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ZnS/glass and CdS/glass single layers and ZnS/CdS and CdS/ZnS heterojunction thin films were deposited by the chemical bath
depositionmethod using zinc acetate and cadmium acetate as the metal ion sources and thioacetamide as a nonmetallic ion source
in acidic medium. Na2EDTA was used as a complexing agent to control the free cation concentration. +e single layer and
heterojunction thin films were characterized with X-ray diffraction (XRD), a scanning electron microscope (SEM), energy
dispersive X-ray (EDX), and a UV-VIS spectrometer.+e XRD patterns of the CdS/glass thin film deposited on the soda lime glass
substrate crystalized in the cubic structure with a single peak along the (111) plane. +e ZnS/CdS heterojunction and ZnS/glass
single layer thin films were crystalized in the hexagonal ZnS structure.+e CdS/ZnS heterojunction thin film is nearly amorphous.
+e optical analysis results confirmed single band gap values of 2.75 eV and 2.5 eV for ZnS/CdS and CdS/ZnS heterojunction thin
films, respectively. +e CdS/glass and CdS/ZnS thin films have more imaginary dielectric components than the real part. +e
optical conductivity of the single layer and heterojunction films is in the order of 1015 1/s. +e optical study also confirmed
refractive index values between 2 and 2.7 for ZnS/glass, ZnS/CdS, and CdS/ZnS thin films for incident photon energies between
1.2 eV and 3.8 eV. +e surface morphology studies revealed compacted spherical grains covering the substrate surfaces with few
cracks on ZnS/glass, ZnS/CdS, and CdS/glass and voids on CdS/ZnS thin films. +e EDX result confirmed nearly 1 :1 metallic to
nonmetallic ion ratio in the single-layered thin films and the dominance of Zn ion over Cd ion in both ZnS/CdS and CdS/ZnS
heterojunction thin films.

1. Introduction

Wide band gap II–VI compounds have received a lot of
attention as optoelectronic materials. Cadmium sulfide
(CdS) and zinc sulfide (ZnS) are II–VI compound semi-
conductors with wide direct bandgaps of 2.42 eV and
3.54 eV, respectively [1, 2]. CdS and ZnS can crystalize in
both cubic and hexagonal structures depending on the
synthesis procedures and the thermal and chemical treat-
ments [3, 4]. CdS is an n-type semiconductor used in a
variety of applications, such as the window layer in high-
efficiency solar cells’ heterostructures, in optical detectors,
optoelectronic devices, light-emitting diodes, photonic

devices, photoconductive sensors, and environmental con-
trol [5–7]. ZnS is also an n-type semiconductor [8] with
promising applications in solar control coating, optical and
chemical sensors, and optoelectronic devices, such as elec-
troluminescent devices, light-emitting diodes, lasers, and
photovoltaic cells [9, 10]. Most single layer photocatalytic
and optoelectronic devices suffer exploitation of limited
range of solar spectrum and high recombination rate of
photo-generated charge carriers leading to a limited effi-
ciency of the devices [11]. A heterojunction is a contact
interface formed as a result of hybridization between two
semiconductors with dissimilar band and electronic struc-
tures in a way that results in band alignment [12].
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Semiconductor heterojunction has opened up new horizons
in materials science and led to exciting new developments in
many scientific areas [13, 14]. It offers extra degrees of
freedom in the design of semiconductor junction devices
due to the controlled impurity doping and the conduction
and valence band offsets at the junction [11, 15]. +e het-
erojunctions are the fundamental platform for the out-
standing performance of many important optoelectronic
and photocatalytic device applications such as lasers, light-
emitting diodes, solar cells, and high electron mobility
transistors [16]. +e ZnS/CdS and CdS/ZnS heterojunctions
are potential materials for efficient optoelectronic and
photocatalytic applications in the blue or ultraviolet region
[17]. +ey can be used as an n-type buffer layer to form thin
film heterojunction solar cells [18, 19], quantum wells [20],
and light-emitting devices [21] with a better performance
than CdS and ZnS single layers. +erefore, the study of these
heterojunctions is of great significance for the development
of such device applications. Different methods have been
used to fabricate ZnS/CdS and CdS/ZnS heterojunction thin
films, e.g., CBD [22, 23], the vacuum deposition method
[24, 25], electrodeposition [19, 26], screen printing [27],
nonreactive RF magnetron sputtering [28], pulsed laser
deposition [29], and others.+e CBDhasmany benefits such
as low cost for equipment and operation, simplicity in
operation, low deposition temperature, low energy con-
sumption, and large area deposition in a single procedure
[22, 30].

