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In the present study, MS nanostructures (MS NSs), and MS/chitosan 
nanocomposites (MS/Chit NCs) were synthesized, M= Zn, Hg. First, 
[M(Tu)] complex was synthesized by a simple reflux route. In the next step, 
MS nanostructures were prepared by thermal decomposition of [M(Tu)] 
precursors at 500 ˚C for 4h. Then MS/Chit NCs were synthesized. The 
products were characterized by XRD, SEM, EDS, FT-IR and the effect of 
the surfactant was investigated. XRD confirmed formation of MS NSs and 
MS/Chit NCs. SEM images showed morphology of the products. Finally, 
the application of nanocomposites as absorbents for removing organic 
dyes from water was studied. Two dyes were used, including methyl orange 
(MO) and methylene blue (MB). The absorption spectra results indicated 
the suitable performance of ZnS NSs in MO removal and ZnS/Chit NCs in 
MB removal. Water contains organic dyes which cause a potential hazard 
to the environment hence these dyes need to remove from the water bodies.

INTRODUCTION
Zinc sulfide (ZnS) and mercury sulfide (HgS) 

are important semiconductor materials with 
applications in optoelectronics, photocatalysis, and 
biomedical imaging [1]. Various synthetic methods 
have been developed to control their phase 
composition, morphology, and optical properties. 
ZnS exists in two main crystalline forms: cubic 
zinc blende (sphalerite) and hexagonal wurtzite. 
Researchers have employed multiple approaches 
for its synthesis, including solid state reaction, 
chemical precipitation, solvothermal, chemical 
vapor deposition [2-5]. HgS exists in two primary 
phases: red α-HgS (cinnabar) and black β-HgS 

(metacinnabar) [6]. Different synthetic strategies 
have been explored for this material, including 
direct combination, aqueous precipitation, 
solvothermal, biomimetic synthesis [7-11].

Increasing industrial development and growing 
population have led to an increase in organic dyes 
in water. These can pose environmental problems 
such as soil, water and air contamination [12-
15]. The water contamination problem has 
become a significant concern in recent years. The 
organic dyes reduce the dissolved oxygen level 
in water and prevent sunlight from entering the 
water sources. Thus, dye removal from water is 
essentially important [16-18]. Several strategies to 
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remove organic contamination from the aqueous 
system have been developed, including adsorption 
[19], electrocatalysts [20, 21], and photocatalysts 
[22, 23].

Currently, the use of proteins and 
polysaccharides (natural polymers) are broadly 
developed. Polysaccharides are a large group of 
biopolymers with interesting properties. Chitosan 
is a polysaccharide bioresource found in some 
fungi, worms, diatoms, mollusks, and sponges. 
Chitosan is an abundant and natural polymer. 
Much attention has been paid to the synthesis of 
the nanocomposites with chitosan due to valuable 
properties, applications in nanotechnology area, 
etc [24-26]. Chitosan and its nanocomposites 
are excellent candidates to use as absorbent, 
photocatalyst, etc. [27]. In this work, we 
synthesize ZnS/Chit and HgS/Chit NCs and use 
them as absorbent for the MO and MB removal. 
However, research on the application of ZnS/Chit 
and HgS/Chit NCs as absorbents for dye removal 
remains limited. Despite the inherent toxicity 
associated with mercury-based compounds, HgS 
was deliberately selected in this work owing to its 
distinctive optical and electronic characteristics, 
its thermodynamic stability among mercury 
species, and its relevance as a model system for 
investigating the synthesis and properties of 
II–VI semiconductor sulfides. Furthermore, the 
incorporation of HgS into composite structures 
offers a promising platform to explore advanced 
functionalities such as enhanced photocatalytic 

activity, charge-transfer processes, and high-
performance sensing applications. This research 
is the first study comparing the synthesis of ZnS, 
HgS, ZnS/Chit and HgS/Chit NCs under different 
conditions and comparing their application for 
removing MO and MB from aqueous solutions.

