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Cubic-phase cadmium sulfide (CdS) nanoparticles were formulated through dropwise 
precipitation. XRD analysis shows that the CdS has an average nanocrystallite size of 
approximately 3.36 nm. FTIR results reveals that a strong band appeared around 600 cm-1 
is due to Cd-S bonds. SEM image demonstrates that many tiny spherical nanoparticles are 
homogeneously distributed on the sample surface. The CdS nanoparticles show a 
prominent UV-Vis absorption peak at 506 nm with a direct band gap of 2.24 eV. CdS 
nanoparticles has induced remarkable photobleaching effect on the highly stable R6G dye 
solution under UV illumination, which is applicable for future wastewater treatment.  
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1. Introduction 
 
Recently, a new research field has been developed in the synthesis, characterization and 

the potential applications of II-IV and III-V group semiconductors that demonstrate unique 
quantum nano-size effect [1-3]. This is because semiconductor nanostructure, especially those with 
direct band gap, are widely used in nonlinear optics and optoelectronic devices [4, 5].  Cadmium 
sulfide (CdS) belongs to II-IV group semiconductors with a direct band-gap of 2.42 eV, and is 
considered to be one of the most important and promising inorganic materials in various 
optoelectronic applications, such as light emitting diode, solar panels, electroluminescent, 
photoluminescent and photoconductive devices [6 - 8]. Also, CdS has been extensively used as a 
favourable photocatalyst due to its tunable structural and optical properties [9-11]. The band gap 
width of CdS nanoparticles experiences a remarkable change due to the modifications of size and 
morphology, hence resulting in significant tunability of optical and photocatalytic properties [12-
14]. Numerous methods have been utilized to synthesis the CdS nanoparticles, for instances, vapor 
deposition [15], biosynthesis [16], laser ablation [17], photochemical [18], precipitation [19, 20], 
hydrothermal [21] and solvothermal [22, 23] method. Among these methods, precipitation is well 
recognized as one of the most effective methods for nanoparticle synthesis [19, 20].  

Wastewater discharged from industries and households contains many organic compounds 
known as pollutants [24, 25]. Dye is an example of organic pollutants, consisting of two main 
groups, chromophores and auxochromes, which can form highly toxic complexes with metal ions 
in the wastewater and cause severe water pollution [26-28]. Nowadays, environmental problems 
caused by dye pollution remain an undissolved issue, especially for highly stable commercially 
available dyes. For example, rhodamine 6G (R6G) is a highly stable laser dye that is very difficult 
to degrade under normal environment. Also, R6G dye is widely used in textile industry, causing 
serious pollution to the environment [29-31]. Therefore, in this study, a recognized tool of 
photocatalytic water remediation is performed to decompose the R6G dye pollutant under UV 
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irradiation by using the CdS nanoparticles as photocatalyst. CdS nanoparticles were synthesized 
via dropwise precipitation in NaOH solution, and the crystalline structure, functional group, 
surface morphology, optical and photocatalytic degradation properties of the CdS were elucidated 
by XRD, FTIR, SEM, UV-Vis spectroscopy, respectively.1 

 
 
2. Materials preparation and characterizations 

 
All chemical reagents were procured from Merck Ltd. and used as received without any 

special treatment. A dropwise precipitation method was adopted to synthesize the CdS 
nanoparticles. In the beginning, cadmium chloride (CdCl2) and thiourea (CH4N2S) solutions were 
prepared separately in distilled water at the desirable concentrations, and then both solutions were 
mixed together to obtain a homogenous solution. Cadmium chloride and thiourea were acted as 
precursors to produce the Cd+ and S- ions for the formation of CdS in aqueous solution. After that, 
1.0 M NaOH was dropwisely added to the solution until the colorless solution turned yellow. The 
solution was then continuously stirred for 1 hour while maintaining the heating temperature at 70 
oC. The yellow precipitate formed in the solution was filtrated and washed several times with 
distilled water to remove the impurities and unwanted chemical substances. They were then dried 
at room temperature for 24 h until the water completely evaporated from the sample. Lastly, the 
sample was ground into a fine powder and stored in a desiccator prior to characterization. Figure 1 
displays a schematic diagram of the preparation procedure of CdS nanoparticles. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

                                      Fig. 1. Preparation procedure of CdS nanoparticles. 
 

