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The pristine poly(vinyl alcohol) and CuS nanoparticles with different concentrations (1 %-10 %) doped
PVA films were prepared by solution casting method. The CuS nanoparticles were prepared by chemical
precipitation; and XRD studies confirmed the formation of pure CuS nanoparticles with average size of
18 nm. The optical properties of pristine as well as doped PVA films were evaluated using UV-VIS-NIR
spectroscopy. UV-VIS-NIR spectrum of CuS nanoparticles showed LSPR band in NIR region. The optical
properties like absorption coefficient, bandgaps, high frequency refractive index, and metallization criteri-
on have been evaluated; both the direct and indirect band gaps decreased in case of doped PVA films; and

the results and the features are discussed.
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1. INTRODUCTION

In recent years optical properties of polymers are
drawing great interest because of their scope for appli-
cation in optical devices. The versatility and dependabil-
ity of polymers is established from the fact that they
have attractive properties like lightweight, good me-
chanical and optical properties [1]. Polymers are also
considered to be good host materials where dopant can
modify the physicochemical properties [1-3]. The optical
band gap and refractive index are the fundamental pa-
rameters of an optical material, because these are di-
rectly linked to the electronic properties of the material
[4]. High refractive index of optical materials is needed
in various fields including optical waveguides, LED en-
capsulation materials, etc. [5]. Poly (vinyl alcohol) (PVA)
is a polymer which is eco-friendly, water soluble and has
good film forming capability; this also acts as a good
host. PVA has been doped with dopant such as poly-
mers, metal salts, and ions to obtain desired properties
[6-7]. Many papers reported studies on structural and
optical properties of additive doped PVA systems [8-13].
It is reported to be a nice matrix material to accept
metal nanoparticles as has been observed that Co nano-
particles can be embedded in the matrix of PVA to dis-
play magnetic properties [8, 14]; and with gold nanopar-
ticles captured in the PVA matrix system can provide
characteristic optical properties [15]. In this paper we
report optical studies on PVA films doped with CuS na-
noparticles. The prepared films were characterized by
UV-VIS spectroscopy and various optical properties like
absorption coefficient, band gap, refractive index and
metallization parameter have been evaluated and the
results are reported here.
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2. EXPERIMENTAL DETAIL
2.1 Sample Preparation

CuS nanoparticles were prepared by chemical pre-
cipitation method described earlier [16]. In the present
work, starting material was copper sulphate, pur-
chased from Aldrich and was used as received. An N/20
aqueous solution of copper sulphate was prepared and
CuS nanoparticles were obtained by chemical precipita-
tion method [16] by maintaining pH value of 8. The
CuS nanoparticles thus prepared were incorporated in
PVA film. PVA (Mol; wt. 72 kDa) used was from Merck,
(Germany) Pristine PVA films as well as 1 %, 3 %, 5 %
and 10 % CuS nanoparticles doped PVA films were pre-
pared by solution casting method, the details are same
as in Ref. [2]. The thickness of the films was ca. 60 um.

2.2 Physical Measurements

The X-ray diffraction (XRD) analysis of the pre-
pared sample of CuS nanoparticles was done using
Burker D8 Advance X-ray diffractometer with Cu-K-a
X-rays of wavelength A = 1.54 A and operated at 40 kV
and 100 mA. The data was taken for the 26 range 10°
to 60° with a step of 0.1792°. TEM image were recorded
with Philips CM 200 microscope operated at 200 kV.
UV-visible-NIR absorption spectra were recorded in the
wavelength range of 190-1100 nm using a Shimadzu
2450 double beam spectrophotometer. All the meas-
urements were made at room temperature.

3. RESULTS AND DISCUSSION
3.1 XRD Studies of CuS Nanoparticles

The results were presented at the International Conference on Multifunctional Nanomaterials (ICMN2020)
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XRD patterns of the synthesized CuS NPs are
shown in Fig. 1. The XRD diffraction peaks of nanopar-
ticles (NPs) can be seen at 20=27.21°, 27.38°, 29.27°,
31.78°, 32.85°, 47.93°, 52.71°, 59.34° corresponding to
planes (100), (101), (102), (103), (006), 110), (108) and
(116) of CuS nanoparticles which match well with the
values of hexagonal phase reported in JCPDS Card 06-
0464 indicating that CuS exists as covellite phase. Fur-
thermore, no other peaks other than those correspond-
ing to CuS are observed, which indicates the high puri-
ty of synthesized CuS NPs. The average crystallite size
of CuS nanocrystallites as estimated by scherrer formu-
la is found to be 18 nm.
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Fig. 1 — XRD patterns of the sample CuS Nanoparticles

3.2 TEM Study

TEM image of CuS nanoparticles recorded using is
presented in Fig. 2; CuS nanoparticles exhibit disc like
structure with hexagonal shape. The particle size as
determined from TEM images is found to be 9-23 nm.

