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Rb
2
Cu

3
CeTe

5
has been synthesized from the reaction of

Cu and Ce in a molten alkali metal/polytelluride flux. The
compound crystallizes in the monoclinic space group,
C2/m (no. 12) with a=18.6884(1) Å, b=6.2384(2) Å, c=
12.5264(3) Å, b=112.795(1)°, V=1346.34(5) Å3, and Z=
4. Rb

2
Cu

3
CeTe

5
is two-dimensional with 1

2 [Cu
3
CeTe

5
]2−

layers built from one-dimensional 1
2 [Cu

2
CeTe

5
]3− chains

that are ‘stitched’ together by distorted tetrahedral Cu
atoms; the compound is paramagnetic and a narrow-gap
p-type semiconductor.

Over the past decade, the polychalcogenide flux method has
become an established technique for discovering new solid
state chalcogenides.1 Although many of the compounds form
completely new structure types, others are reminiscent of, or
can be considered derivatives of known chalcogenides. This is
particularly true when lanthanide and actinide metals are

Fig. 1 ORTEP representation of the structure of Rb2Cu3CeTe5 asinvolved. The binary LnQ3 phases (NdTe32 and ZrSe33 type),
seen down the b-axis (90% ellipsoids). The ellipses with octant shadingfor example, are quite stable. Several new ternary phases have represent Ce and Rb, the crossed ellipses represent Cu and the open

recently been reported in which the structural motifs are ellipses represent Te.
related to these LnQ3 binaries. While NaLnS3 (Ln=La,Ce)4
and ATh2Q6 (A=Cs,Rb,K; Q=Se,Te)5 represent two different
variations of the ZrSe3 structure type, ALn3Te8 (A=Cs,Rb,K; Conceptually, these one-dimensional chains derive from the

ZrSe3 structure type. By replacing one (Q22−) unit in the ZrSe3Ln=Ce,Nd)6 is closely related to the structure of NdTe3 . In
an effort to access quaternary phases which are less structurally framework with a Q2− unit, the coordination environment of

the metal changes from bicapped trigonal prismatic to pentag-related to the LnQ3 binaries, another element was introduced
into the synthesis. Copper proved to be well behaved in this onal bipyramidal. This change in coordination is accompanied

by a conversion from two-dimensional layers to one-dimen-respect and we were able to isolate several compounds, whereas
other elements gave phase-separated ternary compounds. sional chains. Within the 1

2 [CeTe5 ]5− chains exist empty
distorted tetrahedral pockets of Te atoms which are largeReactions in the A/Cu/Ln/Q (Q=S,Se) system have produced

several quaternary compounds, including K2Cu2CeS4,7 enough to accommodate Cu atoms. Each Cu atom is bonded
at two points to the axial positions of two neighboringKCuCe2S6,7,8 KCuLa2S6,8 CsCuCe2S6,8 CsCuCeS38 and

KCuUSe3 .8 Other investigators have identified such com- pentagonal bipyramids, and at the remaining sites to the
closest edge between these axial positions. The chains, oncepounds as BaErAgS3,9 CsCuUTe3,10 BaLnMQ3 (Ln=

La,Ce,Nd; M=Cu,Ag; Q=S,Se)11 and KCuEu2S6.12 Although extended to include the Cu atom, can be written as 1
2

[Cu2CeTe5 ]3− . Finally, the layers are formed when the secondmany of these phases are structurally unique, some still retain
the components of the LnQ3 motif. It is apparent that the type of Cu atom ‘stitches’ these chains together in the a-

direction by coordinating to neighboring chains in a distortedgreater the amount of copper in the framework, the more
profound the effect of breaking up the LnQ3 structure. Along tetrahedral arrangement. A view perpendicular to the layers is

shown in Fig. 2(B). It is interesting that if one removes thethese lines, we examined the A/M/Ln/Te (M=Cu,Ag) sys-
tem using polytelluride fluxes and discovered several novel Ce atoms from the structure, the remaining [Cu3Te3 ] substruc-

ture remains contiguous. In this sense, the Ce atoms arecompounds including KCuCeTe4,13 K2Ag3CeTe414 and
K2.5Ag4.5Ce2Te9 .15 We report here on Rb2Cu3CeTe5,16 a low- situated on both sides of a two-dimensional [CuTe]− substrate.

