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Abstract

A series of polyvinyl alcohol/polyvinyl pyrrolidone polymer composite films doped with different
amount of cupric sulphate (CuS04) were prepared by means of solution casting technique. These
films were characterized by X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FT-IR), Ultraviolet-Visible absorbance spectroscopy (UV-Vis) and Ac conductivity measurement
studies. XRD patterns of these films recorded at room temperature show the increase in amorph-
ousity of the matrix with the increase in the concentration of CuSO, in polymer composites. Micro-
structural parameters were computed using an in-house program employing XRD data. Recorded
FT-IR spectra give information about the stretching and bending of the characteristic absorption
bands in these films. The variation in the transmittance has been studied with the help of recorded
UV-Vis spectra and hence the optical band gap present in the samples is also calculated. The
measured Ac conductivity shows how the conductivity varies in these films with the presence of
different amount of CuS0; in these films.
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1. Introduction

Extensive investigations on conductive polymers have been taken place in recent years in view of their impor-
tant applications in electronic, electrochemical and optical devices [1] [2]. Electrical conductivity can be ob-
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tained in insulating polymer either by modifying the electronic structure of the polymer chain through doping
with metallic ions or by filling the material with electrically conducting particles [3]. However, the properties of
polymer composites depend upon the nature of the host polymer and different characteristics of inorganic fillers
like their chemical nature, size, crystallinity, concentration and distribution in polymer matrix [4]. Different ad-
ditives are usually added to polymer in order to modify and improve its properties [5]-[9].

Polyvinyl alcohol is a well-known semicrystalline, water-soluble and biodegradable polymer used in practical
applications because of its easy preparation, excellent chemical resistance and physical properties [10]-[12]. It
has a carbon chain backbone with hydroxyl groups attached to methane carbons. These OH-groups providing
the bridging between adjacent chains lead to photoluminescence, mechanical strength and endure various dop-
ings. Due to this property, the polymer allows homogeneous dispersion and good environmental stability to em-
bedded metal particles [13] [14].

Polyvinyl pyrrolidone is a vinyl polymer possessing planar and highly polar side groups due to the peptide
bond in the lactam ring. It deserves a special attention among the conjugated polymers because of the high en-
vironmental stability, easy processability and moderate thermal conductivity [15] [16].

When these two polymers are mixed, the interaction between PVA and PVP is expected to occur through inter-
chain hydrogen bonding between the hydroxyl group of PVA and the carbonyl group of PVP [17]-[20].

In this work different amount of cupric sulphate is added to PVA/PVP polymer blend and the resulting films
are characterized using various techniques like X-ray, FT-IR, and UV-Vis spectroscopy. The obtained results
have been quantified in terms of microstructural parameters derived from XRD studies.

2. Theory

Normally, XRD pattern from polymers are known to consist of broadened Bragg reflection. This broadening
occurs due to various factors like, i) Instrumental broadening; ii) Crystallite size, i.e. number of unit cells par-
ticipating to scatter X-rays in phase; iii) Lattice strain, which is due to paracrystalline matrix of these polymers;
iv) Stacking faults and others. For correcting the broadening due to instrument, we collect the XRD data from a
well drilled iron and employing Stokes method. The entire XRD patterns from polymer are corrected for instru-
mental broadening. The intensity of a Bragg profile can be expanded in terms of Fourier coefficients and it is
given by

Iy (S) = iAhkl Cos{znndhkl (5 —S )} 1)
where,
Ahkl(n):Afkl(n)'A?kl(n) (2)

A (n) are strain coefficients [21] [22]. Fourier analysis of a Bragg reflection profile must always be per-
formed [23] over the complete cycle of the fundamental form d (s—so) = +% to —%, which is rarely possible

experimentally. We do this analysis with the available truncated range by introducing truncated correction [24].
For a paracrystalline material, with Gaussian strain distribution A, (n) [22]-[27] turns out to be

Al (n) =exp(2n*n’mg?). ©)

Here m is the order of the reflection and g =Ad/d is the lattice strain. Normally one also defines mean
square strain ¢” that is given by gz/n . This mean square strain is dependent on n (or column length L =nd),
whereas g is not. With exponential distribution function for column length, we have,

Al (n)= A(o)[l‘T”} if n< p,A(O)[M] if n>p. ()

In the above equation oc= 1/(n— p) refers to the width of the distribution and p is the smallest number of
unit cells in a column.
The whole powder pattern of samples were simulated using individual Bragg reflection represented by the

above equations using
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1(5) =2 (@ lwa —BG) (5)
hkl
where @, are the appropriate weight functions for the (hkl) Bragg reflections. Here s takes the whole range
(260 = 6° to 80°) of XRD recording of the sample. BG is an error parameter introduced to correct the background
estimations [24] [28]-[31]. Whole XRD pattern is simulated using Equations (1) to (5).

