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PHASE STUDIES IN THE SYSTEHS Aqstlm-Sa~Tos, ZnSm-In-r&a, ND ZnS-SasSt 

V. KRXPIER, H. HIRTH, W. HOFHERR, and K-P. TRW 

Kristallographisches Institut der Universitat, Hebelstr. 25, 
D-7800 Freiburg (Federal Republic of Germany) 

The title systems were investigated by means of differential 
thermal analysis (DTA) and X-ray phase analysis (XPA). From these 
measurements phase diagrams were constructed; crystal data of 
intermediate compounds and a structure model of ZnGa&+ are added. 

INTRODUCTION 

Ternary semiconducting crystals with the chalcopyrite and de- 

feet-chalcopyrite structure find growing interest because of their 

non-linear optical properties. As a suitable basis ,for their cry- 

stal growth, the phase relations in the corresponding systems 

should be known. For this reason, the systems Ag=Te-SarTe~, ZnSe- 

In&h, and ZnS-Sa&s were (re-)examlned and their tentative phase 

diagrams as well as the results of X-ray diffraction studies on 

some of the intermediate compounds are deait with. 

EXPERWNTCU, 

The binary components were synthesiaed from high purity ele- 

ments. DTA experiments were performed and evaluated as described 

earlier 'Cl]. ' X-ray phase analyses of the DTA @roducts were done 

with a Guinier-de Wolff camera (CuKa radiation) using cubic ks,O, 

as internal standard and programs GUINIER [2]land LSUCRW [S] for 

precise determination of lattice parameters. Single-crystals were 

prepared by chemical vapour transport (CVT). For, a structure ana- 

lysis of IMa&-, an intensity data.set of a suitable' CVT crystal 

was collected on an ENRAF-NONIUS CAD-4 diffractometer (graphite- 

monochromatized AgKa radiation). Calculations were performed with 

the X-RAY78 prograin system [4] on the basis of 857 unique observed 

reflections, corrected for absorption and extinction effects. 

0040-6031/87/$03.50 O1987EBevierS&nceF'ubBahenB.V. 



90 

0 SY&e6~ 

Falatnik and Belava [53 studied this system in the range 20-100 

mole Z ~,=s. A rromplete r~-ex~~~~~~on of 4h phase diagram over 

ths whole concentration region (Fig, 1) shows no essential diffe- 

rences of the already published phase boundaries, but at the CI@Te 

rich sidr3 02 kb systemr a K&B?+ ~~~~QUk?d Qf fX?EFOSi%iOB c\g~%%h 

W&l found, It melts incongruently af 705(5) 0C and shows a phase 

transition in the Temperature interval 2-30 *C. Contrary to the 

hoaologous compounds in the systems Sf9&+0zr&~f6~ and AgSe-GeaSe~ 

ET-93 wh&ck belong to a fargrit family of isotopic compounds (the 

"argyrodit~~, spacte, group Bz3rn of l;hw aris%oLypes [IO]) this com- 

compound cxystallieas hexagonally [Ill, Crystal data of both poly- 

morphs of %&aTrrat and of UQ~T=Z Cehafcopyrite structure type> 

are fisted in Table I. So far, the Ga rich phase #$@ia~~Te~ ~uld 

not be obtained single-crystialline. 

Fig. 1. Phasw diagram of th& system Flg~Te43anTes. 
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Fig. 2 shows the proposed phase diagram; the only intermediate 

compound found, ZnIn&e., melts incongruently at 960(10) OC. Small 

DTA effects and electrical conductivity measurements indicate a 

phase transition at 45(5)oC. A structure analysis [12] showed that 

ZnIn&e4 crystallizes with space group Ia2m, i.e. a variety of the 

thiogallate/defect-chalcopyrite structure, caused by statistical 

disorder of the cations. Its crystal data are listed in Table 1. 

Haeuseler et al. Cl31 report on a second intermediate compound 

of composition Zn0.-In&e=.. (= 2ZnSe.51nlSe3) which cannot be 

confirmed unequivocally: the continuously detected a-R phase tran- 

sition of In&es suggests a two-phase region between ZnIn&e, and 

In&e3, but weak additional X-ray diffraction lines point at ambi- 

guous equilibrium conditions in the related composition/tempera- 

ture region. 

