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Abstract

The ternary compound Ag2SnTe3 has been synthesized and investigated by means of X-ray powder diffraction and its 
structure has been refined by the Rietveld method. The thermal differential analysis indicates a melting point of 343 ºC for 
this compound. The powder pattern was composed by 86.5% of the principal phase Ag2SnTe3 and 13.5% of a secondary 
phase identified as the binary SnTe. The compound Ag2SnTe3 crystallizes in the monoclinic space group Cc (Nº 9), Z = 4, with 
unit cell parameters a = 7.4420(1) Å, b = 12.8377(1) Å, c = 7.4025(1) Å, β = 109.54(1) °, and V =666.5(2) Å3. The refinement 
of 36 instrumental and structural parameters converged to Rp = 8.1 %, Rwp = 9.6 %, Rexp = 7.1 %, S = 1.4, for 5501 step 
intensities and 290 independent reflections. The structure of Ag2SnTe3 can be described as an adamantane compound 
derivative of the sphalerite structure.

Key words: Chalcogenides; Chemical synthesis; Thermal analysis; X-ray powder diffraction; Crystal structure.

Síntesis, análisis térmico y caracterización estructural del 
compuesto ternario Ag2SnTe3

Resumen
El compuesto ternario Ag2SnTe3 ha sido sintetizado e investigado mediante difracción de rayos-X en muestras policristalinas 
y su estructura cristalina ha sido refinada utilizando el método Rietveld. El análisis térmico diferencial indica que su punto 
de fusión es 343 °C. El patrón de difracción se compone de 86,5 % de la fase principal Ag2SnTe3 y 13,5 % de una fase 
secundaria identificada como el binario SnTe. El compuesto Ag2SnTe3 cristaliza en el grupo espacial monoclínico Cc (Nº 9), 
Z = 4, con parámetros de celda unidad a = 7,4420(1) Å,  b = 12,8377(1) Å, c = 7,4025(1) Å,  β = 109,54(1) °, y V =666,5(2) Å3. 
El refinamiento de 36 parámetros instrumentales y estructurales convergió a las figuras de mérito Rp = 8,1 %, Rwp = 9,6 %, 
Rexp = 7,1 %, S = 1,4, para 5501 intensidades y 290 refecciones independientes. La estructura del ternario Ag2SnTe3 puede 
ser descrita como un compuesto adamantano derivado de la estructura esfalerita.

Palabras clave: Calcogenuros; Síntesis química; Análisis térmico; Difracción de rayos-X en muestras policristalinas; 
Estructura cristalina.
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Introduction

Ternary compounds belonging to the family Cu2-IV-VI3 
(IV= Ge, Sn, VI = S, Se, Te) have interesting semiconducting 
and optoelectronic properties, mainly in applications 
as photovoltaic and acoustic-optic devices in the near 
infrared [1,2]. These materials belong to the normal 
structure compounds (I2-IV-VI3) derivatives of the II-VI 
binary semiconductors [3] and have low melting points 
which diminish with increments of the atomic number of 
the anions. The crystal structure of the ternaries Cu2GeS3 
[4], Cu2GeSe3 [5], Cu2GeTe3 [6], Cu2SnS3 [7], Cu2SnSe3 [8] 
and Cu2SnTe3 [9] have been investigated by powder and 
single-crystal X-ray diffraction. These materials have 
received considerable attention recently for acousto-
optic applications due to their low band gaps, low melting 
points, high mean atomic weights and high refractive 
indices [10-15]. On the other hand, silver-containing 
ternary compounds have been very little studied 
structurally and the limited information found in the 
literature is concerning some of their physical properties 
[16-20]. In particular for the ternary Ag2SnTe3, the 
synthesis, electrical and optical properties were reported 
[17], however its crystal structure was not characterized.

 Therefore, in this work a complete structural analysis of 
the ternary compound Ag2SnTe3 is performed by using 
X-ray powder diffraction data.

Experimental

Synthesis

The sample was synthesized by using the direct fusion 
technique. Stoichiometric quantities of Ag, Sn and Te 
elements were charged in an evacuated and sealed quartz 
ampoule, which was previously subject to pyrolysis in 
order to avoid reaction of the starting materials with 
quartz. The fusion process was carried out into a furnace 
(vertical position) heated up to 1150 ºC at a rate of 60 
ºC/hour. The ampoule was kept at this temperature for a 
period of 12 days. Finally, the sample was cooled to room 
temperature at a rate of 6 ºC/hour during 2 days. The 
furnace was then turned off and the ingot cooled down to 
room temperature.

