OI3UKA I XIMIA TBEPAOI'O TUIA
T. 11, Ne 2 (2010) C. 386-390

V]IK 544.016

PHY SICS AND CHEMISTRY OF SOLID STATE
V. 11, Ne 2 (2010) P. 386-390

ISSN 1729-4428

M.V. Shevchuk® and 1.D. Olekseyuk?
The AgGaSe,+SnS,U AgGaS,+SnSe, System

'Department of Chemistry, Lutsk National Technical University, 75 Lvivska S,
43018 Lutsk, Ukraine, 8-097-68-47-845, gvk@dtu.lutsk.ua
2Department of General and Inorganic Chemistry, Volyn National University, 13 Voli Ave,
43025 Lutsk, Ukraine, 8-03322-4-99-72, tatarin@univer.lutsk.ua

The reciprocal system AgGaSe, + SnS, U AgGaS, + SnSe, was investigated by physico-chemical analysis
methods. The liquidus surface projection, the isothermal section at 720 K, and three vertical sections were
constructed. The system liquidus consists of two fields of the primary crystallization. The existence of a- and b-solid
solutions with the tetragonal and the monoclinic structure, respectively, was established. The system does not have a
stable diagonal, thereforeit is classified as areversible reciprocal system.
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I ntr oduction

The A'B"'C,"' compounds are widdly used in non-
linear optics [1-4]. The goal of the increase of the
transparency region and of the double-refraction angle
brings to attention the investigation of the A'B"'C,"' —
DVC,"' systems [5-8]. An additiona characterigtic of
interest of the AgGaS, and AgGaSe, compounds is that
the dispersion curves of the refraction indices ng (1 ) and
N, (I) cross at the wavelengths 4974 and 8100 A,
respectively. It is expected that as sulfur is substituted
with selenium, and silver and gallium are substituted
with tin, the isotropic point will shift to the long-wave
region, and the restructuring will thus cover a wide
spectral range[9].

The literature has no reports on the investigation of
phase equilibria in the AgGaSe; + SnS, U AgGaS, +
SnSe, system, therefore the objective of this paper is the
study of the phase diagram and the boundaries of the
solid solution ranges of the system components to
estimate the feasibility of obtaining new materials for
non-linear optics.

According to the data of [10,11] AgGaS, and
AgGaSe, melt congruently at 1268 and 1124 K

respectively. Silver thiogallate crystallizes in the
tetragonal symmetry, space group (S.G.) 1 42d;
a=057572 nm, ¢=103036nm [12]. Silver

selenogallate is isostructural with the thiogallate (S.G.)
I"42d; a=0.5992 nm, c=1.0880 nm [13]. According to
[14,15], SnS; and SnSe, melt congruently at 1143 and
898 K respectively. Tin disdenide crystallizes in the
monoclinic symmetry, S.G. P'3ml; a=0.3811nm,
c=0.6137 nm [16]. Tin disulfide aso crystallizes in the
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monoclinic symmetry, S.G. P'3ml; a=0.3646 nm,
c=0.5879 nm [14]. The systems AgGaS, — AgGaSe,
[17] and S"S, — SnSe; [18] which are the boundary sides
of the reciprocal system are characterized by the
continuous solubility in both liquid and solid state. The
AgGaS; — S, and AgGaSe, — SnSe, systems are of the
eutectic type, with the eutectic point coordinates 59
mol.% SnS,, 994K and 71 mol.% SnSe, 843K,
respectively. The solid solution ranges of AgGaS, and
AgGaSe, at 720K contain 13 mol.% SnS, or 26 mol.%
SnSe,, respectively [19]. The solid solubility in SnS, or
SnSe; isnegligible,

I. Experimental

The investigation of the phase equilibria in the
AgGaSe, + SnS,U AgGaS,+ SnSe, system was based
on 51 aloys. Their compositions were located at the
AgGaSe;— SnS;, AgGaS,— SnSe,, and AgGaSSe-SnSSe
sections. The dloys were synthesized by the two-
temperature method in evacuated to 0.1Pa quartz
ampoules using vibration mixing. The batches were
composed of high-purity elements (purity of Ag 99.997
wt.%, Ga 99.997 wt.%, Sn 99.99 wt.%, Se 99.997 wt.%,
S 99.9997 wt.%). The maximum synthesis temperature
was 1370K. The AgGaS,- and AgGaSe,-rich aloys
increase in volume upon cooling [20] and crack the
ampoules, therefore double quartz containers were used
to avoid oxidation after cracking. Obtained alloys were
annealed at 720 K for 480 hours followed by quenching
into cold water.

