
ЕҢБЕК ҚЫЗЫЛ ТУ ОРДЕНДІ 
«Ə. Б. БЕКТҰРОВ АТЫНДАҒЫ 

ХИМИЯ ҒЫЛЫМДАРЫ ИНСТИТУТЫ» 
АКЦИОНЕРЛІК ҚОҒАМЫ 

ҚАЗАҚСТАННЫҢ

ХИМИЯ ЖУРНАЛЫ 

ХИМИЧЕСКИЙ ЖУРНАЛ 
КАЗАХСТАНА 

CHEMICAL JOURNAL 
of KAZAKHSTAN 
АКЦИОНЕРНОЕ ОБЩЕСТВО 

ОРДЕНА ТРУДОВОГО КРАСНОГО ЗНАМЕНИ 
«ИНСТИТУТ ХИМИЧЕСКИХ НАУК 

им. А. Б. БЕКТУРОВА» 

3 (67)
ИЮЛЬ – СЕНТЯБРЬ 2019 г. 

ИЗДАЕТСЯ С ОКТЯБРЯ 2003 ГОДА 

ВЫХОДИТ 4 РАЗА В ГОД 

АЛМАТЫ 
2019



ХИМИЧЕСКИЙ ЖУРНАЛ КАЗАХСТАНА 
  

 
130

UDC546.661 
 

ZH. S. SHALABAYEV, A. K. OSKENBAY,  
P. E. ORAZBAY, A. SH. DUISENKULOVA 

 
Al-Farabi Kazakh national university, Almaty, Republic of Kazakhstan 

 
 SYNTHESIS OF CuS/S NANOCOMPOSITES  

BY HYDROTHERMAL WAY AND THEIR CHARACTERIZATION  
 

Abstract. Copper sulfide/sulfur nanocomposites have been successfully synthesi- 
zed by hydrothermal route reacting Cu(CH3COO)2, CuCl2and (NH2)2CS in aqua media at 
80 °C. The synthesized sample was studied by X-ray diffraction (XRD), Raman spectro-
scopy, TG-DS, and scanning electron microscopy (SEM) analysis. According to the re-
sults of XRD analysis, the diffraction peaks of the CuS/S nanocomposites closely matched 
the standard copper sulfide and sulfur peaks. The average crystallite size of copper sulfide 
and sulfur particles was about 3.5 and 3.6 nm, respectively. Results of TG-DSC analysis 
showed that composite material contains about 16.16 % of sulfur and 12.29 % of copper 
sulfide (covellite). SEM images presented that composite material consists of two diffe-
rent microstructures: elongated needle-like and non-structured agglomerates. 

Keywords: copper sulfide, sulfur, nanocomposite, hydrothermal route, shape con-
trol. 

 

Introduction. In addition to the synthesis of semiconductor nanoparticles, 
which are used for various purposes(e.g. in solar cells, cathode material in lithium 
batteries, optical filters, or in photocatalysis) [1, 2], the synthesis of binary[3, 4], 
ternary [5] and quaternary nanocomposites[6-8] based on them is intensively stu-
died. This is explained by the fact that nanocomposites, unlike nanoparticles, have 
a wider range of application fields and improved properties [5, 9-11].  

Copper sulfide nanoparticles are promising materials for electrical and 
optical applications, as well as for biomedical ones [12-15]. In the work of Wang 
et al. [16] nanocomposites on the basis, copper sulfide nanoparticles were used 
for antibacterial application, and they could completely kill the E. coli cells 
through damaging the cell walls.  

There are many preparation methods of copper sulfide nanoparticles such as 
sonochemical method [17], microwave irradiation method [18], molecular tem-
plate method [19], polyol route [20], chemical vapour deposition [21], mechano-
chemical synthesis [22]and hydrothermal method [23, 24].  

Sulfur nanoparticles are suitable for similar applications like copper sulfide 
nanoparticles, namely their use in lithium battery [25-27] and pharmaceutical 
technologies are of importance. This comes from its anti-cancer, antibacterial and 
antifungal activities [28-32]. Sulfur nanoparticles can be synthesized by the 
different preparation methods such as electrochemical method [33], micro-
emulsion technique [34], aqueous surfactant solutions [35, 36], ultrasonic treat-
ment of sulfur-cystine solution [37], oxidation H2S gas using Fe-chelate [34],acid 
hydrolysis of sodium thiosulphate[38]. 
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CuS/S nanocomposite might exhibit interesting properties utilizing the 
beneficial characteristics of the two components. This has been already demon-
strated in [39, 40]. 

