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Synthesis and characterization of Sn-doped CdZnS nanoparticles
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Abstract. Tin (Sn)-doped cadmium zinc sulphide nanoparticles (CdZnS : Sn) were synthesized by the chemical bath deposition method with two different concentrations of Sn (2 and 4 mol%). X-ray diffraction (XRD)
pattern reveals the formation of CdZnS nanoparticles with cubic and hexagonal structure. It was observed that
the presence of Sn does not alter the structure of CdZnS. Average crystallite size was measured from XRD
data by using Scherrer’s formula. From the study of absorption spectra, band-to-band absorption was obtained at
460 and 490 nm, respectively, for the Sn-doped (2 and 4 mol%) CdZnS nanoparticles. Energy bandgap for
undoped and Sn-doped CdZnS varies from 3.5 to 2.9 eV with error ± 0.05 eV. The presence of Sn was
confirmed by energy-dispersive X-ray analysis. The effect of dopant concentration on the photoluminescence
(PL) intensity has also been studied. The PL emission peak has been observed at 540, 550 and 560 nm for
the Sn-doped (CdZnS, CdZnS 2 mol% and CdZnS 4 mol%), respectively, nanoparticles. XRD and PL analyses demonstrate that the Sn2+ ions uniformly substitute Cd2+ sites or interstitial sites in CdZnS lattice, which
influence the optical properties. Increase in the concentration of Sn shifts the UV–vis absorption spectra and
PL emission spectra towards higher wavelength side. Particle size and the crystallinity of CdZnS : Sn nanoparticles were confirmed through atomic force microscopy.
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Introduction

Cadmium zinc sulphide (CdZnS) alloy compounds
have attracted technological interest, because the energy
gap can be tuned and the lattice parameters can be
varied.1
CdZnS films have been deposited in a variety of ways:
vacuum evaporation, metalorganic chemical vapour deposition, chemical bath deposition (CBD), spray pyrolysis,
successive ionic layer absorption and reaction (SILAR)
and the dip technique. Among these techniques, CBD is
most attractive because of its advantageous features over
other deposition techniques and because it is a cheap and
easily applicable technique. This method gives high-quality
films at low temperatures, requires slow evaporation temperatures and easily coats very large surfaces. The only
requirement for using this method is the knowledge of
chemistry of the process.2
CdZnS thin films have been widely used as a wide
bandgap window material in heterojunction solar cell3–7
and in photoconductive devices.8 In solar cell systems,
where CdS films have been demonstrated to be useful,
the replacement of CdS with the higher bandgap ternary
CdZnS has led to a decrease in window absorption losses
and has resulted in the increase of short-circuit current in
*Author for correspondence (ritu_10101010@rediffmail.com)

the solar cell.9 This CdZnS ternary compound is also
potentially useful as a window material for the fabrication
of p–n junctions without lattice mismatches of the devices
based on quaternary materials like CuInxGa1–xSe210 or
CuIn(SzSe1–z)2.11 However, the resistivity of CdZnS films
increases rapidly with the composition of zinc. It
is evident that the composition dependence of resistivity
is a basic property of the CdZnS solid-solution system
and is not appreciably altered by the method of preparation. This high resistivity of CdZnS films limited their
utilization as a doping material in most heterojunction
devices. The resistivity can be reduced appreciably by an
incorporation of donors and by doping the films with Sn.
Earlier, Sn-doped CdS films, produced by using
tartaric acid as complexing agent, were less transparent.12
As the transmittance of light is the most important
requirement of the window layer in a thin film structured
solar cells, the search for methods to form very high
transparent CdZnS films by doping Sn is highly
warranted. In this paper, we present the fabrication of
more transparent Sn-doped CdZnS films at a low dopant
concentration by using the CBD technique. Additionally,
the optical, structural and morphological properties
of the films are also presented. The resulting CdZnS : Sn
thin films were found to retain the beneficial optical
properties for application as a window material in solar
cells.
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Experimental

