¢

B
International journal of basic and applied research
www.pragatipublication.com
ISSN 2249-3352 (P) 2278-0505 (E)

Cosmos Impact Factor-5.86

EFFECT OF PVA CONCENTRATION ON STRUCTURAL,
MORPHOLOGICAL, OPTICAL AND ELECTRICAL PROPERTIES
OF PVA CAPPED SnS NANOCRYSTALLINE FILMS GROWN BY

CHEMICAL BATH DEPOSITION
POTNURU MOHANKRISHNA, VELAGA SURYAKALA, GADU RAMBABU, DASARI TIRUMALA RAO
Assistant Professor’?3 Associate Professor*
Sri Venkateswara College of Engineering & Technology,
Etcherla,Srikakulam,Andhra Pradesh-532410
Department of ECE

ABSTRACT

Chemical bath deposition (CBD), a straightforward and inexpensive wet chemical method, has been used to
effectively produce nanocrystalline films of polyvinyl alcohol (PVA) capped tin monosulfide (SnS) on glass
substrates. The concentrations of PV A used ranged from 0.5 wt % to 2 wt %. The XRD analysis showed that
the SnS phase is best represented by peaks with an orientation of (040). The use of XRD spectra allowed for
the estimation of many characteristics, including stacking faults, dislocation density, lattice strain, and
average crystallite size. The XRD findings were further validated by Raman analysis. The films deposited at
a 2 wt % concentration of PVA showed acceptable morphology in the SEM and AFM micrographs. FTIR
analysis confirmed that the films contained PVA. The experimental films' high absorbing nature was
corroborated by the optical examinations, which also revealed a blue shift in band gap values with increasing
PV A concentration. As a result of the quantum confinement effect, the predicted band gap values range from
1.73eVto 1.55eV. All of the developed layers exhibited p-type conductivity, according to Hall measurement
tests. We also talk about the findings from our study on the effects of different PVA concentrations on
electrical resistivity, carrier concentration, and mobility.
Chemical Bath Deposition, Polyvinyl Alcohol, Structural Properties, Optical Properties, and Morphological
Properties are the keywords here.

1. INTRODUCTION

2. Research into the creation of photovoltaic devices via the use of novel technology, materials, and
methods has recently garnered a lot of interest due to the fact that these advancements result in
decreased costs and improved efficiency. To create different types of semiconductor
nanocrystalline layers for use in devices, one processing step is to use polymer matrices as a capping
agent. It is possible to modify the physical behavior, especially the electrical and optical
characteristics, by covering the layers of semiconductors with polymers. Solar cells, field effect
transistors, electroluminescence devices, and light-emitting diodes all rely on their size and shape
regulation capabilities, making them very important [1-5]. The particle size is reduced and the
surface to volume ratio is increased by capping. Many scientists have come to trust polyvinyl
alcohol (PVA) as a viable capping agent and have found it useful in nano production among other
organic materials. This is mostly because of its many desirable properties, such as being chemically
resistant, transparent throughout the visible spectrum, inexpensive, non-toxic, readily
biodegradable, having a high viscosity, and being hydrophilic [6-8]. In addition, PVA does not
cause lattice mismatch or flaws at the nanocrystal/capping matrix interface [9]. Several authors
have previously shown that semiconductor nano crystals topped with PVVA have improved physical
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characteristics [10,11]. Previous research has also shown that solar cells made using a variety of
semiconductors and covered with PVA as an absorber layer have high conversion efficiency [12].
One set of semiconductors that has shown promise as an absorber layer for solar cell applications
is SnS, which belongs to the IV-VI group. Reasons for this include SnS's p-type conductivity, cheap
cost, abundance of elements on Earth, high hole mobility, low toxicity, and direct optical band gap
of 1.3 eV, among other desirable features [13—18]. In most cases, the distinctive characteristics of
nanomaterials make them more important than bulk materials. A literature search turned up many
studies discussing the production of SnS nanoparticles [19]. In the past, many physical and chemical
techniques were used to create SnS films. These included thermal evaporation [23,24], chemical
bath deposition [20-22], RF sputtering [25,26], spray pyrolysis [27,28], and electron beam
evaporation [29]. We grew PV A-capped SnS nanocrystalline layers at varying concentrations using
the chemical bath deposition approach in this study. The simplicity, low processing temperature,
and affordability of the current technology were the deciding factors. For the first time, this study
studies, analyses, and reports on the effects of PVA concentration on PVA-capped SnS layers; no
other work on SnS has done this.