In this study, we have synthesized binary nanocomposites CuS/S via a hyd-
rothermal route, which is simple and cost-efficient. 

 

MATERIALS AND METHODS 
 

Copper acetate monohydrate ‒ Cu(CH3COO)2×H2O, copper chloride ‒ 
CuCl2×2H2O and thiourea ‒ (NH2)2CS were purchased from Laborpharma Co. 
Ltd. (Almaty, Kazakhstan). All reagents are analytical-grade and use without 
further purification. Ultra-pure water(Smart2Pure, ThermoFisher) was used in all 
experiments. 

CuS/S nanocomposites preparation procedure carried out as follows: 100 mL 
of distilled ultra-pure water was taken in a 250 mL three-necked round bottom 
flask equipped with a condenser, and it was placed over a magnetic stirrer. The 
temperature was raised to 80°C, and then 10 mL of thiourea solution (0.2 M) was 
added to the water under vigorously stirred condition. After that, also 10 mL of 
copper acetate solution (0.1 M) was added by dripping to the solution with the 
view to produce copper sulfide. Solution color is started turning from the color-
less to the black. Then 5 mL of thiourea solution was dripped to the system in 
order to react with copper acetate residues. Hereupon, like in previous procedures, 
10 ml of copper chloride solution was added dropwise to the above solution to 
obtain sulfur nanoparticles. All these step reactions were repeated twice to 
produce enough amount of sample for further characterization analyses. After 
synthesis, obtained greenish-black precipitant were centrifuged at 4000 rpm 
(Rotina-380R, Germany) and dried at 50ºC during 6 h. 

X-ray diffraction patterns were obtained on a MiniFlex 600 diffractometer 
(Rigaku, Japan) in a digital form using copper radiation. Sample analysis modes 
are as follows: X-ray tube voltage is 40 kV, the tube current is 15 mA, goniometer 
movement step is 0.02 2θ, and intensity measurement time at the point is 0.12 sec. 
During shooting, the sample was rotated in its plane at a speed of 60 rpm. For 
phase analysis, the ICCD-PDF2 Release 2016 database and the PDXL2 software 
has been used. 

The Raman data were obtained by using a combined system Solver Spectrum 
(NT-MDT Spectrum Instruments, Russia), equipped with a photomultiplier tube 
(PMT) detector, a high-stability fast confocal laser (Rayleigh) imaging and 
600/600 grating, 473 nm solid state laser excitation. In all experiments, laser 
power at the sample was 35 mW, and the exposure time was 60 s. Continuously 
tunable filters ND = 0.5 which reduce the laser intensity by 30% were also used. 
Without the use of a filter, the sulfur sampleis decomposed by the laser action. 
When using a blue laser, an error of ±4 cm-1 is provided. 

Thermal analyses (thermogravimetry (TG) and differential scanning calori-
metry (DSC)) were carried out under nitrogen with a NETZSCH 449F3A-0372 M 



ХИМИЧЕСКИЙ ЖУРНАЛ КАЗАХСТАНА 
  

 
132

(NETZSCH, Germany) instrument at temperatures up to 750 °C and a heating rate 
of 20 K/min. 

Scanning electron microscopic (SEM) examinations of the samples were 
carried out with a SEMQuanta 3D 200i instrument (FEI, Netherlands). Conduc-
ting carbon adhesive tape was used as a substrate for the samples. 

 

RESULTS AND DISCUSSION 
 

XRD analysis. Figure 1 shows the XRD patterns of the CuS/S nanocompo-
sites. The diffraction peaks of the CuS/S nanocomposites closely matched the 
standard copper sulfide and sulfur peaks. It is observed that in the case of sulfur, 
the peaks observed at 2θ = 11.47º, 15.55º, 18.43º, 21.17º, 23.07º, 25.83º indexed 
as (111), (022), (202), (115), (222) and (026) planes corresponding to ortho-
rhombic phase with space group Fddd (70) (ICCD PDF-2 card №00-064-0585). 
From the patterns, it is also noticed that copper sulfide particles have diffraction 
peaks at 2θ values 27.12º, 27.67º, 29.27º, 31.78º, 47.92º, 52.73º, 59.32º indexed as 
(100), (101), (102), (103), (110), (108) and (116) planes corresponding to the 
hexagonal covellite phase with space group P63/mmc (194) (ICCD PDF-2 card 
№01-078-0877). No other peaks were detected, indicating the high purity of the 
sample. 