In this study, nanocrystalline films were prepared on glass
substrates by the CBD technique. The microscopic glass
slides of dimensions 24 × 75 mm were used as substrates.
The slides were first cleaned with H2SO4, acetone, double
distilled water and ultrasonic cleaner. Then the dried
glass slides were dipped vertically into a mixture of solution of 1 M cadmium acetate, 1 M zinc acetate, triethanolamine, 30% aqueous ammonia and thiourea. Briefly,
0.01 M CdCl2 was used as flux and 0.01 M solution of
SnCl2 was used in varying concentrations. All solutions
were prepared in double distilled water. The mixture was
kept in a water bath for 1 h at 60°C temperature. The
films were then formed on a glass substrate by doping the
substrate in the mixture vertically. The prepared samples
were then washed with double distilled water and dried at
room temperature. The pH value of this mixture was
found to vary from 11.2 at beginning to 10.9 pH at the
end of the deposition.
3.

Measuring instruments

X-ray diffraction (XRD) measurements in the incidence
mode with 0.5° of beam inclination were performed, using
a monochromatic CuKα radiation (λ = 1.540600 Å) and
an aperture diaphragm of 0.2°, in a Rigaku RU : H2R Xray diffractometer. Data were collected sequentially at a
2θ angle between 10° and 60°. An energy-dispersive X-ray
analysis (EDAX) study was made by using a JEOL JSM
5600 scanning electron microscope (SEM). Transmission
electron microscopy (TEM) measurements were made
using a higher resolution electron microscope, Philips
CM 120, operating at an accelerating voltage of 100 kV
and capabilities of a point-to-point resolution of 2 Å. The
photoluminescence (PL) excitation source was a highpressure Hg source from which 365 nm radiation was
selected by using Carl Zeiss interference filter. An RCA6217 photomultiplier tube operated by a highly regulated
power supply was used for the detection of PL light emission. The integrated light output in the form of current
was recorded by a sensitive Polyflex galvanometer
(10–9 A mm–1). A prism monochromator was used for PL
emission spectral studies. Optical absorption data were
obtained with a Cary Bio 50 Varian UV–vis spectrophotometer.
4.

Results and discussion

Figure 1. XRD spectra of CdZnS films with different doping
concentrations of Sn and for undoped CdZnS.

declined as Sn concentrations increased, i.e., Sn doping
within CdZnS films caused the crystallinity to degenerate. Moreover, the XRD pattern of CdZnS : Sn films that
were prepared without the formation of secondary phase
show high (002) peak intensities; which indicates that
such film exhibits c-axis preferred orientation. In addition, increased Sn concentrations slightly shift the (110)
peaks to higher diffraction angles. Sharma et al13 have
reported that the (110) peak shift to a high angle is because dopant ions have smaller radii than Cd2+ ions and
dopant ions only substituted for Zn2+ ions. The average
crystallite size (d) of these samples was estimated using
Scherrer’s formula14
L=

0.94λ
,
β cosθ

where β is the full-width at half-maxima (FWHM) in
radians, λ the X-ray wavelength of 1.5406 Å and θ the
Bragg diffraction angle. The calculated average crystallite sizes of undoped CdZnS films were 15 nm. When the
Sn concentration increases the average crystallite size
decreases to about 1–2 nm.

4.1 XRD study
XRD pattern of undoped CdZnS and Sn-doped CdZnS
films are presented in figure 1. These patterns correspond to
(100), (110), (111), (002), (211) and (220). These diffractographs show that the intensities of diffraction peaks

4.2

SEM study

SEM micrographs of the film surfaces of CdZnS and
CdZnS with 2 and 4 mol% Sn-doped films are shown in

Characterization of Sn-doped CdZnS nanoparticles
Table 1.
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XRD results for CdZnS, CdZnS : Sn thin films for varying concentrations of Sn.

