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INTRODUCTION
Transition metal sulfides exhibit interesting 

optical, electronic, thermoelectric and 
photoelectric properties [1–7]. Nickel sulfide an 
important member of this large family, finds use as 
a potential cathode material for the rechargeable 
lithium battery, as a catalyst in the degradation of 
organic dyes and in magnetic devices [8, 9]. It is an 
inorganic compound with the formula NiSx. These 
compounds range in color from bronze (Ni3S2) 
to black (NiS2). The nickel sulfide with simplest 
stoichiometry is NiS, also known as the mineral 
millerite. Nickel sulfide is a p-type semiconductor 
with a narrow band gap of about 0.5 eV and is 
most efficient electrochemically active materials 
due to its variety of applications such as lithium 

ion batteries, supercapacitors, photocatalytic H2 
generation and solar cells [10]. As a representative 
II–VI semiconductor, CdS with a direct band gap of 
2.42 eV is considered to be an excellent material 
for various optoelectronics applications in the 
visible-light range, including nonlinear optical 
devices, LEDs and solar cells [11, 12].

During the last decade, many researchers have 
focused on heterogeneous catalysis techniques 
instead of homogeneous catalysts for the 
degradation of organic pollutants [13]. Water 
pollution on account of textile industrial effluents 
represents a serious environmental problem which 
is increasing day by day. Currently, the use of natural 
polymers (including proteins and polysaccharides) 
is broadly developed. Polysaccharides are a large 

Water pollution on account of textile industrial effluents represents a se-
rious environmental problem which is increasing day by day. This study 
reports the synthesis of metal sulfide/chitosan nanocomposites (MS/
chit NCs), M=Ni, Cd, via three steps: (1) synthesis of M(Tu) complex, 
Tu=thiourea, by a simple reflux route, employing metal nitrates and 
thiourea as the reactants (2) synthesis of MS nanostructures by simple 
thermal decomposition method using [M(Tu)] as precursors (3) synthesis 
of MS/chitosan nanocomposites. The fabricated nanostructures and nano-
composites were characterized by X-ray diffraction (XRD), Fourier-trans-
form infrared spectroscopy (FT-IR), scanning electron microscopy (SEM) 
and energy-dispersive X-ray spectroscopy (EDS). The adsorption is one of 
the most efficient techniques for removing the pollution from the solvent 
phase. The nanocomposites synthesized in this work could help to solve 
the waste disposal problem. They were applied for the MB removal from 
aqueous solution. The intensity of peaks of MB were decreased after their 
adsorption on the surface of the nanocomposites in UV-Vis spectra.



903J Nanostruct 13(4): 902-914, Autumn 2023

N. Name / Running title 

group of biopolymers that have many properties 
like biodegradability, environmentally friendly, 
inexpensiveness, and availability. Alginate, 
cellulose, starch, gum, pectin, chitin, and chitosan 
are the most important types of polysaccharides 
[14]. In this work, we use chitosan for the synthesis 
of MS/chit NCs. The as-prepared nanocomposites 
help us to remove MB from the aqueous solution. 
After cellulose, chitosan is the next most sufficient 
polymer originating from a deacetylated variant 
of the naturally occurring amino polysaccharide 
chitin. Compared with other stabilized supports, 
the chitosan biopolymers and its composites have 
been widely used for the removal of toxic organic 
pollutants from wastewater. MB is a cationic dye, 
biologically dangerous and control of its content is 

necessary [15]. Elimination of dye pollution from 
the solvent phase by adsorption is a necessary 
aspect of research [16-20]. This research is the 
first study comparing the synthesis of nickel and 
cadmium sulfides via thermal decomposition 
under different conditions and comparing their 
application for removing MB from aqueous 
solutions.