+ere are very few reports on chemical bath-deposited
CdS/ZnS and ZnS/CdS heterojunction thin films [18, 22, 23]
in the alkaline condition. Deposition conditions, such as the
bath pH, have a significant influence on the deposition
mechanism and hence the nature of the final product. As far
as the authors are aware, there is no report on the acidic
bath-deposited ZnS/CdS or CdS/ZnS heterojunction thin
films. In this work, we report the study of structural,
morphological, compositional, and optical properties of
chemical bath-deposited ZnS/CdS and CdS/ZnS hetero-
junction thin films in acidic chemical baths.

2. Experimental Techniques

ZnS and CdS single layers thin films were deposited on soda
lime glass slide substrates. Before the deposition, the slides
were cleaned in the following subsequent procedures: im-
mersed in nitric acid for 12 h, washed with distilled water,
immersed in ethanol for 30min, washed with distilled water,
and dried in ambient conditions. +e ZnS single layer thin
film was synthesized from a solution containing aqueous
solutions of 6ml (0.5M) zinc acetate, 3ml (0.2M)
Na2EDTA, 10ml (1M) thioacetamide, and 46ml of distilled
water in a 100ml vessel. +e pH of the solution was adjusted
to 2.5 by adding sufficient amount of HCl into this solution.
+e deposition solution was prepared under continuous
magnetic stirring at room temperature. +e bath tempera-
ture was adjusted to 80°C, and the cleaned glass substrates
were suspended vertically by the cover of the vessel. After
30min, the colorless solution changed to milky indicating
formation of the ZnS. +e thin films were removed from the

bath after 60min deposition, washed thoroughly with dis-
tilled water, and dried in ambient condition. Similarly, the
CdS single layer thin film was prepared from aqueous so-
lution of 22.5ml (0.2M) cadmium acetate, 3ml (0.2M)
Na2EDTA, 10ml (1M) of thioacetamide, and 54.5ml dis-
tilled water in 100ml vessel for a period of 90min at a pH of
2.5 and bath temperature of 80°C. +e synthesized ZnS and
CdS single layer thin films were used as a substrate for the
preparation of CdS/ZnS and ZnS/CdS heterojunction thin
films, respectively, at the same conditions to that of the
corresponding single layer thin films on soda lime glass
substrates.

+e deposition process is based on the slow release of
Zn2+, Cd2+, and S2− ions in a solution which then condense
on the substrate. +e deposition of ZnS occurs when the
ionic product of Zn2+ and S2− exceeds the solubility product
of ZnS. Zinc acetate (Zn(CH3COO)2) was used as the Zn2+

ion source, and thioacetamide (C2H5NS) provided S2− ions.
+e generation of these ions and the deposition of the films
are explained. +e expected chemical equation of the re-
action for the deposition of ZnS is as follows:

H3C: C(S)NH2 + 2H2O⟶ CH3COOH + H2S + NH3.

(1)

+is reaction can proceed by two pathways, one in which
the carbon-sulfur bond is broken first [31]:

H3C: C(S)NH2 + 2H2O⟶ CH3C: C(O)NH2 + H2S,

(2)

forming acetamide as an intermediate or a pathway in which
the carbon-nitrogen bond is first broken to give thioacetic
acid:

H3C: C(S)NH2 + H2O⟶ CH3C: C(S)OH + NH3,

(3)

which then is hydrolyzed to H2S and acetic acid. +e H2S
dissolves in water as hydrosulphide ion:

H2S + H2O←
�→HS−

+ H3O
+
. (4)

+e hydrosulphide ion again dissolves to sulfur ion:

HS−
+ H2O←

�→H3O
+

+ S2−
. (5)

+e zinc ion Zn2+ is released from zinc acetate:

Zn CH3COO( 2( ↔Zn2+
+ 2CH3COO

−
. (6)

+erefore, the overall reaction becomes

Zn2+
+ S2− ⟶ ZnS. (7)

