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Introduction 

In last two decades the metal oxides, metal sulphides and 

composite materials has received the greater interest of 

many researchers due to their considerable properties and 

use in electronics as well as biotechnology applications. It 

has been used in optoelectronic devices, solar cell, 

photovoltaic cells, biotechnology, drug delivery and 

photocatalytic studies due to their structural and optical 

properties [1-6]. Sb2S3 and CeS thin film material has been 

synthesized by CBD method at variable pH shows 

considerable optical band gap energies, surface tension and 

electrical resistivity with respect to films thickness as used 

in optoelectronic devices [4]. The CuS thin film material 

deposited by CBD method has considerable refractive 

index, extinction and dielectric coefficient [5-7]. Metal 

sulfide Nano crystalline thin films such as CeS, PbS and 

Bi2O2S were deposited by CBD in variable pH environment 

has great interest due to their optical and refractive 

properties [8-10]. The transition element doped metal 

sulfide nanoparticles such CuS-Ni heterojunction can be 

prepared by hydrothermal method and has applied for 

antibacterial biological activity studies [11-13]. The 

Cadmium sulfide thin films can be prepared by chemical 

bath deposition, Spray pyrolysis, Successive ionic layer 

adsorption and reaction (SILAR), hydrothermal and vapor 

phase deposition methods [14-17]. In chemical bath 

deposition (CBD) method the synthesis of CdS thin films 

were carried out with chemicals such as EDTA, thiourea 

and ammonia solution matrix and reaction to be maintained 

at high temperature [18]. In CBD method the hazardous 

effects of such chemicals, handling operation at high 

temperature and volatilization of ammonia solution, CdS 

nanoparticles has been synthesized by green methods. 

Some researchers reported the use of starch biopolymer as 

a capping agent during synthesis of CdS nanocrystals [19]. 

CdS can be biosynthesized using plant culture and yeast 

[20]. The use of stabilizing agents during synthesis plays 

vital role in size confined and controlled growth of 

nanomaterials. The properties of nanoparticles such as 

crystallographic phase, size and shape, optical band gap 

energies can be tailored by use of suitable stabilizing agents 

during synthesis [21]. Lemon extract can be effectively 

used as a stabilizing agent for synthesis of metal 

chalcogenide nanomaterials [22,23]. It is more economical 

to use lemon extract as a stabilizing agent during CdS thin 

film deposition at room temperature and use of natural 

sunlight for photodegradation study.  

 In this work we reported the biogenic synthesis of CdS 

thin films by green chemical dip method using lemon 

extract (citrus Limon fruit juice) as a stabilizing/capping 

Aim of this work is to study the synthesis of CdS thin films by eco-friendly rout and analyze the 

change in structural and optical properties of material due to use of biomolecules as a stabilizing 

agent. The CdS thin films were deposited in lemon extract and ammonia solution separately by 

maintaining the same physical parameters and analyzed for tailoring of structural and optical 

properties. Green-CBD method minimizes the use of toxic precursors and volatilization of 

ammonia solution. X-Ray Diffraction study indicates formation of face centered cubic crystalline 

phase predominantly for CdS thin films materials with change in grain size. SEM analysis revealed 

the formation of CdS nanospheres in ammonia while CdS nanocubes in lemon extract. The direct 

allowed band gap energy was observed in the order of 2.45 eV and 2.25 eV which were interesting 

for optical studies. UV-Vis Absorption spectra and PL spectra of thin films indicates the CdS thin 

film material has absorption maxima in visible (400-800 nm) region. As synthesized CdS thin films 

were applied for photodegradation of Rhodamine-B dye solution under sunlight. The CdS thin film 

material deposited by Green-CBD rout shows high efficiency for degradation of Rhodamine-B 

solution as compared to films deposited by CBD method. 

 



 

 
agent. As prepared CdS thin films with considerable  

band gap energies were efficiently catalyzes the 

photodegradation of Rhodamine-B dye solution under 

natural sunlight irradiation. 

