
Hindawi Publishing Corporation
ISRN Polymer Science
Volume 2013, Article ID 952612, 7 pages
http://dx.doi.org/10.1155/2013/952612

Research Article
Temperature Dependent Mechanical Analysis of Chalcogenide
(CdS, ZnS) Coated PET Films

Sandhya Gupta,1 Kananbala Sharma,2 and N. S. Saxena2

1 Kautilya Institute of Technology & Engineering, Sitapura, Jaipur 302022, India
2 Semiconductor and Polymer Science Laboratory, Department of Physics, University of Rajasthan, Jaipur 302004, India

Correspondence should be addressed to Sandhya Gupta; 1982sanman@gmail.com and N. S. Saxena; n s saxena@rediffmail.com

Received 18 February 2013; Accepted 12 March 2013

Academic Editors: W. S. Chow, A. Hashidzume, and J. Puiggali

Copyright © 2013 Sandhya Gupta et al.This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Commercial polyethylene terephthalate (PET) film has been used as flexible substrate, and chalcogenidematerials such as CdS, ZnS
have been coated separately on PET film using vacuum thermal evaporation method. The structural characterisation of CdS-PET
and ZnS-PET films has been performed by X-ray diffraction (XRD) pattern and Fourier transforms infrared (FTIR) spectroscopy.
The surface morphology of CdS-PET and ZnS-PET films has also been investigated using scanning electron microscope (SEM).
Temperature dependent mechanical study of chalcogenide-PET films has been carried out using Dynamic Mechanical Analyser
(DMA). The stress-strain curves of chalcogenide coated PET films at room and elevated temperatures explain the mechanical
response of these films under the different temperature.

1. Introduction

Metal chalcogenides (sulfides, tellurides, and selenides) are of
great importance for researchers because they are potential
candidates for optoelectronic applications such as photode-
tectors, solar cells, and thin film transistor [1–6]. CdS thin
films are regarded as one of the most promising materials
for heterojunction thin film solar cells. Wide band CdS
(𝐸𝑔 = 2.4 eV) has been used as the window material together
with several semiconductors such as CdTe, Cu2S, InP, and
CuInSe2 with 14–16% efficiency [7, 8]. ZnS thin film has also
potential applications in optoelectronic devices such as blue
light emitting diodes [9], electroluminescence devices, and
photovoltaic cells which enable wide application in the field
of displays [10, 11], sensors, and lasers [12].

As the metallized polymer films are used in flexible
optoelectronic devices, it is proved by Gupta et al. [13] that
most of the metals show excellent adhesion with PET film
with the help of stress-strain curves of metalized polymer
film for a wide range of temperatures; therefore in the same
way an effort has been made to see the effect of wide range
of temperatures on chalcogenide (CdS, ZnS) coated polymer
film. The change in mechanical stability, stiffness, and elas-
ticity of chalcogenide coated polymer films with temperature

is also important issue of study for the application point of
view.Themechanical studies of CdS and ZnS coated polymer
systems at elevated temperatures are very important for the
development of light weight optoelectronic devices. In the
present work polyethylene terephthalate (PET) film is used
as flexible substrate because of its high mechanical strength.

Many techniques have been reported for the deposition
of CdS and ZnS thin films. These include evaporation,
sputtering, chemical bath deposition spray pyrolysis, metal
organic chemical vapour deposition (MOCVD), molecular
beam epitaxy (MBE) technique, electrodeposition, and pho-
tochemical deposition [14–18]. In the present work, thermal
evaporation technique has been used for deposition of CdS
and ZnS thin films on PET substrate, as it is simple compared
with other new and sophisticated techniques. Here the
temperature dependent mechanical studies of these films
have been carried out, which help in fabrication of flexible
optoelectronic devices.

2. Experimental

2.1. Thin Film Preparation. CdS and ZnS thin films were
prepared on PET substrate by evaporation of CdS and ZnS
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powder (99.999% pure, from Alfa Aesar) separately at a
residual pressure of 10−5 Torr. Cleaned PET film of 20 𝜇m
(from Good Fellow Cambridge Limited, England) was used
as substrate, and molybdenum was used as boat source. The
thickness of CdS and ZnS films is same, of the order of
200 nm, which was measured by quartz crystal thickness
monitor (Model CTM 200).