MATERIALS AND METHODS
Materials and Characterization

Ni(NO3)2.6H2O, Hg(NO3)2.H2O and thiourea 
(H2N−C(=O)−NH2) were provided from Merck. 
XRD (X-ray diffraction) patterns were studied by 
a Philips X′pertPro diffractometer with Ni-filtered 
Cu Kα radiation and λ = 1.54 Å. The morphology 
and EDS (energy-dispersive X-ray spectroscopy) 
spectrum of the samples were studied by TESCAN 
Mira3 FE-SEM, field emission scanning electron 
microscope (scanning electron microscopy). 
The FT-IR (Fourier transform infrared) and UV-
Vis spectra of the products were studied by 
spectrophotometers made in the American 
Thermo scientific company, Nicolet IS 10 and 
Evolution 300 spectrophotometers, respectively.

Preparation of [M(tu)] precursor
First, 2 mmol metal nitrate salt was dissolved 

in distilled water, surfactant (CTAB, PVA and PEG) 
was added to the solution and it refluxed at 120 ̊C. 
After 1h, thiourea solution (2 mmol) was added, 
then 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 

Sample no. Precursors Surfactant T and t of thermal decomposition 

1 Zn(NO3)2.6H2O + Tu CTAB 500 ˚C, 4 h 

2 Zn(NO3)2.6H2O + Tu PVA 500 ˚C, 4 h 
3 Zn(NO3)2.6H2O + Tu PEG 500 ˚C, 4 h 
4 Zn(NO3)2.6H2O + Tu – 500 ˚C, 4 h 
5 Sample 1 + chitosan – – 
6 Sample 2 + chitosan – – 
7 Sample 3 + chitosan – – 
8 Sample 4 + chitosan – – 
9 Hg(NO3)2.H2O + Tu CTAB 500 ˚C, 4 h 

10 Hg(NO3)2.H2O + Tu PVA 500 ˚C, 4 h 
11 Hg(NO3)2.H2O + Tu PEG 500 ˚C, 4 h 
12 Hg(NO3)2.H2O + Tu – 500 ˚C, 4 h 
13 Sample 9 + chitosan ‒ ‒ 
14 Sample 10 + chitosan ‒ ‒ 
15 Sample 11 + chitosan ‒ ‒ 
16 Sample 12 + chitosan ‒ ‒ 

T = Temperature, t = time 

Table 1. The reaction conditions for the synthesis of MS NSs and MS/Chit NCs in this work.



1802

A. Sobhani, and S. Sharifan / ZnS/Chitosan and HgS/Chitosan Nanocomposites as Absorbents

J Nanostruct 16(2): 1800-1812, Spring 2026

and dried.

Preparation of MS NSs
[M(Tu)] complex was decomposed in a furnace 

at 500 ˚C for 4h, and zinc sulfide, mercury sulfide 

nanostructures were parepared.

Preparation of MS/Chit NCs
The chitosan was dissolved with distilled water 

and acetic acid. In the next step, a solution was 
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Fig. 1. XRD patterns of ZnS NSs and ZnS/Chit NCs: (a) sample 1, (b) sample 4, 
(c) sample 8 and (d) Williamson-Hall plot for sample 4.
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prepared containing a ratio of 1:1 chitosan and 
MS. The solution was stirred for 24h, washed with 
ethanol, then dried in furnace under vacuum. The 
different conditions for synthesizing MS NSs and 
MS/Chit NCs have been summarized in Table 1.

Application
The MS/Chit NCs were applied for the MB and 

MO removal from aqueous solutions. A solution 
of dye with 10-4 ML-1 concentration was prepared. 
Some of this solution (50 ml) was added in a 
beaker containing 10 mg of the nanocomposite. 
The mixture was stirred for 30 min at room 
temperature. The UV-Vis spectra of this mixture 
and also pure MB solution were taken and the 
adsorption capacity of the MS/Chit NCs over 
MB and MO dyes evaluated. The photocatalytic 
capabilities of the products were examined using 
photodegradation of 100 ml of MB and MO, when 
exposed to simulated sunlight in a laboratory. 
The combination of 70 mg of the photocatalyst 
in 100 ml of the dye solution with deionized 
water was subjected to magnetic stirring for 

30 min in darkness to establish an adsorption/
desorption balance between dye molecules and 
photocatalyst before photodegradation reactions 
[28]. For reactions involving photodegradation, 
the light source was exposed to radiation on 
samples for a specific duration (90 min), and 
the irradiated solutions were centrifuged and 
gathered. The level of dyes was measured using 
a spectrophotometer. The UV–Vis absorbance of 
each dye solution was recorded at its characteristic 
maximum absorbance wavelength (λmax) [29]. The 
photodegradation percentage was calculated 
using the below equation (Eq. 1):

D% = 1–(At/A0) × 100                                             (1)

Where D% introduces degradation percent of 
the dye, A0 and At introduce the absorbance values 
at starting and t min. 

