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Abstract 

The synthesis and structure of a new ternary silver telluride, CsAgsTe3, is described. The compound was prepared from a 
Cs2Te-CaTe-Te flux but it can also be prepared from a direct combination of Cs2Te and Ag2Te under vacuum at 600 °C. 
The crystal data for CsAgsTe3 at 20 °C (Mo Ka radiation) are as follows: a = 14.672(2) /~ and c=4.601(3) /~; V=990.5(8) 
/~a; Z = 4 ;  Dcatc=7.075 g cm-3; space group, P42/mnm (No. 136); 20m~=50°; number of independent data collected, 572; 
number of data observed with 1 > 3 o ( 0 ,  267; number of variables, 32, /~=218.51 cm-1; extinction coefficient, 0.585 × 10-7; 
final R=0.040; Rw=0.046; goodness of fit, 1.42. The compound features a new structure type with Cs+-filled, relatively large 
tunnels running through the lattice. The material is a semiconductor with a band gap of about 0.65 eV. 
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Recently, we have demonstrated that the dissolution 
of late transition metals in alkali metal chalcogenide 
fluxes can lead to exciting new materials. In particular, 
we have worked on a number of compounds containing 
copper or silver metals [1,2]. Most known silver-con- 
taining alkali metal chalcogenides can be classified in 
terms of A2Q-n(Ag2Q), where A stands for an alkali 
metal, and Q a chalcogen atom (mostly S or Se). The 
lower n series has long been studied, and this includes 
the KAgSe (n = 1) type [3], the K2Ag4Q3 ( Q - S  or Se; 
n = 2) .type [4], and the AAgaQ2 (A = Rb or Cs; Q -  S, 
Se or Te; n---3) type [5] structures; the recently syn- 
thesized RbAgsS3 (r/---5) [6], the title compound 
CsAgsTe3 (n=5),  K2Ag12Se7 (n =6) [7] and CSAgTS4 
(n = 7) [6] cover the intermediate range of n. The only 
missing member in this range is A2AgsQs, which belongs 
to the n = 4 group. Such a trend certainly provides us 
with some helpful hints on other possible phases of 
alkali metal silver chalcogenides. Several compositions 
of the higher n series are therefore postulated: A2Ag16Q9 
(n--8), AAggQ s (n=9)  and A2Ag2oQll (n--10). We 
believe that these phases and phases with an even 
higher n value could also be synthesized. 

* Corresponding author. 

In this communication, we report the synthesis, struc- 
ture and some properties of CsAgsTe3 (I), an n = 5  
member of the A2Q-n(Ag2Q) series. Together with 
AAgaTe2 ( A = R b  or Cs) [5c], it is the first example 
of a ternary alkali metal siver telluride known to date. 
The compound was crystallized in a Cs2Te-CaTe-Te 
flux. The black thin needle-like crystals of I were 
obtained in a reaction containing 0.197 g (0.5 mmol) 
of Cs2Te, 0.084 g (0.5 mmol) of CaTe, 0.054 g (0.5 
mmol) of Ag and 0.510 g (4 mmol) of Te. The reaction 
was carried out in a sealed Pyrex tube of about 6 in 
length and 9 mm inner diameter at 420 °C for 4 days 
followed by slow cooling (4 °C h -1) to 120 °C: The 
excess flux was removed from the final product using 
dimethylformamide (DMF). Crystal of both the title 
compound I and CsAg3Te2 [8], whose structure is isotypic 
to the known A A g a Q  2 ( A = R b  or Cs; Q = S  or Se) 
type [5a,b], were found in the product. The structure 
of CsAgsTe3 was solved by single-crystal X-ray dif- 
fraction methods [9]. Atomic coordinates are given in 
Table 1. A pure powder sample of I was prepared by 
direct synthesis at 600 °C [10]. 

