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ABSTRACT: Tetragonal Copper Indium disulphide (CuInS2) nanoparticles in the size range of 80 nm were prepared by 

microwave assisted solution synthesis process. Three different Sulphur sources namely, thioacetamide (TAA), thiourea and 

l-cysteine were used in this process. In this regard, samples showed no evident difference in their morphological or 

structural properties when prepared by all through all three sources. Accordingly the band gap of all the samples remained 

close 2.2 eV and did not deviate much. However solar cell tests and photocatalytic degradation studies revealed the 

advantage of thiourea as a Sulphur source over its counterparts. A form factor (FF) of 34% and 73% degradation efficiency 

of methyl orange were shown by CuInS2 nanoparticles prepared by thiourea as opposed to 30% FF in other samples. 
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1. INTRODUCTION 

Copper Indium Sulphide (CuInS2) is a cheaper non-toxic 

alternative of its copper indium selenide (CuInSe2) 

compound semiconductor counterpart [1]. Both these 

materials have appealed the attention of renewable energy 

scientists who were fascinated by the theoretical efficiency 

(30%) of solar cells constructed using these materials [2]. 

However, the maximum achieved efficiency till date has only 

been 15%. In this regard, multiple synthesis techniques 

which modify the physio-chemical properties of CuInS2 have 

been tried and tested in the past. However, seldom these 

processes have resulted in any observable difference in the 

efficiency of the solar cells [3].  

Various methods have been used in the preparation of 

CuInS2 nanoparticles and thinfilms. Some of the most 

notable methods include electrodeposition [4], wet chemical 

methods [5,6], solution combustion synthesis [7], spray 

pyrolysis[8], electroplated precursors [9], ion layer gas 

reaction 

 

reaction method [10] etc. Of these methods, wet chemical 

methods for the preparation of CuInS2 nanoparticles and 

thin films subsequently remain the most economical and 

efficient [11, 12]. In this regard, multiple methods including 

co-precipitation [13, 14], sol-gel synthesis [15] and 

microwave synthesis [16-17] have remained to be the most 

popular. Among these methods, microwave synthesis stands 

apart as the easiest, for the preparation of nanoparticles. 

Accordingly many nanoparticles including CuInS2 

nanoparticles have been prepared via this method [18-21]. 

It has been observed that usage of different pre-cursors 

result in the formation of various morphological and 

structural properties for nanoparticles. In this regard, 

nanoparticles of CuInS 2have been prepared using multiple 

Sulphur sources such as thioacetamide (TAA),thiourea and 

l-cysteine in the past [22]. However, limited reports have 

shown the difference between nanoparticles prepared by 

these sources. In this paper, we report the preparation of 

CuInS2 nanoparticles using afore mentioned three Sulphur 

sources via microwave synthesis process. Furthermore their 

morphology, structural properties, solar cell efficiency and 

photocatalytic degradation of methyl orange have been 

studied extensively and a consolidated report of the same 

has been generated. 

2. MATERIALS AND METHODS 

All the chemicals used in this study, if mentioned 

otherwise, were procured from Sigma Aldrich, USA and 

were used without further purification. Distilled water and 

propylene glycol were used as solvents in all the reactions. 
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 2.1 Synthesis of CuInS2 nanoparticles 

In a typical synthesis method, Cu(SO4)2.H2O, InCl3 

anhydrous and different sulfur sources (thioacetamide 

(TAA), thiourea or l-cysteine) were weighed in a molar ratio 

of 1:1:2 and dissolved in 30 ml propylene glycol along with 

Sodium dodecyl sulfate (SDS) as a capping agent. The 

precursor solutions were sintered in a microwave muffle 

furnace (CEM, USA, PHOENIX AIRWAVE) and cooled 

naturally to room temperature in ambient air conditions. 

Post stirring, a black precipitate was produced, which was 

filtered, washed with distilled water, and then dried at 80 °C 

for 4 h. 

2.2 Characterization 

X-ray diffraction (XRD, Philips-X’PertPro) was 

performed using Ni-filtered Cu Kα radiation between 2θ 

values of 10 and 80. Scanning electron microscopy (SEM) 

images were obtained on a LEO-1455VP equipped with an 

energy dispersive X-ray spectrometer (XL30, Philips 

microscope). The room temperature photoluminescence 

(PL) properties were studied on a Perkin-Elmer (LS 55) 

fluorescence spectrophotometer. Band gap of the 

nanoparticles were obtained through Scinco UV-vis 

scanning spectrometer (Model S-10 4100). The Fourier 

transform infrared (FT-IR, Magna Nicolet 550) spectrum 

was recorded using KBr pellets. 