2.2. Characterization Study. Structural study of PET, CdS-
PET, and ZnS-PET films was done using X-ray analysis
performed with Philips X’Pert X-ray diffractometer at a
scanning rate of 3∘ perminute between 10 and 60∘.The source
used throughout this study was Cu, K𝛼 (𝜆 = 1.5406 ́Å)
operated at 40mA and 45 kV. The FTIR absorption spectra
of these films have been recorded in the frequency region
4000–400 cm−1, using IR spectrophotometer. The accuracy
of the measurement is ±4 cm−1 in 4000 to 2000 cm−1 region
and ±2 cm−1 in 2000 to 400 cm−1 region. Scanning electron
microscopy (SEM) of PET, CdS-PET, and ZnS-PET films has
been performed using FEI Quanta 200 F equipment.

2.3. Mechanical Study. The mechanical properties of CdS-
PET and ZnS-PET films have been studied by Dynamic
Mechanical Analyser (DMA), a sensitive technique that
characterizes the mechanical response of materials by mon-
itoring property change with respect to the temperature and
frequency of applied sinusoidal stress [19–21]. Samples to be
used inDMAwere cut into the size between 3–5mm inwidth
and 8mm in length to conform to the dimensional limits
for clamp fixtures in tension mode. The average thickness
for each sample was based on separate measurements, taken
at the two ends. After mounting the sample in clamp, the
furnace was sealed off, scanned over a temperature range
from room temperature to 180∘C. The heating/ramp rate
was 2∘C/min for all temperature scan tests. Frequency of
oscillations was fixed at 1Hz and strain amplitude 0.01mm
within the linear viscoelastic region.The storage modulus 𝐸,
loss modulus 𝐸, and mechanical loss factor (Tan 𝛿) have
been determined during the test as a function of increasing
temperature.

The stress-strain scans for PET, CdS-PET, and ZnS-PET
films are taken at room and different elevated temperatures
(range from room temperature to 180∘C) with constant strain
rate of 2min−1.

3. Results and Discussion

3.1. Structural Study

3.1.1. X-Ray Analysis. Figure 1 shows the X-ray diffraction
patterns of PET, CdS-PET, and ZnS-PET films. X-ray pattern
of PET shows the presence of the intense and broader peak
in the range of 2𝜃 from 20 to 30∘, which can be assigned
to the semicrystalline structure of PET polymer [22, 23].
This observed effect seems to be related to extrusion process
(lateral stretching) employed in the production of PET films.
When lateral stretching process is not employed, amorphous
PET is produced [24].
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Figure 1: X-ray diffraction pattern of PET, CdS-PET, and ZnS-PET
films.

The XRD pattern of CdS-PET film shows a peak at 47.89∘.
It indicates that CdS is in hexagonal structure with primitive
lattice having cell parameter of 𝑎 = 4.136 Å, 𝑐 = 6.713 Å, and
preferred (103) orientation of microcrystallites. Similarly the
XRD pattern of ZnS-PET film shows a peak at 28.63∘, which
reveals that ZnS is also in hexagonal structure with primitive
lattice having cell parameter of 𝑎 = 3.800 Å, 𝑐 = 6.230 Å, and
preferred (002) orientation ofmicrocrystallites.The grain size
(𝐺) of CdS and ZnS crystallites has been estimated using the
following relation [25]:

𝐺 = 𝑘
𝜆

(𝛽 cos 𝜃)
, (1)

where 𝑘(≈1) is shape factor, 𝜆 is the wavelength of X-ray used,
𝜃 is Bragg’s angle, and 𝛽 is the FWHM of the peak. The grain
size ofCdS andZnSparticles has been found to be of the order
of 17 nm and 15 nm, respectively.

The degree of crystallinity, 𝑋𝑐, and amorphous content,
𝑋𝑎, have been calculated [26] using the following relation-
ship:

𝑋𝑐 =
𝐼𝑐

(𝐼𝑎 + 𝐼𝑐)
, 𝑋𝑎 =

𝐼𝑎

(𝐼𝑎 + 𝐼𝑐)
, (2)

where 𝐼𝑐 and 𝐼𝑎 are the integrated intensities of the crys-
talline and the amorphous phase, respectively, which can be
determined by drawing the line of demarcation in such a
manner as to be congruent with the spectrum profile of the
films. In this usual method, the area above the demarcation
curve has been taken to be proportional to the intensity of
crystalline scattering, 𝐼𝑐, and the area between the baseline
and the demarcation curve has been taken to be proportional
to the intensity of amorphous scattering, 𝐼𝑎. The 2𝜃 values
between 10 and 60∘ have been considered for crystallinity
measurements. Percentage crystallinity of PET,CdS-PET, and
ZnS-PET films has been found to be 15.85%, 16.63%, and
17.08% respectively, which indicates that the crystallinity of
PET film increases after the deposition of films of metal
chalcogenides (CdS, ZnS) on it.
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Figure 2: (a) FTIR spectrum of PET film. (b) FTIR spectra of CdS-PET and ZnS-PET films.
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Figure 3: SEM images of (a) PET, (b) CdS-PET, and (c) ZnS-PET films.