Using similar procedure, cadmium acetate
(Cd(CH3COO)2) was used as the Cd2+ ion source, and
thioacetamide (C2H5NS) provided S2− ions through hy-
drolysis in an acidic medium. So that, the overall reaction
becomes

Cd2+
+ S2− ⟶ CdS . (8)
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+e thickness of the ZnS/glass, ZnS/CdS, CdS/glass, and
CdS/ZnS thin films were measured by the gravimetric
method. For the ZnS/CdS and CdS/ZnS heterojunctions, the
weight difference was measured after the deposition of each
layer. Using the bulk density of ZnS and CdS, the thicknesses
of the ZnS/glass, ZnS/CdS, CdS/glass, and CdS/ZnS thin films
were calculated to be 0.31, 0.48, 0.20, and 0.37 μm, respec-
tively. +e optical and solid state properties of the hetero-
structures of ZnS and CdS thin films were determined from
the absorption spectrum using the Shimadzu UV-3600 plus
UV-Vis spectrophotometer within the wavelength range of
300 nm–1000 nm. Structural characterization of the films was
carried out by the Bruker D8X-ray diffractometer (XRD)with
CuKα (λ�1.5406 0A) radiation working at 40mA and 40 kV
at a scan rate of 0.03°/s. +e XRD patterns were analyzed by
matching the observed peaks with the standard JCPDS files.
+e surface morphology and composition of the as deposited
thin films were assessed by the ZEISS sigma field effect
scanning electron microscopy (FE-SEM) integrated with
ZEISS analysis station energy dispersive X-ray (EDX) device.

3. Results and Discussion

3.1. Structural Studies. Figure 1 shows the XRD patterns of
CdS, ZnS, ZnS/CdS, and CdS/ZnS single layers and heter-
ojunction thin films. +e CdS/glass single layer thin film
shows well-defined single peak at 2θ � 26.7° corresponding
to the (111) plane of the cubic CdS structure (JCPDS #00-
010-0454). +e presence of intense single peak in the XRD
pattern of the CdS/glass single layer thin film indicates high
crystallinity with highly restricted growth orientation of
crystallites along the (111) plane. Similar results were re-
ported by many authors [32, 33]. On the other hand, the
XRD pattern of the ZnS single-layered thin film shows four
faint peaks along the (0024), (014), (0028), and (117) planes
of the hexagonal structure (JCPDS # 01-089-2174). +ese
broad and faint peaks confirm the nanocrystallinity of the
films as shown quantitatively in Table 1.

+e XRD pattern of the ZnS/CdS heterojunction thin
film is nearly similar to that of the ZnS/glass single layer thin
film; however, the intensity of the peaks improved. +e
improvement in the crystallinity of the ZnS/CdS hetero-
junction signifies that CdS substrates promote the growth of
hexagonal ZnS than the soda lime glass substrate. In con-
trast, the CdS/ZnS heterojunction thin film has two very
weak XRD peaks along (0028) and (117) planes of the
hexagonal ZnS structure. +e absence of reflection from the
CdS structure reveals the unsuitability of the ZnS substrate
for the growth of the sufficient layer of CdS to diffract the
X-ray.+e broad hump in the 2θ range of 20° to 35° observed
on the XRD patterns of all the samples is due to the glass
substrate [34].

+e interplanar spacing dhkl between the different lattice
planes was calculated from the Bragg diffraction law given as

nλ � 2dhkl sin θhkl, (9)

where n is the reflection order normally equal to unity, θ is
the Bragg angle corresponding to (hkl) planes, and

λ� 0.15406 nm is the wavelength of the X-ray. +e crystallite
size, D, of the heterojunction and single-layered thin films
was calculated by the Scherrer formula:

D �
kλ

β cos θ
, (10)

where β is the full width at half maximum measured in
radians, and k is the constant known as the shape factor,
taken as 0.9 for spherical-shaped crystallizes [35]. +e lattice
parameters, a and c, of the hexagonal single and hetero-
junction thin films were evaluated by the following relation
[36]:

1
d
2
hkl

�
4
3

h
2

+ hk + k
2
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2 +

l
2

c
2.