2.3 Photocatalytic Degradation 

Photocatalytic degradation studies were conducted on 

all the samples using methyl orange as the model 

contaminant. Briefly, 0.5 mg of methyl orange was mixed 

with CuInS2 nanoparticles (5 mg/mL) in 50 mL of distilled 

water. The samples were aged for 270 minutes in a dark 

chamber in order to reach adsorption equilibrium before 

they were placed inside the photo-reactor for degradation 

studies. The samples were placed 15 cm from a 400 W 

Tungsten lamp for a brief period while multiple aliquot 

readings were taken at different time points to estimate 

methyl orange degradation via photocatalysis. Percentage 

degradation of methyl orange was calculated using the 

following formula. 

Degradation rate 0

0

A -A
(%)= X100

A

 

Where A0 and A are the absorbance of solution at A0 and A 
min, respectively. 

2.4 Solar Cell efficiency 

The solar cell using CuInS2 nanoparticles as the 

absorber layer was constructed in a similar fashion to 

earlier mentioned reports [23]. Briefly, slurries of CuInS2 

nanoparticles (0.05 gof nanoparticles, 0.05 g ofethyl 

cellulose and 0.05 mL of Triton X-100 in 5 mL of ethanol) 

were used to form p-type semiconducting layers via 

Doctor’s blade method on Indium Tin oxide (ITO) substrate. 

This was followed by the formation of CdS n-type 

semiconducting layer on ITO substrate via chemical bath 

depo 

deposition (Cd(NO3)2 (30 mL, 0.01 M) andthiourea (10 mL, 

0.08 M) at 80°C). A platinum coated ITO was placed on top 

to complete the solar cell. The current density-voltage (J-V) 

characteristics of the fabricated CIS were measured under 

simulated illumination with a light intensity of 100 

mW/cm2 (AM 1.5). 

3. RESULTS & DISCUSSION 

3.1 Structural Analysis 

 The structural features for all the samples were studied 

using XRD. From figure 1, it is evident that all the samples 

formed tetragonal structures pertaining to JCPDS#38–0777. 

The peaks pertaining to thioureaand l-cystine appear 

broader than the ones obtained for thioacetamide. This 

could be due to the formation of smaller crystallites in the 

aforementioned samples. In order understand the same, 

crystallite sizes were determined using Debye Scherer’s 

formula and results were 45, 35, and 30 nm for 

thioacetamide, thiourea and l-cysteine respectively. It is 

clear from these results that thiourea and l-cysteine reduce 

crystallite size of CuInS2 nanoparticles even when used in 

the same molar concentration. 

3.2 Morphology and Elemental Analysis 

The effect of the sulfide on the morphology of the 

CuInS2 nanostructures prepared using a microwave-

assisted co-precipitation method was investigated by SEM. 

Figure. 2a, 2b, and 2c present SEM images of the 

nanoparticles formed from thioacetamide, thiourea, and l-

cysteine, respectively. According to Figure 2a, the 

morphology of the sample was spherical, composed of a 

large number ofnanoparticles with a mean size of 

approximately80 nm. It is interesting to note that 

theeffectof these particular Sulphur sources have been 

recordedearlier by Hosseinpour-Mashkani et al [23].  The 

conclusion from the article shows that the slower nucleation 

 
Fig. 1: XRD patterns of CuInS2 nanoparticles (a) TAA (b) 

thiourea (c) l-cystine 
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Fig.2: SEM images CuInS2 nanoparticles (a) TAA (b) thiourea (c) l-cystine 

 of various Sulphur sources results in the formation of 

nanoparticles in different sizes. Although our synthesis 

procedure followed their procedure closely, we obtained a 

comparatively larger particle size of 80 nm as opposed 25-

35 nm in theirs. It is also interesting to note that the particle 

sizes of the nanoparticles that were prepared by thiourea 

were comparatively smaller (80 nm) than those prepared by 

thioacetamide and l-cysteine (120 nm and 150 nm 

respectively). As mentioned above this could be due to the 

slower dissociation of thiourea as opposed to its 

counterparts during the formation of CuInS2 nanostructures.

  

 
Fig. 2: EDS pattern of CuInS2 nanoparticles (a) TAA (b) thiourea 

(c) l-cystine 

Elemental analysis of the samples was conducted to 

understand the purity of the sample. Figure. 3a, b, and c 

present the EDS data of CuInS2nanoparticles synthesized in 

the presence of thioacetamide, thiourea, and l-cysteine as 

the Sulphur sources respectively. As shown in Fig. 3a, b, & c  

present the EDS data of CuInS2nanoparticles synthesized in 

the presence of thioacetamide, thiourea, and l-cysteine as 

the Sulphur sources respectively. In Fig. 3(a-c) Cu, In, and S 

were observed and in addition, neither N nor C signals were 

detected in the EDS spectrum, which indicate the absence of 

residual surfactant or solvent in the nanoparticles. 