 
The sample underwent characterization by using XRD (Miniflex-TM II) in the range of 2θ 

= 10 – 80o to study the crystalline structure. The functional groups of CdS were determined using a 
Thermo Nicolet Alvatar 380 FTIR in the wavenumber range from 400 cm-1 to 4000 cm-1. The UV-
Vis absorption spectrum was measured by using a Shimadzu UV-1800 spectrophotometer. The 
surface morphology of the sample was examined by Tescan Vega SEM. For photocatalytic 
degradation study, the CdS was added into the R6G dye solution at a concentration of 5 ppm. 
Next, the mixture was stirred in the dark for 30 minutes in order to achieve an absorption-
desorption equilibrium state between dye and catalyst. The solution was then exposed to UV 
radiation at every 20 minutes time interval until a total irradiation period of 180 minutes was 
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reached. The dye degradation activity was monitored using the UV–Vis spectrophotometer by 
recording the change of absorption peak at a wavelength of 526 nm. The degradation efficiency 
(%) was calculated using the following equation,  

                                  Degradation efficiency (%) = (Co-Ct)/Co × 100                                                (1) 
 
in such a way that Co represents the initial dye concentration and Ct denotes the concentration after 
irradiation at time t. 

 
 
3. Results and discussion 
 
Fig. 1 depicts the FTIR spectra of CdS nanoparticles measured within the range of 4000-

400 cm-1. The presence of vibrational functional groups in the studied sample can be determined 
from the bands that emerged in the spectra. From the figure, a broad band situated around 3250 
cm-1 indicates the vibration of hydroxyl (O–H) stretching, which is ascribed to atmospheric water 
molecules absorbed on the sample surface [20, 27]. Meanwhile, a moderately sharp peak emerged 
at 1627 cm-1 corresponds to the hydroxyl (O–H) bending vibrational mode [32]. Besides, a sharp 
band observed at 2358 cm-1 is mainly attributed to the surrounding uptake of CO2 gas molecules 
adhered to the surface of CdS nanoparticles [33]. Nevertheless, the stretching vibrations of C=O 
bond [34], C-O bond [34, 35] and C–N bond [35] are found at peak positions of 1740 cm-1, 1375 
cm-1 and 1215 cm-1, respectively. Significantly, it could be seen that another strong broadband 
appeared between 540 cm-1 and 650 cm-1, which is due to the Cd-S molecular bonding [36]. All 
vibrational bands positions with related functional groups and the assignments are systematically 
presented in Table 1. 

The XRD pattern of the CdS nanoparticles is presented in Fig. 2. As shown in the figure, 
three main peaks are observed located at 2θ positions of 26.64o, 44.06o and 52.22o corresponding 
to (h, k, l) miller indices of (111), (220) and (331) lattice planes. These peaks represent the cubic-
phase structure of CdS by referring to JCPDS card number 89-440. The dominant peak is observed 
on the (111) plane, which indicates the preferential crystallographic orientation of CdS 
nanoparticles [8]. Furthermore, CdS exhibits highly nanocrystalline feature due to the presence of 
a broad pattern line of FWHM for each peak. Notably, no other extraordinary peaks are traced in 
the XRD diffractogram, possibly indicating the high purity of the studied sample [9]. Moreover, 
the crystallite size is calculated by using the Scherer’s equation, D = kλ/βcosθ [10], where k is 
shape factor with a value of 0.94, λ is the wavelength of radiation emitted from the CuKα source 
(1.406 nm), β denotes FWHM of the XRD peak and θ represents Bragg’s diffraction angle. 
Thereafter, the lattice strain and the dislocation density of the present sample are further 
determined, and the obtained related structural parameters are listed in Table 2. Through analysis, 
the average crystallite size of the CdS nanoparticles is found to be ≈ 3.36 nm as in nano-scale 
dimension. 
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Fig. 1. FTIR spectrum of CdS nanoparticles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2. XRD pattern of CdS nanoparticles. 
 