Fig. 2 — TEM image of CuS nanoparticles

3.3 UV-visible Absorption Studies

UV-Visible-NIR absorption spectroscopy is a useful
tool for understanding the optical properties of the na-
noparticles. Fig. 3. shows the UV-Vis-NIR absorption
spectrum of the CuS nanoparticles, and a band around
837 nm extending into the NIR region can be observed,
which can be attributed to localized surface Plasmon
resonance (LSPR) band of CuS nanoparticles. The band
gap of CuS nanoparticles is found to be 2.78 eV.

Absorption spectra of pure PVA and CuS nanoparti-
cles doped PVA films are shown in Fig. 4. In case of pris-
tine PVA, the absorption bands at around 280 nm and
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Fig. 3 — Absorption spectra of copper CuS nanoparticles
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Fig. 4 — Plot of absorbance vs. wavelength of pure PVA and
PVA-CusS films

330 nm which can be assigned to transition of resonating
>(C=0 structures which can be attributed to 7+ and
n—7+ transition. From the absorption spectra of CuS doped
PVA, it can be seen that the absorption band at 280 nm is
shifted to 273 nm, 262 nm, 259 nm, and 257 for PVA-CusS-
1%, PVA-CuS-3%, PVA-CuS-5% and PVA-CuS-10 %
films respectively showing a blue shift of this band on
incorporation of CuS nanoparticles, the shift gradually
increasing with the increasing concentration of the do-
pant. The band at 330 nm is broadened in case of PVA-
CuS-1 % and PVA-Cus-3 % sample while for PVA-CuS-
5% and PVA-CuS-10 % films absorption band at 330 nm
is totally absent. Also the absorption bands are affected
with CuS doping indicates the formation of complex chem-
ical bonding of CuS nanoparticles with PVA.

Another interesting feature in the absorption spec-
tra of this system is the presence of absorption band in
around 940 nm. A closer look at this band is shown in
the inset of Fig. 4. It can be seen that the intensity of
this band increases with increasing concentration of
the CuS nanoparticles. This can be attributed to LSPR
band of CuS nanoparticles in PVA matrix. It can be
seen that there is a red shift in the position of LSPR
band of CuS nanoparticles when they are incorporated
in PVA. As the LSPR bands are affected by size, shape
and the environment or the matrix of the nanoparti-
cles, hence, a shift in the position in this case can be
attributed to the PVA matrix. The LSPR band around
940 nm 1s considered good for the photo thermal treat-

01023-2



OPTICAL PROPERTIES OF CUS NANOPARTICLES EMBEDDED...

ment (PTT) [17]. Thus, CuS doped PVA films may be
explored as possible future material for PTT.

Determination of Absorption Edge and Optical
Band Gap

The absorption coefficient « (a = A/d) where A is ab-
sorbance and d is the thickness of the film) as a func-
tion of energy of pristine PVA and PVA/CuS films are
displays in Fig. 5. The value of absorption edge is de-
termined from the extrapolation of the linear portion of
the curve to a point a(cm~1) =0. The absorption edge
for pristine PVA is found to be 5.50 eV which gradually
decreases in case of doped films and is found to be
4.65 eV for PVA-CuS-10 % film indicating a red shift of
the absorption edge due to doping CuS nanoparticles.
The value of absorption edge for pure PVA and PVA-
Cus films are listed in Table 1.
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Fig. 5 — Plot of absorption coefficient vs. Energy of pure PVA
and PVA-CusS films

The optical band gaps (E;), is a very important pa-
rameter for the polymer samples and is an essential
design parameter for many devices like organic solar
cells and optoelectronic devices. The optical absorption
spectrum is an important tool for determining the opti-
cal band gap of materials, crystalline as well as amor-
phous. Davis and Mott reported the following relation
which gives the absorption coefficient dependence on
photon energy [18].

