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PHASE TRANSITIONS IN CuAgSosSeos
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CuAgSysSeps monocrystals were synthesized and grown. Phase transitions were investigated by high temperature x-ray analysis. It’s
been shown, that at room temperature crystals have two phases, and one of the phases has structure of Cu, ¢¢S and the other of CuAgSe. Both

phases at 695 K turn to single FCC lattice with parameter a=6.356 A.

In [1] it has been determined that CuAgS crystals at room
temperature are crystallized into orthorhombic structure with
lattice parameters a=4.06 A, b=6.66 A, c=7.99 A, space
group D', — Cmem, Z=4, p=6.4 r/cm®. The only thing about
polymorphism mentioned in [1], is that at 366 K low tem-
perature orthorhombic modification turns to hexagonal one
that is identical to BCu,S (a=4.005 A, ¢=6.806 A, Z=2,
space group P6z/mmm)[2].

In [3] phase transitions in CuAgS were investigated. It
has been shown that low temperature orthorhombic modifica-
tion at 400 K turns to hexagonal and the hexagonal one in its
part turns at 705 K to high temperature FCC with a=5.7288A..
Crystal turns back to its initial state when cooled.

Partial replacement of 50% Se atoms by Te atoms and its
influence on phase transitions in CuAgSysTeys were also
investigated in [3]. It has been shown that at room tempera-
ture CuAgS,sTegs consist of three phases, one of them iden-

tical, as regards lattice size, to low temperature monocline
Cuy ¢S [4], another one has lattice of low temperature ortho-
rhombic phase of Cu,Te [5] and the last one has lattice of low
temperature orthorhombic CuAgS [1]. CuAgSysTeys consist
of three phases and at 720+1 K turns to single FCC phase
with lattice parameter a=6.531 A.

In present paper the influence of partial replacement of
50% of S atoms by Se atoms on structure and temperatures of
phase transitions in CuAgSysSeqs has been investigated. The
conditions of crystal synthesis and growth did not differ from
those of CuAgS and CuAgSysTegs [3].

An X-ray diffractometric temperature investigation was
conducted in a “DRON-3M” diffractometer with a tempera-
ture attachment URVT-2000 in vacuum (10™ Pa). Angular
resolution was =0.1°. Diffraction angles were measured with
an accuracy A6=%0.02°.

