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The compounds Ba4Nd2Cd3Se10 and Ba4Ln2Cd3S10 (Ln 5 Sm,
Gd, Tb) have been synthesized at 1173 K with the use of a
BaBr2/ KBr eutectic 6ux. These isostructural compounds cry-
stallize as racemic twins in space group Cmc21 of the orthorhom-
bic system in cells of (Ln, Q, a, b, c (As ), T (K)): Nd, Se,
4.3340(9), 18.667(4), 27.376(6), 115; Sm, S, 4.1907(8), 17.931(4),
26.594(5), 153; Gd, S, 4.1726(4), 17.928(2), 26.638(3), 153; Tb,
S, 4.1643(8), 17.916(4), 26.581(5), 153. The corresponding R1 in-
dices for the re5ned structures are 0.053, 0.029, 0.032, and 0.030.
The structure comprises [Ln2Cd3Q10 ]42 layers interconnected by
Ba atoms. There are LnQ6 octahedra and severely distorted
CdQ4 tetrahedra in the structure. Ba4Tb2Cd3S10 , which is para-
magnetic, obeys the Curie+Weiss law and has an e4ective mag-
netic moment of 9.94(3) lB. A band gap of 3.0 eV for this
material was deduced from its di4use re6ectance spectrum.
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INTRODUCTION

Recently, many new quaternary alkaline-earth rare-
earth chalcogenides have been synthesized. For Q"S,
Se these include Ba¸nMQ

3
(¸n"rare earth, M"Cu, Ag;

KZrCuS
3

structure type) (1, 2), BaSc
3
AgS

6
(3), Ba

2
¸nAg

5
S
6

(¸n"La and Y) (4), CaLaAl
3
S
7

(5), CaYbInQ
4

(Mg
2
SiO

4
structure type) (6), Ca

4
¸n

2
In

4
Q

13
(¸n"La, Nd, Sm, Gd)

(7), and Sr
3
La

2
Sn

3
S
12

(Eu
5
Sn

3
S
12

structure type, i.e.,
EuII

3
EuIII

2
Sn

3
Se

12
) (8). The valence state of the third

cation, that is, CuI, AgI, AlIII, InIII, or SnIV, in these alkaline-
earth rare-earth chalcogenides has a profound e!ect on
the stoichiometry, and further on the resultant structure
type. No structures with this third cation having a val-
ence state of II have been reported. The introduction of
CdII, which is known to be tetrahedrally coordinated
in a number of ternary and quaternary alkali- or alkaline-
earth compounds (9}14), clearly represents an extension
of these studies and leads to new materials, as described
here.
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EXPERIMENTAL

Syntheses

The compounds Ba
4
Nd

2
Cd

3
Se

10
and Ba

4
¸n

2
Cd

3
S
10

(¸n"Sm, Gd, Tb) were prepared by the reaction of
stoichiometric amounts of the rare earth (Alfa Aesar,
99.9%), Cd (Alfa Aesar, 99.999%), Q (S, Alfa Aesar, 99.7%;
Se, Aldrich, 99.5%), and BaQ (BaS, Alfa Aesar, 99.7%; BaSe,
Alfa Aesar, 99.5%) in fused silica tubes with the use of
a BaBr

2
/KBr eutectic #ux (molar ratio 1.1/1). The tubes

were evacuated, sealed, and then heated in a furnace to
1173 K, where they were kept for 7 days before being cooled
at the rate of 3 K/h to 673 K, where the furnace was shut o!.
The air-stable compounds Ba

4
¸n

2
Cd

3
Q

10
are light-brown

in color and #at needles in habit. EDX analysis with
a Hitachi S4500 scanning electron microscope con"rmed
the presence of Ba/¸n/Cd/Q in the approximate ratio
4/2/3/10. The yields of Ba

4
¸n

2
Cd

3
Q

10
range from 20 to

60%, depending on the rare earth. Impurities consist of
crystals of binary and ternary cadmium compounds, mainly
CdQ, Ba

2
CdQ

3
, and BaCdQ

2
. For Q"Se, only

Ba
4
Nd

2
Cd

3
Se

10
could be obtained in this way.

