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Abstract

This work reports the synthesis, characterization, morphological, linear and nonlinear optical (NLO) features of undoped and
silicon carbide (SiC) doped polyvinyl alcohol (PVA) nanocomposites thin films with different doping concentration of SiC. The
sample was characterized by UV-Visible, Emission and FT-IR spectrometer, respectively. The morphology of undoped and SiC
doped PVA nanocomposites was studied by Field emission scanning electron microscopy (FESEM) and the chemical compo-
sition was identified by Energy dispersive X-ray (EDAX) spectra. The FESEM reveals that the SiC nanoparticles are uniformly
embedded on PV A and exhibits a spherical shaped structure. The NLO features of the nanocomposite films have been studied by
a continuous wave diode laser working at 650 nm wavelength. The closed aperture Z-scan technique divulge the characters of
self-defocusing and open aperture Z — scan methods reveals the characteristic property of both saturable absorption (SA) and
reverse saturable absorption (RSA). A switch over from SA to RSA was observed in the nanocomposite films by increasing the
weight% of SiC. The nonlinear refraction and nonlinear coefficient of absorption of the films was found to be the order of 10~ '2
m*W and 10~ > m/W, respectively. The experimental results are divulged that the SiC doped PVA nanocomposite films are
potential material for optoelectronics applications.

Keywords SiC-PVA nanocomposites - Z — scan - Nonlinear index of refraction - Nonlinear coefficient of absorption

1 Introduction

In the modern technological world, lasers are widely used in
different fields such as electronics, industry, medicine, and
military [1]. With the rapid increase in the use of laser in
numerous applications, there is a necessity to design and de-
velop the nonlinear optical (NLO) materials for photonic and
optoelectronics applications [2, 3]. NLO materials are widely
used in different area of science and technology such as opti-
cal switching, optical limiting for eye and sensor production,
optical computing, optical telecommunication, and optical
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data storage [4—6]. Great efforts have been made to design
and develop the different and novel NLO materials such as
organic [7-9], inorganic [10, 11], carbon nanotubes [12, 13],
nanomaterials [14], natural pigments [15-17] and graphene
oxide [18]. Among these materials, nanoparticles have gained
significant attention for their excellent optical properties
[19-21]. In the last two decades, many different studies have
been performed on the nanoparticles, because of their poten-
tial applications in the field of photonics due to good thermal
and chemical stability with high mechanical strength [22].
Nanoparticles are available in different sizes and shapes.
Silicon carbide (SiC) nanoparticles is one among them have
received a significant attention due to high conductivity, sta-
bility, purity and large thermal expansion coefficient [23, 24].

Composites of polymers and nanoparticles have also re-
ceived more attention because they open a new pathway for
developing novel engineering materials with good electrical,
optical, mechanical and magnetic properties [25-27]. PVA is
a multi-hydroxyl (O-H) polymer and has been widely applied
for electrical and mechanical field due to their high tensile
strength, elasticity and degradability [28]. PVA is water solu-
ble polymer, non-toxic with good hydrophilicity and a strong
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chemical and mechanical resistance. PVA is widely used in
artificial organs, fibers, contact lenses, drug delivery systems,
etc. [29]. The nanoparticles-doped polymer composites have
also paved the way for new biological investigations [30].
This paper reports the synthesis, characterization, morpholog-
ical, linear and nonlinear optical (NLO) features of undoped
and SiC doped PVA nanocomposites with different weight
percentages of SiC nanoparticles for the first time to the best
of our knowledge. The NLO behavior of the nanocomposite
films was studied by low power continuous wave diode laser
working at 650 nm wavelength.

2 Experimental
2.1 Materials

Polyvinyl Alcohol (Mw = 130,000 g/mol) was received from
Sigma-Aldrich and used as such. High purity (99.9%) of SiC
nanoparticles was purchased from Nanoshel India, India. The
average particle size of the SiC nanoparticle is about 45—
65 nm. The FESEM image and EDAX spectra of the SiC
nanoparticles were reported in our previous work [23]. The
presence of SiC nanoparticles is confirmed by the EDAX
spectra, which shows a strong signal in the Si region [23].