3. Materials and Methods
3.1. Materials

Polyvinyl alcohol (PVA), polyvinyl pyrrolidone (PVP) and cupric sulphate (CuSO,) were procured from S D
fine-chem. limited, Mumbai, India.

3.2. Preparation of Cupric Sulphate Doped PVA/PVP Composite Films

Samples were prepared using solution casting method. Stock solution PVA is prepared by dissolving 5 wt% of
PVA in distilled water, stirred for 6 hours at room temperature using a magnetic stirrer, double filtered and al-
lowed to settle for a day. Similarly stock solution of 3% of PVP is also prepared in distilled water. Different
concentrations of PVA/PVP solutions cast on petri dishes and allowed to dry at room temperature. After com-
plete drying the films were peeled out of these dishes. The film with 50/50 concentration was found to be
blended well hence the solution of this percentage was used to prepare the different concentrations of cupric
sulphate doped PVA/PVP films. The cupric sulphate was added to the 50/50 (PVA/PVP) stock solution with
different weight concentrations of 0.2%, 0.4%, 0.6%, 0.8% and 1.0%, stirred at room temperature using mag-
netic stirrer for half an hour to get more homogeneous solution and then the solution was poured into petri dish
placed on flat surface and allowed to dry completely at room temperature. The dried composite films were
peeled out and cut in suitable sizes and were used in these studies.

4. Experimental
4.1. X-Ray Diffraction (XRD) Recording

XRD patterns of pure and CuSO, doped PVA/PVP polymer composite films of different concentrations were
recorded using Rigaku Miniflex 1l Desktop X-ray Diffractometer equipped with CuK, radiation (wavelength =
1.5406 A) and a graphite monochromator. The samples were scanned in the 26 range 6° - 80° and the specifica-
tions used for the recording are 30 kV and 15 mA with the scanning speed of 5°/min. After correcting for in-
strumental broadening the microstructural parameters of these polymer composites were computed by employ-
ing whole powder pattern fitting method. Analysis of X-ray data is given in theory section. Fitted XRD pattern
for the samples is as shown in Figure 1.

4.2. Recording of Ultraviolet and Visible (UV-Vis) Spectra

The absorbance of pure and CuSO, doped PVA/PVP polymer composites were recorded at room temperature in
the UV-visible wavelength range using Labtronics MODEL LT-2800 double beam UV-Visible spectrophoto-
meter. The recorded UV-Visible spectra of pure and CuSO, doped PVA/PVP films is as shown in Figure 2.
4.3. Recording of Fourier Transform Infrared (FT-IR) Spectra

The Infrared transmission spectra of these polymer samples were recorded at room temperature in the wave
number range of 4000 - 500 cm * using Perkin Elmer Spectrum. The recorded FT-IR spectra of pure and CuSO,
doped PVA/PVP polymer composite films are given in Figure 3.

4.4. Ac Conductivity Measurement

Ac conductance measurements for these films were made using Hioki LCR 3532 Hi-tester in the frequency
range from 50 Hz to 5 MHz at room temperature. Variation of conductivity calculated with log frequency is as

shown in Figure 4.
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Figure 1. Experimental and simulated XRD pattern of pure and CuSO, doped PVA/PVP polymer composites.

5. Result and Discussion
5.1. X-Ray Diffraction Studies

Experimental and simulated XRD pattern of pure and CuSO, doped PVA/PVP polymer composite films are
shown in Figure 1. From Figure 1 a broad peak at 20° and a less intense peak at 41° observed for pure PVA/
PVP film shows semicrystalline nature of the film. As the concentration of the dopant increases the peaks
becomes more broad and less intense which are due to the disruption of the PVA/PVP crystalline structure by
the added CuSO,. Using this XRD data microstructural parameters were computed from line profile analysis
[32]. The obtained data from the line profile analysis were further used in the refinement by whole powder
pattern fitting method. These values are listed in Table 1. Figure 1 shows the goodness of the fit between the
experimental and simulated XRD profile by whole powder pattern fitting method. From Table 1, it is seen that
the average crystallite size varies with the concentration of dopant. Also the average lattice strain in these poly-
mer composites are found to be vary between 0% and 1.5%, further the broadness of the peak which is generally
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Figure 2. UV-Vis spectra of pure and CuSO, doped
PVA/PVP polymer composite films.
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Figure 3. FT-IR spectra of pure and CuSO, doped
PVA/PVP polymer composite films.

the measure of FWHM is also given in Table 1.