3.1.2. FTIR Measurement. The FTIR spectra of PET and
metal chalcogenide (CdS, ZnS)-PET samples in absorption
mode have been shown in Figures 2(a) and 2(b), respectively.
On comparing the FTIR spectra of PET film to metal
chalcogenide-PET films, several new peaks which indicated

chemical interaction between PET and chalcogenide (CdS,
ZnS) have been observed.

The absorption peak at 420 cm−1 is attributed to the
vibration of Zn2+ and Cd2+ cations [27]. A sharp band at
1390 cm−1 in FTIR spectra of CdS-PET and ZnS-PET films is
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Figure 4: Variation in Tan 𝛿 with temperature for PET, CdS-PET,
and ZnS-PET films.
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Figure 5: Variation of storage modulus with temperature for PET,
CdS-PET, and ZnS-PET films.

attributed to C–S stretching [28]. A sharp band at 405 cm−1 in
FTIR spectrum of CdS-PET film could be assigned to Cd–S
stretching [29].These bondings confirm that ions of CdS and
ZnSmaterial have been attached to the polymer chain of PET,
hence altering its mechanical behaviour.

3.1.3. SEM Analysis. Figures 3(a), 3(b), and 3(c) show the
SEM images of PET, CdS-PET, and ZnS-PET films. The
CdS-PET, and ZnS-PET films show a globular structure of
CdS and ZnS molecules of different sizes on surface, while
the PET film presents a planner sheet structure. Here it is
seen that surface of chalcogenide coated PET film is not
as homogeneous as PET film. These images also show the
diffusion of CdS/ZnSmolecules into the PET base filmwhich
are responsible for improving mechanical properties of PET
film. It is found that bright chalcogenide particles of the
order of 17 nm of CdS and 15 nm of ZnS are dispersed on the
polymer surfaces as confirmed by X-ray analysis.
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Figure 6: Stress-strain curves of PET at room temperature and
elevated temperatures.
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Figure 7: Stress-strain curves of CdS-PET film at room temperature
and elevated temperatures.

3.2. Mechanical Study

3.2.1. Glass Transition Temperature (𝑇𝑔). Variation in me-
chanical loss factor with temperature for PET, CdS-PET,
and ZnS-PET films has been shown in Figure 4. This figure
indicates that the glass transition temperature of CdS-PET
and ZnS-PET films is 118.3∘C and 117.4∘C, whereas the 𝑇𝑔
of PET film is 89.7∘C. Thus an increase in the value of 𝑇𝑔
has been observed after coating of CdS and ZnS material on
PET film. During the coating process ions of CdS and ZnS
material have been attached with PET matrix and make a
compact structure; therefore CdS-PET and ZnS-PET films
take more heat to transform from solid phase to rubbery
phase, and glass transition temperature shifts towards the
higher temperature. The 𝑇𝑔 of CdS-PET film is greater than
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Table 1: Temperature dependent mechanical properties of PET film.

Temperature
(∘C)

Young’s modulus
(GPa)

Tensile strength
(MPa)

Yield strength
(MPa)

Fracture energy
(×10−3 J)

Elongation at break
(%)

27 2.25 48.9 28.85 3.18 10.52
60 1.61 46 18.95 2.82 10.73
100 1.07 38.6 12.69 2.38 11.08
140 0.36 22.3 4.17 1.15 11.57
180 0.15 13.5 1.98 0.61 12.03

Table 2: Temperature dependent mechanical properties of CdS-PET film.

Temperature
(∘C)

Young’s modulus
(GPa)

Tensile strength
(MPa)

Yield strength
(MPa)

Fracture energy
(×10−3 J)

Elongation at break
(%)

27 2.82 31.31 21.55 0.78 1.26
60 1.05 24.62 15.91 0.71 5.22
100 0.65 21.91 11.55 0.53 7.80
140 0.35 19.22 9.36 0.36 9.03
180 0.11 10.41 7.01 0.16 10.31
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Figure 8: Stress-strain curves of ZnS-PET film at room temperature
and elevated temperatures.

ZnS-PET film because the size of CdS particle is lower than
ZnS particle as confirmed by XRD results.

