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The present study exploits the hydrothermal method to synthesize Covellite CuS nanoparticles. To optimize the
synthesized nanoparticles for their application in Blue Light Emitting Diode (BLEDs), the effect of reaction temperature on
their structural and optical properties was studied at 100°C, 125 °C, and 150 °C for 12h. The diffraction and morphological
studies were conducted using X-Ray Diffraction and Scanning Electron Microscopy analysis, respectively. The particle size
increases with the increase in reaction temperature, and the structural parameters match well with the covellite CuS
hexagonal phase prepared at 125 °C. Ultraviolet-visible absorption studies reveal that the bandgap of nanoparticles was
found in the range of 2.9-3.1 eV. The Photoluminescence spectroscopy and CIE chromaticity plot show that the sample
synthesized at 125 °C has a low recombination rate and emits light in the blue region, suggesting that it can be utilized in

devices like BLEDs and lamps.
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1 Introduction

In recent years, metal chalcogenides-based nano-
material have attracted attention owing to their
properties like surface-to-volume ratio and quantum
confinement which are different from their bulk
counterparts. Among different metal chalcogenides,
metal oxide and metal sulphides are of great interestas
they show fascinating electrical, magnetic, chemical,
optical, and morphological properties'®. CuS has
attracted the substantial concern of researchers over the
past few decades as itis a non-toxic p-type semiconductor.
It shows a band gap ranging from 1.2- 2.3 eV, which can
be tuned with various stoichiometric compositions
djurleite (Cu,.oS), anilite(Cu,.;5S), spionkopite (Cu,.4S),
yarrowite (Cu,.1,S), chalcocite (Cu,S), digenite (Cu,.gS),
geerite (Cuy.¢S), covellite (CuS)””. It exist in various
morphologies such as nanosphere, nanoflower,
nanorods, hollow shpheres, nanoflakes, nanoplates,
etc'® . There are variety of preparatory routes for
synthesis of CuS nanoparticles which include
microwave, co-precipitation, sol gel, solvothermal/
hydrothermal, sonochemical, solid state, ultra-sonic, and
many more'*'?. It has potential applications in fields like
photocatalysis, gas sensors, solar radiation absorber,
optical sensor, LEDs, and many more4,””*. Mohamed
Bakr Mohamed et al. synthesized ZnS/PVA
nanocomposite via thermolysis technique and studied

*Corresponding author(E-mail: yuktigupta2397@gmail.com)

the effect of calcination at various temperatures from
300 °C to600 °C, at 600 °C ZnS got converted to ZnO.
He observed the enhancement of PL intensity with
increased calcination temperature due to the reduction of
defect concentration’. Abimbola E. Oluwalana et al.
considered the effect of temperature and capping agents
on SnS nanocrystals. They studied the decrease in
bandgap and intensity of PL emission with rise in
temperature™. R. Seoudi et al. examined that during the
preparation of nanoparticles, the temperature change
influenced the particle size of CdS and ZnS**. Monalisha
Goswami et al. examined a decrease in bandgap energy
of ZnOnanoparticles. The nanoparticles are slightlyred
shifted in the absorption peak with increasing annealing
temperatures. This is ascribed to an increase in crystallite
size and defects, which leads to an increase in PL
intensity at different annealing temperatures®’.

Mohana Priya Subramaniam et al. synthesized SnO
nanoparticles using sol-gel method and investigated
the effect of pH and annealing temperature on
their properties™. S. Abbas et al. Characterized
CdO nanoparticles prepared by co-precipitation method
under different pH and varying the calcination
temperatures”.

In the present work, authors have synthesised the
covellite copper sulphide nanoparticles via hydrothermal
route utilizing copper nitrate and sodium sulphide as
precursors. The reaction time was kept constant at
12h, varying the reaction temperature from 100°C,
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125°C,and 150°C. The as-synthesized particles were
characterized for structural properties using XRD and
SEM. The optical properties were investigated by
Ultraviolet-Visible & Photo luminescence spectroscopy.
The Commission International de I'Eclairage (CIE)
plot revealed that the CIE coordinates of the material
lie in the blue region.