 

Table 1. FTIR band assignments and functional groups of CdS nanoparticles. 
 

Position 
(cm-1) 

Assignment Functional group Intensity Ref. 

3250 hydroxyl (O–H) stretching 
vibration 

Alcohols phenols Broad [20, 35] 

2358 vibrational CO2 Carbon dioxide Sharp [33] 
1740 stretching vibrations of C=O Carbonyl Small [34] 
1627 hydroxyl (O–H) bending 

vibration 
Alkyl halides Medium [32] 

1375 stretching vibrations of C-O 
bonds 

Phenol Small [34, 35] 

1215 C–N Stretching vibration Aromatic amines Small [35] 
650 Cd-S bond Metal sulfide Strong [11, 36] 

 
 

Table 2. Structural parameters obtained for the present CdS nanoparticles. 
 

Peak position 
(2θ) 

Plane 
(h,k,l) 

FWHM 
(deg) 

Crystallite size, 
D 

(nm) 

Micro strain, ε 
(×10-3) 

Dislocation density, δ 
(×10-3 nm-2) 

26.64o (111) 3.54 2.41 65.19 172.17 
44.06o (220) 1.82 4.92 19.63 41.31 
52.22o (331) 3.22 2.87 28.71 121.41 

 
 
The surface morphology was further examined by exploiting the SEM imaging analysis. 

Fig. 3 (a) shows the SEM image of CdS, while Fig. 3 (b) exhibits the histogram of the particle size 
distribution. From the figure, a well-defined structure is observed, since many small spherical-
shaped nanoparticles are uniformly distributed on the sample surface. The average particle size 
was determined to be in the range of about 80 - 100 nm. The smaller nano-sized particles 
ascertained may cause an increase in surface area and grain boundaries, which are beneficial for 
charge carrier transitions during the photocatalytic activity. Also, it can be seen that some larger 
particles are outgrown from the structure surface owing to the coalescence of the nanoparticles, 
indicating that every single particle might consist of many small nanocrystallites, as validated from 
the XRD analysis.   
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(a)                                                                                     (b) 
Fig. 3. (a) SEM image of CdS nanoparticles and (b) particle size distribution. 

  
 
The optical absorption spectra were recorded at room temperature using the UV-Visible 

spectrophotometer. Fig. 4(a) illustrates the absorption spectra of CdS nanoparticles over a visible 
wavelength region of 400 nm to 800 nm. From the spectra, the CdS exhibits a prominent 
absorption peak at 506 nm. This result indicates that partially hydrophilic nature of CdS is formed 
in the aqueous solution due to a better dissolubility of the nanoparticles with a large number of O-
H functional groups attached to the surface, which has been evidenced from the FTIR analysis. 
Another possible explanation could be related to the existence of extremely small nanoparticles 
that easily dissolve in the water. Afterwards, the optical band gap was evaluated from the Tauc’s 
relation as given by [11, 20, 32]: 
 

(αhυ) = B (hυ – Eg) n                                                                        (2) 
 
where α represents the optical absorption coefficient, h is the Planck’s constant, υ is the radiation 
frequency, B is a proportionality constant, Eg denotes the band gap value and the n designates the 
type of electronic transition. In this study, n would take a value of 1/2, since the CdS is literally 
assigned to a direct band gap semiconductor. Fig. 4(b) shows the plot of (αhv)2 versus photon 
energy for the CdS nanoparticles [5, 23]. As demonstrated in the figure, a linear straight line was 
fitted and extended for an intersection with photon energy (hv) axis.  
 
 
 
 
 
 
 
 
 
 
 
 

 
                                                             

 
Fig. 4. (a) UV-visible optical absorption spectra and (b) (αhν)2 versus photon energy of the CdS 

nanoparticles. 
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From the intercepted point, the band gap value is determined to be 2.239 eV, which is 
slightly narrower as compared to the reported literature value of bulk CdS (~2.42 eV). This feature 
may assist to increase the rate of photo-induced charge carrier transition and in turn enhance the 
photocatalytic activity. As reported by Solanki et al. [36], the shrinkage of the band gap for a 
nanomaterial can be influenced by increasing the crystallite size.  

