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ARTICLE INFO ABSTRACT

Keywords: In this paper, we report enhancing the structural, morphological, mechanical, linear and nonlinear optical
PVA properties of polyvinyl alcohol (PVA) encapsulated with titanium dioxide (TiO») and copper oxide (CuO) na-

Nanocomposites noparticles. PVA/(x)TiO5(15-x)CuO nanocomposites for x = 0 wt%, 1 wt%, 5wt%, 7.5 wt%, 10 wt%, 14 wt%
NLO and 15 wt% filling concentration are prepared using ex-situ and solvent casting technique. The XRD spectra of
Photoluminescence

the prepared nanocomposites endorse the semi-crystalline nature of PVA nanocomposites. The atomic force
microscope (AFM) image displayed the uniform grain structure for pure PVA and change in surface morphology
for prepared nanocomposites. Universal testing machine (UTM) explored high tensile strength and Young's
modulus of 1685.70 MPa for x = 10 wt% filling concentration. PVA/(x)TiO»(15-x)CuO nanocomposites shows
an enhanced electrical conductivity of 3.21 x 10~ %Sem ™! for x = 10 wt% filling concentration. UV-Vis spec-
troscopy exposed the reduction in optical energy gap with the increase in filling concentration.
Photoluminescence (PL) studies spectacles maximum enhancement in PL intensity for x = 10 wt% filling con-
centration. The Z-scan technique shows third order nonlinear absorption coefficient of 8.17 x 10~ *cm/W, the
nonlinear refractive index of 2.56 X 10~ ®cm?/W and nonlinear optical susceptibility of 1.48 x 10~ ®esu for

optimum nanocomposites.

1. Introduction

Of late, scientific as well as technological interests have created a
heavy demand for metal oxide polymer nanocomposites [1-3]. These
metal oxide polymer nanocomposites encompass relatively small metal
oxides of size ranging between 1 and 100 nm dispersed uniformly in a
host polymer matrix. The addition of metal oxide nanoparticles into a
polymer matrix will advance the properties of the prepared nano-
composites [4-7]. In recent years, PVA arises as an excellent host
polymer matrix for filling of nanoparticle due to its high dielectric
strength, excellent emulsifying, good charge storing capacity, thin film
forming and adhesive properties. This PVA is an atactic material that
exhibits crystallinity as well as incompressible properties. Its high
oxygen and aromatic barriers with added nanoparticles gives excellent
tensile strength and flexibility for the PVA nanocomposites [8-10].

The gain in increasing demand for the search of excellent
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nanoparticles is a continuous research. In this regard, copper oxide
appears to be outstanding metal oxide nanoparticles due to its excellent
physical and chemical properties, which finds application in solar cells
[111, photodetectors [12], biosensors [13], gas sensors [14] magnetic
storage media [15] thermoelectric and photoconductive cells etc.
[16-18]. On the other hand, TiO, nanoparticle also serves as an ex-
cellent filler material in the PVA matrix due to its high surface area,
excellent transparency, good stability and its ability to inhibit bacterial
growth there by retaining the physical and chemical properties of the
nanocomposites [19-21]. TiO, is an important global product with
many applications related to electronics, photonics, cosmetic items,
sunscreen lotions, water treatment agents, printing inks, textiles, paints
and ceramics etc. [22].

PVA predicted polymer nanocomposites with different metal oxide
nanoparticle distribution shows enhancement of electrical, mechanical,
thermal and NLO properties [23-24]. It was studied PVA/(x)AgNO3(15-
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x)MnCl, nanocomposites and reported that the shape and special dis-
tribution of the mixed fillers are significant aspects in controlling the
electrical, optical, thermal and electron spin resonance properties of the
polymer system [25]. Recently it was reported that the addition of ZnO
and WOs3 nanoparticles into PVA matrix increases the degree of crys-
tallinity due to secondary bonding, this in turn increases the stiffness
and strength of PVA [26]. Recently we studied PVA/(x)TiO»(15-x)
MoO3 nanocomposites and repoted that addition of TiO, and MoO5
nanoparticles into PVA matrix advances the mechanical, electrical and
optical properties of the PVA due to their high interfacial interaction
between the organic moieties and inorganic nanoparticles [27]. With
this interest we have presented the preparation of the polymer nano-
composites using basic host PVA matrix (PVA-MOWIOL 10-98) by
filling preferred amount of Titanium dioxide (TiO,) and Copper oxide
(CuO) nanoparticles. The prepared nanocomposites of PVA/(x)TiO»(15-
x)CuO for x =0, 1, 5, 7.5, 10, 14 and 15 wt% filling concentration
alters the molecular and atomic states, resulting unexpected outcomes
in structural, mechanical and optical such as photoluminescence,
linear, non-linear properties etc.

