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Absrtact: In the presented study, it was reviewed preparing of the Cuigo.xZnTe monocrystal systems (x =
0.025, 0.050, 0.075, 0.10 at.%), affection to crystal cage parameters and phase transition temperature of
concentration increase of substituting isovalent metal atoms (Zn?") in crystalline form CuigTe (so, the
increase in the value of x).
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1. Introduction

The Cu,Te combination at room temperature has a hexagonal structure with parameter
a=4.246 A, c =7.289A, F.qr.Dent-P6b/mm, Z = 2 [1]. The CuzTe combination in the 293-793 K
temperature range is unstable and exposed to phase transition [2]. ZnTe combination is present in
metastable form at room temperature and a = 4.31A, ¢ = 7.090A, F.qr.C6,*-P6smc; crystallizes in
hexagonal structure with Z = 2 parameter [3-7]. Cu>Te and ZnTe compounds have a high
temperature centralized high temperature cube (HMC) phase. The following crystal cage
parameters have been defined for the cube phases of these compounds: a=6.104A -For Cu2Te; a
= 6.103A - for ZnTe [3]. Based on the differential-thermal and microstructure analysis, the
solubility of Cu2Te in the ZnTe combination was 51 mol%, the solution of the ZnTe compound
in CuzTe combination is properly 3 mol% [5]. The room temperature of Cu,Te and ZnTe
compounds and crystal cage parameters of WPA phases, being close of ion radius of metal atoms
Cu?* and Zn?*, as well as a wide range of solutions for the Cu,Te combination Zn,Te
combination, in the crystal structure of Cu,-«Te compounds Cu?* provides favorable conditions
for the replacement of metal ions with isovalent Zn?* metal ions.

2. Experimental

For the purpose of preparing and x-ray scanning of Cuigo-xZnTe monocrystals (x = 0.025,
0.050, 0.075, 0.10 at.%), highly clean Cu, Zn, Te chemical elements are extracted in the
appropriate proportions, filled with quartz ampoules and synthesized directly by melting 102 Pa
vacuum. During the synthesis, the ampoule was maintained at 750 K temperature (at elevated
temperature of the tellurium) for 1 hour, the temperature was increased up to 1400 K (higher
than the melting temperature of the CuzxTe compound) and the temperature of the ampoule was
reduced to 373 K after maintaining this temperature for 2 hours and maintained at this
temperature for 24 hours for homogenization purposes. Examples of Cul.80-xZnTe-synthesized
by this method were thinned and filled with conical quartz ampoule and creating 10-2 Pa
vacuum, their monocrystals have been obtained by the Bridgeman method. In order to determine
the uniformity of the obtained monocrystalline CuigoxZnTe samples, their Laue grams were
removed, and then putting into powder X-ray analysis was performed on DSC-910 ADVNCE-
8D diffractometer. The results of the X-rays analysis are shown in table 1. As a result of the X-
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ray analysis, the monocrystals of the acquired CuigoxZnTe system are monocrystalline and
crystallized in hexagonal structure. As can be seen from table 1, all the diffraction lines are
indexed on the basis of a = 8.37A, ¢ = 21.60A defined for the hexagonal phase.

Report of the diffractogram of powder Cul.80-xZnTe crystals.
CuKao -radiation, 40kv, 40ma, 1. = 1.5418 A, x = (0.025.0.050.0.075.0.10 at.%).

Table-1
CuigoxZnTe
0.00 |0.025 |0.05 0.075 0.10 Hexagonal phase
No T,K
d.,ex,A d.,ex,A d.,ex_A d.,ex_A d.,ex,A d.,te_A hkl

1 3.614 | 3.6187 | 3.6235 3.6285 3.6332 3.6182 1123

2 3.224 | 3.2280 | 3.2319 3.2357 3.2395 3.2243 1016

3 3.015 | 3.0178 | 3.0212 3.0246 3.0279 3.0093 2024

4 2.837 | 3.8400 | 2.8430 2.8459 2.8489 2.8392 1017

5 2.777 | 2.7799 | 2.7826 2.7855 2.7883 2.7766 2025

6 2.554 | 2.5565 | 2.5589 2.5613 2.5636 2.5541 2026

7 2.350 | 2.3520 | 2.3540 2.3559 2.3579 2.3495 2027

8 2.269 |2.2703 | 2.2721 2.2740 2.2758 2.2688 1128

9 2.160 | 2.1626 | 2.1659 2.1692 2.1726 2.160 2028000.10
10 |2.071 | 2.0743 | 2.0773 2.0804 2.0834 2.070 101.10

11 | 2.005 | 2.0074 | 2.0102 2.0131 2.0159 2.0062 3036

12 11.999 | 2.0018 | 2.0046 2.0074 2.0102 2.0010 2029

13 | 1.807 | 1.8095 | 1.8117 1.8139 1.8162 1.8058 4041

14 1783 |1.7852 | 1.7874 | 1.7896 | 1.7918 | 1.7872 | 4042 293
15 | 1.750 | 1.7523 | 1.7544 1.7565 1.7586 1.7553 3146

