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ABSTRACT

In the article, considering the research studies of many scientists and also on the basis of practical
applications, the distribution diagram of copper and sulfur atoms in the phase lattice of the Cu,S
crystal, the structure transformation diagram, the elemental lattice hexagonal Cu,S and Cu, ¢¢S
crystallographic data were examined and important results were obtained. Analysis of the studies
performed shows that some conflicting results in roentgenographic studies on these compounds
are related to obtaining these samples by different methods.

Our goal is to obtain single crystals of the compounds Cu,_Nig5S (x=0.05,0.25,0.30) and draw the
lauegrams and debayograms of those crystals. Then the results were analyzed.

During the research, it was found that it is possible to buy single crystals of Cu,_yNiyosS (x =
0.05,0.25,0.30) compounds based on the analysis of existing methods and selection of the optimal
method. As a result of the research, the suitable lauegrams of the single crystals obtained by the
Bridgman method and the microstructures of the samples were determined and the possibilities of
application were determined.
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1. INTRODUCTION

Investigation of the crystal structure of Cu,S:
As far as we know, for the first time, N. Alsen
showed that Cu,S crystallizes in a rhombic lattice
and the lattice parameters are a = 11.80 A°,b =
27.20 A% c = 22.70 A°[1,2]. Since it is very difficult
to orient the crystal along the c-axis, various
values have been obtained for the crystal and
therefore these values have been viewed with
skepticism. Later, as a result of X-ray studies
conducted by M. Burger, he determined that
chalcozein really has a rhombic structure. The
lattice parameters of Cu,S according to Burger
are as follows: a=11.90A°b = 27.28A°%c=
13.41 A®, space group Ay, 2,z = 96 Cu,S [3].

Although many researchers have tried to reveal
the crystal structure of Cu,S, it has not been
possible. However, the general result of the
conducted research was that S atoms in the
structure form a solid framework and Cu atoms
are located in the voids. The crystal structure of
the low-temperature phase of Cu,S, was fully
determined by N. Evans [4,5]. He showed that at
room temperature Cu,S , crystallizes in a
monoclinic structure and its lattice parameters
are

a=15.246 A°,b =11.884 A°, c =

13.494 A° and = 116°35'. Space group

P24 /n,z = 48 is Cu,S.

The basis of the structure is a hexagonal close-
packed framework formed by sulfur atoms. Of
the 24 copper atoms, 21 form trigonal Cu,S
groups, and each of the remaining atoms is
located at the center of a distorted
CuS, tetrahedron. Fig. 1 shows the distribution
scheme of copper and sulfur atoms in the low-
temperature phase lattice of Cu_2 S.

In the structure of the low-temperature phase of
Cu,S, there is only one type of layer of sulfur
atoms. However, the fact that copper atoms can
easily move between these layers leads to non-
stoichiometry and instability of the crystal lattice.
Therefore, as a result of a slight temperature
change, i.e. at T = 378 K, the monoclinic lattice is
dismantled and a hexagonal lattice is formed.
The parameters of this lattice are a = 3.90 A°,c =
6.69A° , space group P6z/mmmz=2,Cu,S .
Based on these results, academician N. Belov
discovered the structure of hexagonal Cu,S
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[5-13,2]. Fig. 2 shows the elementary lattice of
hexagonal Cu,S.
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Fig. 1. Distribution scheme of copper and
sulfur atoms in the phase lattice
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Fig. 2. Unit of hexagonal Cu,S

The sulfur atoms form a slightly stretched
hexagonal close-packed, while the active copper
atoms are statistically distributed in three
different positions. And Cul* is located in the
center of the tetrahedron. The rest of the copper
atoms are localized in the three faces of the
tetrahedron formed by the sulfur atoms,
statistically connecting one atom in each layer
with three atoms in the neighboring layer.

Thus, a=3.961A°%c=6.672A° , space group
P63 /mmc Was determined for the hexagonal lattice
of Cu,S.
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At Tgans = 738K , the hexagonal lattice
transforms into a face-centered cubic lattice. The
parameter of this lattice is a =3.961 A°, space
group Fosm,z = 4. The crystal lattice is defined
as the antiureite type. Here, Ca atoms are
replaced by S, and fluorine (F) atoms are
replaced by copper (Cu) atoms [10].