The obtained CdS nanoparticles were utilized as photocatalyst to study the degradation of 
R6g in an aqueous solution as the model dye for water pollution remediation. Fig. 5(a) displays the 
variation of UV-visible spectrum with respect to irradiation time. As can be seen from the figure, 
the main absorption peak of R6G dye solution positioned at 526 nm shows a gradual decay as the 
progress of irradiation time. This remarkable reduction in absorbance means that continual UV 
light illumination has initiated a notable photodecolouration effect on R6G dye molecules, a very 
photostable dye used in textiles and laser products. Figure 5(b) shows the degradation percentage 
versus the irradiation time.  From the figure, it could be observed that the degradation percentage 
increases with irradiation time. Clearly, the plot shows a steeper slope for the first 20 minutes 
owing to a faster dye degradation rate. Afterwards, the dye degradation takes place slowly 
throughout the entire process. The result shows that the degradation efficiency achieved is 24.68 % 
after 180 minutes irradiation under the UV light. This finding implies that the combination of UV 
light and CdS photocatalyst contribute to an appreciable improvement on the R6G degradation at 
prolonged exposure duration. Figure 5(c) and 5(d) show the plots of C/Co and ln(C/Co) against 
irradiation time, respectively. The photocatalytic degradation of R6G obeys pseudo first-order 
reaction kinetics [31-35]. This is because a linear relationship is obtained from the plot of ln(C/Co) 
versus irradiation time, as depicted in Figure 5(d). Using pseudo-first-order kinetics, the 
corresponding rate constant is calculated to be 0.0127 min−1 with a high correlation coefficient of 
R = 0.9618 via equation (2):  

 
ln (C/Co) = −kt                                                                             (3) 

 
where Co designates the initial aqueous dye concentration, C denotes dye concentration at any time 
intervals, t and k represent the 1st order kinetic rate constant.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       
 

 
 
 
 
 
 
 

Fig. 5. (a) Variation of absorption spectra of R6G under UV irradiation; (b) percentage of 
degradation with irradiation time; (c) degradation curve of C/Co versus time and (d) 

first-order kinetics fitting of ln(C/Co) versus time for R6G degradation. 
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The obtained kinetic value further validates that the presence of CdS nanoparticles as 
photocatalysts can provide an active site for the photodecolorization of R6G dye, since the dye 
degradation is ineffective in the absence of catalyst. In addition, the main factor for the R6G dye 
degradation to occur can be ascribed to the generation and separation of photo-induced electron-
hole pairs due to the absorption of sufficient incident photon to overcome the bandgap barrier. 
When the CdS catalyst is exposed to UV light, the photon energy will be absorbed by the studied 
catalyst, and hence resulting in the generation of electron-hole pairs. The electron-hole pairs will 
then react with O2 and H2O to produce the free radicals, which will eventually decompose the R6G 
dye molecules into harmless species [18]. Nevertheless, according to Prabu et al. [35], the 
degradation efficiency can be further improved by applying larger amount of photocatalyst or 
higher power of UV light.  

  
5. Conclusion 
 
In the present investigation, CdS nanoparticles have been successfully synthesized through 

dropwise precipitation. According to XRD pattern analysis, CdS demonstrates a crystalline cubic 
structure, and the average crystallite size is determined to be around 3.36 nm. In the FTIR 
spectrum, it shows that a dominant broad band appeared in the range of 540 − 650 cm-1 can 
literately represent the Cd-S stretching bond. CdS also exhibits a well-defined surface structure, 
whereby tremendous spherical nanoparticles with size ranging from 80 to 100 nm are evenly 
distributed on the sample surface. This CdS demonstrates a prominent absorption peak at 506 nm 
with a band gap of 2.24 eV determined by the Tauc’s relation. Under UV irradiation, CdS 
successfully degrades the yellowish-range Rhodamine 6G dye with a degradation efficiency of 
24.68 %. This finding further confirms that CdS can potentially be applied as an efficient 
photocatalyst in future water remediation process. 
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