(11)

+e lattice parameter, a, for the cubic structure was
obtained by the following relation:

a � dhkl

���������

h
2

+ k
2

+ l
2



. (12)

+e calculated lattice constants are listed in Table 2. +e
crystallite size along the various planes of the ZnS/CdS
heterojunction thin film improved compared to the ZnS/
glass single layer except along the (117) plane (Table 1). All
the calculated d-spacing results agree well with the standard
value with percentage difference less than 1% with exception
along the (0024) plane which is about 4.75% for the ZnS/CdS
heterojunction film and 3.4% for the ZnS/glass single layer
film. +e maximum percentage variation between the cal-
culated and standard lattice constants is less than 0.7%. +e
present structural results show the influence of the substrate
on the crystal structural parameters.

3.2. Optical Analysis

3.2.1. Optical Absorption and Band Gap. +e absorption
spectra of CdS/glass and ZnS/glass single layers and het-
erojunction thin films are shown in Figure 2(a). +e ZnS/
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Figure 1: XRD patterns of CdS, ZnS, CdS/ZnS, and ZnS/CdS thin
films.
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glass and CdS/ZnS thin films have higher absorbance than
that of CdS/glass and ZnS/CdS thin films in the visible and
infrared regions, which could be resulted from the existence
of some defect states in the ZnS layer than that of the CdS
[37]. +e absorption edge for the ZnS/glass thin film, im-
mediately before the onset of fundamental absorption
(Figure 2), is expected due to the excitonic absorption [38].
+is absorption edge is significantly minimized in ZnS/CdS
and CdS/ZnS heterojunction thin films, and the smoothness
of the absorption edge improved. +is signifies the use of
CdS as a substrate for ZnS depositionminimizes defect states
leading to minimized visible light absorption, which is
important for materials used as window layers of solar cells
[39].

+e optical absorption coefficient, α, of the thin films was
calculated using Lambert’s equation:

α � 2.303
A

d
, (13)

where A is the optical absorbance, and d is the film thickness.
+e optical band gaps of the single and multilayer thin

films were obtained using Tauc’s relation using the obtained
absorption coefficient [40]:

(αh])
n

� B h] − Eg , (14)

where B is the optical transition dependent constant, h is
Planck’s constant, v is the frequency of the radiation, Eg is
the band gap energy, and n characterizes the transition type.
+e value of n is 2 and 2/3 for direct allowed and forbidden
transitions, respectively, whereas the value of n is 1/2 and 1/3
for indirect allowed and forbidden transitions, respectively.
+e analysis of Tauc’s relation with the obtained absorption

Table 1: Some standard, observed, and calculated structural parameters of CdS/glass, CdS/ZnS, ZnS/glass, and ZnS/CdS thin films (JCPDS #
used 00-010-0454 for cubic CdS and 01-089-2174 for hexagonal ZnS).

Sample 2θ (deg) Phase Index FWHM (deg) D (nm) ε (x10-3) Standard d-spacing (Å) Observed d-spacing (Å)
CdS/glass 26.71 CdS (C) (111) 0.35716 22.86 1.5158 3.3600 3.3351

ZnS/CdS

23.23 ZnS (H) (0024) 0.4705 17.24 2.0107 3.6447 3.8179
27.18 ZnS (H) (014) 0.7829 10.44 3.3203 3.2735 3.2788
28.57 ZnS (H) (0028) 0.5956 13.76 2.5185 3.1240 3.1217
47.80 ZnS (H) (117) 1.1077 7.85 4.4186 1.8900 1.9011

ZnS/glass

23.59 ZnS (H) (0024) 1.9336 4.19 8.2586 3.6447 3.7684
27.32 ZnS (H) (014) 0.7851 10.41 3.3288 3.2735 3.2673
28.52 ZnS (H) (0028) 0.9209 8.90 3.8945 3.1240 3.1274
47.98 ZnS (H) (117) 0.8278 10.50 3.3001 1.8900 1.8947

CdS/ZnS 28.53 ZnS (H) (0028) 1.1022 7.43 4.6608 3.1240 3.1263
47.99 ZnS (H) (117) 0.9790 8.88 3.9023 1.8900 1.8942

+e letters “C” and “H” refer the cubic and hexagonal structures, respectively.

Table 2: +e standard and calculated lattice parameters of CdS/glass, CdS/ZnS, ZnS/glass, and ZnS/CdS thin films (JCPDS # used 00-010-
0454 for cubic CdS and 01-089-2174 for hexagonal ZnS).