Experimental details 

Synthesis of CdS thin films 

The chemicals used were SD fine analytical grade cadmium 

chloride, sodium sulfide, sodium hydroxide, thiourea, liq. 

ammonia and de-ionized water. Fresh lemon (citrus Limon) 

fruits were collected, and it was cuts, squeezed and filtered 

to get fresh extract. The glass plates of size 75x25x2 mm 

were washed in alcohol, chromic acid, and distilled water 

many times and dried before deposition of thin film sample. 

 For the synthesis of CdS thin films in ammonia matrix 

(CBD), 0.1 M cadmium chloride and 0.1 M thiourea 

solutions were used as precursors for Cd++ and S--. 

Cadmium chloride solution in 1:1 ammonia solution 

formed cadmium hydroxide which was dissolved in excess 

ammonia. After addition of equimolar quantities of 

thiourea, the glass plates were dipped in the solution with 

constant stirring. Reaction temperature was maintained at 

80 °C and pH 10 was maintained to optimized condition. 

After 2 hr. glass plates with deposition of CdS materials 

were removed, washed with de-ionized water, and dried at 

room temperature. The synthesis CdS thin film in lemon 

extract (Green-CBD) is carried out in 10 mL fresh lemon 

extract by co-precipitation using cadmium chloride (Cd++) 

and sodium sulfide (S--) solution in equimolar proportion. 

In reaction mixture sodium hydroxide (NaOH) solution 

were added drop wise with constant stirring at 400 rpm to 

get optimize the pH. Biomolecules present in lemon extract 

stabilizes the growth of CdS thin film materials at room 

temperature. The dark yellow colored CdS nonparticles 

were successfully deposited on glass substrate.  

𝐶𝑑𝐶𝑙2 + (𝑁𝐻2)𝐶𝑆(𝑁𝐻2)  +  𝑁𝐻3  
∆ 80℃⁄
→      𝐶𝑑𝑆              (1) 

𝐶𝑑𝐶𝑙2 + 𝑁𝑎2 𝑆 + 𝐿𝑒𝑚𝑜𝑛 𝑒𝑥𝑡𝑟𝑎𝑐𝑡  
𝑅𝑜𝑜𝑚 𝑇𝑒𝑚𝑝.
→         𝐶𝑑𝑆    (2)  

 

 Further the glass plates were removed from  

reaction mixture and washed many times with de-ionized 

water and kept at room temperature in desiccators for 

drying [23,24]. 

Devices and techniques used for characterization and 

photocatalytic study 

As synthesized CdS thin films were analyzed for 

crystallographic identification by JEOL X-ray 

diffractometer (Model JSDX- 60PA) with Cu Kα1-

radiation source has wavelength λ = 0.154184 nm and the 

energy E = 8.052 keV. The 2 θ scan investigated in the 

range of 20° to 80°. Cambridge Stereo Scan (USA) 

Scanning Electron Microscope (SEM) was used for surface 

morphological analysis of CdS thin films. Energy 

dispersive X ray analysis (EDAX) was carried to 

determination of atomic percentage composition in Cd: S 

ratio. The optical absorptions were recorded in the 

wavelength range of 400-800 nm using UV-vis-NIR double 

beam spectrophotometer (Hitachi-330 Japan). The 

photocatalytic degradation of Rhodamine-B was 

investigated by time dependent counting of absorption  

data under 400-800 nm. For that Shimadzu UV-vis-NIR 

double beam spectrophotometer (model UV310PC) was 

used [25]. 

  

20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

31
1

22
0

11
1

 
2 degrees

b

31
1

22
0

11
1

 

in
te

si
ty

 (a
.u

.)

a

Fig. 1. XRD pattern for (a) CdS thin film by CBD; (b) CdS thin film by 

Green-CBD. 

Result and discussion 

Crystallographic properties 

Crystallographic studies of as synthesized CdS thin films 

from both rout were carried out using the X-ray 

Diffractometer Fig. 1 shows XRD pattern of CdS thin films 

prepared in ammonia and lemon extract solution, the peaks 

observed at 2 θ values of 26.65, 43.98 and 52.21 due to 

(111), (220) and (311) planes respectively corresponds to 

face centered cubic phase of CdS (zinc blend) (JCPDS card 

no. 89-0440). The broadening of peak observed for CdS 

thin film material synthesized by Green-CBD as compared 

to CBD method. This indicates decrease in crystalline size 

with respect to FWHM of spectrum. The lattice parameter 

‘a’ and crystalline size of material has been calculated by 

using following equations.  