The aloys were investigated by differentia thermal,
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X-ray phase and microstructure analysis. Differential
therma analysis was performed using a VDTA-8M3
derivatograph, with In, Sh, Zn, Al, NaCl, Ge, Ag, Cu, Fe
as reference points, and tungsten as the standard. The
heating and cooling rates were 10 K/min. Temperature
was controlled by a W-Re 0.05/W-Re 0.2 thermocouple.
X-ray phase analysis was performed using a DRON 4-13
diffractometer, Cu K, radiation. Microstructure analysis
utilized aLeica VMHT Auto microhardness tester.

I1. Resultsand discussion
The vertical section AgGaS; — SnSe, of the ternary
reciprocal system AgGaSe, + NS, U AgGaS,+ SnSe; is

presented in Fig. 1. It forms one of the diagonals of the
concentration quadrangle. The system liquidus consists
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Fig. 1. Vertical section of the AgGaS, — ShSe,
system.

of two fieds that correspond to the primary
crystallization of the solid solution ranges of AgGaS; and
SnSe,. The sub-liquidus part, in addition to the fields of
the primary crystallization of these solid solutions,
contains the three-phase field of the secondary
crystallization of the binary eutecticL U a + p. Theline
of the completion of the secondary crystallization,
together with those of the boundary solid solutions, form
the section solidus. The maximum extent of a-solid
solution range of AgGaS; is 22 mal.% SnSe, which
decreases to 15 mol.% SnSe, with the temperature
decrease to 720 K. The change of the lattice parameters
within the range of a-solid solutions which crystallize in
the tetragonal symmetry is plotted in Fig. 2. The solid
solubility in SnSe; is negligible according to XRD (Fig.
3) and microstructure anaysis data. The -solid solutions
crystallize in the monoclinic symmetry. The change of
the unit cell parameters and the shift of the positions of
major reflections in the two-phase region indicate that
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Fig. 2. Change of the unit cdl parameters of the
solid solutions of the AgGaS, — SnSe; section.
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Fig. 3. Diffraction patterns of the alloys of the

AgGaS; — SnSe, section.
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the AgGaS, — SnSe, section is non-quasi-binary at the

annealing temperature.
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Fig. 4. Verticd section of the AgGaSe, — SnS, system.
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Fig. 5. Change of the unit cell parameters of the solid
solutions of the AgGaSe, — SnS; section.

The vertical section AgGaSe, — SnS; is shown in Fig.
4. It makes the other diagona of the AgGaSe, + SnS, U
AgGaS; + SnSe, system. The system liquidus consists of
two fields of the primary crystallization of the solid
solution ranges of AgGaSe, and SnS,. The sub-liquidus
part consists of the fields of the primary crystallization of
a-solid solution range of AgGaSe, and 3 -solid solution
range of SNS,, and a three-phase field L U a+p. The
maximum extent of a-solid solution range of AgGaSe,
which crystallize in the tetragonal symmetry is 25 mol.%
SnS; at 868 K which decreases to 23 mol.% SnS, with
the temperature decrease to 720 K. The change of the
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|attice parameters within a-solid solution range is plotted
in Fig. 5; their change in the two-phase region indicates
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Fig. 6. Vertica section of the AgGaSSe — SnSSe
system.
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Fig. 7. Change of the unit cell parameters of the

solid solutions of the AgGaSSe — SnSSe section.

that the section is non-quasi-binary. The results of XRD
and microstructure anaysis show negligible solid
solubility in SnS;.