2.2 Preparation of SiC/PVA Nanocomposite Films

1 g of PVA was dissolved in 100 ml of water, stirred at 80 °C
for 1 h. The known quantity of SiC nanoparticles was added to
the polymer solution which is considered as 1 wt%. The SiC
doped polymer solution was again stirred using magnetic stir-
rer at room temperature for 1 h. Similarly, 2 wt% and 3 wt% of
SiC nanoparticles was added to polymer solution and stirred
for 1 h to get a homogeneous solution. The SiC doped PVA
films have been prepared via film casting method and the
prepared films were dried at room temperature for 24 h.

Fig. 1 Experimental Z — scan
technique

2.3 Characterization Methods

The UV-visible absorption spectra of undoped and SiC doped
PV A nanocomposite films were recorded using Perkin Elmer
Lambda 35. The fluorescence spectra of the films were
recoded using Perkin Elmer LS 45 over a range of 200—
400 nm. The Fourier transform infrared (FT-IR) spectra of
the sample were analyzed by Perkin Elmer Fourier transform
infrared spectrophotometer over the range of 400-4000 cm™ '
with a resolution of 4 cm ™ '. The morphology of the films was
recorded by Carl Zeiss Sigma FE-SEM with acceleration volt-
age of 20 K'V. Nonlinear absorption (f3) and nonlinear refrac-
tion (n) of the prepared nanocomposite films was studied by
Z—scan experimental setup as shown in Fig. 1. A CW diode
laser source working at 650 nm wavelength with power of 5
mW has been used for performing the Z—scan measurements.
The n, and 3 of the nanocomposite films with varying the
weight% of SiC were measured by closed and open aperture
Z—scan method. In closed aperture configuration, the aperture
is placed before the detector in which the central portion of the
transmitted beam alone enters into the detector. For open ap-
erture study, the aperture was removed and placed a convex
lens before the detector to collect entire transmittance of the
beam. A convex lens with focal length of 5 cm was used to
focus the beam. The transmittance of the beam at far-field
position was measured by a photo detector connected to the
digital power meter.

3 Results and Discussion
3.1 UV-Vis Study

Figure 2 depicts the transmittance curve of undoped and SiC
doped PVA nanocomposite films over a range of 300—
1100 nm. It is observed from Fig. 2 that, the prepared films
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Fig. 2 Transmittance spectra of SiC doped PVA film with different
concentration

have highly transparent from 400 to 1100 nm and the pure
PVA film exhibit higher transmittance of about 94.7%. The
transmittance was decreased by increasing the weight% of
SiC nanoparticles. When the concentration increases, more
absorption take place which result in decrease in transmit-
tance. The transmittance of the films was decreased from
84.8 to 78.5% by increasing the SiC concentration from
1 wt% to 3 wt%. Furthermore, the transmittance of 1 wt%,
2 wt% and 3 wt% of SiC doped PVA nanocomposites are
found to exhibit an abrupt decrease in the UV region is the
result of strong electron presence within the band gap [31].
This spectral region was considered as significant increase in

absorption.
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Fig. 3 Emission spectra of SiC doped PVA film with different
concentration
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Fig. 4 FT-IR spectra of SiC doped PVA film at 3 wt% concentration

3.2 Emission Study

The emission spectrum of pure PVA and SiC doped
PVA nanocomposite films is shown in Fig. 3 with an
excitation wavelength of 320 nm. From Fig. 3, the in-
tensity of emission spectra is moderately depends on the
nanoparticles concentration. The emission peak intensity
of pure PVA, 1 wt%, 2 wt% and 3 wt% of SiC doped
PVA was increased by increasing the weight% of SiC
nanoparticles. Furthermore, the observation of red shift
with enhanced intensity of nanocomposite films is due
to increasing the weight% of SiC.

