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CdxCu1-xS and ZnxCu1-xS (x=0.5; 0.25 and 0.75) nanocrystals have been synthesized into functional nitrile 
butadiene rubber (FNBR) matrix. The structural and optical properties of obtained nanocomposites are investigated 
by X-ray diffractometer (XRD) and UV–visible spectroscopy. The effects of SILAR cycles and Cd(Zn)/Cu ratio on 
the formation of the crystals and their band gap  has been studied in detail. The photocatalytic efficiency of FNBR 
based ternary nanocomposites of CuCd and CuZn sulfides were estimated towards the photodegradation of 
Malachite green dye under visible light irradiation. The average crystallite size and band gap of the obtained CdCuS 
and ZnCuS nanoparticles were calculated via Scherrer and Tauc equations, respectively. The Tauc equation from 
the absorbance data for Cd0.5Cu0.5S/FNBR and Zn0.5Cu0.5S/FNBR nanoparticles are ~3.64 eV and ~3 eV, 
respectively. Cd0.5Cu0.5S/FNBR and Zn0.5Cu0.5S/FNBR nanocomposites show 2 or 4 band gap values on the same 
Tauc plot. As seen in XRD, mixed crystal phases and defects also occurred on the ternary sulfide formation. 
Photodegradation of cationic dye shows that ternary metal sulfide nanocomposites are very good photocatalyst 
under visible light irradiation.  
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INTRODUCTION 

 

Chalcogenide semiconductors synthesized in polymer matrices have high potential in 
the electronics and catalysis sectors of industry, mainly because they consist of a composition 
with both organic and inorganic components. Chalcogenide semiconductor nanostructures 
have been widely applied in photovoltaic cells, optical devices, diodes, and catalysis due to 
their tunable optical sensitivity, long fluorescence lifetime, and controllable composition 
Electrodeposited CuS, In2S3 and CdS thin films were successfully synthesized and 
investigated for H2 production and CO2 reduction [1]. The average crystallite sizes of these 
thin films were 55.99 nm, 50.37 nm and 63.51 nm, with 1.55 eV, 1.91 eV and 2.41 eV band 
gap energies, respectively. Authors highlight the critical role of band gap, surface morphology 
and crystallite size on the efficiency of CO2 reduction and H2 production. ZnS, [2], CdS [3], 
CoS [4] and NiS [5] and their heterostructures with CuS have attracted great interest due to 
their high energy storage capacity, interesting crystal structure, morphology, large surface 
area and different electronic states. The lattice defects formed during synthesis and their 
uniform and non-uniform distribution within and around the crystal lattice make them important 
for energy applications. Various transition metal sulfides containing CuS in their 
heterostructure play an important role in improving the charge storage capacity in 
supercapacitors. One of the main reasons for this is that these sulfides work synergistically 
with CuS. By creating a unity of p-n conductivity at the interface CuS and CdS, it is possible 
to increase the movement of photoexcited electrons. A heterostructure of CuS@CdS 
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nanocomposite shows high-specific capacitance (543.6 Fg−1 at 1 Ag−1) with a very good rate 
capability and significant cycling stability [6]. 

The alloying element of zinc added to Cu1.8S enhances the thermoelectric properties, 
where pure P-type CuS transforms into N-type semiconductor and exhibits significantly 
improved electrochemical reaction performance [7], [8]. The intercalation of ZnCuS 
nanocrystallites into functionalized boron nitride (f-BN) layers creates porous structure that 
facilitates ion and electron transport [9]. The interaction between f-BN matrix and ZnCuS 
nanoparticles significantly exceeds their individual properties in electrocatalysis. The f-
BN@ZnCuS composite exhibits high electrocatalytic activity, conductivity, and surface activity, 
making it a promising material for key components of sensors. The f-BN/ZnCuS 
nanocomposite based electrochemical sensors were effectively applied to the measuring of 
the concentrations of sulfadiazine in real samples [9]. 

 

EXPERIMENTAL 
 

Functionalized nitrile butadiene rubber (FNBR) was used as a stabilizing agent and its 
preparation by the method of chemical transformation of polymers was shown in our previous 
works [10]. CuCl2·2H2O, CdCl2·2.5H2O, ZnCl2·2.5H2O and Na2S·9H2O salt solutions were 
used as metal ion and sulfidizing precursors in the absorption and reaction steps of the SILAR 
method for the synthesis of CdxCu1-xS and ZnxCu1-xS nanoparticles into FNBR matrix. The 
SILAR synthesis reaction of nanoparticles was carried out in 3, 5, 10, and 15 cycles and at 
20mM and 50 mM concentrations of metal ions. Malachite green (MG) (C23H25ClN2) cationic 
dye is used for the photodegradation experiments. 

The obtained ternary sulfide/polymer nacomposites were characterized by X-ray 
diffractometer (XRD) (Bruker D2 Phaser), Infrared spectroscopy (FTIR) and Ultraviolet-visible 
spectrophotometer (UV-vis) (Specord 250). 