Sample Standard a (Å) Observed a (Å) Standard c (Å) Observed c (Å)
CdS/glass 5.811 5.7765 6.716 6.6701
ZnS/CdS 3.823 3.8294 87.472 87.4079
ZnS/glass 3.823 3.8095 87.472 87.5684
CdS/ZnS 3.823 3.8326 87.432 87.5353
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Figure 2: Optical absorbance and optical bandgaps of CdS/glass, CdS/ZnS, ZnS/glass, and ZnS/CdS thin films.
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data of the single and heterojunction thin films revealed a
straight line for n� 2 immediately after the fundamental
absorption edge, confirming that the samples possess direct
optical bandgaps. +e band gaps were obtained by extrap-
olating the linear portion of (αhv)2 vs. (hυ) curves towards
the photon energy (hv) axis. +ese plots for the single and
heterojunction thin films are shown in Figure 2.

+e bandgaps of CdS/glass, CdS/ZnS, ZnS/glass, and ZnS/
CdS thin films are equal to 2.45, 2.25, 2.55, and 2.75 eV,
respectively. +e obtained bandgaps for all samples with the
ZnS layer are smaller than that of the bulk ZnS. +is could be
due to defect states and indirect transition which leads to the
tailing in absorption [41]. A slight increase in the band gap
and decrease in the absorbance of the ZnS/CdS hetero-
junction compared to the ZnS/glass single layer indicates the
decrease in the defect states in replacing the glass substrate by
the CdS layer. +e better crystallinity of the ZnS/CdS het-
erojunction than the ZnS/glass single layer supports this
anticipation. +e decrease in the bandgap of the CdS/ZnS
heterostructure thin film compared to the CdS/glass single
layer thin film may be resulted from the increase in the grains
size as discussed in Section 3.3.+e interface between ZnS and
CdS layers is so homogenized that a single bandgap is ob-
served for both ZnS/CdS and CdS/ZnS heterojunction thin
films. +e broader transition edge for CdS/ZnS hetero-
junction than the CdS/glass single layer infers the nonuniform
distribution of grains size and presence of defects in it [42, 43].

3.2.2. Optical Constants and Solid State Properties. +e
optical constants and solid state properties of CdS/glass,
CdS/ZnS, ZnS/glass, and ZnS/CdS thin films were studied
employing the optical absorption theory [44]. +e energy
conservation law leads to the relation between reflectance
(R), transmittance (T), and absorbance (A) as [45]

R + T + A � 1, (15)

where transmittance is related to the measured absorbance
by T � 10− A. When light passes through a lossy medium, it
can experience loss in its energy due to phenomena such as
scattering, free carrier absorption, generation of phonons,
and photogeneration. +is loss is taken in to account in the
complex refractive index, n∗, as [46]

n
∗

� n + ik, (16)

where the real part n is the refractive index and indicates the
phase velocity, while the imaginary part k is called the ex-
tinction coefficient and indicates the amount of attenuation
when the electromagnetic wave propagates through the
material [47]. +e refractive index (n) and the extinction
coefficient (k) were obtained from the relations as follows
[48]:

n �
1 + R

(1/2)

1 − R
(1/2)

,

k �
αλ
4π

,

(17)

where λ is the incident light wavelength.
Figure 3 shows the plots of refractive index and the

extinction coefficient of single and heterojunction thin films
of CdS and ZnS against the incident photon energy. +e
refractive index of the CdS/glass single layer thin film in-
creases from 1.6 to 2.5 almost linearly with photon energy
before and after the band gap energy; however, around the
band gap edge, the refractive index increases abruptly. For
the CdS/ZnS heterojunction thin film, the refractive index
decreases from 2.65 to 2.1 with photon energy.+e refractive
index of the ZnS/glass single layer thin film is nearly con-
stant about 2.65 irrespective of the photon energy. For ZnS/
CdS heterojunction thin film, the refractive index increases
linearly with photon energy from 2.1 to 2.7. +e extinction
coefficient of the CdS/glass thin film decreases up to the
band gap energy and then increases forming a valley; next to
the band gap energy, its extinction coefficient increases
linearly. +e extinction coefficients of CdS/ZnS hetero-
junction and ZnS/glass single layer thin films increase in
similar manner; they initially increase and then decrease
forming a smooth curve with photon energy. +e extinction
coefficient of the ZnS/CdS heterojunction thin film decreases
linearly. Except the refractive index of the single layer ZnS/
glass thin film, both the refractive index and extinction
coefficients of the single and heterojunctions thin films are
obviously influenced by photon energy.