Table 1 FT-IR assignments of SiC doped PVA nanocomposite films

Wavenumber (cm~ ') Vibrational assignments Group

670 C=S stretching Sulfide

796 C=C bending Alkene

975 C=C bending Alkene

1054 C—N stretching Amine

1226 O—H stretching Alcohol

1479 C=C stretching Aromatic

1526 C=C stretching Aromatic

1624 C=C stretching Alkene

1703 C—H bending Aromatic compound
1751 C=0 stretching Anhydride

1803 C=0 stretching Conjugated acid halide
2909 O—H stretching Alcohol

3180 O—H stretching Alcohol
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Fig. 5 FESEM image of SiC doped PVA film (a) Pure PVA (b) 1 wt% SiC doped PVA (¢) 2 wt% SiC doped PVA (d) 3 wt% SiC doped PVA

3.3 FT-IR Study

The FT-IR spectra of 4 wt% of SiC doped PV A nanocompos-
ite film is depicted in Fig. 4 and the corresponding vibrational
frequencies is tabulated in Table 1. A strong peak was ob-
served respectively at 3180 cm™ ' and 2909 cm™ ! are owing
to OH stretching. The frequency band at 1803 cm™ ' and

cps/eV

1751 em™ ' are owing to stretching of C = O groups. The
existence of a weak band at 1703 cm™ ! in the spectra is due to
bending of C-H group. The presence of stretching of C = C
group is confirmed by the weak bands at 1624 cm™ ',
1526 cm™ ' and 1479 cm™ '. A band at 1226 ecm™ ' is
consigned to stretching of OH groups. The stretching of

groups associated with the frequency range of 1054 cm™ .

Fig. 6 Energy dispersive X-ray

(EDAX) spectra of 3 wt % of SiC

doped PVA film
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Table 2 Elemental concentration present in SiC doped PVA
nanocomposites

Element Series Concentration (Wt %)
Carbon K-series 55.81
Oxygen K-series 36.31
Sodium K-series 4.60
Magnesium K-series 0.23
Sulfur K-series 0.90
Chlorine K-series 1.76
Calcium K-series 0.35
Silicon K-series 0.01

Furthermore, the frequencies observed at 975 cm™ ' and

796 cm™ ! are represents respectively the bending of C = C
groups. The weak band observed at 670 cm™ ' is confirming
the presence of sulfide groups in the sample.
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3.4 Surface Morphology

The surface morphology of pure PVA and SiC doped
PVA nanocomposite films with different weight% of
SiC nanoparticles is shown in Fig. 5(a-d). Figure 5(a-
d) reveals that the pure PVA film exhibits a smooth
surface whereas SiC/PVA nanocomposite films revealed
that the inclusion of SiC on the surface of PVA. The
well size and spherical shaped particle distribution of
SiC through the PVA blend was observed at higher
concentration of SiC nanoparticles as shown in
Fig. 5(d). Furthermore, the FESEM image of SiC/PVA
nanocomposite films confirmed that more aggregation of
SiC nanoparticles was existed at a higher concentration
of SiC. The chemical composition of the SiC doped
PVA nanocomposite films were analyzed by energy dis-
persive X-ray analysis (EDAX) as shown in Fig. 6. The
elemental concentration obtained from EDAX is present-
ed in Table 2.
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Fig. 7 Open aperture result of SiC doped PVA film (a) Pure PVA (b) 1 wt% SiC doped PVA (c) 2 wt% SiC doped PVA (d) 3 wt% SiC doped PVA
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Fig.8 Pure nonlinear refraction curve of SiC doped PVA film (a) Pure PVA (b) 1 wt% SiC doped PVA (c¢) 2 wt% SiC doped PVA (d) 3 wt% SiC doped

PVA

3.5 NLO Study

Third-order NLO features of undoped and SiC doped PVA
nanocomposite films have been measured from closed and
open aperture Z—scan technique [32]. The closed aperture
technique gives the information about nonlinear index of re-
fraction (n,), while the open aperture method gives the infor-
mation of nonlinear coefficient of absorption (f3). The n, and
{3 of the sample is directly related to real and imaginary com-
ponents of the third-order NLO susceptibility. Figure 7 (a-d)

depicts the open aperture Z—scan traces of undoped and SiC
doped PVA nanocomposite films with different weight per-
centages. The nonlinear absorption coefficient ({3) of the films
displays both SA and RSA or two-photon absorption (TPA)
behaviors. It is observed from Fig. 7 (a) that, the pure PVA
film exhibits the characteristic features of saturable absorp-
tion. The increase in transmission with respect to the intensity
of incident radiation at the focus is the result of SA.
Alternatively, SiC doped PVA films with different weight
percentages of SiC nanoparticles exhibits positive nonlinear