Crystallography

Di!raction data from a single crystal of Ba
4
Nd

2
Cd

3
Se

10
were collected at 115 K on a Picker automatic four-circle
di!ractometer (15). Thirty peaks in the 2h range 30}353were
used to obtain the unit cell. Data from all the other com-
pounds in the series were collected at 153 K on a Bruker
SMART-1000 CCD di!ractometer (16) at 15 or 25 s for
each frame and with a step of 0.253 or 0.33 in u. Face-
indexed absorption corrections were applied to all data sets.
The data collected on the CCD di!ractometer were further
corrected for frame variations with the use of the program
SADABS (16). Systematic absences and Laue symmetry led
to the orthorhombic space groups Cmc2

1
or Cmcm. In each

instance no solution could be found in space group Cmcm,
but a solution was found in space group Cmc2

1
with the

use of the direct methods program SHELXS (17). Each
4



TABLE 1
Crystal Data and Structure Re5nement for Ba4Ln2Cd3Q10

Ba
4
Nd

2
Cd

3
Se

10
Ba

4
Sm

2
Cd

3
S
10

Ba
4
Gd

2
Cd

3
S
10

Ba
4
Cd

3
Tb

2
S
10

Formula weight 1964.64 1507.86 1521.66 1525.00
a (As ) 4.3340(9) 4.1907(8) 4.1726(4) 4.1643(8)
b (As ) 18.667(4) 17.931(4) 17.928(2) 17.916(4)
c (As ) 27.376(6) 26.594(5) 26.638(3) 26.581(5)
Space group Cmc2

1
Cmc2

1
Cmc2

1
Cmc2

1
Z 4 4 4 4
¹ (K) 115 153 153 153
Volume 2214.9(8) 1998.3(7) 1992.7(3) 1983.2(7)
j (As ) 0.71073 0.71073 0.71073 0.71073
o
#

(g/cm3) 5.892 5.012 5.072 5.108
k (cm~1) 308.2 176.7 184.8 190.1
Transmission factors 0.27}0.39 0.22}0.71 0.25}0.77 0.23}0.64
Re#ections collected/unique 10570/3045 8824/2689 6344/2563 6307/1943
R1a (F2

0
'2p(F2

0
)) 0.0532 0.0288 0.0315 0.0302

wR
2
b (all data) 0.104 0.0678 0.0708 0.0699

aR
1
"+EF

0
D!DF

#
E/+ DF

0
D ; F2

0
'2p (F2

0
).

bwR
2
"M+[w(F2

0
!F2

#
)2]/+wF4

0
N1@2; w~1"p2(F2

0
)#(0.04]F2

0
)2 for F2

0
50 and w~1"p2(F2

0
) for F2

0
(0.
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structure was re"ned by full-matrix least-squares methods
with the program SHELXL in the SHELXTL-97 suite (17).
In each re"nement the Flack parameter was near 0.5, sug-
gesting either a racemic twin or the possibility that the true
space group is Cmcm. However, examination of the result-
ant atomic coordinates with the program MISSYM (18)
indicates that the positions of atoms Cd3 and S6 are incon-
sistent with the additional symmetry of space group Cmcm.
TABL
Atomic Coordinatesa and Equivalent Isotropic D

Ba
4
Nd

2
Cd

3
Se

10
Ba

4
Sm

2
Cd

3
S
10

Atom y z ;b y z ;

¸n(1) 0.08348(7) 0.74614(10) 0.0072(3) 0.08022(3) 0.74627(3) 0.00968(14)
¸n(2) 0.50272(11) 0.00004(11) 0.0048(3) 0.50320(4) 0.00000(3) 0.01007(14)

Ba(1) 0.16470(10) 0.60647(8) 0.0065(4) 0.16111(4) 0.60796(3) 0.00964(18)
Ba(2) 0.16603(11) 0.89104(8) 0.0067(4) 0.16300(4) 0.89006(3) 0.00947(17)
Ba(3) 0.57691(10) 0.34162(8) 0.0071(5) 0.57706(4) 0.34362(3) 0.01092(19)

Ba(4) 0.59364(10) 0.16019(8) 0.0072(4) 0.59663(5) 0.16102(3) 0.01300(19)
Cd(1) 0.15067(13) 0.45475(10) 0.0070(5) 0.15719(6) 0.45605(4) 0.0125(2)
Cd(2) 0.15763(13) 0.03910(9) 0.0058(5) 0.16273(6) 0.03843(4) 0.0119(2)

Cd(3) 0.21640(13) 0.26799(9) 0.0142(5) 0.21981(6) 0.26852(4) 0.0152(2)
Q(1) 0.01024(18) 0.42571(14) 0.0046(8) 0.0126(2) 0.42758(14) 0.0091(7)
Q(2) 0.01546(17) 0.07080(15) 0.0033(8) 0.0172(2) 0.06858(14) 0.0094(7)