Table 1
XRD data for CuAgS,sSeq s (Fe-filtered, CoK,, radiation, A,=1.7902 A, 55kV, 12mA).
T, K <) I, Dexp A CuAgse Aga5e Lattice Parameters, A
deatc A hkl deatc A HKI
1 2 3 4 5 7 8 9
18°00° | 30 | 2.897 2.898 243 2.890 150 CUy 065
19°30° | 80 | 2682 2.690 1000 2.681 042 Monocline
20°24 | 100 | 2.568 2.569 044 a=26.897
21° 36' 50 2.432 2.437 162 b=15.515
23° 30' 70 2.245 2.245 942 €=13.585
25°06 | 40 | 2.110 2111 326 Z=8
25°36' | 50 2.072 2.073 1123 S.G. P2y, ,
26°36' | 60 1.999 1.998 645 2.012 220 px=5.870 g/cm
293 [Mog°24" | 90 1.882 1.882 027 1.890 191
31°24 | 40 | 1718 1.717 275, 390 1.710 0102 CuAgSe
33°42 | 50 | 1.163 1614 038 Orthorhombic
37°24 | 10 | 1474 1.473 908, 286 ba=_2460583?3
39°06' | 30 1.419 1.419 938 1411 243 vt
41°24 | 10 1.354 1354 | 078 1010 $.G. D'y - PA/nMM
45°54 | 10 1.247 1.246 0510 1.247 0104 2010
48°00° | 20 1.205 1.205 0610 1.204 115 0,=7.895 glem®
373 | 17°55' | 30 | 2909 2.910 243 2.909 150 CUy 065
19°28 | 80 | 2686 2.686 1000 2.684 042 a=26.859
20°19° | 100 | 2578 2.579 044 b=15.811
21°27 | 45 | 2448 2.447 132 ¢=13.608
23°28 | 70 | 2248 2.248 942 px=5.759 glcm®
25°00° | 40 | 2.118 2.118 326
25°33 | 50 | 2.075 2.074 1123
26° 32' 60 2.004 2.004 645 2.014 220 CuAgSe
28°18' | 90 1.888 1.888 027 1.906 191 a=4.107
31°17° | 35 | 1.724 1724 275, 390 1.724 0102 b=20.664
33°34 | 45 | 1619 | 1619 038 c=6.374
37°17 | 10 | 1478 1478 908 px=7.683 g/cm
38°59° | 25 1.423 1.423 938 1411 243
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41°12' 10 1.359 1.359 1010
45° 44' 10 1.250 1.250 0510 1.250 0104
47°46'° | 20 1.209 1.209 0610 1.201 115
17°49° | 30 2.925 2.926 243 2.925 150
19°26' | 75 2.691 2.691 1000 2712 042
20°10'° | 100 2.596 2.597 044 Cly S
21° 22 50 2.456 2.456 162 a=26.905
23°24 | 70 2.254 2.255 942 b=15.852
24° 45 | 40 2.138 2.138 326 c=13.753
25°27° | 50 2.083 2.082 1123 py=5.673 g/cm®
473 26°30° | 60 2.006 2.006 645 2.030 220
28°00° | 90 1.907 1.908 027 1.915 191
31°05' | 40 1.734 1.734 275, 390 1.734 0102 CuAgSe
33°12° | 50 1.635 1.635 038 a=4.142
36° 55' 10 1.490 1.490 908, 286 b=20.664
38°37° | 30 1.434 1.434 938 1.425 243 c=6.374
40° 39' 10 1.374 1.374 078,1010 px=7.619 g/cm®
45° 11’ 10 1.262 1.262 0510 1.262 0104
47°12° | 20 1.220 1.221 0610 1.216 115
17°47° | 30 2.931 2.931 243 1.931 150
19°24'° | 80 2.694 2.964 1000 1.716 042
20°07' | 100 2.602 2.602 044 Cly 665
21°20° | 45 2.460 2.460 162 a=26.936
23°22° | 70 2.257 2.258 942 b=15.893
24°42° | 40 2.142 2.142 326 ¢=13.775
25°25' | 50 2.086 2.085 1125 p,=5.643 g/lcm®
573 26°17° | 60 2.022 2.021 645 2.039 220
27°56' | 90 1.911 1.910 027 1.923 191
31°02° | 35 1.736 1.737 275 1.741 0102 CuAgSe
33°08 | 45 1.638 1.638 038 a=4.152
36°51' | 10 1.493 1.493 908 b=20.695
38°32° | 25 1.437 1.437 938 1.430 243 €=6.383
40° 35' 10 1.376 1.376 1010 px=7.578 glcm®
45° 06' 10 1.264 1.264 0510 1.266 0104
47°06' | 20 1.222 1.222 0610 1.218 115
17°44° | 30 2.939 2.937 243 2.939 150
19°23° | 80 2.697 2.696 1000 2.720 042
20°05' | 100 2.606 2.606 044 Cly 65
21°15' | 50 2.466 2.467 162 a=26.936
23°20° | 70 2.260 1.260 942 b=15.893
24°40° | 40 2.145 1.145 326 ¢=13.775
25°24' | 50 2.087 2.087 1123 py=5.620 g/cm®
673 26°15 | 60 2.024 2.024 645 2.039 220
27°54' | 90 1.913 1.913 027 1.923 191
30° 57" 40 1.740 1.740 275 1.741 0102 CuAgSe
33° 05' 50 1.640 1.640 038 a=4.152
36° 48' 10 1.494 1.494 908 b=20.695
38°29'° | 30 1.438 1.438 0938 1.430 243 €=6.383
40° 32' 10 1.377 1.377 1010 px=7.536 g/cm®
45° 01' 10 1.266 1.266 0510 1.266 0104
47°00° | 20 1.224 1.244 0610 1.220 115
16°19° | 40 3.176 3.185 200
23°30° | 65 2.246 2.245 220
27°52' | 100 1.915 1.915 311 FCC
29°12° | 70 1.834 1.835 222 a=6.356
773 34°19° | 30 1.588 1.588 400 S.G. Fm3m
37°54' | 80 1.457 1.458 331 Z=4
39°04' | 30 1.420 1.420 420 px=6.376 g/cm®
43°39° | 50 1.297 1.297 422
47°04'° | 90 1.222 1.223 333,511
873 16°16' | 40 3.196 1.182 200 FCC
23°27 | 65 2.250 1.250 220 a=6.363
27°49' | 100 1.918 1.919 311 py=6.355 g/cm®
29°10° | 70 1.837 1.837 222
34°16' | 30 1.590 1.591 400
37°51' | 80 1.459 1.460 331
39°02° | 30 1.422 1.423 420
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43° 36' 50 1.298 1.299 422

47° 01 40 1.224 1.225 333

16° 13 40 3.205 1.186 200

23° 24’ 65 2.254 1.253 220

27° 46' 100 1.921 1.921 311

29° 07 70 1.840 1.840 222 FCC

973 34° 13 30 1.592 1.593 400 a=6.372

37° 49 80 1.460 1.462 331 p,=6.328 g/cm®
39° 00 30 1.422 1.425 420

43° 33' 50 1.299 1.301 422

46° 58' 90 1.225 1.226 333

At 293 K the XRD patterns from 5x5x1 mm arbitrary ori-
ented AgCuSysSeps single-crystal showed 16 diffraction
peaks. Indexing of patterns confirms existence of two phases,
the first is identical to monocline CuygsS [4], the second — to
low temperature orthorhombic CuAgSe [6].

All 16 diffraction peaks (Table 1) can be indexed on the
basis of lattice parameters of orthorhombic Cuy g¢S, 8 of them
also can be indexed on the basis of orthorhombic CuAgSe.

After the patterns were recorded at room temperature, the
furnace was turned on and reference recordings were taken

every 100 K without disturbing the original crystal orienta-
tion. The sample temperature prior to every record was kept
constant for 40 minutes.

