Well crystallized silver chalcogenides were synthesized by a
solvothermal reaction of silver oxalate Ag,C,04 with chalcogens
in organic solvents at relatively low temperature (140 ‘C-180 'C).
It was found that both solvents and temperature have significant
influence on the synthesis of silver chalcogenides.

The synthesis of binary mctal chalcogenidcs of groups IB and
IIB has been the focus of much attention recently.'? These
materials have wide applications in semiconductors, pigments,’
luminescence devices,’ solar cells, IR detectors, and optical fiber
communications.”

Conventionally, metal chalcogenides are synthesized by the
reaction of the elements at elevated temperature, typically 500 C
-600 'C, in evacuated tubes,"*® or by reaction of aqueous metal
salt solutions with toxic and malodorous gas H,E.*” Synthesis in
situ of nanosized silver sulfide particles in reverse micelles was
also reponed.s'9 Korczynski et al '* reported one method for the
preparation of heavy metal selenides based on heavy metal salt
reactions with K;Se in aqueous media, which required excess
metallic Al to prevent Se co-precipitation with selenides and H;
atmospherc to avoid K,;Se oxidation. The obtained metal
selenides via this method showed deviation from their theoretical
compositions.'” Parkin er al ' reported a new method for the
synthesis of metal chalcogenides by a reaction between metal
and E in liquid ammonia at room temperature. Crystallinc Ag,S
and Ag,Se powders were obtained at room temperature.’ The
predominant product was Ag,Te with 5-10% of Ag;Tes.

In this letter, we report a novel solvothermal approach to
crystallized Ag:E by a reaction between Ag,C,04 and E in
organic solvents. The so-called solvothermal process is similar to
the hydrothermal process, except that organic solvent substitutes
for water. The reactions can be expressed as the following
equation :

Ag:C,04+E solvent

AgE+2C0, T 1)
In a typical procedure, 0.0lmol analytical E and 0.01mol
Ag:Cy04 was put into a Teflon-lined autoclave of 100 ml
capacity, which was filled with pyridine(py), ethylenediamine(en)
or tetrahydrofuran(THF) up to 80% of the total volumc. The
autoclave was maintained at 140 °C for 12 h and then air cooled
o room temperature. The precipitate was filtered. washed
respectively with ethanol, distilled water, diluted HNOj3 solution,
and absolute ethanol to remove the impurities. The product was
dried in vacuum at 70 C for 4 h.

The specific experimental conditions and results are
summarized Table 1. The results showed that the reaction of
Ag,C,04 with E in different solvents such as en. py, and THF
can produce crystallized Ag,E. X-ray diffraction patterns in

Table 1. The solvent and temperature effects on the formation of
silver chalcogenides by the present solvothermal route

Reaction Crystalline
Sample  Reagents  Solvent temperature phase
No. and time

| Ag2C204 +8S en 140 °C, 12h AgZS

2 AmC04+S  py  140°C,12h  AgS

3 AgC04+S THF 140°C,12h  AgS

4  AmC0s+Se en  140°C,12h  AgSe

5 AgC04+Se  py 140 ‘C,12h  AgSe” + Se

6 Ag:C04+Se py 160 C,12h Ag.Se’ + Ag

7 AgC0s+Se THF 140 °C,12h AgSe*+Se

8 Ag,C;04+Te  en 180 °C,12h Ag,Te" + Ag

9 Ag:C04+Te  en 160 C,12h Ag,Te + Ag”

10 Ag,C04+Te  py 180 °C,12h Ag,Te+ Ag®

11 AgC0s+Te THF 180°C,12h AgTe+Ag®

*indicates the dominant phase in the sample.
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Figure 1. X-Ray diffraction spectra for the produced AgyE powders: (a)
Ag,S powders synthesized in py at 140 'C for 12 h; (b) Ag,Sc powders
synthesized in en at 140 'C for 12 h.

Figure 1(a) and 1(b) show that the produced Ag,S powders in py
(sample 2) and Ag,Se powders in en (sample 4) are pure
monoclinic phase and orthorhombic phase, respectively, with
cell constants a=0.4226, b=0.6929, c=0.7860 nm, with the value






