every 100 reflections throughout data collection
showed no significant variations in intensity.

The initial data processing was carried out on a Stardent
computer with programs and methods standard in this
laboratory. From the systematic absences the space
groups Pn2,a or Pnma were possible. Data were corrected
for absorption and then averaged. That the residual for
averaging the reflections in Laue group mmm is 3.3% is
a strong indication that the material crystallizes in the
centrosymmetric space group Pama. With the use of the
direct methods program SHELXS (17), a solution was
found in this space group. The final anistropic least-
squares refinement on F2 made use of all of the data; the
program SHELXL.-92 (18) was used. Values of the resul-
tant R indices are 0.059 for R {F?% (all data) and 0.019
for R(F) (F2 > 20(F2)). The highest residual electron
density peak has a height about 0.6% of that of a La atom.
The program package SHELXTL PC (17) was used for
the ensuing molecular graphics generation.

Crystallographic study of BaLaCuSe,. The crystal se-
lected for data collection was a parallelepiped of approxi-
mate dimensions 0.12 by 0.15 by 0.26 mm. The lattice
constants were determined from least-squares analysis of
the setting angles of 25 reflections in the range 35° < 28
(MoKa,) < 39° that had been automatically centered at
115 K on a CAD4 diffractometer. The refined cell con-
stants and additional relevant crystal data are given in
Table 1. Intensity data were collected by the «-28 scan
technique. Six standard reflections measured every 3 hr
throughout data collection showed no significant varia-
tions in intensity. As for the sulfide, the space groups
Pnma or Pn2,a were possible from the systematic ab-
sences. However, the sulfide and selenide have signifi-
cantly different cell dimensions and are not isostructural.
With the direct-methods program SHELXS, a structure
solution was found in the centrosymmetric space group
Pnma. The data were corrected for absorption and then
averaged: the residual for averaging is 7.4%. The final
anisotropic refinement on F2, performed as described
above, resulted in values of 0.129 for R, (F?) (all data)
and 0.051 for R(F) (F? > 20(F?)). The highest residual
electron density peak has a height about 1.7% of that of
a La atom. In neither structure were there unusual trends
in the goodness of fit as a function of F, or scattering
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TABLE 2
Positional Parameters® and Equivalent Isotropic
Displacement Parameters

Atom x ¥ z vt (4%
BaLaCuS,
la 0.48904(2) 114 0.31890(2) 0.00524(13)
Ba 0.81672(2) 1/4 0.50661(2) 0.00565(14)
Cu 0.25375(5) /4 0.21001(5) 0.0079(2)
S(1) 0.22497(9) 1/4 0.29667(9) 0.0072(4)
5(2) 0.38814(8) 1/4 0.55809(8} 0.0068(4)
5(3) 0.45044(9) 3/4 0.14883(9) 0.0070{4)
BalLaCuSe;
La 0.00928(5) 1/4 0.75986(4) 0.0129(3)
Ba 0.27147(7) 1/4 0.00454(4) 0.0148(4)
Cu 0.24126(13} 1/4 0.28334(10) 0.0164(6)
Se(1) 0.05671(10) 1/4 0.38422(6) 0.0115(5)
Se(2) 0.25537(%) 1/4 0.68031(7) 0.0102(5)
Se3) 0.41404(10) 1/4 0.39664(7) 0.0123(5)

2 All atoms are in WyckofT position 4¢.
b Upg= (1/3) T, 5 UyaFata,  u,.

angle. The program MISSYM (19) was used to search for
potential additional symmetry in these two structures. In
Bal.aCuSe;, possible translational symmetry correspond-
ing to an A-centered lattice, consistent with space group
Amma, was suggested. However, this could be dis-
counted.!

Final values of the atomic parameters and equivalent
isotropic displacement parameters for both compounds
appear in Table 2. Final anisotropic displacement parame-
ters and structure amplitudes are given in Tables 3? and 4.

X-ray powder diffraction measurements. For phase
identification, X-ray powder diffraction patterns of bulk
samples were obtained on a Philips powder diffrac-
tometer. For unit cell determination, a powder diffraction
pattern of a BalLaCuSe, sample was taken on a Scintag

! Indeed, the atomic coordinates for all atoms can be related approxi-
mately by such symmetry operations. However, when the structure was
refined in space group Amma, values of 0.20 for R,(F) (all data) and
0.078 for R(F) (F}> 2o (FE)) and physically unreasonable displacement
parameters were obtained. Moreover, of the 664 unique reflections hav-
ing kK + ¢ = 21 + 1 that would be forbidden in an A-centered lattice,
614 are observed (F2) > 2¢(F1). Their average intensity, however, is
only one-third of that of those reflections having & + ¢ = 2#n, consistent
with the existence of a pseudo-A-centered lattice.