RESULTS AND DISCUSSION 
Characterization of ZnS NSs and ZnS/Chit NCs

The structural observations and phase purity of 

 

  Fig. 2. SEM images of: (a) ZnS NSs (sample 4), (b, c, d, e) ZnS/Chit NCs, samples 8, 5, 6 and 7, respectively.
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the samples confirm with XRD patterns. In Fig. 1 
the XRD patterns of ZnS NSs and NCs have been 
illustrated. As well as seen, employing CTAB as 
surfactant (sample 1), both ZnS and ZnO are formed. 
However, in the absence of surfactant (sample 4), 
pure ZnS with JCPDS card number 01-080-0020 is 
formed, as shown in Fig. 1a and b, respectively. The 
XRD pattern of the product (sample 4) stirred for 24 
h with chitosan shows the peaks of both chitosan 
and ZnS in XRD pattern in Fig. 1c, confirming the 
formation of the nanocomposite. The XRD pattern 
of chitosan exhibits characteristic broad peaks at 
approximately 2θ = 10° and 20°, attributed to its 
hydrated crystalline structure [30]. Fig. 1c shows 
that these peaks overlap with ZnS peaks in the 
ZnS/Chit NC, confirming successful integration.

The sample crystallite size (D) was determined 
by applying Scherrer equation (Eq. 2):

D = Kλ/βCosθ                                                                                                            (2)

In accordance with Eq. (2), λ indicates the X-ray 
wavelength (1.54 A°), β expresses the FWHM 
value, and K displays the Bragg constant (0.9). For 
sample 4, crystallite size was determined to be 
approximately 20 nm using this equation.

Crystallinity percentage was considered via Eq. 
3, as follows [31]:

Crystallinity %= Ac / (Ac + Aa) × 100                   (3)                                                                         

Where Ac is area under crystalline peaks and Aa 
is area of the amorphous background. Percentage 
of crystallinity for ZnS was calculated to be 76 %.

Also, crystallite size calculated using Williamson-
hall plot for studying the microstructural 
properties [32]. By plotting βcosθ versus sinθ, we 
may ascertain the crystallite size (Kλ/D = intercept) 
and the strain component from the slope (Fig. 1d). 
The derived results in Fig. 1d demonstrate that, 
for sample 4, non-zero residual tension causes 
the crystallite size determined by the Scherer 
equation (D ~ 20 nm) to be less than the crystallite 
size determined by the Williamson-Hall plots (D = 
42 nm). 

Fig. 2 shows SEM images of ZnS NSs (sample 
4) and ZnS NCs. Thees images were taken to 
investigate the morphology of the synthesized 
products. SEM images in Fig. 2a are related to 
the sample prepared without surfactant and 
confirm the formation of ZnS nanoparticles 
with even diameters and about 20 nm that are 

 

  
Fig. 3. FT-IR spectra of: (a) ZnS NSs (sample 4) and (b) ZnS/Chit NCs (sample 7).
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agglomerated. Fig. 2 b-e shows SEM images of ZnS/
Chit NCs obtained from zinc sulfides synthesized 
under various conditions. SEM images in Fig. 2b 
and c show ZnS nanoparticles embedded within 
chitosan, which confirms the formation of the 
nanocomposite. These images show that sample 
8 (Fig. 2b) has a smaller particle size and uniform 
particle distribution than sample 5 (Fig. 2c). In SEM 
images of samples 6 and 7, which are shown in 
Fig. 2d and e, the aggregated and bulk structures 
are observed that are related to chitosan. There 
is no effect of ZnS nanoparticles in these images; 
therefore, as a result of the SEM images, we select 
sample 8 as the optimum nanocomposite.