Sample

FWHM

2θ (deg)

d (nm)

(hkl)

Crystallite size

Lattice strain

I/I0 (%)

CdZnS

1.198
0.6496
0.4995
0.3996
0.7999

26.6849
29.5823
31.4806
44.0692
51.7622

3.3375
3.017
2.389
2.053
1.264

110
111
002
211
220

7.12
13.21
17.27
22.41
11.53

0.0220
0.0107
0.0077
0.0043
0.0072

100
57
51
35.8
33.27

CdZnS : Sn 2 mol%

0.4995
1.148
0.5495
0.4499
0.348
0.7492

17.693
26.8348
29.3325
31.2308
44.219
51.7622

5.0088
3.31
3.04
2.86
2.04
1.76

100
110
111
002
211
220

16.82
7.43
15.62
19.16
25.75
12.30

0.0140
0.0210
0.0092
0.0070
0.0037
0.0067

69
100
71

CdZnS : Sn 4 mol%

0.6994
1.124
0.4994
0.399
0.2996
0.7493

17.743
26.9347
29.3325
30.1318
44.1691
51.8621

4.99
3.31
3.04
2.96
2.04
1.76

100
110
111
002
211
220

12.01
7.59
17.18
21.55
29.9
12.32

0.0196
0.0228
0.0083
0.0065
0.0032
0.0067

75
100
81.8
69.61
37.87
38.46

CdZnS : Sn 5 mol%

0.1998
0.996
0.5197
0.5495
0.1998

17.2434
25.5359
29.4824
43.5197
51.8621

5.137
3.512
3.012
2.093
1.766

100
110
111
211
220

22.02
8.55
16.52
16.259
26.19

0.0057
0.0192
0.0086
0.0060
0.0018

93.11
97.25
100
40.86
34.44

40.2
37.27

Figure 2. SEM micrograph of (a) undoped CdZnS, (b) 2 mol% Sn-doped CdZnS and (c) 4 mol%
Sn-doped CdZnS films.
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figure 2a–c, respectively. These images reveal that the
films are compact, free of colloidal particles and are in
good order. The plane view of SEM micrographs of undoped CdZnS films shows the leafy-like structure. However, the doped samples do not display the appearance
from the surface micrographs of 2, 4 and 5 mol% SnCl2doped CdZnS films. According to the previous report15 the
leafy-like or fiber-like structure was induced by the shortness of OH and OR groups. Thus, a relatively smooth
surface will be obtained when component materials can
provide enough OH and OR groups. The sizes of grains
were in the same range as those that show homogeneous
distribution of Sn dopant in films. Increasing the dopant
led to grain growth. The surface grain size becomes larger with less void area, and led to the formation of highquality film surfaces. These SEM micrographs also reveal
that Sn doping of CdZnS films can increase the average
crystallite size. The grain size for undoped, 2 and 4 mol%
doped films are 4.748, 5.929 and 8.525 nm, respectively
(as determined by IMAGE J software). The result agrees
with XRD measurements.
4.3

AFM study

AFM images of the CdZnS : Sn thin films are shown in
figure 3a–c. These images show that the surface

morphologies of the films were strongly dependent on the
dopant concentration. In addition, it is apparent that the
reduction of surface roughness results from an increase in
the average crystallite size in the CdZnS films after Sn
substitution. The plot of surface levels of CdZnS : Sn thin
films as a function of Sn concentration is shown. A significant improvement of surface roughness with Sn doping
can be noticed. The RMS value decreases with the
increase in Sn.
We calculated another two parameters, i.e., the skewness (Ssk) parameter and the kurtosis parameter (Sku).16
Both the parameters have no units, they are pure numbers

Ssk =
Sku =

1

∑ ∑ [ z ( xk , yl ) − μ ]3 ,

M −1 N −1

MNSq3 k =0 l =0

∑ ∑ [ z ( xk , yl ) − μ ]4 .

1

M −1 N −1

MNSq4

k =0 l =0

The Ssk parameter has been used in order to describe the
asymmetry of the height distribution histogram. It was
seen that the Ssk parameter exhibit a positive value close
to zero. This indicates a symmetric height distribution.
Another descriptive parameter is the kurtosis one: smaller
values of the Sku parameter indicate broader height

Figure 3. AFM micrograph of (a) CdZnS, (b) CdZnS : Sn 2 mol% and (c) CdZnS : Sn 4 mol%
thin films.
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Table 2. Roughness profiles of CdZnS and CdZnS : Sn thin films with varying concentrations of Sn.
Film
CdZnS
CdZnS : Sn 2 mol%
CdZnS : Sn 4 mol%

