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ABSTRACT
CdS nanostructure are prepared by chemical bath deposition CBD method using different
thiourea concentrations. The thiourea concentration effect for CdS nanostructure deposited on glasses
substrate have been studied. CdS nanostructure give important analysis of X-Ray diffraction (XRD),
optical transmittance using (UV-Vis) spectroscopy, in addition to characterization of Atomic force
microscopy (AFM) to analyze surface morphology of a film and to determine the grain size have
proved a good agreement with experimental and theoretical results.
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1. INTRODUCTION
Cadmium sulfide CdS is II–VI semiconductors have been studied very intensively in
recent times because the wide band gap, low absorption loss, compact crystallographic cell
structure and electronic affinity. Thin films of CdS have received considerable attention
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towards other device applications such as nonlinear optics, photo electrochemical cells,
photocatalysis, optical switching and single electron transistors [1]. Light emitting diodes,
laser materials, optical waveguides, electrochemical cells, gas sensors, and metal-Schottky
barrier cells [1-4]
Thin films of CdS can be grown by chemical and physical methods such as chemical
bath deposition CBD [5-6], spray pyrolysis [7-8], electrodeposition [9-10], solution growth
[11], Sol-Gel [12], successive ionic layer of adsorption and reaction (SILAR) [13], vacuum
deposition [14], sputtering [15], sintering [14], sublimation [16], molecular beam epitaxy [17]
etc. In the present work, we have prepared the CdS thin films on to the glass substrate by
chemical bath deposition (CBD) method at 70 °C temperature. Preparative parameter such as
varies concentration of thiourea.

2. EXPERIMENTAL WORK
CdS film was deposited on a cleaned glass substrate by the chemical bath deposition
CBD method. The glass substrate was cleaned with a detergent and then cleaned in methanol
and acetone for 10 min each by using an ultrasonic cleaner and then cleaned with de ionized
water and dried. Aqueous solutions of 40 ml each of 0.1 M solution of CdCl2 as a source of
cadmium, CS(NH2)2 as a source of sulfur were used. First, 40 ml of CdCl2 solution placed in a
100 ml beaker. The complexing agent to form a cadmium complex, which slowly released
Cd2+ ions for subsequent reaction with S2- ions, ammonia solution. NH4OH was added drop
by drop in CdCl2 solution under vigorous stirring to maintain the pH value of the solution is
(10.5) and a colorless solution was obtained. After stirring for several minutes, the solution
became clear and homogenous. Then under continuous stirring, 40 ml of CS(NH2)2 solution
was added. the clean glass slide were vertically immersed in the beaker contain the solution
which was placed in chemical bath whose temperature were kept around 70 ±5 °C during the
growth as shown in Figure (1). The reaction solution was no stirred during the deposition
process. Deposition time was 60 min, during which the solution color changed to yellow.
After deposition, the sample were removed from the bath and washed in distilled water and
finally dried in air. CdS films obtained were homogeneous, hard, and had very good adhesion
to the glass substrate. The variation reactions involved and their equilibrium constants at room
temperature.
CdS thin film were prepared at different thieorea concentrations Cd:S (0.05 M : 0.01M,
0.03M , 0.05M and 0.1M) .The source of Cd2+:
CdCl2 ↔ Cd2+ + Cl22-………………(1)
Cd2+ + 2OH− → Cd(OH)2 ………… (2)
Cd2+ and NH3 form a complex species of cadmium (Cd(NH3)4)2 (to slowly release
Cd2+):
Cd2+ + 4NH3 → Cd(NH3)42+ ……… (3)
(NH2)2CS + 2OH− → S2- + 2H2O + C(NH)2 …………(4)
Cd2+ + S2- → CdS ………………… (5)
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Fig. 1. Experimental set up of CBD technique.

3. RESULTS AND DISCUSSION
The crystalline properties have been investigated by X-ray diffraction (XRD) technique
using CuKα radiation. XRD patterns for films deposited at different thiourea concentrations
are shown in Figure 2. All films show a strong preferential orientation at 2θ=26.60 of either
H(002) or C(111) planes. Figure 2 shows XRD patterns of CdS nanostructure deposited on
glass substrates at different thiourea concentrations Cd:S 0.05: 0.01, 0.03, 0.05 and 0.1 mol/l.
The CdS nanostructure deposited on glass substrate at 0.1 mol/l, shows three narrow
peaks at 2θ equals 24.960°, 26.42° and 28.040° corresponds to (100), (002) and (101) planes,
respectively.
At 0.05 mol/l, the peaks are observed at 25.08° ,26.68° and 28.44° correspond to (100),
(002) and (101) planes, respectively. at 0.03 mol/l, the peaks are observed at 25.06°, 26.68°
and 28.36° correspond to (100), (002) and (101) planes orientation in the case of the
hexagonal structure. These results confirm that the deposition has proved more favorable as
the intensities of peaks. The measured peaks are in good agreement with others. The
crystallite size Gs was calculated by using Debye-Scherrer’s relation [19]:
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𝐺𝑠 =