Q(3) 0.07179(13) 0.25162(18) 0.0071(6) 0.07441(16) 0.25249(18) 0.0100(6)
Q(4) 0.20701(18) 0.36884(14) 0.0062(7) 0.2079(2) 0.36859(15) 0.0119(6)
Q(5) 0.21077(17) 0.12469(13) 0.0058(7) 0.21360(19) 0.12316(12) 0.0083(6)

Q(6) 0.23894(16) 0.72970(11) 0.0106(6) 0.23514(19) 0.73146(14) 0.0136(7)
Q(7) 0.34105(17) 0.48315(13) 0.0057(8) 0.34142(19) 0.48264(15) 0.0111(8)
Q(8) 0.34465(17) 0.01003(14) 0.0061(8) 0.34654(18) 0.01030(15) 0.0099(7)

Q(9) 0.40708(19) 0.31893(15) 0.0100(8) 0.40936(18) 0.31692(15) 0.0092(7)
Q(10) 0.41950(17) 0.17506(13) 0.0066(8) 0.42342(19) 0.17716(15) 0.0100(7)

aAll atoms are in position 0, y, z in space group Cmc2
1
.

b; is the equivalent isotropic displacement parameter and is de"ned as one-third
The improvement in R indices on re"nement of these struc-
tures as racemic twins is slight but signi"cant. In no instance
was the residual electron density greater than 10% of the
height of a chalcogen atom in the given structure. The
re"ned cell parameters and other relevant crystal data are
given in Table 1, and the "nal atomic parameters and
equivalent isotropic displacement parameters are given in
Table 2.
E 2
isplacement Parameters (A_ 2) for Ba4Ln2Cd3Q10

Ba
4
Gd

2
Cd

3
S
10

Ba
4
Tb

2
Cd

3
S
10

y z ; y z ;

0.07966(4) 0.74642(4) 0.00976(15) 0.07939(4) 0.74652(5) 0.00937(16)
0.50342(5) 0.00000(4) 0.01017(15) 0.50334(5) 0.00000(5) 0.00967(17)

0.16029(5) 0.60816(4) 0.0096(2) 0.16006(5) 0.60859(4) 0.0086(2)
0.16253(5) 0.88976(4) 0.0094(2) 0.16231(5) 0.88953(4) 0.0090(2)
0.57686(5) 0.34350(4) 0.0113(2) 0.57686(6) 0.34377(5) 0.0107(2)

0.59673(5) 0.16089(4) 0.0133(2) 0.59634(6) 0.16079(5) 0.0129(2)
0.15702(7) 0.45617(5) 0.0124(3) 0.15706(7) 0.45641(6) 0.0119(3)
0.16269(7) 0.03846(5) 0.0122(3) 0.16236(7) 0.03851(6) 0.0115(3)

0.21978(7) 0.26861(4) 0.0151(3) 0.21962(7) 0.26836(5) 0.0147(3)
0.0122(2) 0.42818(18) 0.0111(9) 0.0124(2) 0.4286(2) 0.0093(10)
0.0171(2) 0.06805(16) 0.0077(9) 0.0165(3) 0.06769(19) 0.0091(10)

0.07429(18) 0.2529(2) 0.0080(7) 0.07395(19) 0.2527(2) 0.0086(8)
0.2078(2) 0.36842(18) 0.0124(8) 0.2075(2) 0.3687(2) 0.0117(9)
0.2141(2) 0.12300(14) 0.0074(8) 0.2142(2) 0.12301(17) 0.0071(9)

0.2335(2) 0.73207(15) 0.0126(8) 0.2332(2) 0.7322(2) 0.0153(10)
0.3422(2) 0.48248(17) 0.0120(10) 0.3429(2) 0.4826(2) 0.0106(11)
0.3478(2) 0.01090(17) 0.0085(9) 0.3489(2) 0.0111(2) 0.0093(10)

0.4096(2) 0.31610(17) 0.0095(9) 0.4101(2) 0.3157(2) 0.0094(10)
0.4238(2) 0.17761(17) 0.0091(9) 0.4240(2) 0.1783(2) 0.0083(9)

of the trace of the orthogonalized ;
ij

tensor.