Thus, from what we have noted, it is clear that
two structural transformations occur in Cu,S
crystals from room temperature to melting
temperature, and the scheme of these
transformations is as follows Fig.3.

2. INVESTIGATION OF THE CRYSTAL

In the future, we noted that there is a compound
that exists as an individual non-stoichiometric
phase in the Cu—S system, and this fact was
confirmed by the X-ray method. An example of
this is yurlite (Cu, ¢6S). It was determined that the
phase of that compound at room temperature
had low symmetry, and at the temperature of
377 K it turns into cubic symmetry. At the same

Later, the idea of a mixture of two phases of
yurlite was put forward. For the lattice
parameters of the tetragonal phase, a=
4.008 A°,c = 11.268 A° were obtained. The unit
cell has z = 4 (Cuy 44S) and is in the cubic phase.
It is a face-centered cube, the lattice parameter
isa=5.707 A° and Acetr = agubV2) Cretr = 2axup b
Crystallographic data of Cu,¢S are given in
Table 1.

A rhombic structure was also determined for the
low temperature phase of vyurlite. For the
parameters of this lattice a =26.92A4°b =
15.71 A®,c = 13.56 A° phase group P4;2,2 was
obtained.

Although a group of researchers proposed
rhombic syngonia for the low-temperature phase
of yurlite, they did not give up on the idea of it
having monoclinic syngonia. According to those
authors, the space group of this syngonia should
be P2, . Indeed, it was experimentally
confirmed and it was shown that yurlite
crystallizes in monoclinic syngonia with space

time, it was determined that there is a tetragonal  group P2,,, and lattice parameters a =
phase between the lower and upper temperature  26.89 4° b = 15.745 A°, ¢ = 13.565 4°, § =
phases of yurlite, which can remain metastable gg° 13’ ; = g.
for a long time at room temperature.
Monocline Hexagonal A face-centered cube

a = 15.246 A°

b=118844° |I>378K I>738K

¢ =13.494 A° a = 3.961 A° _ o

. a=>57254
B = 116° 35 ¢ = 6.672 A°
Fig. 3. Scheme of structural transformation of Cu,S crystal
Table 1. Crystallographic data of Cuq96S
Low temperature Elementary lattice Transition Crystal syngonia Elementary
phase syngonia parameters temperature of the high lattice
a, A° b, A° c, A° T, K temperature parameters
phase
Tetragonal 4.008 373 A face-centered 5.707
cube

Tetragonal 3.996 -- -
Rhombic Not assigned 364-368 Tetragonal
Rhombic 26.92 15.71 13.56 Not found Not assigned
Rhombic Not assigned 366 Not assigned
Rhombic Not assigned 366 Tetragonal Not assigned
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The distribution of atoms in the crystal structure
of the low-temperature modification of yurlite is
given in Fig. 4. As can be seen from the picture,
in the crystal structure of yurlite, the layers of
sulfur atoms along the b axis form a hexagonal
dense assembly. Copper atoms are distributed
among these layers in three ways. 51 copper
atoms are located in distorted triangles, 9 in
tetrahedral space, and one in double
coordination.

The coverage of copper atoms in the crystal
lattices of the considered compounds is almost
the same. Therefore, these cages have many
similarities. However, when these cages are
carefully examined, it is found that there are
enough differences.
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Fig. 4. Distribution of atoms in the crystal
structure of low temperature modification of

yurlite
3. SYNTHESIS OF Cuy_«Nigo5S (x =
0.05,0.25, 030 AND OBTAINING

SINGLE CRYSTALS

A single method for the synthesis of non-
stoichiometric compounds of the Cu — S system
has not been proposed in the literature. One
group of researchers has used natural crystals,
while others have thermally processed the
components by mixing them in the form of rubs
to obtain the desired phases of different
compositions. In some cases, ampoules with
appropriate components were heated at 593 —
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743 K for 7 days, and in other cases, Cu and S
components were selected in required
percentages and heated to 773 — 873 K for 24
hours. Otherwise, Cu and S were stored in a
723 K treps ampoule for 7 days.

In another experiment, a pressed mixture of Cu,S
and CuS was placed in an open glass ampoule
and heated at 363 K for 12 hours. Some authors
obtained non-stoichiometric compounds of the
Cu — S system by careless cooling [12].