RMS value

Roughness average

Skewness

Kurtosis

81.9213
62.97
48

0.0761
0.0787
0.127

3.258
3.2414
4.0318

104
79
61

is shown in figure 4. This can determine the growth and
coalescence of randomly oriented grains of different
sizes. The average radial profile is shown in figure 5. It is
clear that the average radial value increases with the
increase in the doping concentration of Sn. It is also in a
good agreement with XRD and SEM results.
4.4

Figure 4. Roughness profiles of (a) CdZnS, (b) CdZnS : Sn
2 mol% and (c) CdZnS : Sn 4 mol% films for undoped and Sndoped film.

EDAX spectrum, as shown in figures 6–8, of CdZnS,
CdZnS : Sn 2 mol% and CdZnS : Sn 4 mol% nanoparticles, respectively, shows the presence of major chemical
elements, namely cadmium, sulphur, zinc and Sn. An
intense peak for Sn was found in the spectrum due to its
higher concentration as in comparison to cadmium and
zinc. The elemental composition analysis for Sn-doped
CdZnS is shown in the table 3, which also confirms that
majority of Sn2+ ions are doped with CdZnS. The traces
of Si and O are due to the glass substrate.
4.5

Figure 5. Average radial profile for (a) CdZnS, (b) CdZnS :
Sn 2 mol% and (c) CdZnS : Sn 4 mol% films.

distribution, whereas values higher than 3.0 indicate
sharper height distribution.16 At the microscale (hundreds
of microns) the employed surface is relatively smooth
and uniform. At the nanoscale, all the samples showed
small irregularities, which can be seen in AFM images.
The rough surfaces of the component attributed to the
small grain size. This is also clear from table 2.3 Also the
typical average roughness profile for respective samples

EDAX study

PL studies

Upon excitation at 350 nm, the samples show luminescence in the blue region. As the Sn concentration increases
the intensity of luminescence increases effectively. The
intensity of 0.01 M Sn-doped samples is enhanced to that
of the undoped sample. The enhancement in the emission
intensity on Sn doping is attributed to the increase of
defect densities in the bandgap. The emission peak for
Sn-doped CdZnS sample shifted to red region with increasing intensity in the spectrum as compared to the
base material CdZnS. Thus, it confirms that luminescence
property of nanoparticles enhanced when Sn was introduced into the lattice.17 Similar explanation was given by
Devi et al18 for the peak nanocrystalline CdS.
The PL spectra of the nanocrystalline CdZnS samples
are shown in figure 9. A peak was obtained at 540, 550
and 560 nm for CdZnS, CdZnS : Sn 2 mol% and 4 mol%
samples corresponding to bandgap 3.5 ± 0.05, 3.0 ± 0.05
and 2.9 ± 0.05 eV, respectively. It can be noted that the
PL peak is obtained at photon energies less than the
effective peak observed by absorption peak, and the peak
shifts towards higher wavelength with increasing particle
size. When the particle size increases, the effective
bandgap decreases, therefore the emitted photon has a
comparatively higher wavelength peak, which may be
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Figure 6.

EDAX spectra of undoped CdZnS films.

Figure 7.

EDAX spectra for CdZnS : Sn film with 2 mol% Sn.

Figure 8.

EDAX spectra for CdZnS : Sn film doped with 4 mol% Sn.

due to the edge emission of CdZnS. Thomos and Hopfield19,20 attributed the edge emission to transitions associated with donor/acceptor exciton complexes. Jeong and
Yu20 observed the excitonic effects in CdS at RT. Thus,

in the present case also the edge emission can be attributed to excitonic transitions. In the present study, a
single broad peak is observed in CdZbS : Sn. Due to the
similar excitonic nature of emission it can be attributed to

Characterization of Sn-doped CdZnS nanoparticles
Table 3.