 

 
 

Figure 1 – XRD pattern of as-synthesized CuS/S nanocomposites by the hydrothermal route. 
 

The average crystallite size of copper sulfide and sulfur particles in the com-
posite was calculated by Williamson-Hall’s formula as follows: 

 

ΔK ൌ
଴.ଽ

஽
 + Kε ,                                               (1) 
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where ΔK= βcosθ/λ and β is the instrumental corrected full width at half maxi-
mum (FWHM), θ is the Bragg's angle, λ is the wavelength of CuKα radiation 
(1.5406 Å), K = 4sinθ/λ, D is the average crystallite size and ε is the lattice strain 
[41]. According to the noted equation, the average crystallite size of copper 
sulfide and sulfur particles was about 3.5 and 3.6 nm, respectively. 

Raman spectroscopy analysis. A typical Raman spectrum of CuS is shown 
in figure 2. The peak is pronounced at 468 cm–1, which corresponds to the vibra-
tional (stretching) modes of the S–S covalent bond [42] and the much weaker 
peak at 260 cm–1 is explained by the fluctuation of the Cu–S bond [42]. In the 
works of Munce and Safrani et al. [43, 44], Raman spectra of covellite with the 
sharp band at 468 cm−1 which is attributed to S–S stretching vibration and a weak 
band at 263 cm−1 corresponding to A1g TO mode are presented. However, accor-
ding to their results, both of these peaks have been associated with the covellite 
phase of CuS. 

 

 
 

Figure 2 – Raman spectra of as-synthesized CuS/S nanocomposite 
 

Usually, sulfur has three distinct peaks in the Raman spectrum. According          
to [45, 46], the main wave numbers determining sulfur are around 152, 220, and 
474 cm–1. However, in our case, apart from the characteristic peaks of the covel-
lite, the sulfur peaks are not present in the Raman spectrum. This can be explai-
ned by the fact that sulfur could burn under the action of a laser beam or with the 
too small size of sulfur crystals, which makes it difficult to measure with Raman 
spectroscopy due to the phonon confinement effect [47]. Other explanations of 
this phenomenon are not considere since the other characterizing methods (XRD 
and TG-DSC) confirm the presence of sulfur in the composite material. 
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TG-DSC analysis. Thermal analysis of CuS/S sample was performed in a 
nitrogen environment, which is shown in figure 3. From the DSC curve can be 
seen the small endothermic effect at 115 °C, which shows the phase transforma-
tion of sulfur from Sα to Sβ [48]. The decomposition proceeds in the following 
steps: TGA curve shows that the first loss up to 260 °C with a mass loss of around 
16.16 % due to the sulfur content removal and corresponding endothermic peak 
emerged at 260 °C. CuS nanoparticles are desulfurized at around 450 °C to obtain 
the Cu2S product [49]. According to the reaction (1), 12.29 % mass decrement is 
observed between 260 °C and 455 °C with small and sharp exothermic peaks, 
which point out 385 and 455 °C respectively. 

 

2CuS → Cu2S + S  .                                               (1) 
 

After 455 °C, from the curve can be seen a fluent mass decrement (12.55 %) 
with an exothermic peak at 525 °C. This weight reduction goes to around 720 °C 
and then stabilizes to a plateau. In this temperature range, the Cu2S can decom-
pose, forming copper and sulfur. This decomposition can be expressed by the 
following reaction (2): 

 

Cu2S → 2Cu + S .                                                 (2) 
 

 
 

Figure 3 – TG-DSC curves of CuS/S nanocomposite sample 

 
SEM analysis. To study the morphology of the obtained CuS/S nanocom-

posites, scanning electron microscopy analysis was used. In figure 4, we can see 
sample particles with non-uniform sizes. It can be clearly seen (see figure 4b) two 
shapes of particles: spherical and elongated (needle-like) ones. As Raman spectro- 



ISSN 1813-1107                                                                                                         № 3  2019 
 

 
135

 
 

Figure 4 – SEM images of CuS/S nanocomposite: a – 5000 , b – 50 000 
 

scopy could not detect sulfur from the composite material, we can definitely say 
that it is amorphous and has a non-structured shape. In the case of CuS nanopar-
ticles, it is observed elongated needle-likeCuS (nCuS) structures with the thick-
ness from c.a.160 nm to 300 nm. Length of the nCuS particles exceeds their width 
around 20-30 times. 