3. EXPERIMENTAL DETAILS

3.1. Reagents

In this work, stannous chloride (SnCl;,2H20) and thioacetamide (C2HsNS) were used as
precursors for tin and sulphur, tartaric acid (C4HsOs) as a complexing agent and polyvinyl
alcohol (-CH.CHOH-), (average M.W.=1,60,000) as a capping agent to prepare PVA capped
SnS layers.

3.2. Method

Nanocrystalline SnS films were synthesized on glass substrates using chemical bath deposition
at four different PVA concentrations varying in the range, 0.5 — 2 wt %. Initially, double
distilled water was used to prepare solutions of 0.1 M stannous chloride (SnClz, 2H20), 0.2 M
thioacetamide (C2HsNS) and 0.5 M tartaric acid. PV A solutions at different concentrations were
prepared using the following procedure. Different wt % of PV A solutions were taken in a glass
beaker and then stirred at a temperature of 80 °C using a magnetic stirrer. The process should
be continued until getting a transparent solution and then the solution was allowed to cool to
room temperature. Now, 50 ml of PVA solution of particular concentration, 20 ml of stannous
chloride and 10 ml of tartaric acid were taken in a beaker and placed on a magnetic stirrer to
stir well. 20 ml of thioacetamide was added to this solution and continued to stir the mixture
in the beaker. Cleaned glass substrates were vertically immersed into the reaction bath and
continued to stir the solution by maintaining a constant bath temperature of 80 °C with a fixed
deposition time of 90 minutes. Finally, the deposited films were cleaned using double distilled
water and dried in a hot air oven. Light brown colour solution at the beginning was turned into
dark brown at the final stage of film deposition.

The structural properties of the synthesized PVA capped SnS films were studied by Bruker

(D8 Advance) X-ray diffractometer, using CuKa (A = 1.5408 A) radiation. DIPOLAR XY 800
Raman spectrometer was used to record Raman spectra in the backscattering configuration at
the room temperature with unpolarized light. The SEM micrographs were undertaken to study
surface morphology using Carl Zeiss EVO 50 scanning electron microscope (SEM). Park NX10
AFM atomic force microscope (AFM) was used to investigate the grain size and the surface
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roughness of the films. FTIR spectra were recorded using Thermo Nicolet FTIR
spectrophotometer. Optical measurements were carried out using JASCOV-770 UV-VIS-NIR
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double beam spectrophotometer. ECOPIA HMS 5000 Hall measurement system was used for
electrical characterization.
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4. RESULTS AND DISCUSSIONS

The deposited PVA capped SnS layers appeared dark brown in colour, homogeneous without
the presence of any voids and pinholes.

4.1. Structural analysis

4.1.1. XRD analysis

X-ray diffraction patterns of PVA capped SnS layers deposited at four different PVA
concentrations that varied in the range of 0.5 - 2 wt % are shown in Fig. 1. The XRD spectra
exhibited many peaks oriented in different directions confirmed the polycrystalline nature of all
the deposited films. All the films had the (040) peak with high intensity observed at 26=32.0°
compared to other reflections that correspond to the orthorhombic crystal structure. Along with
the predominant peak, the XRD spectra exhibited various other peaks, particularly for the layer
deposited at 2 wt % concentration of PVA. These peaks were observed at 26=26.02°, 31.50°,
39.40°, 44.88°,51.42°,53.89° and 56.73° that corresponds to (120), (111), (040), (041),

(141), (151), (231) and (042) planes of SnS, which matched closely with the data reported in
JCPDS card no. 39-0354. It is noticed that the PVA capped SnS layers do not contain any
secondary phases of SnS such as Sn,Sz and SnS,. On the other hand, the films deposited upto
1.5 wt % of PV A concentration showed different low intensity peaks, which might be because
of low crystallinity in the films. The increase in intensity of the predominant peak with the
increase in PVA concentration indicates betterment in the crystallinity of the films.

Thus good quality SnS films can be observed for the layers deposited at 2 wt % of PVA
concentration, might be suitable for the device applications.

Fig. 1. X-ray diffraction patterns of PVA capped SnS films grown at different PVA concentrations.