CsAgsTe3 is an extended solid with a novel structure 
type. It consists of an (AgsTe3)-three-dimensional tunnel 
network filled with Cs ÷ counterions. Structurally, the 
network is rather complex as are most other silver 
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Table 1 
Fractional atomic coordinates with average 
factors for CsAgsTe3 

isotropic temperature 

Atom x y z Bcq 
(A 2) 

Cs .0.8867(2) - 0.8867 - ~ 2.05(9) 
Te(1) 0.6721(2) 0.1154(2) 0 1.5(1) 
Te(2) 0.9003(2) 0.9003 0 1.3(1) 

z 3.2(2) Ag(1) 0.5816(3) 0.2142(3) - ~  
Ag(2) 0.6045(3) 0.0177(2) --~ 2.1(2) 
Ag(3) 0.6762(3) - 0.6762 0 3.2(1) 

sulfides. It is constructed in such a way that large open 
channels are formed and oriented parallel to the crys- 
tallographic c axis. Pairs of Cs ÷ cations are accom- 
modated in the center of the 12-member ring formed 
by equal number of silver and tellurium atoms bonded 
alternately together, which in turn gives rise to the 
infinite open channel (Fig. 1). Inspection of the three- 
dimensional structure, shown in Fig. l(a), reveals the 
presence of [AgTe]n n- columns. These columns, shown 
in Fig. l(b), are in fact a common structural feature 
that is encountered in a number of other silver and 
copper ternary chalcogenides, including AAgaQ2 [5], 
ACu3Q2 [11] and Na3Cu4S4 [12]. Unlike many chlal- 
cogenides synthesized in a molten polychalcogenide 
flux, CsmgsTe 3 is a metal-rich compound (metal-to- 
chalcogen ratio, 6 to 3) containing only monotelluride. 
The shortest Te-Te contact in this compound is a non- 
bonding 4.139(4) /~. Atom Te(1) displays an unusual 
seven coordination with the silver atoms (Ag(1)×4; 
Ag(2) × 1; Ag(3)×2). There are three crystallograph- 
ically distinct silver atoms in this structure. Ag(1) and 
Ag(3) have a typical (distorted) tetrahedral coordi- 
nation, whereas Ag(2) is trigonally bonded to three 
Te, a less common coordination for silver. The shortest 
Ag-Ag distance in this structure is 2.902(5) ~,  slightly 
longer than the value of 2.836/~ in RbAgaTe2 [5c] but 
shorter than the value of 2.961/~ in RbAgsS 3 [6]. The 
Ag-Te interatomic distances are, on the contrary, similar 
to those found in RbAg3Te2 [5c]. 

In the context of this paper it is worth discussing 
RbAgsS3, an interesting compound prepared by Kolis 
and coworkers [6] using a different approach involving 
supercritical ethylenediamine. This hexagonal sulfide 
compound has a different structuretype from tetragonal 
CsAgsTe3. The infinite straight tunnels of RbAgsS3 have 
a differently shaped cross-section and are smaller (ap- 
proximately 6/~ × 6/~) compared with those in CsAgsTe3 
(4/~ × 13/~). Only one row of alkali-metal counterion, 
Rb +, fills the center of the tunnel, while a double row 
of Cs ÷ atoms fills the tunnels of our compound. The 
coordination environments of both silver and chalcogen 
atoms in the two structures are also rather different. 

~ ( 2 )  

{ b ) Te(1) 

Fig. 1. (a) The three-dimensional structure of CsAgsTe3 with labeling. 
Selected bond distances and angles are as follows: Ag(1)-Te(1), 
2.954(5) /~; Ag(1)-Te(1), 3.026(3) A; Ag(l)-Te(2), 2.743(4) /~; 
Ag(2)-Te(1), 2.789(4) /~; Ag(2)-Te(1), 2.886(3) /~; Ag(3)-Te(1), 
3.060(3)/~,; Ag(3)-Te(2), 2.794(2) A; Cs-Te(1), 3.899(2)/~; Cs--Te(2), 
3.887(3) /~; Te(1)-Ag(1)-Te(1), 109.2(1)°; Te(1)-Ag(1)-Te(1), 
99.0(1)*;Te(1)-Ag(1)-Te(2), 107.6(1)°; Te(1)-Ag(1)-Te(2), 115.7(1)°; 
Te(1)-Ag(2)-Te(1), 105.7(1)*; Te(1)-Ag(1)-Te(1), 118.44(8)°; 
Te(1)--Ag(3)-Te(1), 92.2(1)°; Te(1)-Ag(3)-Te(2), 113.17(9)°; 
Te(2)-Ag(3)-Te(2), 110.9(1) °. (b) The structure of the [AgTe]n n- 
columns excised from the [AgsTe3]- lattice. The closest Ag-Ag 
distance within these columns is 3.183(4) ~. 