Chemical Analysis (EDX)

Chemical analysis of the sample was carried out with 
a Hitachi S-2500 scanning electron microscope (SEM) 
equipped with a Kevex EDX accessory. Three different 
regions of the ingot were scanned and the average atomic 

percentages are: Ag (30.5%), Sn (17.2%) and Te (52.5%), 
which gave an atomic ratio close to the ideal value 2:1:3. 
The error in standardless analysis was around 5%.

Differential thermal analysis (DTA)

Differential thermal analysis (DTA) measurements were 
obtained, in the temperature range between 20 and 1150 
ºC, using a Perkin-Elmer DTA-7 with aluminum and gold 
used as reference materials. The charge was of powdered 
alloy of approximately 100 mg weight. The error in 
determining these temperatures is of about ±10 °C.

X-ray powder diffraction (XRD)

For the X-ray analysis, a small quantity (∼100 mg) of the 
sample was ground mechanically in an agate mortar and 
pestle. The resulting powder was mounted on a zero-
background holder covered with a thin layer of petroleum 
jelly. The X-ray powder diffraction data were collected 
at 295(1) K, in θ/θ reflection mode using a Siemens 
D5005 diffractometer equipped with an X-ray tube (CuKα 
radiation: λ= 1.54059 Å; 30kV, 15mA) and a diffracted 
beam graphite monochromator. A fixed aperture and 
divergence slit of 1 mm, a 0.1 mm monochromator slit, and 
0.6 mm detector slit were used. The specimen was scanned 
10 to 120° 2θ, with a step size of 0.02° and a counting time 
of 45s. Quartz was used as an external standard.

Results and discussion

Figure 1 shows the DTA curve for the ternary compound 
Ag2SnTe3. A sharp endothermic peak observed at 
343 °C corresponds to the compound melt (Tf). 
At a temperature 416 °C, one sharp endothermic 
peak occurred corresponding to the binary SnTe. 
 

Figure 1. DTA curve for the ternary Ag2SnTe3
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The X-ray diffractogram of Ag2SnTe3 is shows in Figure 2. A 
search in the ICDD-PDF database [21] using the software 
available with the diffractometer was performed, and one 
known phase present in small quantities were readily 
identified: SnTe (PDF N° 46-1210). The first intense peaks 
corresponding to the phase of interest were indexed in a 
monoclinic cell using the Dicvol04 program [22], with unit 
cell parameters a = 7.450 Å, b = 12.840 Å, c = 7.415 Å, β = 
109.4 °. A detailed pattern examination of the main phase, 
taking into account the sample composition and unit cell 
parameters, established that this material is isomorphic 
with Cu2SnSe3 compound [8], which crystallize in a 
monoclinic cell, space group Cc (Nº 9).

The Rietveld refinement [23] of the Ag2SnTe3 structure 
was carried out using the Fullprof program [24]. Initial 
positional parameters were taken from those of Cu2SnSe3 

[8] and unit cell parameters were those obtained above. 
Atomic positions of the binary SnTe compound [25] 
were included as secondary phase in the refinement. The 
angular dependence of the peak full width at half maximum 
(FWHM) was described by the Cagliotti’s formula (FWHM= 
(Utan2θ+Vtanθ+W)1/2) [26]. Peak shapes were described 
by the parameterized Thompson-Cox-Hastings pseudo-
Voigt profile function [27]. The background variation was 
described by a polynomial with six coefficients. 

With the diffraction data available it was only possible to 
described the thermal motion of the atoms by one overall 
isotropic temperature factor. The refinement converged to 
the final profile agreement factors summarized in Table 1. 
The Rietveld semi-quantitative analysis [28] converged to 
the following weight fraction percentages: Ag2SnTe3 (86.7 
%) and SnTe (13.3 %). The final Rietveld plot is shown 
in Figure 2. Unit cell parameters, atomic coordinates, 
isotropic temperature factor, bond distances and angles 
are shown in Table 2. Figure 3 shows the unit cell diagram 
of Ag2SnTe3.

Table 1: Rietveld refinement details for Ag2SnTe3

Molecular formula Ag2SnTe3 Diffractometer Siemens D5005
Molecular weight (g/mol) 717.25 λ (Å) 1.54056 CuKα

a (Å) 7.4420(1) Data range 2θ (°) 10-120
b (Å) 12.8377(1) Step size 2θ (°) 0.02
c (Å) 7.4025(1) Counting time (s) 45
β (°) 109.54(1) N°. step intensities 5501

V (Å3) 666.5(2) N° independent refl. 290
Z 4 Peak-shape profile Pseudo-Voigt

Crystal system monoclinic Rp (%) 8.1
Space group Cc (N° 9) Rwp (%) 9.6
Dcalc (g/cm-3) 7.15 Rexp (%) 7.1