In order to obtain homogeneous samples, direct
synthesis, i.e. chemical interaction of primary
components, is more convenient. At this time,
guartz ampoules are used as reactors. These
ampoules have an inner diameter of 1.5cm, a
length of 10cm , and are heat resistant.
Electrolytic Cu, "OY" brand S, "X4" brand Ni are
introduced into the required amount of ampoules
and the air of the ampoules is sucked up to
10 — 5mmHg.

Ampoules with the appropriate ingredients are
inserted into the stable zone of the oven. The
temperature of the furnace is raised to the
melting temperature of sulfur (393 K) and kept at
that temperature for 3 hours. This melting allows
the sulfur to fully interact with the copper and
nickel and at the same time prevents the
ampoule from exploding.Then the oven
temperature is increased by 50° degrees every
hour. This increase continues up to the melting
temperature of Cu,S (1403 K).The sample is
kept at this temperature for 2 hours, then it is
cooled down to approximately 373 K, and it is
heated at that temperature for 300 hours.

The defectivity of the non-stoichiometric
combination of Cu,_,NiyosS required the
application of a combination of experimentally
determined Bridgman and neglect cooling
methods to obtain their single crystals.

The various synthesized compositions of
Cu,_,NiyosS were inserted into a quartz tube 10
cm long and 1 cm inner diameter specially
prepared for the Bridgman method, and the air
was blown up to 10 — 5mmHg. The ampoule is
inserted into the oven (Fig. 5.), where the
required temperature is regulated by a
thermostat. The temperature of the main furnace
is raised above the melting temperature of Cu,S
and after the sample is kept at that temperature
for 3 hours, the electric motor is connected and
the ampoule is lowered into the electrofurnace at
a speed of 6mm/h and baked there at a
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temperature of 573K for 3 weeks. This
temperature corresponds to the temperature of
the lower zone of the furnace.
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Fig. 5. 1-furnace, 2-ampoule, 3-alloy, 4-tip of
the ampoule, 5-electric motor, 6-wire

Thus, with the help of the method described
below, single crystals can be obtained. Fig. 6
lauegrams  of

shows the Cuy_«NigsS (x =

0.05,0.25,0.30 crystals taken at room
temperature. It can be seen from those
lauegrams that the obtained samples are
monocrystalline. An optical microscope
(Scanning Electron Microscopy) was used to
obtain results.

4. MICROSTRUCTURES OF SAMPLES

In order to conduct the microstructural analysis of
the received samples, samples are prepared
from the synthesized components. After grinding
and polishing those samples, their surfaces are
washed with ethyl alcohol and dried.
Experimentally, 50% HNO; + 50%H,0 is selected
as an abrasive and 5% acetic acid is added to it.
The purpose of making this addition is to prevent
oxidation. Fig. 7 shows the microstructure of
Cuy95NigosS ,  CuyzsNiggsS ,  CuyyoNigesS
compounds. Debyegrams taken from those
samples show that all of them are single-phase
at room temperature and have a monoclinic
lattice. The parameters of that Iattice are
a=26.897 A°, b =15.745 A%, c = 13.565 A°, =
90° 30', space group P2y,

Fig. 6. Single crystals and their corresponding lauegrams

(@ — Cuy.95NigsS,

b — Cuy75NiggsS,

¢ = Cuy70NigosS)
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Fig. 7. Microstructure of Cu,_,Nij oS compounds (debaygrams)
(a — Cuq95NigosS, b— Cuqz5NiggsS, ¢ — Cuy79NigosS)

5. CONCLUSION

1. CuygsNigesS , Cuy75NigesS , Cuy70NigesS
samples were obtained by Bridgeman
method.

2. Lauegrams of Cuy_xNigosS(x =
0.05,0.25,0.30) crystals were taken at room
temperature, and those Lauegrams give us
the reason that the samples are single
crystals.

3. The microstructure analysis of the obtained
samples was carried out and it can be
seen from the debayograms that
Cu; 75Nig0sS, Cuy;oNigesS compounds are
single-phase at room temperature and
have a monoclinic lattice. At the transition
temperature in Cu, ;4Nig ¢S, the monoclinic
lattice transforms into a face-centered
cubic lattice (a = 5.596 A°, space group
Fm3m). In the other two samples, the
monoclinic lattice changes to a hexagonal
lattice ( CuygsNigosS) and a tetragonal
lattice (Cu, ;5Nig5S) and becomes a face-
centered cubic lattice.
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