CsAgsTe3 is an electron-precise material and it 
is expected to be a semiconductor. Indeed, 
UV-visible-near-IR optical reflectance spectroscopy 
[13] revealed a direct band gap of 0.65 eV (Fig. 2). 
Our extended Hiickel tight-binding electronic band 
calculations [14] on the (AgsTe3)-three-dimensional net- 
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Fig. 2. The near-IR-visible optical absorption spectrum of CsAgsTe3. 

work o3nfirmed this observation [15]. A band gap is 
clearly present between the filled valence bands and 
the unoccupied conduction bands. 

Supplementary material 

Tables of calculated and observed X-ray powder 
diffraction patterns, positional and anisotropic thermal 
parameters of all atoms, and a listing of calculated and 
observed structure factors (6 pages) are available. 

Acknowledgments 

We wish to acknowledge gratefully the financial sup- 
port of the National Science Foundation (DMR-92- 
02428) and the Donors of the Petroleum Research 
Fund administered by the American Chemical Society 
for the 1993 Summer Fellowship to J.L. This work 
made use of a scanning electron microscopy facilities 
of the Center for Electron Optics at Michigan State 
Univer:~ity. 

References and notes 

[1] (a) M.G. Kanatzidis and Y. Park, J. Am. Chem. Soc., 111 (1989) 
3767-3769 
(b) M.G. Kanatzidis and Y. Park, Chem. Mater., 3 (1991) 
781-783. 
(c) M.G. Kanatzidis, Chem. Mater., 2 (1990) 353--363. 
(d) Y. Park, J.L. Schindler, C.R. Kannewurf and M.G. Kan- 
atz:idis, Angew. Chent, Int. Edn. Engl., 30 (1991) 1325-1328. 
(e) Y. Park, D.C. DeGroot, J.L. Schindler, C.R. Kannewurf 
and M.G. Kanatzidis, Chent Mater., 5 (1993) 8-10. 
(f) X. Zhang, J.L. Sehindler, T. Hogan, C.R. Kannewurf and 
M.G. Kanatzidis, Angew. Chem., Int. Edn., EngL, in press. 

[2] (a) X. Zhang and M.G. Kanatzidis, J. Am. Chem. Soc., 116 
(1994) 1890-1898. 
(b) J. Li, H.-Y. Guo, X. Zhang, and M.G. Kanatzidis, submitted 
for publication. 

[3] G. Savelsberg and H. Schiller, J. Less-Common Met., 80 (1981) 
59-69. 

[4] (a) W. Bronger and C. Burschka, Z. Anorg. Allg. Chem., 425 
(1976) 109-116. 
(b) W. Bronger and H. Schils, J. Less-Common Met., 83 (1982) 
287-291. 

[5] (a) C. Burschka and W. Bronger, Z. Anorg. Allg. Chem., 430 
(1977) 61-65. 
(b) W. Bronger, J. Eyck and H. Schils, J. Less-Common Met., 
60 (1978) 5-13. 
(c) X. Zhang, J. Li and M.G. Kanatzidis, unpublished results. 

[6] P.T. Wood, W.T. Pennington and J.W. Kolis, Inorg. Chem., 33 
(1994) 1556-1558. 

[7] P.T. Wood, W.T. Pennington and J.W. Kolis, J. Am. Chem. 
Soc., 114 (1992) 9233-9235. 

[8] The following crystal data and unit-cell parameters were ob- 
tained for CsAg3Te2: monoclinic system; space group, C2/m 
(No. 12); a = 17.662(6) /~ b=4.646(3) ~ and c=9.391(4) ~; 
/3 = 111.96(4) °. The compound is isostructural to RbAg3Te2 [5c] 
and KAg3S 2. 