3.2.2. Storage Modulus and Tensile Properties. Variation in
storage modulus with temperature for PET, CdS-PET, and
ZnS-PET films has been shown in Figure 5. From this figure
it has been observed that the storage modulus (𝐸) decreases
with increasing temperature due to the softening of these
films. The value of storage modulus for PET decreases from
9.98 × 108 to 1.37 × 108 Pa, as temperature increases from
room temperature to 160∘C, whereas the value of storage
modulus for CdS-PET and ZnS-PET decreases from 5.18 ×
109 to 3.2 × 108 Pa and from 4.21 × 109 to 3.79 × 108
Pa, respectively, within the same temperature range. It has
been found that the value of storage modulus increases after

coating of CdS/ZnS on PET film.The reason for the increased
value of storage modulus can be assigned to the fact that
the ions of CdS and ZnS material have been attached to
the polymer chain of PET as confirmed by FTIR results and
make more compact structure. Hence coating of CdS/ZnS
film increases the stiffness of PET sheet.

The stress-strain behaviour of PET, CdS-PET, and ZnS-
PET films at room and elevated temperatures has been shown
in Figures 6, 7, and 8, respectively. These figures show two
characteristic regions and one phase transition for each film.
The first region is characterised by an initial linear increase.
The second one is characterised by the increase in the strain
with a very slow increase of the stress, which is specific for
plastic deformation. In this region, the specimen exhibits
“irreversible” plastic deformations with increasing strain.The
stress in the plastic deformation region varies very little with
the strain and is often lower than the yield strength. The
transition is indicated as the yield point that corresponds to
the onset of plastic deformation events in polymer. The slope
of initial linear region of stress-strain curve gives the value of
stiffness or Young’s modulus of the polymer.

The tensile strength of a polymer is usually defined as
the maximum stress reached during the stress-strain test,
and the yield strength (𝜎𝑦) is the point where deviation
from linearity occurs in the stress-strain curve.The total area
under the stress-strain curve represents the fracture energy
or toughness of the sample, and the elongation at break is
the maximum strain reached during the stress-strain curve
or the value of strain when the sample breaks. The values of
Young’s modulus (𝑌), tensile strength (𝜎), yield strength (𝜎𝑦),
fracture energy, and elongation at break for PET, CdS-PET,
and ZnS-PET films at room and elevated temperatures have
been surmised in Tables 1, 2, and 3.

The results of Tables 1–3 show the variation ofmechanical
properties of PET,CdS-PET, andZnS-PETfilmswith temper-
ature, which indicate the mechanical properties that is Young
modulus, tensile strength, yield strength, and fracture energy



6 ISRN Polymer Science

Table 3: Temperature dependent mechanical properties of ZnS-PET film.

Temperature
(∘C)

Young’s modulus
(GPa)

Tensile strength
(MPa)

Yield strength
(MPa)

Fracture energy
(×10−3 J)

Elongation at break
(%)

27 3.27 79.23 61.38 1.24 2.60
60 2.16 51.32 31.26 1.18 4.45
100 1.21 24.61 15.47 0.96 6.01
140 0.62 12.63 10.54 0.45 8.07
180 0.38 10.87 8.06 0.38 10.01

decreasewith increasing temperature, whereas the elongation
at break shows increasing behavior with temperature. It is
seen that after the coating of CdS/ZnS on PET film the value
of Young’s modulus has been increased, and elongation at
break has been decreased. This increase in Young’s modulus
and decrease in elongation at break of CdS-PET and ZnS-
PET films are due to the increase in crystallinity of these
films because CdS/ZnS is polycrystalline material, and when
it diffuse in amorphous PET film, it increases crystallinity of
PET film.

Tensile and yield strength of ZnS-PET film have also
been increased in comparison of PET film due to increase
in stiffness or modulus. But it is observed that the tensile
and yield strength of CdS-PET film have been decreased in
comparison of PET film. This behaviour can be understood
on the basis of fracture energy of CdS-PET film.The fracture
energy of CdS-PET film is very low in comparison of PET
film therefore very less energy is required to break the sample.
Hence CdS-PET film shows hard and brittle nature, whereas
ZnS-PET film shows hard and ductile nature.

4. Conclusions

A systematic study of structural and mechanical characteri-
zation of PET and chalcogenide (CdS, ZnS) coated PET films
leads to the following conclusions.

(1) The structural study of PET and chalcogenide (CdS,
ZnS) coated PET films indicates that metal and
chalcogenide coated PETfilms aremoremechanically
and thermally stable in comparison to PET film due
to their compact structure.

(2) An increase in glass transition temperature (𝑇𝑔)
of PET film after deposition of chalcogenide semi-
conductor (CdS, ZnS) that is due to increase in
crystallinity indicates that the stability of these films
increases.

(3) Due to increase in modulus and strength of PET film
after deposition of chalcogenide semiconductor (CdS,
ZnS), these films can survive up to higher temperature
and load in comparison to PET film, when used as a
substrate in light weight optoelectronic devices.

(4) It is seen that the mechanical viability of PET film has
been increased after chalcogenide coating over it.
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