As depicted in Fig. 3, the FT-IR spectra were 
utilized to investigate the functional groups in the 
samples. The ZnS NSs spectrum shows a short 
peak at about 700 cm−1, which is associated with 
the vibrational mode of Zn-S. For ZnS/Chit NCs, 
the wide band observed at about 3300 cm−1 results 
from the overlapping O-H and N-H stretching 
vibrations in chitosan, while the band at 1558.06 
cm−1 is attributed to the CO stretching modes 
associated with the acetylated groups in chitosan. 
The peaks observed at about 1063 cm−1 correspond 
to the C–O stretching of primary alcoholic groups 

in chitosan. The peak at about 1400 cm−1 can be 
attributed to the CH3 deformation present in the 
structure of chitosan [33]. These observations 
along with XRD and EDS results further confirm 
the purity of samples.

The EDS determines the elemental composition 
of materials. Fig. 4 depicts the EDS spectrum of 
ZnS NSs. This figure shows Zn and S elements 
and confirms the formation of zinc sulfide 
nanostructures. 

Characterization of HgS NSs and HgS/Chit NCs
The XRD patterns in Fig. 5a are related to 

sample 11 prepared with PEG and matched to 
the diffraction peaks of pure HgS of JCPDS card 
number 00-002-0453, without the formation of 
any impurity. After stirring the HgS solution for 
24h with chitosan, HgS/Chit NC was prepared. 
The XRD pattern of this nanocomposite shows 
characteristic peaks of both HgS and chitosan 
with reduced intensities in Fig. 5b, confirming the 
formation of the nanocomposite. Shifting of peaks 
in both directions, decrease in their intensity, and 
disappearance of some peaks can be observed 
after formation of the nanocomposites in this 
figure.
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The crystallite size was calculated using 
the Scherrer equation for sample 11, and the 
obtained value was approximately 71 nm, which 
clearly demonstrates the nanoscale nature of 

the crystallites in this sample. Also, in the case 
of sample 11, the crystallite size was calculated 
using the Williamson-Hall formula (77 nm). Fig. 5c 
illustrates the almost zero slope of sample 11. This 
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Fig. 5. XRD patterns of: (a) HgS NSs (sample 11), (b) HgS/Chit NCs (sample 15) and (c) Williamson-Hall 
plot for sample 11.
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supports the Williamson-Hall formula’s and the 
Scherrer equation’s findings of the same crystallite 
sizes. 

Additionally, Fig. 6 displays SEM images of HgS 
NSs and HgS/Chit NCs. In Fig. 6a, HgS nanoparticles 
with diameters below 50 nm are observed, though 
they exhibit agglomeration. Analysis of the SEM 
images and morphological studies of the HgS/Chit 
NCs reveals homogeneous distribution and good 
dispersion of nanoparticles within the chitosan 
matrix. However, some degree of agglomeration 
is evident in Fig. 6b-e, likely due to reduced 
crystallinity and an increased amorphous phase. 

Fig. 7  shows a schematic diagram for ZnS, HgS, 
and ZnS/Chit and HgS/Chit NCs with SEM images 

Mechanism of metal sulfide nanostructure 
formation

The mechanism for the formation of metal 
sulfide nanostructures is proposed as follows.

M2+ (Zn2+ / Hg2+) + nCS(NH2)2 →[M(CS(NH2)2)n]2+  

  

 

CS(NH2)2   
Δ
→   H2S + HNCS  

  

 

CS(NH2)2   
Δ
→   HSCN +H2 

  

 

H2S → 2H+ +S2- 

  

 

HSCN   
Δ
→   H+ +SCN–   

Δ
→   S2- + CN– 

  

 

M2+ + S2–  
Δ
→ MS (s) (ZnS/HgS) 

 Applications of the products in dye removal
The UV-Vis absorbance spectra of the pure 

MO, and MO adsorbed on the surface of the 
nanostructures and nanocomposites as-prepared 
in this work, have been shown in Fig. 8. The black 
curve in this figure corresponds to the UV-Vis 
spectrum of MO. The results demonstrate that 
ZnS NS acts as an effective adsorbent for MO 
removal from aqueous solutions, as evidenced by 
the complete elimination of MO’s UV-Vis peaks in 

 