MATERIALS AND METHODS
Materials and Characterization

Ni(NO3)2.6H2O, Cd(NO3)2.4H2O and thiourea 
(H2N−C(=O)−NH2) were provided from Merck 
company and used as received. A Philips XpertPro 
diffractometer with Ni-filtered Cu Kα radiation 
and λ = 1.54 Å was used to identify the phase 

 

Sample no. Precursors Surfactant T and t of thermal decomposition 

1 Ni(NO3)2 + Tu – 500 ˚C , 4 h 

2 Ni(NO3)2 + Tu CTAB 500 ˚C , 4 h 

3 Ni(NO3)2 + Tu PVA 500 ˚C , 4 h 

4 Ni(NO3)2 + Tu PEG 500 ˚C , 4 h 

5 Cd(NO3)2 + Tu – 500 ˚C , 4 h 

6 Cd(NO3)2 + Tu CTAB 500 ˚C , 4 h 

7 Cd(NO3)2 + Tu PVA 500 ˚C , 4 h 

8 Cd(NO3)2 + Tu PEG 500 ˚C , 4 h 

9 Sample 2 + chitosan ‒ ‒ 

10 Sample 4 + chitosan ‒ ‒ 

11 Sample 6 + chitosan ‒ ‒ 

T = Temperature, t = time   

  

Table 1. The reaction conditions of MS nanostructures and MS/chitosan nanocomposites synthesized in this work.
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and study XRD patterns. The morphology of the 
products was studied by field emission scanning 
electron microscope (TESCAN Mira3 FE-SEM). 
SEM microscope was also used to investigate 
the EDS spectrum. Fourier transform infrared 
spectrum (FTIR) was taken by a Nicolet IS 10 
spectrophotometer made by the American 
Thermo scientific company. A Evolution 300 
spectrophotometer made in the American 
Thermo scientific company was used to study UV-
Vis spectra in photocatalytic studies.

Synthesis of [M(tu)] complex
[M(tu)] complex, as precursor, was synthesized 

according to this procedure: metal nitrate salt, 
2 mmol, was dissolved in distilled water. Then 
surfactant, including CTAB, PVA and PEG, was 
added to the solution under stirring. The mixture 
was refluxed at 120 ̊C for about 1h. In the next step, 
a solution of thiourea, 2 mmol, was dissolved in 
distilled water and dropwise added into the above 
solution under magnetic stirring. After addition 
of all the reagents, the mixture was refluxed at 
120 °C for 1h. With evaporation of the solution, a 
solid was recovered, filtered, washed with distilled 

water and ethanol and dried.

Synthesis of MS nanostructures
Nickel and cadmium sulfide nanostructures 

were prepared by the thermal decomposition 
method from [M(Tu)], in a furnace at 500 ̊ C for 4h.

Synthesis of MS/chit NCs
To prepare the NiS/chit and CdS/chit NCs, 1:1 

weight ratio of MS with chitosan was selected. The 
chitosan was dissolved in distilled water and acetic 
acid. Then MS was dispersed in distilled water 
and added into above solution. After 24h stirring, 
the mixture was washed with distilled water and 
ethanol several times. In the final, the obtained 
nanocomposite was dried under vacuum at 60 
˚C for 4h. Table 1 shows different conditions for 
synthesizing MS nanostructures and MS/chitosan 
nanocomposites.

Application
The application of the nanostructures and 

nanocomposites was assessed by degradation of 
MB dye solution. In this study, 50 ml MB solution 
of concentration 10-4 ML-1 was added in a beaker 

 

Composite Application Reference 

NiS@Ni3S2/CdS Photocatalyst [21] 

chitosan-Ag/NiS anti-microbial application [22] 

CdS/chitosan – [23] 

CdS/chitosan Elimination of heavy metals [24] 

CdS/graphene oxide-chitosan as an active layer for metal ion detection [25] 

CdS/chitosan for latent fingermark detection [26] 

Silver sulfide/nickel titanate/chitosan Photocatalyst [27] 

Nickel sulfide/chitosan for removing toxic mercury ions [28] 

 

 

Table 2. Investigation of the applications of Ni and Cd sulfide/chitosan nanocomposites in the other research.
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1 
 

 

Fig. 1. 

  

Fig. 1. XRD patterns of nickel sulfide nanostructures prepared (a) without 
surfactant , (b, c, d) in the presence of CTAB, PVA and PEG, respectively.
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2 
 

 

Fig. 2.  