In fact, this copper telluride framework, albeit distorted, bearsdimensional compound in which the basic LnQ3 structure is
substantially disrupted. a close resemblance to the layers of NaCuTe18 [Fig. 2(C)].

The magnetic susceptibility of Rb2Cu3CeTe5 was measuredRb2Cu3CeTe5 consists of 1
2[Cu3CeTe5 ]2− layers separated

by Rb+ cations (Fig. 1.) The Ce atom is seven coordinate, over the range 5–300K at 6000 G, and a plot of 1/xm vs. T
shows that the material exhibits nearly Curie–Weiss behaviorexhibiting a distorted pentagonal bipyramidal geometry in

which one g2-(Te22−) unit17 and three Te2− anions comprise with only slight deviation from linearity beginning below 50 K.
Such deviation has been reported for several Ce3+ compoundsthe pentagon and two Te2− anions occupy the axial positions

[Fig. 2(A)]. The pentagonal bipyramids share monotelluride and has been attributed to crystal field splitting of the 3F5/2ground state of the cation.19 At temperatures above 150 K,ions, forming 1
2

[CeTe5 ]5− chains parallel to the b-axis.
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Fig. 2 (A) Schematic comparison of the two-dimensional layers of ZrSe3, the one-dimensional
1
2 [CeTe5]5− chains and the

1
2 [Cu2CeTe5]3−

chains in Rb2Cu3CeTe5 . The dotted line highlights the pentagonal bipyramidal coordination around Ce. Selected distances (Å) are as follows:
Ce–Te1 3.161(1), Ce–Te2 3.2538(5), Ce–Te3 3.246(2), Ce–Te4 3.253(2) and Te1–Te1 2.771(2). (B) View perpendicular to the layers of
Rb2Cu3CeTe5, illustrating how the second Cu atom stitches together the

1
2 [Cu2CeTe5 ]3− chains to form two-dimensional layers. The ditelluride

groups above and below the anionic layers are omitted for clarity. Selected distances (Å): Cu1–Te2 2.820(2), Cu1–Te3 2.591(2), Cu1–Te4
2.593(2), Cu1–Ce1 3.332(2), Cu1–Cu2 2.650(2), Cu2–Te3 2.721(2), Cu2–Te4 2.721(2) and 2.593(2). (C) The distorted [CuTe]−, PbO-like
layer in Rb2Cu3CeTe5 .

a meff of 2.64 mB has been calculated, which is in accord with
the usual range for Ce3+ compounds (2.3–2.5 mB). The pres-
ence of Ce3+ is confirmed by IR spectroscopy with shows one
well defined, broad peak at ca. 3420 cm−1 (0.42 eV ) This
absorption is electronic in origin and is attributed to an f–f or
f–d transition within the f1 configuration of Ce3+ . From this
we can conclude that Rb2Cu3CeTe5 is a valence precise
compound, and thus we expect semiconducting properties.
The formal oxidation states are (Rb1+)2(Cu1+)3(Ce3+)-
(Te2−)3(Te22−).

The electrical conductivity of Rb2Cu3CeTe5 as a function
of temperature measured on single crystals suggests that the
material is indeed a narrow gap semiconductor with a room
temperature conductivity value of 0.05 S cm−1 [Fig. 3(A)].
The log s vs. 1/T plot is non-linear over the entire temperature
range of 8–300 K, suggesting the conduction mechanism varies
in different temperature regions, possibly due to different types
of mid-gap states. Thermoelectric power data as a function of
temperature show a large Seebeck coefficient at room tempera-
ture of +275 mV K−1 [Fig. 3(B)]. The increasing Seebeck
coefficient with decreasing temperature and its positive sign
are consistent with a p-type semiconductor.

Note added in proof. By the time we received proofs of this
manuscript we became aware of the syntheses of BaDyCuTe3,
K1.5Dy2Cu2.5Te5 and K0.5Ba0.5DyCu1.5Te3 (F. Q. Huang,
W. Choe, S. Lee and J. S. Chu, Chem. Mater., 1998, 10, 1320).
These compounds are not structurally related to the one
reported here; however, they do belong in the broad quaternary
family of A/Cu/Ln/Q compounds.
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