1

𝑑2
=
ℎ2+𝑘2+𝑙2

𝑎2
                                    (1) 

 

𝐷 =  𝐾𝜆 𝛽𝑐𝑜𝑠𝜃⁄                                    (2) 

 The crystalline size (D) of CdS has been calculated  

by using Scherrer's formula, Where K is constant (0.94),  

λ = 1.54184 A° is the wavelength, β is broadening of 

diffraction line measured at half of its maximum intensity 

(FWHM) (in rad) and θ is Bragg's diffraction angle (in rad). 

The lattice parameter ‘a’ for CdS thin films materials were 

found to be in the order of 5.8323 A° and 5.8113 A°. The 

crystallite size was calculated as 40 nm for CdS thin films 

synthesized by CBD in ammonia solution and 20 nm for 

CdS thin films prepared by Green-CBD method in lemon 



 

 

extract. The values of lattice parameters were presented in 

Table 1 [26]. From literature studies it has been observed 

that the CdS thin film materials synthesized by CBD using 

ligand such as isopropyl xanthate at pH 10 shows cubic 

phase orientation along (111) with average grain size of 78 

nm. As synthesized CdS material using biomolecule ligand 

has average grain size of 20 nm with decrease in band gap 

energies [27,28]. 

   
(a)                                            (b) 

Fig. 2. SEM images of a) CdS thin films by CBD method   b) CdS thin 
films by Green-CBD method. 

Surface morphology and elemental analysis of thin films 

The scanning electron microscopy (SEM) was used for 

analysis of morphology of CdS thin film materials shown 

in Fig. 2. The CdS thin film material shows nanospheres 

and nanocubes for CBD and Green-CBD methods 

respectively. The elemental compositions were determined 

by energy dispersive X-ray analysis (EDAX) for thin film 

prepared from Green-CBD method shown in Fig. 3 with the 

atomic percentage of Cd (L) is 52.04 % and S (L) is 47.96 

% presented in Table 2 coinciding to those percentage 

compositions of (1:1 of Cd:S) for synthesis of thin films. 

 

Fig. 3. EDAX spectrum of CdS thin film by Green-CBD method showing 

elemental composition. 

Table 2. Element composition (EDAX analysis) of CdS Thin film 

synthesized by Green-CBD rout. 
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(a)                             (b) 

Fig. 4. UV-Visible absorption spectra a) Graph of Absorbance against 
wavelength to absorption maxima of CdS thin films b) Graph of (αhυ)2 

against (hυ) to direct allowed band gap energy of CdS thin films. 

Optical properties of thin films 

The optical absorption analysis for thin films were carried 

out with UV-Vis-NIR double beam spectrophotometer 

using the data obtained from the optical absorption spectra 

It has been shown the absorption maxima in UV and visible 

region. The CdS thin film synthesized by CBD and Green-

CBD has absorption maxima in visible region in 

comparison. The synthesized CdS thin film materials 

absorbs visible light more efficiently than UV light. The 

optical energy band gap, Eg of CdS thin films were 

estimated by plot of (αhυ)2 against the photon energy (hυ). 

In order to gets the value of the direct allowed optical band 

gap (Eg), extra plotting the straight line to intercept photon 

energy axis which gives values of band gap energy (Eg). As 

synthesized CdS thin films has observed value of band gap 

energy in order of 2.45 eV and 2.25 eV for CBD and Green-

CBD shown in Fig. 4. Photoluminescence (PL) spectrum of 

CdS thin films materials shows quenching of peak intensity 

with red shift for the materials synthesized by Green-CBD 

wrt CBD shown in Fig. 5. The absorption maximum shifts 

to the visible region with hole-charge recombination [29]. 

Element Atomic% 

Cd L 52.04 

S L 47.96 

Totals 100.00 

Table 1. Comparison of 2theta values, interplanar spacing (d), lattice constant (a) and crystalline size (D) of CdS thin film synthesized by CBD and 

Green-CBD rout. 