0.9 𝜆
𝛽 cos 𝜃

(1)

where β the full width at half maxima, θ is the angle of diffraction, and λ is the wave- length
of X-ray. The strain value  and the dislocation density  value can be evaluated by using the
relations in equation 2 and 3 [18], and values is listed in Table (1):

=
=

𝛽 cos 𝜃
4
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1

(3)

𝐺𝑠 2

CdS films, which were deposited on glass, can have each a hexagonal or a cubic
structure or, a mixed structure of the two, depending on the preparation conditions [17].
Figure (2) shows the X-ray diffraction patterns of the CdS thin films deposited on glass
substrates. XRD analysis reveals that films were polycrystalline in nature. XRD observation
show that a prominent broad peak appear at an angle 2θ = 26.6º which correspond to each the
(111) cubic (JCPDS- 89-0440) or the (002) hexagonal (JCPDS- 89-2944) planes.
In the hexagonal phase, these two peaks corresponding to the (110) and (112). The strain
()and dislocation density () were calculated and listed in Table (1).(  and  ) of CdS thin
films were prepared at different concentrations of varies from (6.6-53.9)  10-4, and (18.525.4)  1014 lines·m-2 respectively. The results reveal that the strain and dislocation density
decrease with the increasing grain size, i.e. with increasing concentrations of thiourea.
Table 1. Summery of X-RAY characterization for CdS nanostructure deposited by CBD.

Concentrations
of thiourea

0.01M

0.03M

0.05M

2θ
(deg)

hkl
Plane

d
observed
(Aᵒ)

d
STEM
( Aᵒ)

FWH
M
(deg)

Gs
(nm)

 × 1014
lines.m-2

η ×10-4

25.06

(100)

3.55

3.72

0.75

16.92

20.47

34.93

26.68

(002)

3.338

3.28

0.49

18.71

18.51

28.56

27.68

(101)

3.275

2.14

0.28

13.58

25.50

54.18

25.08

(100)

3.547

3.72

0.612

16.92

20.47

34.93

26.68

(002)

3.338

3.50

0.588

18.74

18.48

28.47

28.44

(101)

3.135

2.14

0.588

13.61

25.45

53.96

25.13

(100)

3.54

3.74

0.18

36.89

9.39

7.34
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0.1M

26.44

(002)

3.36

3.30

0.16

38.80

8.92

6.64

28.26

(101)

3.15

2.15

0.20

34.07

10.1

8.61

24.86

(100)

3.578

3.79

0.72

16.91

20.48

34.96

26.42

(002)

3.37

3.34

0.44

18.72

18.50

28.52

28.04

(101)

3.179

2.16

0.94

13.61

25.44

53.91

Fig. 2. Shows the X-ray diffraction patterns of the CdS thin films deposited on glass substrates.
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The optical transmission spectra (T) are performed at room temperature using UV-Vis
spectroscopy in the range of 300-900 nm as displayed in Figure (3), shows the transmittance
curves as a function of wavelength for the nanostructure CdS thin film deposited onto glass
substrates for different concentrations depositions.
The spectra show an average transmission of above 50 % was obtained in the middle of
visible range. The increases in the transmittance with decrease of concentrations of thieorea .

Fig. 3. Shows the transmittance as a function of wavelength for the nanostructure
CdS thin film for different concentrations thiourea depositions.

Figure (4) shows the band gap curves for the nanostructure CdS thin film deposited
'onto glass substrates for different concentrations depositions. The increases in the absorption
with decrease of concentrations of thieorea .
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Fig. 4. Shows the band gap for the nanostructure CdS thin film at different concentrations
thiourea depositions.