Temperature (K) 295 S 1.4

  Rp = 100 ∑|yobs - ycalc| / ∑|yobs|    RB = 100 ∑k|Ik -Ic k| / ∑k |Ik|

  Rwp = 100 [∑w|yobs - ycalc|2 / ∑w|yobs|2]1/2   S = [Rwp / Rexp]

  Rexp = 100 [(N+C) / ∑w(yobs
2)]1/2   N-P+C= degrees of freedom

The structure of Ag2SnTe3 can be described as derivative 
of the sphalerite structure. As expected for adamantane 
structure compounds [3], each anion is coordinated by 
four cations (Te1 by two Ag and two Sn, Te2 and Te3 by 
three Ag and one Sn) located at the corners of a slightly 

distorted tetrahedron. Ag and Sn cations are similarly 
coordinated by four anions. Figure 3 shows the tetrahedral 
coordination around the cations. The Ag-Te and Sn-Te 
bond distances compare quite well with those observed 
in other adamantane structures, such as AgGaTe2 [29], 
AgIn5Te8 [30], Cu2SnTe3 [9], Mn2SnTe4 [31], AgFe2GaTe4 
[32] and AgInTe2 [33].
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Figure 2. Observed (circles), calculated (solid line), and difference plot of the final Rietveld refinement of Ag2SnTe3

Figure 3. Unit cell diagram for the compound Ag2SnTe3, showing the tetrahedral coordination around the cations
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Table 2 
Atomic coordinates, isotropic temperature factors and geometric parameters (Å, °) for Ag2SnTe3

Atom Ox. Wyck. x y z foc B (Å2)

Ag1 +1 4a 0.367(2) 0.251(1) 0.612(2) 1 0.7(5)

Ag2 +1 4a 0.370(1) 0.418(2) 0.116(1) 1 0.7(5)

Sn +4 4a 0.363(2) 0.091(1) 0.107(1) 1 0.7(5)
Te1 -2 4a 0.00000 0.409(2) 0.00000 1 0.7(5)

Te2 -2 4a -0.026(1) 0.078(1) -0.014(1) 1 0.7(5)

Te3 -2 4a 0.503(2) 0.259(1) -0.014(1) 1 0.7(5)

Ag1 - Te1i 2.61(2) Ag2 - Te1 2.59(1) Sn - Te1i 2.73(2)

Ag1 - Te2i 2.54(3) Ag2 - Te2i 2.60(1) Sn - Te2 2.77(3)

Ag1 - Te3ii 2.61(2) Ag2 - Te2iv 2.50(3) Sn - Te1v 2.74(1)

Ag1 - Te3iii 2.56(2) Ag2 - Te3 2.59(3) Sn - Te3 2.68(2)

Te3ii - Ag1 - Te2i 106.8(6) Te3iii - Ag1 - Se1i 108.8(6) Te3ii - Ag1 - Te3iii 112.1(6)

Te3iii - Ag1 - Te2i 108.9(6) Te2i - Ag1 - Se1i 111.4(5) Te1i - Ag1 - Te3ii 108.8(5)

Te2i - Ag2 - Te1i 105.1(3) Te2i - Ag2 - Te2iv 111.7(4) Te1 - Ag1 - Te2iv 109.9(4)

Te2i - Ag2 - Te3 113.1(4) Te3 - Ag2 - Te2iv 107.4(1) Te1 - Ag2 - Te3 109.7(5)

Te2 – Sn - Te1i 108.9(3) Te1v - Sn - Te3 115.3(6) Te2 - Sn - Te3 107.9(3)

Te2  - Sn - Te1v 107.8(5) Te1i - Sn - Te1v 105.2(3) Te1i - Sn - Te3 111.3(5)

Symmetry codes: (i) 0.5+x, 0.5-y, 0.5+z; (ii) x, y, 1+z; (iii) -0.5+x, 0.5-y, 0.5+z; (iv) 0.5+x, 0.5+y, z; (v) 0.5+x, -0.5+y, z; (vi) -0.5+x, 0.5-y, 
-0.5+z; (vii) 0.5+x, 0.5-y, -0.5+z; (viii) -1+x, y, z; (ix) x, -y, -0.5+z; (x) -0.5+x, -0.5+y, z; (xi) x, 1-y, -0.5+z; (xii) -0.5+x, 0.5+y, z.

Conclusions

The ternary compound Ag2SnTe3 was synthesized by 
using the direct fusion technique. The thermal differential 
analysis indicates a melting point of 343 ºC for this 
compound. The refinement of the crystal structure of 
Ag2SnTe3 by Rietveld method from X-ray powder 
diffraction confirms that this compound crystallizes 
in the monoclinic space group Cc, and can be described 
as derivative of the sphalerite structure. The structure 
consists of a three-dimensional arrangement of slightly 
distorted AgTe4 and SnTe4 tetrahedra.
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