 

RESULTS AND DISCUSSION 
 

        1.1 Structural properties by XRD.  
The XRD results of of Cd0.5Cu0.5S and Zn0.5Cu0.5S/FNBR nanocomposites obtained at 

different cycles and precursor concentration are given in Figure 1. The width diffraction peak 
observed at 2θ=~20o indicates the polymer matrix (FNBR) [10]. As can be seen, some binary 
phases of CuS, Cu2S, ZnS and CdS are also obtained along with Cd0.5Cu0.5S and Zn0.5Cu0.5S 
ternary sulfides. The diffraction peaks for Cd0.5Cu0.5S at lower SILAR cycles are three intense 
peaks (111), (220), (311) belonging to CdS and are observed at a slightly higher angle. With 
increasing number of cycles (15), the peaks mainly corresponded to CuS and were observed 
at slightly higher angles. The higher supersaturation and lower nucleation rate of CuS 
compared to CdS resulted in CdS dominating on the formation of ternary sulfide at low cycles. 
As the number of cycles increased, with the CuS crystal lattice becoming the basis, the particle 
growth rate increased. The average size of Cd0.5Cu0.5S nanocrystallites was 2 and 29 nm at 5 
and 15 cycles, respectively. In the formation of Zn0.5Cu0.5S nanoparticles, along with ternary 
sulfide [11], many extraneous phases (binary sulfides and oxides) were also formed. Since 
zinc is more active than Cu and Cd, partial oxidation also occurred on its surface. The average 
size of Zn0.5Cu0.5S nanocrystallites was 4.21 and 3.44 nm at 5 cycles using of 20mM and 50 
mM concentrations of metal ions, respectively. 
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Fig.1. XRD patterns of Cd0.5Cu0.5S and Zn0.5Cu0.5S/FNBR nanocomposites obtained at 

different cycles and precursor concentration. 
 

3.2. Optical properties by UV-Vis  
The absorbance (A) and transmittance (T%) spectra nanocomposite were obtained by 

UV–vis spectroscopy. Band gap (Eg) and Urbach (EU) energy of the nanocomposites were 
estimated using Tauc equation [12] are shown in Figure 2. The Cd0.5Cu0.5S/FNBR 
nanocomposite show high bandgap energy as 3.7, 3.6 and 3.5eV by Tauc’s plot obtained by 
3, 5 and 15 cycles, respectively.  It also show 2.3, 2.2 and 2.1 eV low bandgap energy by 
Tauc’s plot for by 3, 5 and 15 cycles, respectively which are also greater than other analogs. 
It is possible for a single sample to show multiple band gap values on the same Tauc plot — 
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and that can actually tell as something very interesting about the material. Because samples 
contain more than one crystal phase, each with its own band gap. Having two or more band 
gaps also says that the nanocomposite contains different crystal phases. Here, 
Cd0.5Cu0.5S/FNBR and Zn0.5Cu0.5S/FNBR nanocomposites show 2 or 4 band gap values on 
the same Tauc plot. As seen in XRD, mixed crystal phases and defects also occurred on the 
ternary sulfide formation. 

 

Fig.2. Optical UV–vis absorbance and band gap of Cd0.5Cu0.5S/FNBR and 
Zn0.5Cu0.5S/FNBR nanocomposite obtained after 3 (a), 5 (b) and 15 (c) cycles. 

 

3.3 Photocatalytic application 
The photocatalytic efficiency of the CuCdS2/FNBR nanocomposite is estimated by using 

the photodegradation of malachite green. The obtained nanocomposites synthesized by the 5 
cycles, photodegrades the malachite green 93.75% during 30 min. under visible light 
irradiation. The same result happened during 300 min by the CuCdS2/FNBR nanomaterial 
synthesized by 15 cycles. As can be seen, photodegradation efficiency increased by 10 times 
with a very small particle size (~2 nm). However, the band gap of the nanocomposites obtained 
in 5 and 15 cycles is 2.3, and 2.1 eV, respectively. The main reason is although the size 
difference of the particles obtained by 5 cycles and 15 cycles is large; there was no sharp 
difference in the bandgap. Due to the large surface energy in small sized particles, the 
photodegradation rate is high. The probable mechanism of malachite green photodegradation  
is described  as following:  
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CuCdS2/FNBR +hν → CuCdS2 (hVB+ + eCB¯  )/FNBR  

O2 + e¯  → O2∙¯       

H2O + h+ → ∙OH + H+       

H2O + O2∙¯ → H2O2       

H2O2 → 2 OH∙        

C23H25ClN2 + CuCdS2/FNBR chemisorb. → CuCdS2/FNBR¯ + C23H25N2
+ + Cl¯   

CuCdS2/FNBR¯ + C23H25N2
+  + ∙OH (O2∙¯, HOO∙, or h+) → degradation product H2O + O2 

 

 
Fig. 3. Photocatalytic activity of the CuCdS2/FNBR nanocomposite towards Malachite 

green. 
 

 
CONCLUSION 
 

CdxCu1-xS/FNBR and ZnxCu1-xS/FNBR (x=0.5; 0.25 and 0.75) nanocomposites have 
been synthesized. Optical and structural properties of nanocomposites have been studied in 
detail. The average size of Cd0.5Cu0.5S nanocrystallites was 2 and 29 nm at 5 and 15 cycles, 
respectively. Since zinc is more active than Cu and Cd, partial oxidation also occurred on its 
surface. The average size of Zn0.5Cu0.5S nanocrystallites was 4.21 and 3.44 nm at 5 cycles 
using of 20mM and 50 mM concentrations of metal ions, respectively. The photocatalytic 
efficiency of the CuCdS2/FNBR nanocomposite is estimated by using the photodegradation of 
malachite green. The obtained nanocomposites synthesized by the 5 cycles, photodegrades 
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the malachite green 93.75% during 30 min. under visible light irradiation. The same result 
happened during 300 min by the CuCdS2/FNBR nanomaterial synthesized by 15 cycles. 
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