Fundamental electronic transition in the semiconductor
thin film is intimately related to the frequency dependent
complex dielectric constant and expressed as [46, 49]

ε∗ � εr + iεi � n
2

− k
2

  + i2nk. (18)

+e frequency-dependent dielectric parameters are the
basic electrical properties of materials that reveal the elec-
trical processes taking place in materials [50]. Figure 4 shows
the plots of the real (εr) and imaginary (εi) dielectric
constants of CdS/glass, CdS/ZnS, ZnS/glass, and ZnS/CdS
single and heterojunction thin films against the incident
photon energy. It can be observed that the imaginary parts of
the dielectric constants of the CdS/glass and CdS/ZnS thin
films are larger than the real part. To the contrary, the real
part of the dielectric constant of the ZnS/glass thin film is
larger than that of the imaginary part. In the case of ZnS/
CdS, the imaginary part is larger than the real part for in-
cident photon energy less than 2.5 eV, and the reverse is true
for photon energy larger than 2.5 eV. +e imaginary di-
electric constants of both CdS/ZnS and ZnS/CdS hetero-
junction thin films show decreasing nature with increasing
incident photon energy and that of ZnS/glass thin film is
independent of the incident photon energy. However, the
imaginary dielectric constant of the CdS/glass thin film
increases with incident photon energy. +e ZnS/glass single
layer thin film has the highest real dielectric constant and the
least imaginary dielectric constant among all the samples.
+e highest dielectric constant of the ZnS/glass single layer
thin film confirms that it has more dipole nature under
electric fields than other films [51]. +e increase in the di-
electric constant of this film with the photon energy reveals
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the accumulation of surface charges at the grain boundary
with increasing photon energy [52, 53].

+e optical conductivity (σ) which refers the electrical
conductivity in the presence of an alternating electric field is
calculated from the following relation:

σ �
αnc

4π
, (19)

where c is the speed of light in vacuum. Figure 5 shows the
optical conductivity of CdS/glass, CdS/ZnS, ZnS/glass, and
ZnS/CdS single and heterojunction thin films. +e ZnS/CdS
heterojunction thin film has the least optical conductivity
among the samples for all range of incident photon energy.
+e ZnS/glass single layer thin film has the highest optical
conductivity for photon energy less than 2.52 eV, and the
CdS/glass single layer has the highest optical conductivity for
photon energy greater than 2.57 eV. According to Jonscher,
the origin of the frequency dependence of conductivity lies
in the relaxation phenomena arising due to mobile charge
carriers. From the figure, it can be seen that the optical
conductivity increases with increasing photon energy, which
could be attributed to the presence of space charges and
increase in the extinction coefficient. Molecules having a

permanent electric dipole moment, that can change its
orientation when an electric field is applied, create space
charge polarization [52, 54].

3.3. SurfaceMorphology andCompositionAnalysis. +e SEM
micrographs of CdS/glass, CdS/ZnS, ZnS/glass, and ZnS/
CdS thin films are shown in Figure 6. +e SEM micrograph
of CdS/glass thin film shows spherical grains covering the
substrate without cracks, pinholes, and voids. +e surface
morphology consists of compacted inner grains of average
size 150 nm and few larger grains of size as large as 820 nm
dispersed over the compacted inner grains. +e grain size
variation for inner grains is very small and that of outer
grains is very large. +ese grain size distributions indicate
that the inner layer of the film is formed by the ion-by-ion
film deposition mechanism, and the outer larger grains
could be resulted from clustering and coalescence of grains.
+e smooth optical absorption curve of the CdS/glass thin
film also implies the uniform grain size distribution [55].+e
surface morphology of the ZnS/glass thin film has very
similar nature to that of the CdS/glass thin film. However,
the average sizes for the inner compacted and the outer
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Figure 3: Refractive index n and extinction coefficient k of CdS/glass, CdS/ZnS, ZnS/glass, and ZnS/CdS thin films.
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dispersed grains are significantly larger than that of the
corresponding CdS/glass thin film with the average grain
sizes 445 nm and 1.55 μm, respectively. +e SEM

micrograph of CdS/ZnS heterojunction thin film is domi-
nated by spherical grains of average size 700 nm with very
narrow grain size variations and several voids. Few irregular

