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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(CHsCOO),, CuCl,and (NH,),CS 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 H,S 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(CHsCOO),xH,0, copper chloride —
CuCl,x2H,0 and thiourea — (NH;),CS 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 50°C 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 26, 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™ is provided.

Thermal analyses (thermogravimetry (TG) and differential scanning calori-
metry (DSC)) were carried out under nitrogen with a NETZSCH 449F3A-0372 M
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(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 26 = 11.47°, 15.55°, 18.43°, 21.17°, 23.07°, 25.83° indexed
as (111), (022), (202), (115), (222) and (026) planes corresponding to ortho-
rhombic phase with space group Fddd (70) (ICCD PDF-2 card Ne00-064-0585).
From the patterns, it is also noticed that copper sulfide particles have diffraction
peaks at 26 values 27.12°, 27.67°, 29.27°, 31.78°, 47.92°, 52.73°, 59.32° 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
Ne01-078-0877). 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:

0.9
AK = — +Ke, (1)
D
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where AK= gcosé//. and B is the instrumental corrected full width at half maxi-
mum (FWHM), 6 is the Bragg's angle, A is the wavelength of CuKa radiation
(1.5406 A), K = 4sind/4, D is the average crystallite size and ¢ 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 CusS is shown
in figure 2. The peak is pronounced at 468 cm™, which corresponds to the vibra-
tional (stretching) modes of the S-S covalent bond [42] and the much weaker
peak at 260 cm™ 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 ™ which is attributed to S-S stretching vibration and a weak
band at 263 cm™* corresponding to A;g TO mode are presented. However, accor-
ding to their results, both of these peaks have been associated with the covellite
phase of CuS.

500 +

S-S

Raman Intensity (a.u.)

Raman shift, cm”

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™. 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 S, to Sg [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 Cu,S 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 —> Cu,S+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 Cu,S can decom-
pose, forming copper and sulfur. This decomposition can be expressed by the
following reaction (2):

Cu,S — 2Cu +S. )

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-
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Figure 4 — SEM images of CuS/S nanocomposite: a — 5000x , b — 50 000x

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 nCusS 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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Pe3rome

K. C. lllanabaes, A. K. Ockenbaii,
11. E. Opasb6aii, A. L. /[yiicenkynosa

CuS/S HAHOKOMIIO3UTIH T'MAPOTEPMUSJIIBIK
JKOJIMEH CUHTE3JIEY )KOHE CUITATTAMACHI

Mpeic cynpdunmi/kykipt merizingeri Hanokommosurrep Cu(CH3;COO),, CuCl, xone
(NH_),CS e3apa apekerrectipy apkbuibl 80 °C TemmneparypachlHaa Cyabl OpTaaa THAPO-
TEPMUSIIBIK JKOJIMEH COTTI cuHTe3eni.CHHTEe3/1eNTeH ChlHaMa peHTreH(pa3albK Taanay
(PDT), Paman cnekrpockomuscel, TT-JACK xoHe ckaHUpIEyIIi NEKTPOHIBI MUKPOCKO-
st (COM) Tanmay amicrepiMen cumaTtamasl. POT TammayslHbIH HOTHKeIEpi OOHBIHITA
CuS/S HaHOKOMITO3UTTEPiHIH AUPPAKIIUOH/IE IUKTEPI CTAHAAPTTHI MBIC CYIB(QHIL KOHE
KYKIPT MAKTEpIMEH TOJBIFBIMEH Colikec Kenmi. MbIc cynbpuIiHiH XKoHE KYKIpT Oemex-
TEpiHIH KPUCTAJLUIMTTEPIHIH opTaia Meiiepi coikecinmie 3,5 sxone 3,6 uM kypansl. TT-
JCK TanmaynapbIHBIH HOTHIKEIEPI KOMITO3UIMSUIBIK MaTepHaIAbIH KypaMbiHaa 16,16%
KYKipT xoHe 12,29% wmbic cynpbumai (koBemtur) 6ap exeHin kepcerti.COM cypertepi
KOMITO3MLIMSUIBIK MaTepHall €Ki TYpJli MHKPOKYPBUIBIMHAH TYPaThIHBIH KOPCETTi: y3ap-
TBUIFaH MHE TOPI3/[i HAHOOOJIIIIEKTEP )KOHE KYPBUIBIMIIBIK €MEC arjioMeparTap.

Tyiiin ce3mep: Mbic cyibduUIl, KYKIPT, HAHOKOMITO3UT, THIPOTCPMIUTBIK QJIIC, ITi-
IIiH]T Kaj1aranay.
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Pe3iome
K. C. lllanabaes, A. K. Ockenbaii, I1. E. Opasbaii, A. 1. [lyiicenxynosa

CHUHTE3 HAHOKOMIIO3UTOB CuS/S TUAPOTEPMUYECKHUM ITIYTEM
N NX XAPAKTEPUCTHUKA

HanokoMmosuts! cynsdua Memu/cepa OBUTH YCIENTHO CHHTE3MPOBAHBI THIPOTEP-
mudeckuM myteM, pearupys CU(CH3COO)2, CuCl2 u (NH2)2CS B BoaHO# cpene npu
80 °C. Oo0pa3er nocne cuHTe3a ObUT 0XAPAKTEPU30BAH C MOMOUIBIO AUDPAKIHH PEHTTE-
Ho(azueiM anamu3oMm (PDA), pamanosckoii criektpockoruu, TI-JICK u ckanupyrorieit
aneKTpoHHO# Mukpockoruu (COM). CornacHo pe3ysbTaTaM PEHTTEHOCTPYKTYPHOTO aHa-
nu3a, TUQPAKIHOHHBIE MUKA HAHOKOMMO3UTOB CUS/S GNM3KO COOTBETCTBOBAU CTaH-
JAPTHBIM THKaM Cyib(uaa Meau u cepbl. CpeHUil pa3Mep KPUCTAUIUTOB YaCTHI CYJib-
¢buma Meau U cephl COCTABISLT OKOJIO 3,5 u 3,6 HM cooTBeTcTBeHHO.Pesynprarel TT-JICK
aHalM3a IOKAa3alM, YTO KOMIIO3UTHBI MaTepual coaepXuT okono 16,16% cepol u
12,29% cyneduna memu (koeuut). COM H300paKeHUs TTOKA3aJd, 9TO KOMITO3UTHBIN
MaTepuan COCTOUT W3 JBYX Pa3HbIX MHUKPOCTPYKTYpP: YAJMHEHHBIX HIOJbYATHIX M He-
CTPYKTYPHPOBAHHBIX arfloOMEpaToB.

KaioueBsble ciioBa: cynbug Meay, cepa, HAHOKOMIIO3HUT, THAPOTEPMUIECKUIT Me-
TOH, KOHTPOJIb (POPMBL.
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