EDAX elemental analysis for undoped CdZnS and CdZnS : Sn for 2 and 4 mol% Sn doping.
CdZnS

Elements
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CdZnS : Sn 2 mol%

CdZnS : Sn 4 mol%

Weight (%)

Atomic (%)

Weight (%)

Atomic (%)

Weight (%)

Atomic (%)

53.27
5.43
46.25
17.13
4.89
–
2.52

10.71
5.34
65.31
13.77
3.44
–
1.42

77.54
6.62
48.84
11.36
6.65
2.63
1.27

64.99
2.22
23.32
6.62
0.87
1.45
0.53

50.69
6.97
37.77
26.37
3.56
3.90
1.52

63.12
6.04
6.69
18.71
1.77
2.42
1.25

Cd
Zn
S
Si
O
Sn
Ca

Figure 10. Tauc’s plot for CdZnS and CdZnS : Sn film with 2
and 4 mol% Sn doping.
Figure 9. PL emission spectra of CdZnS and CdZnS : Sn with
2 and 4 mol% Sn doping.

radioactive decay of free exciton. The PL emission in
CdZnS : Sn is significantly broader than pure CdZnS due
to excitonic effects.2,19 Full-width at half-maxima
(FWHM) of the CdZnS is reduced with the Sn doping
into CdZnS, the reduction in the FWHM of the green
emission peak is possibly due to the formation of new
recombination centres with Sn doping. Compared with the
undoped CdZnS, the PL spectra of the doped CdZnS nanostructures show a red shift in the emission spectra. This
shift may be attributed to the shrinkage of bandgap and also
the increasing carrier concentration with Sn doping.
4.6

UV absorption spectra

The absorption spectra of undoped CdZnS and Sn-doped
CdZnS films were measured in the range of 200–800 nm;
based on the absorption spectra the optical bandgap Eg was
obtained by extrapolating the linear portion of the plot
(αhν)2 vs. hν to α = 0 according to the following equation

α = A(hν − Eg ) n ,

where hν is the photon energy, Eg the optical bandgap, A
the edge parameter and n = 1/2 for direct gap material.

The optical bandgap Eg of undoped CdZnS and Sn-doped
CdZnS films is shown in figure 10. UV-absorption spectra of the CdZnS nanoparticles for pure 2 and 4 mol% Sn
doping are shown in figure. Based on these absorption
spectra the absorption edge for each compound was
determined. Optical studies show that the bandgap
decreases significantly for pure CdZnS to Sn-doped
CdZnS.21,22 Band-to-band absorption is seen at 3.5 ±
0.05, 3 ± 0.05 and 2.9 ± 0.05 eV, respectively, for pure
CdZnS and CdZnS : Sn for 2, 4 mol% Sn-doped nanoparticles. Increase in Sn doping concentration decreases the
optical bandgap of CdZnS films. This shift in the optical
bandgap may be attributed to the band shrinkage effect
because of increasing carrier concentration.23 Decrease in
the bandgap for Sn doping can also be explained on the
basis of the model of density of states in amorphous
solids proposed by Mott and Davis.24 The small shift in
the absorption peaks is attributed to the doping of Sn into
CdZnS. With doping of Sn absorption edge slightly shifts
towards the longer wavelength region, which may be
attributed to the increase in the grain size.
5.

Conclusions

CdZnS : Sn nanoparticles with different Sn concentrations
have been synthesized by the chemical bath deposition
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method. XRD pattern reveals the formation of cubic and
hexagonal structures of CdZnS : Sn (2 and 4 mol%) with
peak shift towards lower angle, which confirms the incorporation of Sn. XRD studies show that crystallite size increases with the increase in the concentration of Sn.
EDAX spectra support the presence of major chemical
element. SEM study shows that grain size increases with
the increase in the concentration of Sn. AFM study indicates that roughness of film surface decreases, whereas
average radial value increases with the increase in the
concentration of Sn. Compared to pure CdZnS, the
decrease in the band-gap energy value of CdZnS : Sn
nanoparticles illustrates quantum confinement effect. For
Sn-doped CdZnS, the emission intensity was found to be
a maximum with slight shift towards the higher wavelength compared to bulk CdZnS. Intense PL emission was
observed for the incorporation of Sn ions into CdZnS
nanoparticles, which will be useful for high-efficient EL
devices and also possible for making full colour device
applications.
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