1µm1µm

1µm 1µm

Figure 6: Surface morphology of single and multilayers of CdS and ZnS thin films.
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shaped grains of size as large as 2.5 μm are also observed.+e
absence of CdS peaks in the XRD pattern, the increased in
the grain sizes, the presence of voids, and the absence of
double band gaps in the CdS/ZnS heterostructure thin film
signify that the Cd and S ions were adsorbed on the existing
ZnS surface grains rather than forming the CdS phase. +e
surface morphology of the ZnS/CdS heterojunction thin film
consists compacted background spherical grains without
distinct boundary accompanied by few cracks. Few clusters
of spherical grains are observed over the compact back-
ground.+e SEMmicrographs of the present work show the
dependent of surface morphology on the type of substrate.
Such substrate dependent morphology was reported by
other researchers [56].

+e elemental coposition of CdS/glass, CdS/ZnS, ZnS/
glass, and ZnS/CdS thin films are qualitatively represented
by the EDAX spectra in Figure 7. All the spectra confirmed
the presence of the expected elements, i.e., Cd, Zn, and
S. Other elements, such as Ca, O, Al, Na, Mg, Si, and Cl, are
resulted from the soda lime glass substrate which decreased
in the heterojunction thin films particularly for ZnS/CdS.
+e atomic percentage ratio of Cd : S is 48.7 : 51.28 in the
CdS/glass thin film, and in the ZnS/glass thin films, the Zn : S
atomic percentage ratio is 49.86 : 50.14. +e anion to cation
ratios in the single-layered thin films are very close to 1 :1
indicating that the thin films have a stoichiometric ratio.+e
elemental compositions of the ZnS/CdS heterojunction thin
film are Cd� 6.65%, Zn� 35.37%, and S� 57.46%, whereas
the elemental compositions of the CdS/ZnS heterojunction
thin film are Cd� 19.47%, Zn� 25.99%, and S� 54.54%. +e
percentage ratio of Zn is greater than that of Cd in both ZnS/
CdS and CdS/ZnS heterojunction thin films.

4. Conclusion

ZnS/glass, CdS/glass, ZnS/CdS, and CdS/ZnS single layer
and heterojunction thin films were synthesized at a pH of 2.5
and temperature 80°C. Structural analysis confirmed the
cubic structure with single peak along the (111) plane for
CdS/glass and hexagonal structure for ZnS/glass single layer
thin films. +e XRD patterns of both ZnS/CdS and CdS/ZnS
heterojunction thin films show only the hexagonal ZnS
structure confirming the growth of inadequate CdS layer on
the ZnS structure to diffract the X-ray. However, the ZnS
layer grown on the CdS structure overshadows the X-ray
diffraction from the inner CdS layer. +e optical absorption
curves for CdS/glass, ZnS/CdS, and CdS/ZnS thin films show
smooth fundamental transition curves implying uniform
distribution of grains sizes, minimum defect states, and
homogenized interface between ZnS and CdS. +e optical
conductivity and the components of complex refractive
index and dielectric constant of the single layer and het-
erojunction thin films are incident photon energy depen-
dent. +e surface morphologies of all the films are formed
from spherical grains. +e SEM micrographs of CdS/glass,
ZnS/glass, and ZnS/CdS showed small and compacted
spherical background grains followed by dispersed larger
grains on the surface. +e single-layered CdS/glass and ZnS/
glass thin films were free from cracks and voids; however,

couples of voids and very few cracks were observed for CdS/
ZnS and ZnS/CdS heterojunction thin films, respectively.
+e elemental composition of the single-layered films has
nearly 1 :1 ratio between metallic and nonmetallic ions. In
the case of heterojunction thin films, the sulfur ion has a
slight dominance over the metallic ions. +e elemental
analysis of ZnS/CdS and CdS/ZnS heterojunctions has
shown the dominance of Zn ion over Cd ion.
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