The vertical section ‘AgGaSSe — 'SnSSe' is shown
in Fig. 6. It was investigated to refine the liquidus surface
projection and the isotherma section of the reciprocal
system. The diagram is similar to the two previous ones.
The maximum extent of a-solid solution range is 23
mol.% SnS, at 893 K; this decreasesto 19 mol.% SnS; as
the temperature decreases to 720 K. A gradual sope of
the curve of the change of the lattice parameters in the
two-phase region (Fig. 7) indicates that this section is
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non-quasi-binary.

Projection of the liquidus surface and the isothermal
section at 720 K of the AgGaSe, + SnS, U AgGasS, +
SnSe, system.

The liquidus surface projection of the AgGaSe, +
SnS, U AgGaS, + SnSe, system (Fig. 8) was constructed

AgGaSe, SnSe,

AgGas, sns,

Fig. 8. Liquidus surface projection of the
AgGaSe, + NS, U AgGasS, + SnSe, system.

using the literature data on the systems AgGaS, —
AgGaSe, [17], SnS, — SnSe, [18], AgGaS(Se), -
SnS(Se), [19] and the presented results of the
investigation of three vertical sections. The projection
consists of two fields of the primary crystallization of a-
and b-solid solutions of the ternary silver-gallium
chacogenides and of the binary tin chalcogenides,
respectively. The larger part of the concentration
guadrangle is occupied by the field of the primary

crystallization of a-solid solutions as this phase has the
highest melting point in the system. The fields of the
primary crystallization are separated by a mono-variant
line ee which corresponds to the secondary
crystallization of the binary eutectic LU a+b; the
temperature decreases from e; to e,.

The isotherma section of the reciproca system
AgGaSe, + NS, U AgGaS, + SnSe, (Fig. 9) contains
two single-phase regions of the solid solutions which are

AgGaSe, SaSe,
a a+b B/
AgGa8, SnS,

Fig. 9. The isothermal section of the AgGaSe, +
SnS, U AgGaS,+ SnSe, system at 720 K.

stretched along the sides AgGaS, — AgGaSe, and SnS; —
SnSe, of the quadrangle.

The absence of a stable diagonal in the AgGaSe, +
SnS, U AgGaS, + SnSe, system classifies it, according
to the criteria of [21], asareversiblereciprocal system.

[1]
[2]
(3]

[4]
[5]
6]
[7]
(8]
[9]
[10]

M.V.Hobden. Optical Activity in a Non-enantiomorphous Crystal Silver Gallium Sulphide // Nature, 216, p.678
(1967).

D.T.Guseinov, N.E.Gasanov, A.G.Kyazym-Zade and R.H.Nani. Certain photodectric properties of the single
crystals of the solid solutions AgGa(Sey 755,25)2 // Phys. Tekhn. Polupr., 15, p.1811 (1981).

V.V.Badikov, I.N.Matveev and S.M.Pshenichnikov, O.V.Skrebheva, N.K.Trotsenko and N.D.Ustinov. Study of
Dispersion of Birefringence and Optical Activity of Silver Gallium Sulfide Selenide (AgGa(S,.«xSe,)2) Crystals //
Kristallografia, 26, p.537 (1981).

M.Robbins and V.G.Lambrecht. Preparation and some properties of materials in systems of the type MIMIIIS, —
MIMI11Se, where M1 = Cu, Ag and MIII = Al, Ga, In// Mater. Res. Bull, 8 (6), p.703 (1973).

O.H.Hydhes, J.C.Wooley, S.A.Lopez—Rivere and B.R.Pamplin. Quaternary adamantine selenides and tellurides of
the form I-11-V-V1, // Solid Sate Communs, 35, p.573 (1980).

B.R.Pamplin, T.Ohachi and S.Maeda. Solubility of the group IV chalcogenides in 1-111-V, compounds // Ingt.
Phys. Conf. Ser., 35, pp.35-42 (1977).

|.D.Olekseyuk, A.V.Gulyak, L.V.Sysa, G.P.Gorgut, A.F.Lomzin. Crystal chemical properties and preparation of
single crystal of AgGaSe, — GeSe; y-solid solution //J. Alloys Comp., 241, p.187 (1996).

|.D.Olekseyuk, G.P.Gorgut and M.V.Shevchuk. Phase equilibriain the AgGaS, — GeS, systems// Polish J.Chem,,
76, p.915 (2002).