3.3 Photoluminescent Spectra: 

The photoluminescence (PL) spectra of the CuInS2 

nanoparticles obtained from thioacetamide, thiourea, and l-

cysteine recorded in ethanol and are seen in figure 4 a, b 

and c respectively. The emission peaks at 544.5, 568.6, and 

418 nm were observed for thioacetamide, thiourea, and l-

cysteine samples respectively which correspond to a band 

gap of 2.27, 2.26, and 2.96 eV, respectively. These values are 

greater than those observed for bulk CuInS2(1.4 to 1.5 eV) 

which could be attributed to the blue shift due to the 

decrease in their particle size. However such high increase 

in the band gap has been observed for the first time. 

Although previously these anomalies were attributed 

todefective crystal formation, we proposethat this could be 

due to the phenomenal decrease in the crystallite size as 

opposed to particle size of CuInS2. 

 
Fig. 4: Room temperature PL spectra of CuInS2 nanoparticles 

(a) TAA (b) thiourea (c) l-cystine 
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 3.4 Photocatalytic degradation of Methyl Orange 

The photocatalytic properties of the CuInS2 

nanoparticles prepared by thioacetamide as Sulphur source 

was tested using methyl orange as the model effluent. Only 

these set of nanoparticles were chosen based on the PL 

result which indicated the most desired band gap for 

nanoparticles prepared by thioacetamide. The results are 

shown in figure 5a and 5b where it is clearly evident that the 

nanoparticles show no activity in the absence of light while 

reduce methyl orange efficiently in the presence of visible 

light. Furthermore, the UV spectral result measured at 

various time points (post light exposure) indicate a steady 

decrease in the methyl orange concentration with increasing 

time.  

.  
Fig. 5(a): photocatalytic methyl orange degradation of CIS 

nanoparticles obtained from TAA as a sulfide source under 
visible light, (b)fluorescence spectral time scan of methyl 

orange illuminated at 365 nm with CIS nanoparticles, and (c) 
reaction mechanism of methyl orange photo degradation over 

CIS under visible light irradiation. 

Finally the mechanism of action has been explained in 

figure 5c, where we presume that surface superoxide 

generated in the presence of visible light results in the 

effective 

effective degradation of methyl orange resulting in a single 

water molecule asrepresented below 

CIS + hν → CIS • + e− + h
+
         (1) 

h+ + H2O → OH•                         (2) 

e− + O2 → O2•-                             (3) 

OH•   + O2•- + methyl orange → Degradation products 

The efficiency of degradation at the end of 270 min 

irradiation was calculated based on initial and 

finalconcentration of methyl orange in solution as 73%. 

Such high degradation efficiency can be attributed to the 

absorbent type of porous structure of CuInS2nanoparticles. 

Furthermore, the decrease in the particle size also 

correlates to the increase in surface are per volume leading 

to a greater adherent/absorptive property of these 

nanoparticles. 

3.5 Solar Cell Studies 

Light harvesting studies on different samples 

(absorber layer on a solar cell) were conducted by exposing 

themtoan artificial light source 100 mW/cm2. The J-V curves 

 
Fig. 6: I-V characterization of the ITO/CIS/CdS/Pt-
ITO solar cell for (a) TAA (b) thiourea (c) l-cystine. 
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obtained for thiocetamide, thiourea and l-cysteine samples 

are presented in figure 6 a, b andcrespectively and the 

device characteristics for the same are: Voc =110 mV, Jsc 

=0.0049 mA/cm2, and FF=30%for TAA; Voc =215 mV, Jsc 

=0.0052 mA/cm2, and FF=34% for thiourea; and Voc =142 

mV, Jsc =0.0035 mA/cm2, and FF=34% for l-cysteine. These 

results indicate a decrease in the FF and corresponding 

values showing that the constructed solar cells have lower 

efficiency as opposed to those prepared using bulk particles. 

Similar results have been reported earlier quoting defect 

formation and increase in band gap of CuInS2nanoparticles 

which could have resulted in decreased light harvesting 

applications [23]. As opposed to popular belief, the 

reduction in particle size does not result in increased light 

absorption and greater solar cell efficiency. 

4. CONCLUSIONS 

CuInS2 nanoparticles were synthesized by a 

microwave-assisted co-precipitation method and their 

photoluminescence and photovoltaic solar cell properties 

were investigated.their photoluminescence and 

photovoltaic solar cell properties were investigated. This 

study scrutinized the influence of the Sulphur sources on the 

morphology, photocatalytic and photovoltaic solar cell 

properties. Spherical shaped particles in the size range of 80 

to 120 nm were prepared using the aforementioned 

method. In the presence of CuInS2 nanoparticles (prepared 

by thioacetamide as Sulphur source) as a photocatalyst, the 

percentage of methyl orange degradation was 

approximately 73 % after 270 min irradiation with visible 

light. The preliminary result of the solar cell constructed 

using CuInS2 nanoparticles as the absorber layer revealed 

the possibility of developing inexpensive solar cells. While J-

V curves showed greater efficiency for the nanoparticles 

prepared using thiourea as the Sulphur source, it was clearly 

evident that the reduction in particle size could greatly 

decrease the light trapping efficiency due to defect 

formation and resulting low short-circuit current. 
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