Conclusion. A shape-controlled hydrothermal synthesis of copper sulfi-
de/sulfur nanocomposites is proposed in this report. XRD, Raman, TG-DSC and 
SEM analyses confirmed the successful formation of CuS and S nanoneedles and 
nanoparticles respectively. The present study could serve as a protocol for the 
shape-controlled synthesis of nanocomposites using the hydrothermal route, 
which could open a new branch of this environmentally friendly and sustainable 
synthetic method. 
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Резюме 
 

Ж. С. Шалабаев, А. Қ. Өскенбай,  
П. Е. Оразбай, А. Ш. Дуйсенкулова 

 
CuS/S НАНОКОМПОЗИТІН ГИДРОТЕРМИЯЛЫҚ  
ЖОЛМЕН СИНТЕЗДЕУ ЖƏНЕ СИПАТТАМАСЫ 

 
Мыс сульфиді/күкірт негізіндегі нанокомпозиттер Cu(CH3COO)2, CuCl2 жəне 

(NH2)2CS өзара əрекеттестіру арқылы 80 °C температурасында сулы ортада гидро-
термиялық жолмен сəтті синтезделді.Синтезделген сынама рентгенфазалық талдау 
(РФТ), Раман спектроскопиясы, ТГ-ДСК жəне сканирлеуші электронды микроско-
пия (СЭМ) талдау əдістерімен сипатталды.РФТ талдауының нəтижелері бойынша 
CuS/S нанокомпозиттерінің дифракционды пиктері стандартты мыс сульфиді жəне 
күкірт пиктерімен толығымен сəйкес келді. Мыс сульфидінің жəне күкірт бөлшек-
терінің кристаллиттерінің орташа мөлшері сəйкесінше 3,5 жəне 3,6 нм құрады. ТГ-
ДСК талдауларының нəтижелері композициялық материалдың құрамында 16,16% 
күкірт жəне 12,29% мыс сульфиді (ковеллит) бар екенін көрсетті.СЭМ суреттері 
композициялық материал екі түрлі микроқұрылымнан тұратынын көрсетті: ұзар-
тылған ине тəрізді нанобөлшектер жəне құрылымдық емес агломераттар. 

Түйін сөздер: мыс сульфиді, күкірт, нанокомпозит, гидротермиялық əдіс, пі-
шінді қадағалау. 
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СИНТЕЗ НАНОКОМПОЗИТОВ CuS/S ГИДРОТЕРМИЧЕСКИМ ПУТЕМ  
И ИХ ХАРАКТЕРИСТИКА 

 
Нанокомпозиты сульфид меди/сера были успешно синтезированы гидротер-

мическим путем, реагируя Cu(CH3COO)2, CuCl2 и (NH2)2CS в водной среде при  
80 °C. Образец после синтеза был охарактеризован с помощью дифракции рентге-
нофазным анализом (РФА), рамановской спектроскопии, ТГ-ДСК и сканирующей 
электронной микроскопии (СЭМ). Согласно результатам рентгеноструктурного ана-
лиза, дифракционные пики нанокомпозитов CuS/S близко соответствовали стан-
дартным пикам сульфида меди и серы. Средний размер кристаллитов частиц суль-
фида меди и серы составлял около 3,5 и 3,6 нм соответственно.Результаты ТГ-ДСК 
анализа показали, что композитный материал содержит около 16,16% серы и 
12,29% сульфида меди (ковеллит). СЭМ изображения показали, что композитный 
материал состоит из двух разных микроструктур: удлиненных игольчатых и не-
структурированных агломератов. 

Ключевые слова: сульфид меди, сера, нанокомпозит, гидротермический ме-
тод, контроль формы. 

 
 

  