The variation of crystallite size, lattice strain, dislocation density and stacking faults with
PVA concentration was determined and plotted in Fig. 2. The average crystallite size (D) of
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PVQ }(iapped SnS layers had been evaluated using the following Debye-Scherrer formula [30],

D= (nm) (1)
[3 cosH

where K is equal to 0.94, called as the shape factor and B is the full width at half maximum
of the predominant peak. The estimated values of average crystallite size were varied in the
range, 9 — 22 nm with the variation of PVVA concentration from 0.5 wt % to 2 wt %. Thus, there
IS an increase in the values of crystallite size with PVA concentration. This result indicated that
there was an increase in the nucleation of ad-atoms on the substrate surface with increase of
PVA concentration.

The number of dislocations per unit volume can be determined using the following relation
[31],

The evaluated values of dislocation density with PVA concentration were varied in the
range, 12 — 2 lines / m2. The decrease in dislocation density with PVA concentration indicated
an improvement in the quality of the deposited layer. Hence, the layers deposited at 2 wt % of
PV A concentration with low dislocation density lead to decrease the imperfections and increase
the layer crystallinity.

The mismatch of lattice between the PVA capped SnS layers and the substrate can be
measured using lattice strain ( € ), determined using the following relation [32],

SR
4tan®
where the symbols have usual meaning. It is noticed that the value of lattice strain was
decreased with the increase of PVA concentration and varied in the range, 13.5 x 102 - 5.9 x
1073, The value of lattice strain is more for the layers deposited at lower PVA concentration that

is mainly because of the presence of defects and imperfections, which in turn decreases for
further rise of PVA concentration to 2 wt %.
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The periodic sequence of atomic planes can be altered due to a planar defect, named as
stacking faults developed during growth of crystallographic planes in the deposited layers. The
following relation [33] was used to determine stacking faults,

[ The evaluated values of stacking faults were decreased with the increase of PVA concentration and varied in the range,
7.4 x 10— 3.2 x 103. Therefore, similar to dislocation density and lattice strain, the value of stacking faults also low
for the layer deposited at 2 wt % of PVA concentration relative to other layers.
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Fig. 2. Variation of lattice strain, crystallite size, dislocation density and stacking faults with PVA
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Fig. 3. W-H plots of PVA capped SnS layers at different PVA concentrations.

The average crystallite size can also be estimated using Williamson-Hall plots. This method
involved the usage of many crystal planes from the XRD spectrum in the calculation of
crystallite size rather than only the prominent peak used in Scherrer’s formula. Fig. 3 shows
Williamson — Hall plots for the experimental films grown in this work. The estimated average

crystallite size using W-H plots were varied from 4 nm to 12 nm with the variation of PVA
concentration from 0.5 wt % to 1 wt %.
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4.1.2. Raman analysis

Fig. 4 shows the Raman spectra of PVA capped SnS layers deposited at various concentrations
of PVA that varied in the range from 0.5 wt % to 2 wt %. The spectra exhibited a strong Raman
mode belongs to tin mono sulphide (SnS) appeared at 94 cm™ for all the deposited layers. In
addition to this strong mode, the layers had two other modes appeared at 166 cm™, 219 cm™.
All the observed Raman modes were related to SnS phase with orthorhombic structure. Also,
these modes were matched with the reported data on SnS [34-36]. Similar to XRD spectra,
Raman spectra also does not show any secondary phases of Sn and S such as SnS; and Sn.Ss.
The Raman modes appeared at 94 cm™ and 219 cm™ belongs to Aq [36] mode and the mode at
166 cm™ represents Bsg [37]. Furthermore, the intensity of Raman modes were highly
influenced by the PV A concentration in such a way that the intensity increases with increase of
concentration of PVA for all the observed modes. This clearly indicates that there is an
improvement in the crystallinity of the layers with PVA concentration. This result is in
agreement with the XRD analysis discussed earlier.

+ 94

* SnS 0.5 wt %

— 1.0 Wt %
L5wt %
2.0 wt %

Raman Intensity (arab.units)

100 200 300 400
Raman Shift (cm")

Raman spectra of PVA capped SnS layers grown atdifferent PVVA concentrations.

4.2. Surface morphology

4.2.1. Morphological studies

The surface morphology of PVA capped SnS films deposited at different PVA concentrations
was studied using scanning electron microscopy (SEM) and the corresponding micrographs are
shown in Fig. 5. The SEM micrographs of SnS films grown at 0.5 wt % and 1 wt %
concentrations of PVA contains poor morphology with very few gains of different shapes
present. With the increase of PVA concentration to 1.5 wt %, there is an improvement in the
surface morphology with the development of grains. Finally, the films deposited at 2 wt % of
PVA concentration showed a greater number of large sized grains. This clearly indicates that
higher PVA concentration can effectively increase the crystallinity, regulate the shape of the
grown SnS nanocrystals and also controls the crystallite size.
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Fig. 5. SEM images of PVA capped SnS layers deposited at different PVA concentrations.