  

Fig. 2. XRD patterns of CdS nanostructures prepared (a) without surfactant , (b, c, d) in the 
presence of CTAB, PVA and PEG, respectively.
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containing 10 mg of the sample and then stirred 
magnetically using motorized magnetic stirrer 
at room temperature for 30 min to attain an UV-
Vis spectrum. Also, UV-Vis spectrum of the pure 
MB solution was taken. Table 2 shows other 
research about the synthesis and investigation 
of the applications of Ni and Cd sulfide/chitosan 
nanocomposites.

RESULTS AND DISCUSSION 
XRD is a useful technique for characterization 

of purity and crystallite structures of materials. To 
study the structural properties, XRD patterns of 
the products were taken. Fig. 1 shows XRD patterns 
of nickel sulfide nanostructures prepared without 
surfactant (sample 1) and also in the presence of 
CTAB (sample 2), PVA (sample 3) and PEG (sample 
4). As shown in this figure, the products obtained 
are a mixture of Ni3S2 and NiS. By comparing XRD 
patterns, it can be found that the crystallinity of 
the product prepared in the presence of CTAB is 
low, as shown in Fig. 1b, also some peaks related 

3 
 

 

Fig. 3.  

  

Fig. 3. SEM images of the products prepared in the absence of surfactant: (a, b) nickel sulfide (sample 1) , cadmium sulfide 
(sample 5).
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to Ni are seen in this figure. The peaks of samples 
1, 3 and 4 are sharp and long, it indicates that 
crystallinity of these products is high. Especially 
the higher intensity of the XRD peaks of sample 3 
shows that the product prepared in the presence 
of PVA has the highest crystallinity among the 
samples in Fig. 1. 

Fig. 2 shows XRD patterns of CdS nanostructures 
prepared without surfactant (sample 5) and in the 
presence of different surfactants. According to the 
patterns illustrated in this figure, the pure CdS is 
formed in sample 5 and also in the presence of PVA 
(sample 7) and PEG (sample 8). In the XRD pattern 
of sample 6 prepared in the presence of CTAB, in 
addition to CdS peaks, additional peaks related 
to impurity are also seen, shown with green stars 
in Fig. 2b. XRD patterns of samples 5, 6 and 7 are 
matched to the diffraction peaks of hexagonal 
CdS of JCPDS card number 00-041-1049. These 
samples were found to form well-crystallized 
phase based on the intensity and sharpness of its 
detected peaks. Using PEG as surfactant was led 
to the preparation of CdS with JCPDS 00-002-0454 
(Fig. 2d).

The SEM images was taken to investigate the 
morphology of the synthesized materials. Fig. 3 
shows SEM images of nickel sulfide (sample 1) 
and cadmium sulfide (sample 5) prepared in the 
absence of surfactant. Fig. 3a and b shows the 
formation of the polyhedral structures with a size 
of 50 nm to 1µm. Moreover, the agglomeration 
of nickel sulfide nanostructures can also be 
demonstrated in the SEM images. Fig. 3c and d 
shows formation of the agglomerated CdS spheres 
with diameters ranging from 500 nm to 2 μm.

To further study the morphology in samples 1 
and 5, TEM and HRTEM images were taken and 
shown in Fig. 4. TEM image of nickel sulfide (sample 
1) in Fig. 4a shows the formation of the polyhedral 
structures with different sizes. In HRTEM image of 
sample 1, various components of this sample at 
different magnifications are detectable, based on 
distance between atomic layers. This image in Fig. 
4b reveals interplanar lattice spacing in sample 1 
is ~ 0.5 nm. The selected area electron diffraction 
(SAED) pattern of this sample is shown in Fig. 4c. 
Also, TEM images in two different scales, including 
500 nm and 100 nm of cadmium sulfide (sample 

4 
 

 

Fig. 4. 

  

Fig. 4. (a) TEM image (b) HRTEM image and (c) SAED pattern of sample 1 , (d, f) TEM images of sample 5.
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5) confirm the formation of the agglomerated CdS 
spheres with different diameters and confirm SEM 
results, (Fig. 4d and e).

