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HYDROTHERMAL SYNTHESIS OF HIGHLY UNIFORM CHALCOPYRITE CuFeS2 NANOPARTICLES 

In this research work, high uniform CuFeS2 chalcopyrite with 20-40 nm particles were synthesized via a simple hydrother-
mal method. Different analysis were used to characterize the obtained product such as X-ray diffraction pattern (XRD), scanning 
electron microscopy (SEM), transmission electron microscopy (TEM) and thermal gravimetric analysis (TGA). The photocatalytic 
activity of the product was investigated by degradation three different dyes namely acid brown, acid red and methylene blue. The 
results showed the synthesized CuFeS2 nanoparticles have high photocatalytic activity and can degrade the used dyes in large 
quantities. 
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1. Introduction

One of the I-III-VI2 ternary compound that is a semicon-
ductor is known as chalcopyrite copper iron sulfide (CuFeS2) 
[1]. It has unique properties such as high Neel temperature and 
advanced electrical and optical properties [2] with an unusually 
low optical band gap of 0.53 eV [3]. It can be used in batteries 
[4], thermoelectric devices [5] and solar cells [6]. Until now 
many efforts have been done for synthesis of CuFeS2 with 
different morphologies such as nanosheets [7], nanoparticles 
[8], nanowires [9] and spherical [10] by using various meth-
ods such as hydrothermal [11], solvothermal [12] and thermal 
decomposition [13]. Hu and et al [14] used from hydrothermal 
method to synthesis of CuFeS2 nanorod. Also colloidal CuFeS2 
chalcopyrite was synthesized by J. Silvester and et al [15]. It 
has a useful bandgap and unique properties such as thermo-
electricity and ferroelectricity [16]. Hydrothermal method is 
a simple way to synthesis of high-quality nanostructures due 
to its high temperature medium that can lead to synthesis of 
highly crystalline and pure materials. In this research work, 
high uniform chalcopyrite CuFeS2 nanoparticles were syn-
thesized via a simple hydrothermal method. To obtain high 
uniform nanoparticles, a surfactant was used to prevent them 
from aggregation. The synthesized nanoparticles were used 
to degradation of Acid Red and Acid Brown to evaluate the 
photocatalytic activity. 

2. Experimental

All the precursors such as CuCl2, ethylenediamine, thiourea, 
FeSO4 and polyvinylpyrrolidone (PVP) were purchased from 
Merck compony in the high purity grade and used as received. 
To characterize the product different analysis were served. 
XRD patterns were recorded by a Rigaku D-max C III, X-ray 
diffractometer using Ni-filtered Cu Kα radiation. Scanning elec-
tron microscopy (SEM) images were obtained on Zeiss (Sigma 
VP) equipped with an energy dispersive X-ray spectroscopy. 
UV-Vis spectra were recorded using a UV-Vis spectrophotometer 
(PerkinElmer, Lambda 650). Transmission electron microscopy 
(TEM) images were obtained on zeiss transmission electron 
microscope (Zeiss-EM10C-100 KV). Fourier transform infra-
red (FT-IR) spectra were recorded on Shimadzu Varian 4300 
spectrophotometer in KBr pellets. Thermal gravimetric analysis 
(TGA) was analyzed by Netzsch STA449F3A-1517-M under ar-
gon atmosphere (25°C/10.0(K/min)/1200°C). The experimental 
procedure was done by dissolving 0.7654 g of CuCl2, 0.6785 g 
(0.89 M) of SC(NH2)2 and 1.058 g (of FeSO2 in 20, 10 and 10 ml 
of deionized water. After that three obtained solutions were 
added together and stirred for 30 min. Then PVP was poured to 
the solution with 1:1 mole ratio respect to CuCl2 reagent, and 
stirred for 10 min. After that the solution was mixed with 80 ml 
of glacial ethylenediamine. The final solution was moved to the 
autoclave and inserted in the oven and heated at 190oC for 32 h. 
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the obtained powder was washed with HCl, ethanol and distilled 
water to remove any unreacted materials. Finally, the powder was 
dried at 60oC for 24 h and was investigated by different analysis. 

3. Results and discussion

3.1. XRD pattern

XRD analysis of the product is shown in Fig. 1. It can be 
seen that the XRD analysis showed three peaks at 29.7o, 49.2o 

and 58.1o, that reflect (112), (220) and (312) miller indices and 
completely matches with JCPDS No. 00-001-0842. Also, it was 
found the product has tetragonal phase with a = b = 5.24 Ao 
and c = 10.30 Ao lattice parameters. The crystallite size was 
calculated by Scherrer’s formula (Dhkl = (K·λ)/(β ·cosθ )). In the 
Scherrer’s formula, Dhkl is the volume weighted crystallite size 
(nm); K is the shape factor (K = 0.9); λ is the wavelength of the 
X-rays (λ = 0.154056 nm for CuKα1 radiation); θ is the Bragg 
diffraction angle; β is the broadening of the ℎkl diffraction peak 
measured at half of its maximum intensity (in radians) [17]. The 
calculated crystallite size was 45.5 nm that is agreed with TEM 

Fig. 1. XRD pattern of CuFeS2 nanoparticles

Fig. 2. SEM image of the synthesized chalcopyrite CuFeS2

analysis. The XRD results showed the product is pure and there 
is no impurity in the product. 