FIG. 1. Structure of Ba
4
¸n

2
Cd

3
Q

10
.
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Magnetic Susceptibility

As the compound can be obtained in high yield, single
crystals of Ba

4
Tb

2
Cd

3
S
10

were picked out and ground. The
magnetic susceptibility measurements on this compound
FIG. 2. Polyhedral vie
were made at 50 G over the temperature range 2}300 K
with a zero "eld cooling with a Quantum Design SQUID
magnetometer. No measurements were made at high "eld.
Data were corrected for the diamagnetic contributions of
the atomic cores (19).
w of Ba
4
¸n

2
Cd

3
Q

10
.
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UV-Vis Diwuse Reyectance Spectroscopy

A Cary 1E UV-visible spectrophotometer with a di!use
re#ectance accessory was used to measure the di!use re#ec-
tance spectrum over the range 350 to 900 nm at 293 K on
the compound Ba

4
Tb

2
Cd

3
S
10

. A Varian Halon plate was
used as a reference.

RESULTS

The structure of Ba
4
¸n

2
Cd

3
Q

10
, which is a new structure

type, is shown in Fig. 1; Fig. 2 is a polyhedral representation
of the structure. The structure comprises [¸n

2
Cd

3
Q

10
]4~

layers interconnected by Ba atoms. An in"nite main plane
perpendicular to c consists of chains of edge-shared ¸nQ

6
octahedra and corner-shared CdQ

4
tetrahedra that share

corners with one another along b. Branching planes com-
TABL
Bond Lengths (As )

Bond lengths Ba
4
Nd

2
Cd

3
Se

10
Ba

4
Sm

2
Cd

¸n(1)}Q(3) 2.902(3) 2.777(3
¸n(1)}Q(10)]2 2.913(3) 2.788(3
¸n(1)}Q(6) 2.937(3) 2.806(3
¸n(1)}Q(9)]2 2.949(3) 2.820(3
¸n(2)}Q(2)]2 2.916(3) 2.789(3
¸n(2)}Q(7) 2.953(4) 2.824(4
¸n(2)}Q(8) 2.963(4) 2.822(3
¸n(2)}Q(1)]2 2.982(3) 2.860(3
Ba(1)}Q(5)]2 3.217(3) 3.098(3
Ba(1)}Q(10)]2 3.270(3) 3.174(3
Ba(1)}Q(8)]2 3.420(4) 3.340(3
Ba(1)}Q(2) 3.502(4) 3.365(4
Ba(1)}Q(6) 3.647(4) 3.542(4
Ba(2)}Q(9)]2 3.234(3) 3.140(3
Ba(2)}Q(4)]2 3.268(3) 3.174(3
Ba(2)}Q(7)]2 3.327(3) 3.234(3
Ba(2)}Q(1) 3.425(4) 3.303(4
Ba(3)}Q(9) 3.230(4) 3.088(3
Ba(3)}Q(3)]2 3.283(4) 3.197(4
Ba(3)}Q(4)]2 3.339(3) 3.217(3
Ba(3)}Q(1)]2 3.398(4) 3.279(3
Ba(4)}Q(5)]2 3.228(3) 3.131(3
Ba(4)}Q(10) 3.276(4) 3.135(3
Ba(4)}Q(3)]2 3.336(4) 3.235(4
Ba(4)}Q(2)]2 3.580(4) 3.530(3
Ba(4)}Q(6) 3.659(4) 3.551(4
Cd(1)}Q(4) 2.576(5) 2.498(4
Cd(1)}Q(8)]2 2.645(3) 2.545(2
Cd(1)}Q(1) 2.739(4) 2.700(4
Cd(2)}Q(5) 2.544(4) 2.431(3
Cd(2)}Q(7)]2 2.654(2) 2.569(2
Cd(2)}Q(2) 2.792(4) 2.729(4
Cd(3)}Q(6)]2 2.548(2) 2.452(2
Cd(3)}Q(3) 2.736(3) 2.642(3
Cd(3)}Q(4) 2.767(5) 2.670(4
posed of CdQ
4
}¸nQ

6
}CdQ

4
units at the corners of the

CdQ
4

tetrahedra stick out along c from the main plane up
and down along b for two consecutive main planes. These
CdQ

4
tetrahedra are severely distorted, which is not uncom-

mon in the chalcogenides (e.g., Na
4
Cd

3
Se

5
(10), K

2
Cd

3
S
4

(13), Na
6
Cd

7
S
10

(14)).
There are four crystallographically independent Ba atoms

in the structure: Ba2 and Ba3 are coordinated by seven Q
atoms in a monocapped trigonal prism, whereas Ba1 and
Ba4 are coordinated by eight Q atoms in a bicapped trigonal
prism.