(ahv) = B(hv — Eg)m, 1

where B is a constant, ais absorption coefficient of the
material, Avis the photon energy and Eg is the band gap,
m =2 for indirect allowed transitions and m = 1/2 for di-
rect allowed transitions. The plots of (a¢h1)2 versus the
photon energy are plotted in Fig. 6. Extrapolation of the
linear portion of the curve to a point (ah1)2 =0 gives the
indirect band gap IDBG). PVA can have both direct and
indirect band gaps. The value of indirect band gap for
pristine PVA is 5.05eV and for the PVA-CuS films, it
ranges 4.76 eV to 3.76eV (1 to 10 wt. % CuS in PVA).
Similarly, plot of («hv)? versus the photon energy had
been used for obtaining the direct band gap (DBG) for
pure PVA and PVA-CuS films as shown in Fig. 7. The
direct band gap for pure PVA is found to be 5.62 eV and
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5.60-5.22 eV for PVA-CuS films (1 to 10 wt. % CuS in
PVA) as obtained from the extrapolation of the linear
portion of the curve to a point (¢hv)2=0. The indirect
and direct band gaps of PVA are found to decrease with
increasing doping concentration of CuS nanoparticles
into the PVA film. The results are presented in Table 1.
The reduction in band gap may be attributed to the crea-
tion of localized energy states due to doping of CuS
nanoparticles.

The indirect and direct band gaps of PVA as well as
PVA-CusS films as a function of doping concentration of
CuS is plotted in Fig.8. One can see that reduction of
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Fig. 6 — Plot of («hv)Y2vs. Energy of pure PVA and PVA-CuS
films
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Fig. 7 — Plot of (ahv)? vs. Energy of pure PVA and PVA-CuS
films
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Fig. 8 — Variation of the optical band gap of PVA films with
CuS nanoparticles
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Table 1 — Absorption bands, Absorption edge, Indirect band

gap, Direct band gap, refractive index and metallization crite-
rion of films

Abs. |Abs. E )
Samples |band |Edge [ %3 |Eg (eV)|nZE |
@m) V) |V
Pure PVA |280 [5.50 |5.62 [5.05 1.99 0.50
330
PVA-CuS- |273 |5.26 |5.60 [4.76 2.04 0.49
1% 330
PVA-CuS- |262 |5.14 |5.58 [4.52 2.08 0.48
3 % 330
PVA-CuS- |259 (4.87 |5.39 |4.26 2.12 0.46
5%
PVA-CuS- |257 |4.65 |5.22 |3.76 2.22 0.43
10 %

indirect band gap is more pronounced as compared to
direct band gap.

According to Dimitrov and Komatsu good relation-
ship holds between the optical band gap (Eg) and high-
frequency refractive index [19]. Using this relationship
as shown in equation (2) the high frequency refractive
index of pure PVA and PVA-CuS system can be deter-
mined by using band gap.

n2—1=1_ & @)
n?+2 \/20

The refractive indices of various films obtained by
above mentioned formula are listed in Table 1. Refrac-
tive index is showing an increasing trend with increas-
ing doping concentration of CuS nanoparticles.

The Metallization criterion is a factor which is
sometimes used to understand the behavior of a mate-
rial. The theoretical value of Metallization criterion can
be evaluated using band gap [19, 20] through the fol-
lowing relation
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The materials which possess metallization criterion
(M) value close to 1 are generally considered to be in-
sultors [18]. The obtained values of metallization crite-
rion of the pristine PVA as evaluated from indirect
band gap is found to be 0.50. The metallization criteri-
on of pristine PVA, as well as PVA-CuS films is pre-
sented in Table 1. The values of metallization parame-
ter implycates that the doped samples tend to be a bit
more optically conductive (i.e., less insulating) as a re-
sult of the more compact structure of the polymer
chains which corroborates with the trend of decreasing
band gap values (Table-1); illustratively band gap (Egd,
Egi) of PVA and PVA-CuS-10 % is (5.62, 5.05 eV) and
(5.22, 3.76eV) vis-a-vis their metallization factors
0.50 vis-a-vis 0.43 respectively. Interestingly, such
trends of metallization criterion are in conformity with
the expected trend of change in the band gap of the film
with the increase in the doping.

4. CONCLUSIONS

Free-standing films of poly vinyl alcohol (PVA) and
PVA-CuS films can be successfully prepared. The opti-
cal properties like band gap, absorption coefficient, re-
fractive index and metallization criterion of pristine as
well as PVA-CuS films have been evaluated. It can be
seen that CuS nanoparticles doping can affect the opti-
cal properties of PVA. The indirect band gap reduces
appreciably on incorporating CuS nanoparticles in the
film and refractive index of doped films has high value
up to 2.22 hence it can be used as important candidate
material for the development of opto-electronics devic-
es, and some organic solar cells.
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