The crystalline shape ellipsoids are obtained by plotting experimentally obtained size values and it is given in
Figure 5. Area under these ellipsoids gives the crystalline area and it changes with the concentration of cupric
sulphate. Maximum crystallite area was obtained for pure sample and minimum for 0.8% cupric sulphate in
PVA/PVP. This is only a graphical illustration of shape ellipsoids with percentage.
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Figure 5. Variation of crystallite size of pure and CuSO, doped
polymer composite films.

5.2. UV-Visible Spectroscopy Analysis

A casual glance at Figure 2 indicates that PVA/PVP has high transmission and it decreases with the increase in
concentration of CuSQ, in doped films. This is due to the formation of intermolecular hydrogen bonding be-
tween the ions of the dopant and the OH. The decrease in transmission for doped PVA/PVP films reflects the
variation in the optical band gap which arises due to the change in polymer structure. We have made an attempt
of evaluating optical band gap of these polymer composites using tauc plot. The derived tauc plot drawn against
(ahv)™ and hv is as shown in Figure 6. The calculated band gap values along with conductivity, electronic spe-
cific heat and statistical performance index are given in Table 2.

Since there are too many physical parameters have been experimentally determined, we have used multiva-
riate analysis technique which is as follows. Each parameter that we have determined has been given a weigh-
tage. Then the sum of the weightage times the value of the physical parameters has been computed by normalis-
ing it with total sum of the weightage. This parameter has been identified as statistical performance index. In
this work 35% weightage is given to crystallite size, 25% to each conductivity and energy gap and remaining 15%
to electronic specific heat. From Table 2 it is found that the statistical performance index is high in the range
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Table 1. Microstructural parameters of the samples using exponential distribution function.

Sample 20 (%) d (A) <N> D (A) g (%) a FWHM Delata E-03
15.10 5.86 2.21 129406 15 9.9£05 6.9
18.30 484 2.68 157408 05 1801 6.6
19.80 448 5.84 342+15 0.0 11+01 3.1
PVA/PVP 0.70
20.85 426 2.64 155407 05 17+01 76
27.67 3.22 2.48 145406 05 20+0.1 113
40.46 2.23 2.54 149407 05 25+0.1 173
15.04 5.88 2.22 13.0£06 05 9.5£05 6.9
19.93 445 424 248+13 05 15401 44
VAP + 2177 4.08 2.56 150408 05 17+01 8.3 o
0.2% CuSQ,4 26.56 3.36 2.47 145%0.7 0.0 8504 10.8 '
40.33 2.23 3.26 191409 05 24402 131
16.16 5.48 2.19 12806 05 9.0+0.4 75
20.00 443 3.64 213+10 1.0 1401 5.2
21.64 410 2.27 133£0.7 0.0 9.9£05 9.6
VAP + 27.67 3.08 2.28 13.4%07 05 8.2+0.4 12.4
0.4% CuSO, 40.46 2.25 231 13507 0.0 92404 19.3 05
13.97 6.33 2.20 129406 0.0 9.1+04 6.5
19.77 4.49 441 258+ 13 05 1601 42
21.62 410 401 235+12 05 1801 5.1
29.84 2.99 2.14 125406 05 9.7405 15.2
OVAIPYP + 40.42 2.23 2.61 153+08 0.0 70+0.4 16.8 156
0.6% CuSO, 1652 5.36 2.25 132407 05 8905 74
19.74 4.49 3.23 18.9+0.9 05 19+01 5.9
22.03 403 2.43 142407 05 76404 8.9
26.49 3.36 2.17 127406 05 9.0+05 131
40.58 2.22 2.39 140£0.7 05 22£01 18.8
VAP + 1658 5.34 2.20 129406 05 92405 77
0.8% CuSO, 19.74 4.49 3.43 201+ 1.0 05 17+01 55 L1
2223 3.99 2.86 168408 05 21401 76
29.05 3.07 2.57 151+0.7 05 20£0.1 115
42.36 2.13 2.97 17408 05 30+02 19.8
15.10 5.86 2.21 129406 15 9.9£05 6.9
VAP + 18.30 484 2.68 157408 05 1801 6.6
1.0% CuSO, 19.80 448 5.84 342+15 0.0 1.1+01 31 L7
20.85 426 2.64 155407 05 17401 76
27.67 3.22 2.48 14506 05 20£0.1 113
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Figure 6. Tauc plot for pure and CuSO, doped polymer composite
polymer films.