IR is concerned with the vibration of molecules. 
There are different functional groups in molecules. 
The functional groups have their discrete 
vibrational modes in the IR spectrum. This spectrum 
serves as a characteristic “molecular fingerprint” 
and can be used to identify inorganic and organic 
molecules. Fig. 5 shows FT-IR spectra of cadmium 
and nickel sulfides. The broad absorption band 
nearby 3391 cm–1 in Fig. 5a is appointed to the 
stretching vibrations of absorption water. In this 
figure, absorption peaks at 600 and 667 cm–1 are 
because of Cd–S stretching vibration mode. The 
peak at 1115 cm–1 belong to the C–N stretching 

vibrations of the precursor complex and the peak 
at 1417 cm–1 belongs to O–H bending vibrations. 
In the case nickel sulfide (sample 1), in Fig. 5b 
the peaks nearby 3100–3600 cm–1 are assigned 
to the stretching vibrations of absorption water. 
The absorption band at 1062 cm–1 is appointed 
to the stretching vibrations of C–N band (of the 
precursor).

Image analysis techniques for SEM images of 
particles were developed to evaluate particle 
morphology quantitatively. Fig. 6 illustrates the 
surface characteristics of the nanocomposites 
made up of chitosan. It shows SEM images of nickel 
sulfide/chitosan (sample 9) and cadmium sulfide/
chitosan (sample 11). The surface structure of the 
nanocomposites exhibits spherical morphology. 

5 
 

 

Fig. 5.  

  

Fig. 5. FT-IR spectra of the products prepared in the absence of surfactant: (a) cadmium sulfide (sample 5) , (b) nickel sulfide (sample 
1).
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The spheres have been agglomerated and formed 
microstructures.

The EDS is one of the most versatile analytical 
tools for general materials analysis. Scientists 
use EDS to analyze and determine the elemental 
composition of materials. Fig. 7 depicts the EDS 
spectra of the nanocomposites prepared in the 

presence of PEG and CTAB. This figure shows Ni 
and S elements for samples 9 and 10, and Cd and S 
elements for sample 11. 

UV-Vis is a spectroscopic technique that 
measures radiation absorption as a function of 
wavelength. The samples can absorb photons from 
a radiating field. The curve of absorption intensity 

6 
 

 

Fig. 6.  

  

Fig. 6. SEM images of the nanocomposites prepared in the presence of CTAB: (a, b) nickel sulfide/chitosan (sample 9) , (c, d) cadmium 
sulfide/chitosan (sample 11).
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7 
 

 
Fig. 7. 

  

Fig. 7. EDS patterns of the nanocomposites prepared in the presence of: (a) PEG, nickel sulfide/
chitosan (sample 10) , (b) CTAB, nickel sulfide/chitosan (sample 9) , (c) CTAB, cadmium sulfide/chitosan 

(sample 11).
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Fig. 8. 
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Fig. 9. 
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Fig. 8. Absorption spectra of MB and the solutions obtained from centrifugation of MB/samples 9 and 10 suspensions.

Fig. 9. Absorption spectra of MB and the solution obtained from centrifugation of MB/sample 11 suspension.
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reported versus wavelength (or frequency) is 
named the absorption spectrum. The UV-Vis 
absorbance spectra of the pure MB and MB 
adsorbed on the surface of the nanocomposites 
have been shown in Fig. 8 and 9. As can see in blue 
curves in both figures, the absorption spectra of 
the MB is characterised by three main bands, one 
in the visible region (~470 nm), and two in ~ 100 
nm and 50 nm. The results confirm the application 
of as-prepared nanocomposites as an effective 
adsorbent for MB removal from aqueous solution. 
The UV-Vis spectra in Fig. 8 show that the intensity 
of peaks of MB have been decreased after their 
adsorption on the surface of the nanocomposites 
(samples 9 and 10). The results obtained for 
sample 11 are similar to samples 9 and 10, as 
shown in Fig. 9.

CONCLUSION
In summary, MS/chit NCs were synthesized 

via a facile process. This process exists three 
steps: synthesis of the complex, synthesis of MS 
and synthesis of MS/chit NC. The as-prepared 
nanocomposites were used for MB degradation. 
The degradation of MB was observed in the 
presence of the nanocomposites under visible 
irradiation. 
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