The bond lengths and angles given in Tables 3 and 4 are
normal. For example, compare the Cd}S bond lengths of
2.430(5) to 2.729(4)As with those of 2.47(1) to 2.67(1)As in
Rb

2
Cd

3
S
4

(13), the Cd}Se bond lengths of 2.544(4) to
2.792(4)As with those of 2.593(3) to 2.780(2)As in Rb

2
Cd

3
Se

4
(13), the Sm}S bond lengths of 2.777(3) to 2.860(3)As with
E 3
for Ba4Ln2Cd3Q10

3
S
10

Ba
4
Gd

2
Cd

3
S
10

Ba
4
Tb

2
Cd

3
S
10

) 2.765(3) 2.752(4)
) 2.778(3) 2.762(4)
) 2.784(4) 2.781(4)
) 2.799(3) 2.784(4)
) 2.775(3) 2.762(4)
) 2.806(4) 2.793(5)
) 2.806(4) 2.783(4)
) 2.844(3) 2.831(4)
) 3.095(3) 3.092(3)
) 3.169(3) 3.168(4)
) 3.330(4) 3.329(5)
) 3.356(4) 3.345(5)
) 3.552(4) 3.538(5)
) 3.142(3) 3.142(4)
) 3.175(3) 3.175(3)
) 3.234(4) 3.235(4)
) 3.296(4) 3.297(5)
) 3.087(4) 3.079(4)
) 3.190(4) 3.193(5)
) 3.210(3) 3.202(3)
) 3.284(4) 3.280(4)
) 3.131(3) 3.131(3)
) 3.133(4) 3.123(4)
) 3.245(4) 3.235(5)
) 3.536(4) 3.536(4)
) 3.586(4) 3.597(5)
) 2.509(5) 2.501(6)
) 2.547(3) 2.541(3)
) 2.701(4) 2.696(5)
) 2.434(4) 2.430(5)
) 2.566(3) 2.560(3)
) 2.726(4) 2.726(5)
) 2.450(2) 2.444(3)
) 2.642(4) 2.643(4)
) 2.667(5) 2.675(6)



TABLE 4
Bond Angles (3) for Ba4Ln2Cd3Q10

Bond Angles Ba
4
Nd

2
Cd

3
Se

10
Ba

4
Sm

2
Cd

3
S
10

Ba
4
Gd

2
Cd

3
S
10

Ba
4
Tb

2
Cd

3
S
10

Q(3)}¸n(1)}Q(10)]2 90.89(10) 90.91(10) 91.11(11) 90.99(13)
Q(10)}¸n(1)}Q(10) 96.13(13) 97.45(12) 97.36(14) 97.86(17)
Q(3)}¸n(1)}Q(6) 174.15(15) 175.34(13) 175.71(15) 175.57(18)
Q(10)}¸n(1)}Q(6)]2 85.21(9) 86.02(9) 86.06(11) 86.10(12)
Q(3)}¸n(1)}Q(9)]2 91.42(10) 91.52(9) 91.56(11) 91.61(12)
Q(10)}¸n(1)}Q(9)]2 177.57(10) 177.46(10) 177.28(12) 177.35(13)
Q(10)}¸n(1)}Q(9)]2 84.60(5) 83.24(7) 83.07(7) 82.61(9)
Q(6)}¸n(1)}Q(9)]2 92.55(9) 91.60(8) 91.30(9) 91.33(11)
Q(9)}¸n(1)}Q(9) 94.58(14) 95.96(12) 96.38(14) 96.80(17)
Q(2)}¸n(2)}Q(2) 95.99(15) 97.39(12) 97.51(14) 97.85(17)
Q(2)}¸n(2)}Q(7)]2 91.35(9) 91.02(9) 91.22(10) 91.34(12)
Q(2)}¸n(2)}Q(8)]2 91.14(10) 91.51(9) 91.18(10) 90.93(12)
Q(7)}¸n(2)}Q(8) 176.29(17) 176.17(14) 176.37(16) 176.54(19)
Q(2)}¸n(2)}Q(1)]2 178.60(14) 178.38(10) 178.37(13) 178.30(15)
Q(2)}¸n(2)}Q(1)]2 85.41(5) 84.20(6) 84.07(7) 83.72(8)
Q(7)}¸n(2)}Q(1)]2 88.47(10) 89.30(9) 89.16(10) 89.27(12)
Q(8)}¸n(2)}Q(1)]2 88.98(10) 88.09(9) 88.38(11) 88.39(12)
Q(1)}¸n(2)}Q(1) 93.20(14) 94.21(11) 94.36(15) 94.69(16)
Q(4)}Cd(1)}Q(8)]2 120.59(9) 122.52(8) 123.06(9) 123.24(11)
Q(8)}Cd(1)}Q(8) 110.05(16) 110.84(15) 110.02(17) 110.1(2)
Q(4)}Cd(1)}Q(1) 97.22(14) 95.09(12) 95.26(14) 95.28(16)
Q(8)}Cd(1)}Q(1)]2 101.40(10) 97.69(9) 97.22(11) 96.68(12)
Q(5)}Cd(2)}Q(7)]2 121.86(8) 123.11(7) 123.42(9) 123.40(10)
Q(7)}Cd(2)}Q(7) 109.48(15) 109.33(14) 108.80(16) 108.9(2)
Q(5)}Cd(2)}Q(2) 94.84(15) 94.95(12) 95.47(14) 95.93(15)
Q(7)}Cd(2)}Q(2)]2 100.85(11) 98.16(9) 97.77(11) 97.46(12)
Q(6)}Cd(3)}Q(6) 116.56(14) 117.39(15) 116.76(16) 116.86(19)
Q(6)}Cd(3)}Q(3)]2 104.81(10) 105.08(10) 105.96(11) 106.25(12)
Q(6)}Cd(3)}Q(4)]2 115.55(8) 115.27(9) 115.06(10) 114.81(12)
Q(3)}Cd(3)}Q(4) 95.79(14) 94.72(13) 94.48(15) 94.42(17)