3.2. SEM and TEM images

Fig. 2 shows SEM images of the synthesized CuFeS2 chal-
copyrite. It can be observed that the synthesized CuFeS2 nano-
particles is composed of 20-40 nm particles that are aggregated 
together. In fact due to huge active surface of the small particles, 
they aggregated together to decrease the surface energy. Due to 
aggregation of the particles, SEM can’t show the particles size 
rightly; So, to study more about the product size and morphology, 
TEM analysis was used. TEM images and particle size histogram 
showed the product is composed of 20-40 nm uniform particles. 
As shown in Fig. 3, the particles are arranged in high order and 
the product has high uniformity. The main reason for synthesis 
of highly uniform CuFeS2 nanoparticles in this research work 
is due to using PVP and ethylenediamine in the experimental 
procedure. In fact, these reagents act as surfactant materials 
besides their normal functional. When the CuFeS2 nucleus are 
created, these molecules adhere to their surface and prevent them 
from further aggregations by creation a steric hindrance around 
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the CuFeS2 nucleus. Therefore, the synthesized CuFeS2 can’t 
be aggregated and hence highly uniform nanoparticles will be 
created. Scheme. 1 shows the surfactant performance to prevent 
the nucleus aggregation. 

3.3. FT-IR analysis

To study the surface functional groups of the product, FT-IR 
analysis were served. It can be observed (Fig. 4) that the FT-IR 
shows different vibrational peaks. The peak placed at 1641 cm–1 

can be attributed to N-H bending vibration. The peak placed 
at 1048 cm–1 is related to C-N stretching vibrations. Also N-H 
stretching vibration is appeared at 2931 cm–1. The mentioned 
vibrational peaks confirm the presence of ethylenediamine on the 
CuFeS2 surface that approve this molecule act as capping agent 
in addition to solvent role and prevent the aggregation of the 
CuFeS2 particles. The peaks located at 1379 cm–1 and 3435 cm–1 
are related to O-H bending and stretching vibrations, respectively 
that can be attributed to H2O adsorption by the product surface. In 
fact, due to huge surface of the synthesized nanoparticles they can 
adsorb different molecules in the medium such as the air humidity. 

Fig. 3. TEM image and particle size histogram of the synthesized chalcopyrite CuFeS2
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3.4. TGA analysis

Thermal stability of the product was studied by TGA 
analysis. As shown in Fig. 5, in two steps 30% of the product 
was lost. The first mass loss step can be related to losing water 
and surface groups such as surfactant. The other mass loss step 
that occur at 600oC can be attributed to decompose of CuFeS2 to 
CuS and FeS. In fact, it can be said that the product can be stable 
until 600oC and after that it can decompose to CuS and FeS. 

3.5. Photocatalytic activity

The photocatalytic activity of the product was studied by 
degradation of two dyes namely acid brown and acid red (Fig. 6). 
The results showed the product has high photocatalytic activity 
and it can degradation of the used dyes in the short time. In fact, 
due to high surface to volume ratio of the product, large amount 
of the dye molecules can adsorb on the nanoparticles surfaces 
and hence the large number of dye molecules can be decomposed 

Scheme 1. The effect of surfactant on the product size and morphology

Fig. 4. FT-IR spectrum of the product Fig. 5. TGA curve of the product
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in the minimum time. Furthermore, when the synthesized na-
nostructures were exposed under UV irradaiation, the electron-
hole pairs were created that can prepare reactive oxide species 
(ROS) such as OH radical in the aqueous solution that be used 
to decompose the selected dyes from a radical mechanism. In 
addition, by using PVP as surfactant, the nanoparticles surface 
defects were decreased and therefore the produced electron-hole 
pairs were increased that can enhance the product photocatalytic 
activity. Scheme 2 shows the mechanism of dye degradation in 
presence of CuFeS2 photocatalyst.

Two compare our work with the other ones, a review of 
the works related to synthesis of CuFeS2 has been mentioned. 
Lyubutin and et al [18] synthesized self-organized single-
crystalline nanobricks of chalcopyrite CuFeS2 and studied their 
magnetic properties. They used copper acetate monohydrate, 
iron acetate, sulfur powder, octadecylamine and trioctylphos-
phine under argon gas flow. Wang and et al [19] synthesized 
Single crystal of CuFeS2 through solventothermal process. 

copper (II) ethyldithiocarbamate, iron ethyldithiocarbamate, 
the dithiocarbamate-based precursors, tri-octylphosphine, and 
oleylamine were used to synthesis of semiconducting CuFeS2 
nanocrystals by Wang and et al [13]. They found by selecting 
100% excess sulfur, the product with more uniform morphol-
ogy, stoichiometric composition and a narrow size distribution. 
Disale and et al [20] synthesized single-source precursors contain 
both copper and sulphur for synthesize of CuFeS2 nanocrystals. 
Bhattacharyya and et al [8] synthesized CuFeS2 Quantum Dots 
as well as core-shell structures with highly Luminescent and 
investigated their optical properties.

4. Conclusion

High uniform CuFeS2 chalcopyrite nanoparticles were 
synthesized via a simple hydrothermal method. X-ray diffrac-
tion pattern (XRD) was used to determine the crystallinity of the 

Fig. 6. Photocatalytic activity of the product in degradation of Acid Red (left) and Acid Brown (right)

Scheme 2. The mechanism of dye degradation in presence of CuFeS2 photocatalyst
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product. It was found the product is composed from crystallites 
with tetragonal phase and 45.5 nm size. Also, it was found the 
synthesized product has pure and there are no impurities in its 
structure. The product size and morphology were studied by TEM 
analysis and the results showed the product was composed of 
20-40 nm and high uniform particles. Finally, the photocatalytic 
activity of the synthesized CuFeS2 was studied by degradation 
of Acid brown and Acid red as dyes and it was observed the 
product has high photocatalytic activity and it can degradate the 
mentioned dyes with 100 percent.
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