2 See NAPS document No. 05063 for 13 pages of supplementary mate-
rial. Order from ASIS/NAPS, Microfiche publications, P.O. Box 3513,
Grand Central Station, New York, NY 10163. Remit in advance $4.00
for microfiche copy or $7.75 for photocopy. All orders must be prepaid.
Institutions and Organizations may order by purchase order. However,
there is a billing and handling change for this service of $15. Foreign
arders add $4.50 for postage and handling, for the first 20 pages, and
$1.00 for additional 10 pages of material, $1.50 for postage of any micro-
fiche orders.
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XDS 2000 diffractometer at room temperature. The unit
cell dimensions were determined by a least-squares re-
finement of the d-values of 49 uniquely indexed reflec-
tions.

UV-visible spectroscopy. Diffuse reflective UV-visi-
ble spectra were recorded at room temperature over the
wavelength range 190 to 900 nm with a Cary 1E spectro-
photometer equipped with a diffuse reflectance accessory.
Polytetrafiuoroethylene powder (6 mm thick) was used as
a reference.

RESULTS AND DISCUSSION

Bal.aCuS; was synthesized both as single crystals and
as single-phase polycrystalline samples. It crystallizes in
a channel structure type {a). As prepared, Bal.aCuSe,
crystallizes in a layered structure (3}, but powder diffrac-
tion patterns of ground polycrystalline samples revealed
the presence of both the « and 8 phases. The structural
features of the « and 3 phases will be discussed first.

Figures | and 2 provide perspective views of these
structures. The « structure consists of a three-dimensional
framework of LaS; monocapped trigonal prisms and CuS,
tetrahedra. It also exhibits one-dimensional character in
the form of channels that extend along the b axis. Ba®*
ions are accommodated in these channels. In the 8 struc-
ture there are {L.aCuSe? "] layers separated by Ba’* ions.
Figure 3 shows a view of a 4 L.aCuSe3"] layer while Fig.
4 shows a polyhedral representation. La atoms are coordi-
nated by six Se atoms at the corners of a distorted octahe-
dron and Cu atoms are coordinated by four Se atoms at

a eBa +Cu ola ©S

FIG. 1. View along the b axis of the BaLaCuS, or a-Bal.aCuSe,

structure.
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Qa ©Ba oLa #Cu OSe

FIG. 2. View along the b axis of the p-Bal.aCuSe, structure.

the corners of a tetrahedron. The layers are formed by the
connection of edge-sharing octahedral chains and corner-
sharing tetrahedral chains. 8-Bal.aCuSe; is isostructural
with Eu,CuS, (i.e., Eu*Eu**Cu*§27) (20), with La** ions
occupying the same octahedral sites as the Eu’* ions and
the Bal* jons occupying the same seven-coordinate sites
as the Eu’* ions.

Selected distances and angles for o-Bal.aCuS§; and
B-BaLaCuSe, are given in Table 5. In a-BaLaCu§s, the
La-S bond lengths range from 2.915(1) to 3.028(1) A and
the Cu-S bond lengths range from 2.338(1) to 2.398(1)
A.In B-Bal.aCuSe;, the 1.a-Se bond lengths range from
2.940(2) to 3.019(2) A and the Cu-Se bond lengths range

S

ISEEsES
iEstaeis
Sl & | 1514

ola eCu O Se
FIG.3. View alongthe caxisofad{LaCuSei™]layerin8-Bal.aCuSe,.
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FIG. 4. A polyhedral representation of a 2[LaCuSe} ] layer in the
B#-BaLaCuSe; structure.

from 2.478(2) to 2.577(2) A. These values compare well
with those in the literature. For exalpple, La-S bond
iengths vary from 2.898(1) to 3.123(1) A in KLaGeS5, (8),