0 20 40 60 80 100 

Z&2 Zn lnge, InpSe~ 

mole % In,Se, - 

Fig. 2: Phase diagram of the system ZnSe-In&e=. 
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3. The system ZnS-Sa&L, 

Rather preliminary and contradictious phase diagrams were pub- 

lished by Flahaut et al. Cl43 and Malevskii t153. Fig. 3 shows the 

results of our treatment. At high temperatures, a complete solid 

solution between ZnS and SarSw with defect-wurtaite structure 

exists as confirmed by quenching annealed specimens from tempera- 

tures just below the sofidus. By DTA the liquidus and solidus 

curves could be established up to 1300 oc, but in the subsolidus 

region considerable kinetic barriers prevent the elucidation of 

the phase boundaries. Besides ZnSe&~ (its crystal data shows Tab. 

11, a second phase with a phase width from 80 to 92 mole % Gazs3 

was found; various attempts to prepare single-crystals failed. 

rrc 

1400 
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200 
THIOGALLATE 

30 40 50 60 

zn=aiS, 

mole -% Ga,S, - 

70 80 90 100 

Fig. 3. Tentative phase diagram of the system ZnS-Sa&=. 

Phases in boxes were identified after annealing and 

quenching (TH: thiogallate, W: wurtzite). 
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TARhE 

Crystal data. 
__I____--_____-" __________________I_____________ __________________________ 

Rgr8a7rr t#Q.B&T#r AQ8&f#2 ZnIn~Sr~ ZnBraB4 
a EliI B 5113 I121 

--“-------------------~-------------------------*----“---------”-- -------” 

a (Al 8.260(S) 16.498(4) &.315(Z) 5.7095(7) 5.290(l) 
c (I) 13.407~8) 13.274(S) 11*981(b) 11*443(Z) 10.3541s) 
C/1 1.623 O.BOII 1.898 2.005 1.957 
V (A=1 792.2 3128.9 477.5 372.2 289.8 
2 2 8 4 2 2 
i:: (9CW3) 7.57 7.67 b.02 3.43 3.70 

@CR-=) S.Sl 3.76 
SB Pbdrrt P&/R 182d ISZI 15 
Habit < plrtrs ) bispkmoids columns bisphmoids 
FDM 10011, c100,, (1011 (112) (1121, (0011 (1121 
c010ur < blrck 1 blrck dark red colourlars 

Zn and Ga cannot be discriminated in K-ray experiments because 

of their nearly identical scattering factors. However, Haeuseler 

[16] and Siebert [17] postulated on the basis of FfR, Raman, and 

spinprobe investigations that ZnGa&L possesses an ordered arran- 

gement of the Zn and Ga atoms in accordance with the thiogallate 

structure type (prototype CdBa,Se [IS]). Therefore, the struoture 

of Znfie;c% was treated in space group 13 with starting parameters 

from 1181 and substituting Cd by Zn; refinement converged at R= 

4.5%. Tables 2 and 3 show the results of the structure analysis. 

TABLE 2 

Fractional atomic and anisotropic thermal (&1x102) 

parameters, e.a.d.'s in parentheses. 
~~~~I--~-~~c~_~~I~~~_._________I_____c__I_-~~~~~~~~~~~~~~.~~ 

ltm X Y 2 IllI U¶n u 33 u,z UL3 Unr 

Ikl 12nl 0 0 0 1.9417) 1.94(7) 1.6W - - - 
ntz &rl 6 0 0.3 PA4f o.wit imll - - - 
lhf IBr) 0 0.3 0.23 1.3914) 1.39Mf 1.02i7) - - ” 
5 0.2Wl(ll 0.2411141 011314I2) 1.53(71 1,33(7i l,lZM -0,141bl 0.3313) O.lW 
-“1------_----_----1--~--.-~~.-----~-----.-------~--“---~------~--““------~.----.~ 
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TCIELE 3 

Bond distances (A). 
____________________~~~~~~~~ 

Mel (Zn) - S 2.301(2) 4x 
Me2 (Ga) - S 2.328(Z) 4x 
Me3 (Ga) - S 2.278(2) 4x 
__-_-_---__-_-___-__-------- 
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