  Fig. 6. SEM images of: (a) HgS NSs (sample 10), (b, c, d, e) HgS/Chit NCs, samples 14, 13, 15 and 16, respectively.
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Fig. 8a. In contrast, neither ZnS/Chit nor HgS/Chit 
shows significant adsorption capability for MO 
degradation. Fig. 8b illustrates the degradation 
efficiency of MO in the presence of ZnS, ZnS/
Chit, and HgS/Chit. The among the synthesized 
products, ZnS exhibits the highest photocatalytic 
activity toward the degradation of MO. Accordingly, 
to investigate the photocatalytic performance, 
ZnS was employed as a photocatalyst for the 
degradation of MO. Fig. 8c demonstrates the 
influence of MO concentration on the degradation 
efficiency. Various concentrations of MO were 
examined to evaluate its photodegradation in 
order to enhance the photodegradation process. 
In Fig. 8c, as the concentration of MO rose from 

5 ppm to 15 ppm, the photodegradation rate fell 
from 79 % to 32 %. The information indicates that 
a higher initial concentration of dye makes it more 
challenging to decompose. Using more dye results 
in a greater amount sticking to the catalyst’s 
surface. This complexity impairs the catalyst’s 
ability to absorb light and generate the necessary 
energy for decomposing the dye, leading to 
diminished efficiency in its cleaning action. 
Additionally, when there is a higher concentration 
of dye, the light must penetrate deeper into the 
dye solution. For optimal results from ZnS, the 
ideal concentration of MO is 5 ppm.

The UV-Vis absorbance spectra of the pure 
MB, and MB adsorbed on the surface of the 

  
Fig. 7. Schematic diagram for ZnS and HgS NSs and ZnS/Chit and HgS/Chit NCs with SEM images.
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nanostructures and nanocomposites as-prepared 
in this work, have been shown in Fig. 9a. The black 
curve corresponds to the UV-Vis spectrum of MB 
and featuring three bands: one in the visible region 
(~665 nm) and two in the UV region (~300 nm and 

~250 nm). As shown in Fig. 9a, the HgS/Chit NC 
is ineffective as an adsorbent for MB removal, as 
the UV intensity of MB remains unchanged in its 
presence. ZnS NSs also show limited adsorption 
capability, with no significant reduction in the 
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Fig. 8. (a) Absorption spectra of MO and the solutions of MO with ZnS, ZnS/Chit, and HgS/
Chit NCs, (b) Photodegradation efficiency of MO in the presence of ZnS, ZnS/Chit, and HgS/

Chit NCs, (c) Influence of the dye concentration on photodegradation efficiency of MO.
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UV peak intensities of MB. In contrast, the red 
curve (ZnS/Chit NCs) demonstrates complete 
elimination of the MB UV-Vis peaks, confirming 

the high efficacy of this nanocomposite for MB 
removal. Thus, the absorption spectra results 
indicate the suitable performance of ZnS/Chit NCs 
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in MB removal. The degradation efficiencies of 
MB in the presence of ZnS, ZnS/Chit, and HgS/Chit 
NCs are compared in Fig. 9b, confirming the ZnS/
Chit NCs as the most effective photocatalyst. To 
further explore the photocatalytic performance, 
the influence of catalyst content was investigated 
by applying three different contents of the 
photocatalyst. The results, illustrated in Fig. 9c, 
reveal the dependence of photocatalytic activity 
on the catalyst content. An increased amount of 
catalyst provides more sites for light absorption 
and facilitates chemical reactions. Consequently, 
it accelerates the production of reactive oxygen 
species, such as hydroxyl radicals and superoxide 
ions. As depicted in Fig. 9c, enhancing the catalyst 
amount from 0/03 g to 0/07 g led to a more 
effective photodegradation process. A higher 
quantity of catalyst distributed over a larger area 
result in more colored substances adhering to the 
surface of ZnS/Chit NCs.

CONCLUSION
In this study, MS/Chit NCs were obtained 

through a three-step simple method, including 
reflux, thermal decomposition and stirring. 
The different surfactants were used and their 
effects investigated. The nanocomposites were 
characterized via XRD, SEM, EDS and FT-IR. The 
successfully synthesized ZnS and ZnS/Chit NC 
were used to remove MO and MB from water, 
respectively. The highest degradation efficiencies 
of ZnS and ZnS/Chit NCs with MO and MB were 
reported as 79% and 74% under UV irradiation 
after 90 min, respectively.
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