2 Materials and Methods

In this study, Copper nitrate trihydrate (Cu(NO;)-
».3H,0) was purchased from Nice Chemicals and
sodium sulphide (Na,S), was purchased from Loba
Chemie, which were used as precursors for Copper and
Sulphur respectively. All the chemicals were utilized in
their original form without any refinement and deionized
(DI) water was used as a solvent during the synthesis.
Initially, 0.3M solution of both the precursors were
prepared separately, and then Na,S solution was added
dropwise to the Cu (NOs), solution. The colour of the
Cu (NOs); solution changed gradually from blue to teal
to black coloured which represents the formation of
copper sulphide nanoparticles. The as-prepared
nanoparticle solution was transferred to the teflon. The
autoclave was kept at different temperatures i.e. 100 °C,
125 °C and 150 °C for 12 h. The obtained CuS
precipitates were washed with DI water, transferred to a
clean dry watch glass, and dried at 80 °C for 10 h. The
samples heated at 100 °C, 125 °C and 150 °C are
labelled as CuS_100, CuS 125, CuS_150 respectively.

The XRD (X-ray diffraction) pattern of the as-
synthesised CuS nanoparticles is obtained via Rigaku
Mini Flex II diffractometer with Cu Ko radiation (A =
1.54 A) to study the phase of the sample was recorded in
the range of 10— 90° at a scanning rate of 0.02° min—1.
Scanning Electron Microscopy (SEM, Nova Nano
SEM 450) is used to study the morphology and the
participating elements were confirmed by  Energy
Dispersive X-Ray (EDX) equipped with electron
microscopy. Shimadzu RF-5301PC Spectrofluoro photo
meter was used to measure the Photo luminescence (PL)
spectra of synthesised nanoparticles. Shimadzu UV-
3600 Plus UV-Visible Spectrophotometer is used to
study the absorption spectra of nanoparticles at room
temperature.

3 Results and Discussion

3.1. Structural analysis

Figure 1 shows the XRD pattern of CuS nanoparticles
synthesised at three different temperatures 100 °C,
125 °C and 150 °C.The diffraction peaks of as-

synthesised sample are in well agreement with the
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Fig. 1 — XRD pattern of Cu Snanoparticles with temperature as
100°C, 125°C, and 150°C.

Table 1 — XRD Peak parameters calculated for CuS samples

Average  Average Lattice
Sample  AVOT3EC  Cuca; i Paramet
Ifu}mp e FWHM é*ys a Sne d-spacing aragqe er
ame (nm) ize (D) (nm) (A)
(nm) a=b ¢
CuS_100 1.22 9.15 0.23 3.77  16.79
CuS 125 0.60 16.15 0.24 3.78 16.57
CuS_150 0.49 19.5 0.24 3.78 16.38

hexagonal structure of Covellite CuS (ICDD card no.
06-0464).The prominent peaks are obtained at 20 values
29.25° 31.77° and 47.90° corresponding to the (102),
(103), and (110) planes respectively in all the samples.
Also, the intensity of peaks has increased with
increasing reaction temperature, but a slight broadening
of peaks is observed in the sample at 150 °C. The d-
spacing of the prepared samples are calculated using the
standard equations and Debye—Scherrer’s formula is
used for calculation of average crystallite size (D) 30.
The value of lattice constants a, b and ¢ matches well
with the standard values (i.e., a=b=3.79A, c=16.34A)
confirming the hexagonal structure. Different parameters
calculated from XRD for all three samples are collected
in Table 1.

Some additional peaks are found along with the shift
of 0.1° with respect to standard data, in the higher
diffraction angle in CuS 125 and CuS 150 at the 26
values 32.72 °, 52.70° and 58.65 ° for the planes (006),
(108), and (203) respectively as shown in Fig. 2. The
variation of FWHM along with the crystallite size can
be clearly seen in Fig. 3. The average d-spacing of the
shifted peaks is decreasing by the value of 0.05 A in
CuS_150 as compared to CuS_100.

3.2. Morphological analysis

3.2.1. Scanning Electron Microscopy (SEM) Analysis and
Energy Dispersive X-ray (EDX) Analysis

Figure 4 shows the SEM images of the as-
synthesised CuS nanoparticles at different reaction
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temperatures. The SEM images are obtained at 15kV
at a magnification of 13,000 with image size 1pm.
Figure 4(a) shows the formation of nanoparticles, the
spherical shape becomes more prominent as we move
to Fig. 4(b) and Fig. 4(c).The SEM image reveal
the presence of agglomeration in the synthesised
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Fig. 2 — Shifting in XRD pattern.
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Fig. 3 — Variation of Crystallite size with FWHM.

nanoparticles. The agglomeration increases with
increase in reaction temperature. Figure 4 (d)&(f)
shows EDX spectra of the samples which confirms
the presence of Cu and S as the only elements with no
impurity peaks. The atomic % for Cu and S is shown
in Fig. 4 (d) & (f) along with the spectra. The ratio of
Cu:S is approximately 1:1 in all the three samples but
the CuS_125 matches exactly.