Table 2. Optical band gap values with stastical performance index.

Concentration  Crystallite size ~ Conductivity at 1 kHz ~ Optical band gap Electronic specific heat Statistical performance

(%) AR) E-06 (S/m) V) C, E-22 (IIK) index

0 12.9 0.03 558 118 6.11
0.2 24.8 017 353 112 9.79
0.4 213 012 2.01 1.20 8.18
0.6 25.8 0.48 1.40 0.97 9.66
08 18.9 0.16 0.79 1.02 7.01
1.0 20.1 015 2.92 0.94 7.94

0.2% to 0.6% CuSQ, in PVA/PVA. In this range of concentration the values of crystallite size, conductivity,
optical band gap and electronic specific heat which are determined experimentally are good.

5.3. Fourier-Transformed Infrared (FT-IR) Spectroscopy Analysis

The FT-IR spectra recorded in the wave number range 4000 - 500 cm * exhibit bands characteristic of stretching
and bending vibrations of the films. FT-IR absorption bands positions and the assignments of all the prepared
samples are listed in Table 3. From Table 3 it is found that the bands corresponding C-H stretching, C=0
stretching, C-O stretching and C=0 bending shift towards higher wavenumber region while O-H stretching
towards lower waver number region. This clearly indicates that the stretching and bending vibrations are
affected by the presence of copper ion.

5.4. Ac Conductivity Measurements

Prepared films of known thickness d were placed between the electrodes of known area A of LCR meter. The
measured conductance o (@) from 50 Hz - 5 MHz was used to calculate conductivity o (w) using the fol-
lowing equation.

G(w)xd
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From Figure 4 it is observed that for 0.2% cupric sulphate doped PVA/PVP sample conductivity remains
same as that of pure PVA/PVP sample. As the concentration dopant increases conductivity is also increases due
to more ions available for conduction. For 1% cupric sulphate doped PVA/PVP sample conductivity reaches to 2
uS/m at higher frequency region. The calculated values of conductivity at frequency 1 kHz for various con-
centrations of CuSO, in PVA/PVP blendis also given in Table 2. From Table 2 it is found that with increase in
concentration there is an increase in Ac conductivity, which is due to the doped free ions. In normal metals, the
Ac conductivity becomes complex athigh frequencies. Here also there is an inherent DC conductivity con-
tribution in these composites. A plot of conductivity and specific heat at 1 kHz with respect to concentration has
been given in Figure 7. This variation of conductivity shows an interesting behaviour which is independent of
specific heat.

6. Conclusion

Following important results emerge from the present investigation. PVA/PVP doped with CuSO, form physi-
cally and thermally stable uniform transparent films. X-ray investigations indicate the description of well orga-
nized polymer network. FT-IR study clearly indicates that the change in the observed absorption bands in the
region 1000 to 1500 cm * is due to the presence of copper ions. UV-Vis spectra show the existence of optical
energy gap in these films and it has maximum value corresponding to a concentration of 0.2% CuSO, in the
samples. Conductivity studies also show a maximum corresponding to a particular concentration of 0.2% CuSO,
in these blends. All these results indicate that the film is stable, photosensitive and reasonable improvement in
conductivity.

Table 3. Assignment of IR characteristic bands using FT-IR.

Samble O-H C-H c=0 c-0 c=0
P stretching (cm™)  stretching (cm™)  stretching (cm™)  stretching (cm™) bending (cm™)
PVA/PVP 3319 2980 1624 1113 755
PVA/PVP + 0.2% CuSO, 3317 2990 1628 1105 762
PVA/PVP + 0.4% CuSO, 3311 2987 1629 1101 759
PVA/PVP + 0.6% CuSO, 3311 2987 1629 1119 759
PVA/PVP + 0.8% CuSO, 3311 2986 1629 1101 764
PVA/PVP + 1.0% CuSO, 3311 2989 1629 1114 762
T T T T T T T T T T T
05- i S |12
044 - 11
5 . i
g L 11
o 0.3+
i L
2
S L 1.0
S 02+ |
—g ] &
o y L 1.0
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Figure 7. Variation of conductivity and electronic specific heat

with concentration.
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