[9] (a) The crystal data for CsAg5Te3 at 20 °C (Mo Ka radiation) 
are as follows: a = 14.672(2) A and c = 4.601(3)/~; V= 990.5(8) 
/~3; Z =4; d¢~c = 7.075 g cm-3; space group, P42/mnm (No. 136); 
20ma~ = 50°; number of independent data collected, 572; number 
of data observed with I >  3o(/), 267; number of variables, 32; 
/z=218.51 cm-~; extinction coefficient, 0.585 x10-7; final 
R = 0.040; Rw = 0.046; goodness of fit, 1.42. The crystal structure 
was solved by direct methods using SHELXS-S6 [9b] and refined 
with the rnxshrq [9c] package of crystallographic programs. A 
DIFABS [9d] absorption correction was applied to the isotropically 
refined data. All atoms were then refined anisotropically. 
(b) G.M. Sheldrick, in G.M. Sheldrick, C. Kruger and R. 
Goddard (eds.), Crystallographic Computing 3, Oxford University 
Press, Oxford, 1985, pp. 175-189. 
(c) a'EXSAN-TEXRAY Structure Analysis Package, Molecular 
Structure Corporation, 1985. 
(d) N. Walker and D. Stuart, Acta Crystallogr., Sect. A, 39 
(1983) 158-166. 

[10] A mixture containing 0.197 g (0.5 mmol) of Cs2Te, 0.540 g 
(5.0 mmol) of Ag and 0.319 g (2.5 mmol) of Tc was weighed 
and transferred to an alumina ceramics tube. The tube was 
then placed in a carbon-coated quartz tube (inside diameter, 
14 mm) and sealed off under vacuum. The mixture was heated 
to 600 °C within 12 h and was kept at this temperature for 
5 days. It was then slowly cooled to 300 °C (4 °C h - t )  and 
to 50 °C (10 °C h- t ) .  The product was finally washed with 
DMF and ethanol and dried with anhydrous ether. 

[11] (a) C. Burschka and W. Bronger, Z. Naturforsch., 32b (1977) 
11-14. 
(b) C.Z. Burschka, Anorg. Allg. Chem., 463 (1980) 65-71. 
(c) G. Savelsberg and H. Sch/ifer, Mater. Res. Bull. 16 (1981) 
1291-1297. 
(d) K.O. Klepp, J. Less-Common Met., 128 (1987) 79-89. 

[12] (a) C. Burschka, Z. Naturforsch., 34b (1979) 396-397. 
(b) Z. Peplinski, D.B. Brown, T. Watt, W.E. Hatfield and P. 
Day, lnorg. Chem., 21 (1982) 1752-1755. 

[13] (a) W.W. Wendlandt and H.G. Heeht, Reflectance Spectroscopy, 
lnterscience, New York, 1966. 
(b) G. Kotiim, Reflectance Spectroscopy, Springer, New York, 
1969. 
(c) S.P. Tandon and J.P. Gupta, Phys. Status Solidi, 38 (1970) 
363-367. 



4 J. Li  et al. / Journal o f  Alloys and Compounds 218 (1995) 1-4 

[14] (a) R. Hoffmann, J. Chem. Phys., 39 (1963) 1397-1412. 
(b) R. Hoffmann and W. N. Lipscomb, J. Chem. Phys., 36 
(1962) 2179-2189. 
(c) R. Hoffmann and W.N. Lipscomb, J. Chem. Phys., 36 (1962) 
3489-3493. 
(d) R. Hoffmann and W.N. Lipscomb, J. Chem. Phys., 37 (1962) 
2872-2883. 

[15] 

(e) R. Hoffmann and M.-H. Whangbo, J. Am. Chem. Soc., 100 
(1978) 6093. 
(f) R. Hoffmann, Solids and Surfaces: A Chemist's View o f  
Bonding in Extended Structure, VCH, New York, 1988. 
Band calculation was carried out along the following symmetry 
lines: G-X-M-G-Z--A-R.  A 108 k-point set was used in the 
calculations of the average properties. 