Sample 2θ Values hkl 

planes 

d-values A˚ Lattice constant  

A˚ 

Grain size 

(nm) 

CdS 

Standard Observed  Observed Observed Observed 
CdS  

(a) 

CdS  

(b) 

 CdS  

(a) 

CdS  

(b) 

CdS  

(a) 

CdS 

 (b) 

CdS 

(a) 

CdS 

(b) 

26.50 25.781 26.613 111 3.4570 3.3496 

 

a = 5.8323 

 

a = 5.8113 

 

40 

 

20 
43.96 43.404 43.923 220 2.0848 2.0614 

52.13 51.806 52.032 311 1.7647 1.0670 

 



 

 

550 560 570 580 590 600

 

 

In
te

ns
ity

 (a
.u

.)

wavelength (nm)

 (b)

 (a)

 
Fig. 5. Photoluminescence (PL) spectra for CdS thin films by CBD and 

Green-CBD. 

Photocatalytic degradation of Rhodamine-B dye  

The photo catalytic activity of CdS thin films were studied 

against Rhodamine-B under natural sunlight irradiation. 

For that as synthesized CdS thin film was dipped in 100 m 

of l5 ppm Rhodamine-B dye solution in 250 ml reaction 

container. Before irradiation to sunlight, the solution was 

kept in the dark for at least 4hr allowing the 

adsorption/desorption equilibrium to be reached. Then, the 

solution was kept under solar light irradiation of average 

intensity of 8.67 kWhr/m2-day in summer [30]. The 

arrangement done as maximum sunlight falls on thin film 

surface in solution. First sample was taken before the 

irradiation to obtain dark adsorption, which was after 

considered as the initial concentration (Ainitial). Samples 

were then withdrawn regularly from the reaction container 

by an order of 20 min, 40 min, 60 min, 80 min and 100 min 

as final (Afinal). The solution was then analyzed by using a 

UV-Vis-NIR spectrophotometer at wavelength range from 

400 to 800 nm. The efficiency of material was calculated 

by using following equation [31-33]. 

Efficiency(%) =
[Ainitial−Afinal]

Ainitial
 x 100                (3) 
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(a)                                             (b) 

Fig. 6. UV-Visible absorbance spectrum for photodegradation of 

Rhodamine-B dye using (a) CdS thin films by CBD method (b) CdS thin 

films by Green-CBD method. 

 

 It was observed that CdS thin films synthesized by  

Green-CBD have more efficiently degrades Rhodamine-B 

dye solution than films synthesized by CBD method  

shown in Fig. 6. The free electrons probably react with 

dissolved oxygen molecules and produce oxygen  

peroxide radical O2•- the positive charged hole (h+) may 

react with the OH- derived from H2O to form hydroxyl 

radical OH•. The Rhodamine-B molecule then can be photo 

catalytically degraded by oxygen peroxide radical O2•- and 

hydroxyl radical OH• to forms CO2, H2O and other 

mineralization products (P). The reaction kinetics was 

studied by plotting of % Efficiency () against Time (T) for 

the degradation of Rhodamine-B solution using CdS thin 

films. Fig. 7 [34,35]. 
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Fig. 7. Graph of % efficiency against time for degradation of Rhodamine-
B using CdS thin films. 

 

Conclusions 

The CdS thin films were successfully synthesized by 

Green-CBD method at room temperature in Lemon extract 

as a stabilizing/capping agent. It gives CdS nanocubes with 

average size of 20 nm. The Green-CBD synthesis avoids 

the use of toxic precursors, volatilization of ammonia 

solution and elevated temperature conditions. As 

synthesized CdS thin films in CBD and Green-CBD 

methods has face centered cubic phase predominantly with 

considerable optical band gap energy of 2.45 eV and 2.25 

eV respectively. The CdS thin films efficiently degrade 

Rhodamine-B dye solution under natural sunlight 

irradiation. The CdS thin materials synthesized by Green-

CBD has smaller crystalline size than CBD. The 

degradation efficiency is more for CdS thin films prepared 

in Green-CBD as compared to CBD. 
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