CHRISTUK, WU, AND IBERS

where La is also seven-coordinaied. Octahedrally coordi-
nated La (as in BaL.aCuSe,) is uncommon. However, in
LaSe, where the La is octahedrally coordinated, the
La-Se bond length is 3.024 A (21) and in La,SeSiO,,
where the La is eight-coordinate, the La—Se bond lengths
range from 3.048(2) to 3.233(2) A (22). Cu-S bond lengths
vary from 2.333(2) to 2.360(2) A in K,Cu,Nb,S, (6) and
the Cu-Se bond length is 2.456(2) in K,CuTaSe, (23). The
CuS, tetrahedron in the a-BaLaCuS; structure is close to
regular, with S—-Cu-S bond angles ranging from 107 to
113°. But in the 8-BaLaCuSe, structure, the CuSe, tetra-
hedron is distorted, with Se~Cu—Se angles ranging from
103 to 127°. The LaSe; octahedron in the 8-BaLaCuSe,
structure is slightly distorted with trans-Se-~La—Se angles
Tanging from 174 to 177°. If these polyhedra were regular,
the cell would be A-centered.

X-ray diffraction patterns were taken from polycrystal-
line Bal.aCuS; samples. The patterns agree well with that
calculated from the crystal structure of a-BalaCus,.
However, as revealed by powder-diffraction techniques,
BaLaCuSe, undergoes a phase transition that is induced
by mechanical grinding. Figure 5 shows a set of X-ray
powder diffraction patterns for BaLaCuSe,. Curves (a)

TABLE 5§
Selected Bond Lengths (A) and Bond Angles (deg) in BaLaCugQ,
Bal.aCuS§, BaLaCuSe,
La-S8(1) 2.994(2) La-Se(l} X2 3.019(2)
La-S(1) 31.000(1) La-Se(2) 2.940(2)
La-8(2) x2 2.9151) La-Se(2) 2.947(2)
La-5S(2) 3.028(1) La-Se(3) X2 2.985(2)
La-S8(3) x2 2.942(1) Ba-Se(l) 3.523(3)
Ba-5{1) x2 3367() Ba-Se(l) *2 31.32002)
Ba-S(2) x2 3.230(1) Ba-Se(2) x2 3.257(2)
Ba-5(3) 3.118(2) Ba-Se(3) X2 3,329(2)
Ba-5(3) x2 3.178(1) Cu-Se(l) 2.480(2)
Cu-S(1) X2 2.372(1) Cu-5e(2) x2 2.577(2)
Cu-5(2) 2.398(1) Cu-Se(3) 2.478(2)
Cu-5(3) 2.338(1)
S{1)-La-8(1) 148.11{2) Se(2)-La-5e(2) 174.43(3)
S(1)-La-5(2) 72.83(3) Se(2)-La-Se(3) x2 95.48(5)
S(1)-La-S(2) 139.06(3) Se(2)-La-Se(3)  x2  B8.38(5)
S(2)~La—S(1) x2  78.3903) Se(3)-La-Se(3) 91.95(5)
S(2)-La-8(1) x2 121.20(3) Se(2)-La-Se(l) x2 87.29%(5)
S$(2)-La-5(2) x2  78.83(3) Se(2)-La-Se(l)  x2  88,79(5)
S(2)-La-5(2) 93.20(3) Se(3)-La-Se(1) x2 177.10(3)
S(2)-La-S(3) x2  83.28(3) Se(3)-La-Se(l) x2  88.64(4)
S(2)-La-S(3) X2  158.33(3) Se(1)-La—Se(1) 90.62(5)
S(M-La-8(1) X2 78.06(3) Se(3)-Cu-Se(l) 106.55(7)
5(3)-La-5(1) x2 79.96(3) Se(3)-Cu-5e(2) x2 109.78(6)
S(3)-La—8(2) X2 124.8803) Se(D)-Cu-Se?) x2  108.85(6)
S(3)-La-S(3) 92.12(4) Se(2)-Cu-Se(2) 112.83(7)
S(1)=Cu—S(i) 126.53(5)
S5(1)-Cu-5(2) x2 103.08(4)
S5(3)-Cu-S(i) X2 105.1%(3)

§(3)-Cu-5(2) 114.17(4)
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FIG. 5. Calculated and measured X-ray diffraction powder patterns
of BaLaCuSe,: (a) calculated for the 3 phase, (b} measured on an an-
nealed sample, (c) measured on the sample after grinding for 5 min, (d)
measured on the sample after grinding for 30 min, and (e) calculated
for the « phase.