16 1.613 | 1.6148 | 1.6165 1.6182 1.6199 1.6125 3148

17 1512 | 1.5137 | 1.5152 1.5767 1.5182 1.5097 3256

18 | 1.445 | 1.4474 | 1.4487 1.4507 1.4527 1.4462 4049

19 |1.356 | 1.3576 | 1.3593 1.3606 1.3622 1.3590 4262

20 | 1.343 | 1.3451 | 1.3474 1.3496 1.3519 1.3448 5056

21 1.274 | 1.2755 | 1.2775 1.2795 1.2815 1.2762 415.10

22 | 1.211 |1.2128 | 1.2145 1.2163 1.2180 1.2081 6060

23 | 1.206 | 1.2077 | 1.2094 1.2111 1.2128 1.2061 6061

24 1.138 | 1.1403 | 1.1425 1.1447 1.1469 1.1348 5274

25 |1.087 | 1.0885 | 1.090 1.0924 1.0950 1.0864 5277

26 | 1.045 | 1.0463 | 1.0476 1.0490 1.0503 1.0450 4481

27 |0.998 | 0.9901 | 1.000 1.0012 1.0024 0.9956 62

28 |0.965 | 0.9712 | 0.0722 0.0733 0.9743 0.9669 70

29 |0.925 | 0.9261 | 0.9272 0.9282 0.9293 0.9247 50

30 |0.903 | 0.9042 | 0.9052 0.9061 0.9072 0.9029 80

3. Experimental results and discussion

The calculated elemental crystal cage parameters for CuigoxZnTe system crystals are
given in table 2.
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As can be seen from table 2, with the increase in the concentration of isovalent metal ions
of substituted Zn?* - 0.83A and being replaced Cu?* - 0.80A in crystalline form CusgoTe that is,
the value of X, increases with crystal cage settings. This increase in crystal cage settings in
crystalline form CuigoTe is connected with the radius difference of substituted and substituted
isovalent metal ions.

Calculated elementary crystal cage parameters for samples containing Cui-soxZnTe
(x=0.025, 0.050, 0.075, 0.10 at %0).

Table-2
CuigxZnTe
a,c,A
0.000 0.025 0.050 0.075 0.10 Hexagonal phase T,K
dor 8.37 8.3772 | 8.3844 | 8.392 8.399 - -
Cor 21.60 | 21.626 | 21.659 | 21.692 | 21.726 - - 293

Since the Zn?* and replaced Cu?" metal ions which are substituted in CuigoTe crystal
structure are isovalent, one of the main conditions of isomorphism is the electron-beam of the
crystal cage. In this case, the difference between substituting and substituted isovalent metal ions
is 3.75%. Apparently, this difference is a 15% limit for V.M.Goldshmitt. Note that CuigTe is an
isovalent substituent in the crystalline structure differential lines in x-ray diffractograms obtained
from CuigoxZnTe crystals and the number of molecules in the crystal cage does not change,
however some of their intensity, crystal cage settings change. This indicates the formation of a
solid solution based on CuisoTe crystal structure. The phase transition temperature occurring in
monocrystals of CuisoxZnTe, and to learn the effect of Zn?* metal atom on the transition
temperature to this phase X-ray diffractometric study was performed at temperature range 293-
793K. As a result, the hexagonal phase of CuigoTe at 773 + 1K is exactly turns into a centralized
high temperature cube (UMC) phase. During this conversion, all 12 diffraction lines from the
CuygoTe monocrystalline at room temperature were all lost and occurs three new diffraction lines
(111), (220), (311) belonging to the FPC phase.

Different types of monocrystals Cul-80-xZnTe.
CuKa irradiation, 40kv, 40mA, L. = 1.5418A, (x = 0.025.0.050.0.075.0.10 at%).

Table 3.
Cui-g0xZnTe

Hexagonal phase

Ne |0.00 [0.025 |0.050 |0.075 |0.10 UMK-phase | T,K

doocA | dotocA | diytocA | dotocA | doyocA | dnozA Hkl | dwzA | hkl

1 [3.614 |3.6187 | 3.6235 | 3.6285 | 3.6332 | 3.6182 | 1123
2 [3.224 [3.2280 [ 3.2319 | 3.2357 | 3.2395 | 3.2243 | 1016
3 [3.015 [3.0178]3.0212 | 3.0246 | 3.0279 | 3.0093 | 2024
4 |2.777 |2.7797 | 2.7826 | 2.7855 | 2.7883 | 2.7766 | 2025
5 |2.554 |2.5565] 25589 |2.5613 | 2.5636 | 2.5541 | 2026

6 |2.4338 |2.4350 | 2.4380 | 2.4402 | 2.4423 | 2.4332 | 3031 293
7 [2.350 |2.3520 | 2.3540 | 2.3559 | 2.3579 | 2.3495 | 2027
8 |2.160 |2.1626]2.1659 | 2.1692 | 2.1726 | 2.1600 | 2028
9 |2.005 |2.0074|2.0102 | 2.0131 | 2.0159 | 2.0062 | 3036
10 |1.807 [1.8095 |1.8117 | 1.8139 | 1.8162 | 1.8058 | 4041
11 [1.750 [1.7523 |1.7544 | 1.7565 | 1.7586 | 1.7553 | 3146
12 | 1.445 [ 1.4474|1.4487 | 1.4507 | 1.4527 | 1.4462 | 4049
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1 ]3.5136 | 3.5203 | 3.5248 | 3.5293 | 3.5340 - - 3.5121 | 111