4.2.2. Topographical analysis

Fig. 6 shows the 3-dimensional AFM images of PVA capped SnS layers deposited at four
different PVA concentrations that varied in the range, 0.5 - 2 wt %. The images clearly indicated
that the grain growth was influenced mainly by the PVA concentration. For the layers deposited
at 0.5 wt % and 1 wt % PVA concentration, few crystallites grew with small size similar to the
SEM result. With the increase of PVA concentration to 1.5 wt %, the crystallite size also
increased and grew in irregular shape. For further rise of PVA concentration to 2 wt %, the
layers had bigger crystallites without the presence of any voids. This might be because of the
fact of existence of second nucleation for the layers deposited at 2 wt% concentration of PVA
and therefore bigger sized crystallites are formed due to the joining of all ad-atoms over the
surface of the substrate. This clearly indicates that there is an improvement in the crystallinity
of the layers with PVA concentration. The average crystallite size was increased with PVA
concentration and varied in the range, 5.6 — 10.2 nm. Also, a small change of the surface
roughness with increase in PVA concentration was observed from the AFM images. Thus, the
layers deposited at 2 wt % of PV A concentration, showed high crystallinity and smooth surface,
might be suitable for device applications.
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Fig. 6. AFM pictures of PVA capped SnS layers grown at different PVA concentrations.

4.3. FTIR analysis

Fig. 7 represents the Fourier transform infrared spectra of PVA capped SnS nanocrystals
deposited using different PVA concentrations that varied in the range, 0.5 — 2 wt %. This
analysis was undertaken in order to determine the presence of PVA and SnS in the experimental
films. The characteristic FTIR band spectra clearly indicated that the layers deposited at 0.5 wt
% of PVA concentration contained lot of noise with the absence of sharp bands. As already
discussed earlier, the layer with 0.5 wt % of PVA concentration does not contain the sufficient
PV A concentration for the proper growth of SnS nanocrystals. On the other hand, the remaining
layers formed at different PVA concentrations (=1 wt %) showed various absorption bands of
both PVA and SnS. The band observed at 3757 cm™ corresponding to the O-H stretching
vibration of hydroxyl groups of PVA. The CH, asymmetric stretching vibration belongs to the
band at 2938 cm™. The bands observed at 1707 cm™ 1518 cm*and 1030 cm™ were assigned to
C=C stretching vibration, C-H bending vibration and C-O stretching of acetyl groups present
in PVA. The band observed at 839 cm™ was assigned to C-C stretching vibration. The bands
observed at 2355 cm™ [38]. This analysis clearly proves the presence of PVA in SnS
nanocrystalline layers.
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Fig. 7. FTIR spectra of PVA capped SnS layers grown at different PVA.

4.4. Optical analysis

Fig. 8 represents the optical transmittance and reflectance spectra of PVA capped SnS layers
formed using four different PVA concentrations that varied from 0.5 wt % to 2 wt %. In the
visible range, all the deposited layers had shown lower values of both transmittance (T) and
reflectance (R) that might indicate high light absorption in this region. Also, transmittance and
reflectance decreased with increase of PVA concentration. Further the fall of transmittance with
wavelength near the fundamental absorption edge is slow indicating low crystallinity of the
synthesized layers. Thus, the layer deposited at 2 wt % of PVA concentration had shown the
highest absorption of light compared to the other layers.
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Fig. 8. Optical transmittance and reflectance spectra of PVA capped SnS layers.

The Lambert’s relation [39] was used to determine optical absorption coefficient (o)) values
of SnS layers. The film thickness used for calculating the absorption coefficient was
approximately 150 nm, as determined from the SEM cross-section of the film. The estimated
values of a were plotted against photon energy for all the deposited layers and are given in
figure 9. It can be seen from the figure that the optical absorption coefficient is >10° cm™ for
the all the deposited layers. Moreover, the layers deposited at 2 wt % of PVA concentration had
very high value of the absorption coefficient compared to other layers, which might be due to
the increase of crystallinity of the layers and therefore such layers might be suitable for solar
cells application as an absorber layer. Further, the observed increase of absorption coefficient
with the rise of PVA concentration is also supported by the low values of transmittance and
reflectance noticed for the corresponding layers that can be seen from Fig. 9.
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Fig. 9. Variation of absorption coefficient with photon energy.