and (e) are the calculated patterns for the 8 and « phases,
respectively. Curve (b) is from a sample annealed at 600°C
for 2 days. This sample was gently crushed, but not
ground, before the diffraction pattern was recorded. The
B phase predominates. The same sample was then ground
manually with an agate mortar and pestle for 5 min. The
diffraction pattern (¢} now shows the presence of both «
and 8 phases. Grinding of the sample for a total of 30 min
increases the proportion of the a phase (curve (d)). Only
a-BalLaCuSe, is observed when the sample is ground for
2 hr with a ball mill (Fritsch Planetary Micromiil) with
acetone as the mineralizer.® The a phase can be trans-
formed to the 8 phase by annealing at elevated tempera-
tures. While in one experiment annealing an a-sample at
400°C for 12 hr produced a small but noticeable increase
in the B phase, annealing at 600°C for 2 days resulted in
a complete transition from the a to the 8 phase. This
phenomenon is similar to that reported for CaCO, (24),
in which calcite can be transformed into the metastable
high-pressure aragonite phase by grinding, The direction
of the phase transition in BaLaCuSe, is consistent in ther-

* The cell parameters of a-BaLaCuSe;, determined from the X-ray
powder patfern at room temperature, are ¢ = 11.800(2), b = 4.408()),
and ¢ = 12.195(2} A.
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modynamic terms with the calculated density, 6.04
glem® for a-BaLaCuSe; compared with 5.81 g/cm?® for
B-BalaCuSe,. It is likely that a-Bal.aCuSe, is a high-
pressure phase that is metastable at ambient pressure, as
is aragonite. However, in the absence of thermodynamic
data, we cannot exclude the possibility that the high-
temperature 3 phase is metastable at room temperature.
Note that the quenched metastable high-temperature
phase of ZnS (hexagonal) can be transformed into the
more stable cubic phase by grinding at room temperature
(25). For both CaCO, and ZnS, the change in phase be-
comes noticeable after hours of grinding. For BaLaCuSe,,
the phase transition proceeds more rapidly, perhaps be-
cause no atom rearrangement is necessary to engender
the phase transition. Comparing Figs. 1 and 2, one can
see that the channel structure of the a phase can also be
viewed as a stack of distorted layers with some La-S$
bonds across the gaps. Figure 6 shows the local coordina-
tion environment of La in a-BaLaCuS; (b} and 8-BalLa
CuSe, (a). The transition from 8 to corresponds to a dis-
tortion of a LaQ octahedron in which the nearly linear
diagonal Q-La-Q moiety is bent so as to open up the
space necessary for the formation of an additional La—Q
bond with a chalcogen atom from an adjacent layer. This
results in a monocapped trigonal prismatic geometry
about La, as indicated by the thin solid lines. Apparently,
the pressure required to effect this transition is provided
by the grinding, although grinding may also provide a
shear force to assist the kinetic process (26). Efforts to
find analogues of BaLaCuSe, that have the same grinding-
induced phase transition were unsuccessful. Among the
several other compounds we have synthesized with the
B-BaLaCuSe, structure (27), none exhibits a phase transi-
tion after being ground for 15 min. On the other hand, a
BaLaCuS, sample was annealed at 1000°C for 2 days and

FIG. 6. Coordination geometry around La in (a) 8-BaLaCuSe; and
(b) a-BaLaCus§;.
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FIG. 7. Diffuse reflective UV-visible spectra of BaLaCu(,: (2) Ba
LaCuS;; (b) BaLaCuSe;, primarily the 8 phase; and {c) a-BaLaCuSe,.

then was quenched in liquid nitrogen. The ensuing powder
diffraction pattern showed only the « phase.

Figure 7 shows diffuse reflective UV-visible spectra of
BaLaCug,. The refiectivity of BaLaCuS, displays a sharp
decrease around 600 nm that corresponds to the absorp-
tion edge. The optical band gap, as deduced by a straight-
forward extrapolation method (28), is 2.00(2) eV. The
spectra of the two phases of Bal.aCuSe,, however, do
not show such sharp transitions. There is structure in
the high energy end of all these spectira. Both phases of
Bal.aCuSe; have a reflectivity maximum at 330 nm, but
there is another maximum at 260 and 300 nm for the 8
and « phases, respectively. The BaLaCuS, spectrum has
reflectivity maxima at 310 and 250 nm, similar to but blue
shifted relative to the spectrum of «-BalaCuSe,. This
shift may be the result of the generally higher bonding
energy and ionicity in sulfides compared with selenides.
Further understanding of the optical properties of these
compounds, however, requires measurements on single
crystals and theoretical calculations.
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