2 21528 | 2.1561 | 2.1593 | 2.1626 | 2.1659 - - 2.1509 | 220

3 24338 |1.8380 | 1.8402 | 1.8425 | 1.8448 - - 1.8341 | 311 793
aor A | 6.0888 | 6.0972 | 6.1053 | 6.1135 | 6.1220 - - - -

As the concentration of the Zn?" metal atom replaced by the crystalline structure of
CuysoTe increases, i.e. the x-in price increases, the phase transition temperature shifts to the
higher temperature. Crystal cage parameters set for the CuigoxZnTe crystals for the high
temperature cube phase are given in table 3. As seen from the table, by increasing the x, at 793 K
crystal cage settings also increase. The observed dependency graph is shown in figure 2. As can
be seen from the picture, dependence crystal cage parameters on x are linear character. The
Cuiso-xZnTe crystals are associated with the concentration of Cu?* and Zn?* metal ions that are
soluble in the cube phase when the phase of the crystal cage phase depends on the x-phase phase.
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Fig. 1. Dependence of crystal lattice parameters of Fig. 2. Dependence of high temperature cubic
Cuz.s0-xZnTe monocrystals on the x. phase of CuigoxZnTe systems crystals on the x.
T=793K.
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Note that, during CuisoxZnTe monocrystals phase transition monocrystalline is not
violated and phase transition is monocrystalline type.

4. Conclusions

The results of the X-ray study based on CuigoxZnTe system monocrystals can be
summarized as follows:
- CuzgoxZnTe system samples (x = 0.025, 0.050, 0.075, 0.10 at.%) were synthesized and their
monocrystals were prepared by Bridgman method. The prepared monocrystalline samples are
uniform and crystallize in hexagonal structure at room temperature.
- In CuggoTe crystal structure with increased concentration of substituted Zn?* and replaced Cu®
isovalent metal atoms, i.e. with the increase in the value of x , increase of crystal cage parameters
replaced and being replaced metal atoms differs in radius and this growth is a linear
characteristic.
- with the rising price of x there is no change in the number of crystals of the CuigoxZnTe
system crystal and the number of molecules in the crystal cage, but the intensity of some of the
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diffraction lines increases or decreases, which indicates the formation of a solid solution based
on CuzgoTe crystal structure.

- with the increase in the x-price of mono crystals of the Cul.80-xZnTe system temperature from
770 K to the phase that occurs at high temperatures and the crystal cage settings of the
centralized high temperature cube phase are increasing.
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Cu180-xZnTe MONOKRISTALLARININ ALINMASI VO RENTGENEQRAFIK
TODQIQI (x=0.025, 0.050, 0.075, 0.10 at.%)

H.B. Qasimov, R.M. Rzayev, H.M. Mammadov

Xiilasa: Toqdim olunan isdo CuigoxZnTe sisteminin  (x=0.025, 0.050, 0.075, 0.10 at.%)
monokristallarinin  alinmasina, CuigTe kristal qurulusda ovozedon izovalent metal atomlarmin (Zn?*)
konsentrasiyasinin artiminin (yani, X-in giymotinin artiminin) kristal qofos parametrlorinoe vo faza kegid
temperaturuna tasirina baxilmigdir.

Agar sozlar: elementar kristal qofas, qofos parametrlori, tizdon markozlosmis kub, bark mohlul, difraksiya
xatlori, izomorfizm.

MNOJYYEHUE U PEHTTEHOI'PAONYECKOE UCCJIIEAJOBAHUE
MOHOKPHUCTAJIJIOB Cuis-xZnTe (x= 0.025, 0.050, 0.075, 0.10 at.%)

I'.b. I'acbimoB, P.M. P3ae, H.M. MamenoB

Pe3tome: B nipeicTaBIeHHON CTaThe OBLIO PACCMOTPEHO TMONYyUYEHHE MOHOKPHCTAIUIOB cHcTeMbl CUi go-
xZnTe (x=0.025, 0.050, 0.075, 0.10 at.%), a Takxke BIWSHHC YBEIUUCHHS KOHICHTpaluu (T.e. C
TOBBIIIEHUEM 3HAYCHHs X) M30BAJIECHTHHIX aToMoB (ZNn**) B xpucrammueckoii ctpykrype CUisoTe€ Ha
Temreparypy ($a3oBbIX IEPEX0JI0B U TAPAMETPOB KPUCTAITMUECKON PEIICTKH.

Knrouegvle cnoga: sneMeHTapHas KpUCTAJUIMUECKas pEIIETKa, MapaMeTpbl KPUCTAIIIMYECKON peleTKH,
IpaHeleHTPUPOBAHHBIN KY0, TBEPABIX PACTBOD, IUHHN TUPPAKIINH, H30MOPHU3IM
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