Table 3 Measured third-order

NLO properties of SiC doped Sample nyx107"12 pX10° Re (x) X 1077 Im (x*) X 1077 x¥x 1077
PVA nanocomposites (m*/W) (m/W) (esu) (esu) (esu)

Pure PVA -1.99 -035 ~0.64 ~0.06 0.64

1 wt% ~3.49 0.66 -1.13 0.11 1.14

2 wt% ~4.03 0.96 ~1.30 0.16 131

3 wt% ~5.64 1.14 ~1.82 0.19 1.83
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coefficient of absorption is the consequence of RSA as shown
in Fig. 7 (b-d). A switchover from SA to RSA occurs in the
composite films as the result of increasing the concentration of
SiC nanoparticles. It is also observed from Fig. 7 (b-d) that the
increased valley depth with increase in SiC nanoparticle con-
centration is ascribed to increase in two-photon absorption
coefficient (3). The 3 of the composite films is obtained from
the fitting curve of open aperture data to the following equa-
tion [31]:

T(z,S=1)

C(1+2/B) [t BloLege™
~ i, / In<l+7(l+zz/z(2)) dt (1)

—00

where C is the constant, I, is the input irradiance at the focus
and L is the effective thickness of the sample. The measured
nonlinear coefficient of absorption {3 of the nanocomposite
films are presented in Table 2. From Table 2, the higher value
of 3 is obtained at 3 wt% of SiC doped PVA nanocomposite
film.

The n, of undoped and SiC doped PVA nanocomposite
film is determined from closed aperture Z—scan method.
Figure 8 (a-d) shows the pure nonlinear refraction curve of
undoped and SiC doped PV A nanocomposite films. The pure
nonlinear refraction is obtained by diving closed aperture data
by corresponding open aperture data. The refraction curve
exhibits a pre focal transmittance followed by post focal trans-
mittance minimum is the characteristic features of negative
nonlinear index of refraction i.e., self-defocusing. The self-
defocusing effect in the films is the consequence of thermal
nonlinearity which arises from absorption of laser irradiation
at 650 nm wavelength. Furthermore, the peal-valley differ-
ence increases with increase in SiC concentration. The trans-
mittance of the nanocomposite films is determined from the
fitting curve of closed aperture using the relation,

X
X2+ 1)(X2+ 9)

T(z) =1— Ay (2)

where X = Z/Z,. The n, of the nanocomposite film is given
by

2
= oD ()
ZﬂJquﬂ w

where Af)y and A are the on-axis phase shift and laser beam
wavelength. The real and imaginary components of the third-
order optical nonlinearity is given by,

11169
2,2 2
3 — 045, (M
Re [X } (esu) =10 —n ( W (4)
2,2
3) _ 12 £0¢ ngA rem
Im [X }(esu) 10 i ﬂ( W) (5)

where ¢y and c are the permittivity of free space and light
velocity in vacuum. Third-order NLO susceptibility x* of
the nanocomposite film is calculated by,

1 = (Re(0)®Y + (Im(x)® (esu) (6)

The third-order NLO parameters of undoped and SiC
doped PV A nanocomposite films are presented in Table 3. It
is observed from Table 2 that, the nonlinear optical suscepti-
bility of the prepared nanocomposite films exhibit a large
optical nonlinearity at higher concentration of SiC nanoparti-
cles. .

4 Conclusions

The undoped and SiC doped PVA nanocomposites with dif-
ferent weight percentages of SiC was prepared by simple cast-
ing method. The functional group present in the nanocompos-
ite film was examined by Fourier transform infrared spectros-
copy. Morphology of pure PVA and different weight percent-
ages of SiC doped PVA was studied by FESEM and it reveals
that the SiC nanoparticles was uniformly embedded on PVA.
The NLO features of the nanocomposite films were studied by
using Z—scan technique with low power CW laser. The non-
linear refraction and nonlinear absorption of the films were
studied from closed and open aperture technique, respectively.
The real and imaginary features of undoped and SiC doped
PV A nanocomposite films were found to be the order of 10~
esu. A remarkable NLO susceptibility was observed at higher
concentration of SiC nanoparticles. The experimental results
divulge that the prepared nanocomposite film is a potential
material for future photonics and optoelectronics applications.
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