FIG. 3. Bond lengths of ¸n}S (As ) (¸n"Sm, Gd, Tb) versus ionic radii of ¸n3` (A_ ). ¸n(1)}S(3) (j ); ¸n(1)}S(10) (r) ; ¸n(2)}S(2) (v); ¸n (1)}S(6) (m);
¸n(1)}S(9) (.); ¸n(2)}S(8) (]); ¸n(2)}S(7) (#); ¸n(2)}S(1) (*).
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FIG. 4. Reciprocal magnetic susceptibility of Ba
4
Tb

2
Cd

3
Q

10
vs temperature. The solid line is the "t of the data to the Curie}Weiss law.

Ba
4
Nd

2
Cd

3
Se

10
AND Ba

4
¸n

2
Cd

3
S
10

(¸n"Sm, Gd, Tb) 389
those of 2.752(3) to 2.859(3)As in Ba
0.914

Sm
2
S
3.9

(20), the
Gd}S bond lengths of 2.765(3) to 2.844(3)As with those of
2.806(4) in CsGdS

2
(21), and the Tb}S bond lengths of

2.752(4) to 2.831(4)As with those of 2.789(9) As in CsTbS
2
(21).

A plot (Fig. 3) of ¸n}S bond lengths in Ba
4
¸n

2
Cd

3
S
10

(¸n"Sm, Gd, Tb) versus the ¸n3` ionic radius (22) shows
the expected trend. As expected, the unit cell volumes in-
FIG. 5. Di!use re#ectance s
crease with increasing size of ¸n; however, not all the indi-
vidual cell constants follow this trend, presumably because
of the alignment of the various coordination polyhedra in
di!erent directions.

The reciprocal molar magnetic susceptibility (s~1) of
Ba

4
Tb

2
Cd

3
S
10

, shown in Fig. 4, has been "t to the
Curie}Weiss law s"C/(¹#h), with parameters C"
pectrum of Ba
4
¸n

2
Cd

3
Q

10
.
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12.35(6) emu K/mol and h"9.9(6) K. The calculated
e!ective magnetic moment 9.94(3) k

B
may be compared with

the theoretical value 9.72 k
B

(23) and the recently published
experimental value 9.79 k

B
(24) and 9.25(4) k

B
(25).

The di!use re#ectance spectrum of Ba
4
Tb

2
Cd

3
S
10

from
350 to 900 nm is shown in Fig. 5. An optical band gap of
3.0 eV was deduced with the use of a straightforward extra-
polation method (26). This gap is consistent with the brown
color of the material. Because of the limited quantities
of material available, no di!use re#ectance spectra
were obtained on Ba

4
Nd

2
Cd

3
Se

10
, Ba

4
Sm

2
Cd

3
S
10

, or
Ba

4
Gd

2
Cd

3
S
10

. However, they exhibit the same brown
color and presumably have similar band gaps.
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