In semiconductors, the relation connecting the absorption coefficient α, the incident
photon energy (hv) and optical band gap Eg takes the form [10];

(αhv) = k(hv - Eg)m ………… (8)
where ν is the frequency of the incident photon, h is Planck's constant, k is a constant which is
different for different transitions and it is related to the effective masses (of electron and hole)
associated with the bands and m is the number which characterizes the optical processes, m =
1/2 for a direct allowed transition, 2 for the indirect allowed transition, 3/2 for a forbidden
direct transition and 3 for a forbidden in direct transition. To determine the CdS films
deposited using CBD technique have direct or indirect band gap, The band gap of the films
was determined by plotting a graph between (αhv)2 and (hv). The band gap energy (Eg) was
estimated by a linear interpolation of each curve to energy axis [24]. Figure (4) shows optical
energy gaps of the films within the range 2.5 0.2 eV as a result of varying of Concentrations
of thieorea of these films. The 3D AFM images and granularity accumulation distribution chart
of CdS thin films synthesized with various concentrations of thiourea (0.01-0.03-0.05-0.1)M are
shown in Figure (5).
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0.01M
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0.03M
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0.05 M
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0.1M
Fig. 5. Show The AFM Of CdS thin films at different Concentrations.
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The CdS thin films have ball-shape with good dispensability, homogenous grains and
aligned vertically. By using special software, the estimated values of root mean square RMS of
surface roughness average and average grain size were calculated and listed in Table (2). The CdS
thin films prepared with thiourea (0.01M) are agglomerated to form larger particles (72.60 nm) as
shown in Figure (5).
The results of average grain size agree with those estimated from XRD and it is clearly seen
that the surface is semi smooth.
The grain size and the root mean square of surface roughness increases when concentrations
of thiourea increases. 3D images prove that the grains are uniformly distributed within the
scanning area (500 x 500 nm) with individual columnar grains extending upwards. This
surface characteristic is important photodetector (PD) and Solar cell.
Table 2. The grain size, roughness average and Root mean square of CdS thin film with different
concentrations of thiourea.

Concentrations of
thiourea

Average Grain
size (nm)

Roughness average
(nm)

Root mean square
(nm)

0.01M

72.60

0.455

0.525

0.03M

80.05

0.469

0.539

0.05M

73.77

0.367

0.323

0.1M

79.72

1.30

1.5

PL emission spectra of CdS thin films prepared with different concentrations of thiourea
have been recorded at room temperature with an excitation source operating of 450 nm as
shown in Figure (6). A single sharp broad emission peak centered at the green ~407 nm
(2.17eV) with FWHM ~24 nm was observed in the emission spectrum of CdS thin films
synthesized with 0.01 M.
The emission peak at 407 nm can be related to the deep trap levels. The PL spectra of
CdS thin films prepared at higher concentrations thiourea are emitting light of different
colors, this result can be attributed to quantum confinement effect and agreement with the
results of AFM. The coloration is directly being related to the energy levels of nanoparticles.
Table (3) gives the PL emission wavelength and emission energy of CdS thin films as a
function of concentrations of thiourea. It is clear from the Table that a large tuning can be
obtained via variation of concentrations of thiourea. Increasing of concentrations of thiourea
to 0.1M caused a shift in PL peak to red ~509 nm (1.91eV) due to broad size distribution of
nanoparticles.
The PL spectra of CdS thin films have Gaussian-shape and this may be due to an
expected photo-physical result of the band measurement of thin films at room temperature
arise from inhomogeneous broadening due to size and shape distribution within nanostructure
and homogeneous broadening due to the thermal energy (26 m eV at room temperature) [19].
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The observed PL blue shift peaks are in good agreement with optical band gap
estimated from the UV-Vis spectroscopy.

Fig. 6. PL spectra of CdS Thin films at different concentrations.

The peak moves toward the yellow in the visible spectrum with decreasing
nanoparticles size as expected from the "particle in a box" theoretical prediction where longer
time corresponds with larger crystals, lower energy electronic emission and longer
wavelengths [20].
Table 3. Emission wavelength, emission energy and FWHM of CdS NPs versus with
concentrations of thiourea.

Concentrations of
thiourea

Emission wavelength
(nm)

Emission energy
(eV)

FWHM
(nm )

0.01

409

2.17

24.0

0.03

410

2.10

26.0

0.05

418

2.00

26.5

0.1

509

1.96

28.5
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4. CONCLUSIONS
Chemical bath method was successfully used to deposit CdS thin films. These films
semi smooth, uniform and good adherent to substrate surface. The prepared films were found
to be nanocrystalline thin films. XRD analysis reveals that CdS thin films are polycrystalline
having a hexagonal or cubic structure with a preferential orientation of (002) or (111) plane.
When the concentrations of thiourea increase the grain size increase and the energy gap value
was found to be decreases.
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