L.M.Sudlikov, V.Yu.Slyvka, M.P.Lysytsa. Solid-state Optical Filters Based on Gyrotropic Crystals. Interpress
Ltd., Kyiv. p.33 (1998).

S.N.Nenasheva, E.F.Sinyakova. Phase diagram of the Ag,S — Ga,S; system // Neorgan. Mater., 19 (10), pp.1622-
1625 (1983).

389



The AgGaSe-+SnS,U AgGaS,+SnSe, System

[11] J.C.Mikkelsen. Ag,Se— Ga,Se; pseudobinary phase diagram // Mat. Res. Bul., 12 (5), p.497 (1977).

[12] V.B.Lazarev, Z.Z.Kish, E.Yu.Peresh, E.E.Semrad. Complex Chalcogenides in 4'-B"'—C"" Systems. Metallurgiya,
Maoscow, p. 239 (1993).

[13] L.S.Palatnik, E.K Belova. On the ternary gallium chalcogenides of the A'B"'C"', type // Neorgan. Mater., 3 (6),
p.967 (1967).

[14] M.l.Karakhanova, A.S.Pashinkin, A.V.Novosg ova. On the tin — sulfur melting diagram // Neorgan. Mater ., 2 (6),
pp.991- 996 (1966).

[15] A.Z.Hdgjiyeva, P.G.Rustamov, B.N.Mardakhayev. Physico-chemical investigation of the In,Se; — SnSe, system //
Azerb. Khim. Zhurnal, 4, pp.138 (1973).

[16] N.K.Abrikosov, L.E.Shelimova. Semiconductor Chalcogenides and Their Alloys, Nauka, Moscow, p.192 (1975).

[17] 1.D.Olekseyuk, O.A.Husak, L.D.Gulay, O.V.Parasyuk. The AgGaS;, + 2CdSe U AgGaSe; + 2CdS system // J.
Alloys Comp., 367, p.25 (2004).

[18] M.V.Shevchuk and I.D.Olekseyuk. The SnSe,— 1S, System // Volyn Sate Univ. Bull. (in press).

[19] M.V.Shevchuk and I.D.Olekseyuk. Phase equilibriain the systems AgGaS; — SnS,, AgGaSe, — SnSe, // J. Alloys
Comp., 433 (1-2), p.171 (2007).

[20] O.E.Andreyeva, N.SOrlova, 1.V.Bondar. Investigation of the anisotropy of the characterigtic of the lattice
dynamics of the AgGaS, — AgGaSe; crystals // Materialsfor Electronics, 3, p.66 (1999).

[21] V.YaAnosov, M.I.Ozerova, Yu.YaFiakov. Introduction to Physico-chemical Analysis. Nauka, Moscow, p.503
(1976)

M.B. IlleBuyk" , |.J1. Onexcerok”

Cucrema AgGaSe+SnS,U AgGaS,+SnSe;
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Hocmimkeno cucremy AgGaSe, + SNS, 0] AgGaS, + SnSe,. [ToOymoBaHO MPOEKINIO IMOBEPXHI JIKBiLyCa,
i3orepmivnmnii nepepiz npu 720 K ta Tpu momitepmiuni nepepisu. JIikBigyc cucreMu CKiIamaeThcs i3 JBOX IIOJIB
MepPBUHHOI KpUCTai3allii a— i b— TBepaux po3uHHIB, sIKi KPUCTATI3YIOTHCS B TETPAroHabHI# Ta MOHOKITIHHI# CHHIOHI|
BIJIMOBITHO. Y cHCTeMi BiJICYTHS cTa0iibHa JiaroHaib, U0 BiTHOCUTS 1i 10 B3aEMHUX 3BOPOTHIX CHCTEM.

Koarou4osi ciioBa: niarpama crany, TBepAi pO34HHH, TApaAMETPH I'PATKH.
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