The following mathematical relation was used to estimate the optical energy band gap
values of PVA capped SnS films [40],

ahv = A(hv - E;)Y2 (eV/cm) ®)
where hv is photon energy and A is constant. In the present work, Tauc plots were drawn
for all the deposited layers and are indicated in Fig. 10.
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Fig. 10. Tauc plots of PVA capped SnS layers grown atdifferent PVA concentrations.

The optical energy band gap values were evaluated from the intercept of linear portion of
the plots and found to vary in the range, 1.73 - 1.53 eV with increase of PVA concentration.
Thus, the band gap value decreases with the increase of PVA concentration. Also, this result of
blue shift in the band gap values compared to bulk SnS was attributed to quantum confinement
in the experimental films. Brus equation [41], given below, was used to estimate the particle
size.

Rl 1 11 182

where En is the band gap value of observed SnS layers, Egq is the energy band gap of bulk
SnS (~1.3 eV), my” (= 0.109 mo) and me” (= 0.5 mo) [42] are the effective masses of hole and
electron of SnS and ¢ is the dielectric constant of SnS and is taken as 12.4 [43]. The particle
size values of PVA capped SnS layers estimated using the above relation varied slightly from
6.2 nm to 8.8 nm with the increase of PVA concentration.

4.5. Electrical Properties

Hall effect measurements were under taken to study the electrical properties of PVA capped
SnS layers deposited at different PVA concentrations. The studies showed a positive Hall
coefficient for all the prepared layers, indicating that all the experimental layers had p-type
electrical conductivity. The variation of electrical resistivity (p), Hall mobility (i) and carrier
concentration (N) of PVA capped SnS layers with various PVA concentrations, varying from
0.5 wt % to 2 wt % is shown in Fig. 11.
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Fig. 11. Variation of electrical parameters with PVA concentration.

From the figure, it is noticed that the PVA concentration significantly influenced the
electrical resistivity, carrier mobility and carrier concentration. The measured electrical
resistivity values decreased with the increase of PVA concentration from 0.5 wt % to 2 wt %.
The reason for this decrease in electrical resistivity might be due to the fact of decrease in grain
boundary area with the increase in PVA concentration, which in turn decreases the scattering
of the carriers at the grain boundaries. Also, the carrier mobility of the films increased with the
increase of PVA concentration. Furthermore, from the graph, it is noticed that the carrier
concentration increased with the increase of PVA concentration. The increase of carrier
concentration and also carrier mobility with PVA concentration is mainly because of the
increase in packing density. Thus the layers deposited at a PVA concentration of 2 wt % might
be suitable as an absorber layer in solar cell devices as it had high carrier mobility and low
resistivity.

5. CONCLUSIONS

Using a basic chemical bath approach, the first ever effective deposition of PVA-capped SnS
nanocrystalline layers on glass substrates was achieved, with PVA concentrations ranging from 0.5 to
2 weight percent. The deposited films are nanocrystalline, according to the XRD spectra, which also
showed a single SnS phase with a sharp peak at the (040) plane. The range of the estimated average
crystallite size was 4 nm to 12 nm, and it rose as the PVVA concentration rose. The phonon modes
corresponding to the SnS phase were revealed by the Raman analysis, which is in accordance with the
XRD findings. Micrographs taken with scanning electron microscopes and atomic force microscopes
revealed large crystals and a smooth surface morphology on the layers deposited with a 2 wt% PVA
concentration. Grain sizes ranged from 5.6 nm to 10.2 nm, according to AFM measurements. The
FTIR spectra of the SnS nanocrystalline layers verified that PVA was present. The optical tests
revealed that each layer had an exceptionally high optical absorption coefficient, approximately equal
to 105 cm-1. Optical band gap values measured using Tauc plots ranged from 1.73 eV to 1.53 eV as
the concentration of PVA increased. Particle sizes ranged from 6.2 nm to 8.8 nm, according to optical
examinations. Hall tests verified that all of the PVA-coated SnS films were p-type.
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The electrical resistivity decreased while the mobility and carrier concentration increased
with increase of PVA concentration. Hence, the layers deposited at 2 wt % of PVA
concentration had better structural, morphological, optical and electrical properties and might
be suitable as an absorber layer in solar cell development.
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