3.3. Optical Properties

3.3.1. Ultraviolet- Visible (UV-Vis.) absorption studies

Figure 5 represents the absorbance spectra of as-
synthesised nanoparticles. In the obtained absorbance
spectra wavelength range was kept between 290-350
nm. It shows absorbance peak around 300 nm. The
energy band gap of nanoparticles is calculated by plot
between (ahv)"*vshv (i.e.Tauc’s plot). This plot can
be obtained using Tauc’s equation®' as under

ahv = C(hv - Eg)n (1)

where a signifies coefficient of absorption, hv
represents energy of photon, E, denotes optical
bandgap, n is Y2 for direct allowed transition and C
denotes energy-dependent constant.

Fig. 4. SEM image of (a) CuS 100 (b) CuS 125
(¢c) CuS 150 and EDX spectra of nanoparticles (d)
CuS 100 (e) CuS_125 (f) CuS_150. Energy band gap
values comes out to be 3.1 eV for CuS_100, 3.27 eV
for CuS_125, and 2.9 eV for CuS_150. The band gap
value initially increases from CuS 100 to CuS 125
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Fig. 4 — SEM image of (a) CuS_100 (b) CuS_125 (c) CuS_150 and EDX spectra of nanoparticles (d) CuS_100 (e) CuS_125 (f) CuS_150.
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Fig. 5 — Absorption spectra and Tauc’s plot of CuS nanoparticles at different temperatures.
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Fig. 6 — PL spectra of samples of CuSnanoparticles.

and then decrease from CuS 125 to CuS 150. The
result reveals that CuS_125 has the highest band gap.

3.3.2. Photoluminescence Studies

The Photoluminescence spectra which were collected
at room temperature and at an excitation wavelength of
300 nmfor all the samples are shown in Fig. 6. The
samples give emision peak at 386 nm***, but there is
variation in intensity with increasing temperature. The
PL intensity of CuS 100 and CuS 150 is higher as
compared to that of CuS_125. This shows CuS 125 has
lower recombination rate which is an apperciable
property for optical applications. So, this sample may be
a promising candidate to use as optical sensor or LEDs.
The Commission International de I'Eclairage (CIE)
1931 chromaticity diagram® for CuS_100, CuS_125
and CuS 150 is shown in Fig. 7. The chromaticity
coordinates are evaluated to be (x, y) = (0.18, 0.18)
using PL data which came out to be same for all the
three samples.
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Fig. 7— CIE chromaticity diagram.

The CIE points lie in blue region of chromaticity
diagram, which reveals that the samples emit blue
light and hence, can be used in blue LEDs or lamps.

4 Conclusion

In this work, we reported the synthesis of Covellite
CuS nanoparticles using copper nitrate trihydrate
(Cu(NO3),.3H,0) and Sodium Sulphide (Na,S) as
precursors and DI water as solvent. The samples were
placed in a stainless- steel autoclave at various reaction
temperatures using hydrothermal process. The effect of
reaction temperature was investigated by treating the
samples at 100 °C, 125 °Cand 150 °C for 12 h. The
XRD measurements reveal the peaks of all the three
samples match well with the hexagonal phase of CusS.
The sample kept at 125 °Cshows sharp peaks with
higher intensity which shows that the sample was more
crystallinity. The crystallite size shows an increasing
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trend with increase in temperature. EDX analysis
confirms the presence of Cu and S as the only elements
in the sample. SEM reveals the nearly spherical shaped
morphology along with the presence of agglomeration
which is common in nanoparticles. The samples show
absorbance around 300 nm which is used as excitation
wavelength in Photoluminescence spectra. The study of
Tauc’s plot reveals that bandgap comes out to be 3.1
eV for CuS_100 TE, 3.27 eV for CuS_125, and 2.9 eV
for CuS_150. The result shows CuS 125 has the
highest band gap. The emission peak in the PL spectra
obtained at an excitation wavelength of 300 nm is
located at 386 nm. CuS_125 has lowest intensity which
shows the sample has lowest recombination rate and
the chromaticity diagram reveals the emission of light
in blue region. This indicates that the sample CuS 125
is suitable candidate for BLEDs.
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