At 773K 9 peaks were recorded that belong to high tem-
perature FCC modification with a=6.356 A, Z=4, space
group Fm3m. The transition temperature was determined
from disappeared peaks when both phases turn to FCC at
T=695+2 K.
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Fig. 1. Temperature dependence of lattice parameters in CuAgS, sSep s

Fig 1 shows temperature dependence of lattice parame-
ters. As we see, lattice parameters a;, by, ¢; of monocline
Cu, ¢S deviate from linearity at 373 K, parameters b; and ¢,
quickly increase and a; decreases and linearly grows after
373 K. Lattice parameters a, and ¢, of modifications identical
to orthorhombic CuAgSe structure, deviate from linearity at

64

473 K. In spite of such changing in lattice parameters of both
phases with temperature, there is not much difference in
number and intensity of diffraction peaks.

Table 2 contains coefficients of thermal expansion calcu-
lated using temperature dependence of lattice parameters. As
we can see, the thermal expansion for modification identical
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to CuygeS along [010] significantly differ from that along
[100] and [001] (oy100;< ©fo1op™> Oqoory)- It’s significant that in
low temperature monocline modification, S atom layers form
hexagonal close packages and Cu atoms are distributed

among them in 3 different ways. In this structure 51 of Cu
atoms distributed in distorted triangles, 9 — in tetrahedral
spaces and one is in double coordination. Some of Ag atoms
might replace Cu atoms.

Table 2
Thermal expansion coefficients for CuUAgS, sSep s
Modification Tempﬁrat“re ap100y10°K ™ ooy 10K a0y 10°K g% gk

293-373 -19.05 238.48 21.16 80.20

Orthorhomb. 293-473 1.65 120.67 68.70 63.67
Cu1.96S 293-573 5.18 87.01 49.95 47.38
293-673 6.46 68.86 40.29 38.54
293-373 64.24 79.75 197.21 113.73

Orthorhomb. 293-473 76.14 35.44 87.65 66.41
CuAgSe 293-573 57.69 28.18 61.47 49.11
293-673 47.66 28.71 46.97 41.11

FCC 773-873 0.11 0.11

CuAgSosSeos 773-973 0.13 0.13

In CuAgSe lattice, Ag atoms situated in planes perpen-
dicular to ¢ axis. Near each of them, there are 4 Ag atoms at
2.96 A and 6 Se atoms at 2.67 A (4 Se), 3.59 A (1 Se), 3.64
A (1 Se). Se atoms form elongated tetrahedrons in which Cu
atoms situated. Distance between Se atoms is Se-Se=3.30 A,
between Cu and Se is from 2.06 A to 2.50 A and the least one
is Cu-Ag=2.98 A.

Thermal expansion coefficient of phase crystallized as
CuAgSe structure has anisotropy along basic crystallographic
directions (oi007~t107>0001). Strong anisotropy of thermal
expansion of both phases is one of the main reasons of ther-
mal instability of low temperature phase. We should note,
that monocline Cu;gS at 377 K turns to FCC phase with

a=5.707 A and CuAgSe at 504 K turns to FCC phase
(a=5.082 A) as well. In our case that doesn’t happen, i.e. both
phases (Cuy 6S and CuAgSe) turn to FCC phase (a=6.356 A)
at 695 K at the same time.

At room temperature CuAgS,sSeqs crystals consist of 2
phases and while heated, as seen from thermal expansion
anisotropy, deform each other. The nucleus of high tempera-
ture FCC phase is formed in the interface of these two phases
and grows at the expense of both phases. When cooled, FCC
phase splits in two and crystal turns to initial state. Phase
transitions are reversible and take place by single-poly crystal
model.
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CuAgS, sSe,s KRISTALINDA POLIMORF KECIiD

CuAgS, sSe, s torkibi sintez edilmis vo monokristali alinmigdir. Yiiksok temperatur difraktometrik metodu ile polimorf kecid todqiq
edilmis vo gosterilmisdir ki, otaq temperaturunda kristal iki fazalidir. Fazalardan biri Cu, ¢S strukturasini, digeri ise AgCuSe-nin struktura-
sin1 gobul edir. Hor iki faza 695 K-doe sathine merkezlosmis kubik fazaya kegir.

FO.T'. Acanos, P.b. BaiikyJos, 10.1. Anues

MOJIMMOP®HBIE ITIPEBPAIIEHUS B CuAQS,:Seos

CuHTe3MpoBaHbl U BbIpalieHbl MOHOKpucTauibl CUAQS)sSeys. BbicokoTeMmepaTypHbIM PEHTICHOTpapUUECKUM METOJIOM HCCIIEIOBa-
JIMCh NOJMMOpQHBIC npeBpaiieHus. [Toka3aHo, YTO IPH KOMHATHOW TeMIEpaType KpHCTAILIbl - IByX(asHble, oJHa W3 (a3 MpHUHHMACT
crpykrypy Cuyg6S, a mpyrast - CuUAgSe. O6e dassi npu 695 K npespartarores B enunyio I'LK Moaudukaruio ¢ mapamerpom a=6.356 A.
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