2. Experimental details
2.1. Preparation of titanium oxide nanoparticles

Titanium oxide nanoparticles were prepared with the following
procedure: 20 ml of absolute ethyl alcohol is added to 8 ml of dibutyl
phthalate (solution 1) and is kept in a magnetic stirrer for an hour at
constant stirring rate of 500 rpm. Second solution is prepared by dis-
solving 15 g of ammonium titanyl sulphate with 60 ml of de-ionized
water and 6 ml of hydrochloric acid. Then both the solutions were
mixed together and stirred at 500 rpm using magnetic stirrer until a
clear solution is attained. The clear solution is heated up to 95 °C to
convert it into a turbid form. Ammonium is added dropwise to the
turbid solvent until the solution turns milky white and is allowed to
deposit for a day. The filtrate at the bottom is washed with deionising
water repeatedly till the pH of the solution turns neutral. Using 0.1 pm
Whatman Nylon filter membrane, the neutral residue is filtered and is
dried at 550 °C for 2h to get titanium oxide nanoparticles [28].

2.2. Preparation of CuO nanoparticles

1ml of the glacial acetic acid solution is mixed with 0.02 mol
aqueous solution of copper acetate and the mixture is kept in tem-
perature controlled mechanical stirrer at a stirring rate of 500 rpm and
110 °C temperature for 1 h. To the above mixture 1 M solution of NaOH
is added dropwise until a black precipitate of CuO is formed and the
same is separated by centrifuging. The precipitate is then washed with
deionising water to remove all the traces of NaOH. The achieved CuO is
kept in an oven for 8 h at 500 °C which yields around 94%.

2.3. PVA nanocomposites sample preparation

8 g of PVA (MOWIOL 10-98, Sigma Aldrich Germany) is liquefied
into a clear viscous solvent by dissolving with distilled water(180 ml)
kept in a temperature controlled (80 °C) mechanical stirrer with stirring
rate 1200 rpm. Further, PVA solvent is reduced to lab temperature by
maintaining the stirring rate at 250 rpm. Divide the solvent into 8 equal
parts. TiO, and CuO nanoparticles are then filled to each part of PVA
solvent as PVA/(x)TiO5(15-x)CuO forx = 0, 1, 5, 7.5, 10, 14 and 15 wt
%. The filled PVA solvent is sonicated using ultrasonicator for 15 min
and transferred into a Petri dish. The Petri dish is kept in a muffle
furnace at 50 °C for 24 h's. The prepared PVA nanocomposites are then
peeled off from the petridish and kept in vacuum desiccators for further
study. The film thicknesses were recorded using a dial thickness gauge
(Mitutoya, Japan).
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Fig. 1. XRD spectra of pure synthesised TiO, nanoparticles.

3. Results and discussion
3.1. XRD studies of TiO,, CuO and filled PVA nanocomposites

The structural and crystallographic confirmations of prepared na-
noparticles of TiO,, CuO and filled PVA nanocomposites were done
using Bruker Dg Advance X-ray diffractometer (XRD) with Nickel fil-
tered CuKa radiation of wavelength 1.5406 A. Fig. 1 epitomizes the
XRD spectra of pure TiO, nanoparticles having embedded peaks at
20 = 25.44, 36.16, 47.91, 54.43 and 63.4 representing the anatase
phase of TiO, nanoparticles for planes (101), (103), (004), (200), (105)
and (204) respectively. Apart from these, the peaks at 27.47, 41.20,
56.62 and 69.35 denote the rutile phase of TiO, nanoparticles for
planes (110), (111), (220) and (301) respectively (JCPDS no.: 21-1272
and 21-1276) [29,30].

Fig. 2 shows the Bragg's reflection of CuO nanoparticles. The dif-
fraction peaks at 26 = 32.58, 35.53, 38.68, 48.93, 53.46, 58.18, 61.72,
66.26, 68.23, 72.56 and 75.12 conforming to its crystal plane (110),
(—111), (111), (—202), (020), (202), (—113), (022), (220), (311) and
(004) respectively (JCPDS card files no.:48-1548) [31,32].

The confirmation of PVA/(x) TiO, (15-x) CuO nanocomposites for
x=0,1,5,7.5,10, 14 and 15 wt% filling concentrations are witnessed
from the peaks of added filler nanoparticle as shown in Fig. 3. The
broad as well as widened semi-crystalline peaks at 26 = 19 to 20°
corresponds to host PVA main chain. The enhancement in the crystal-
line nature of PVA nanocomposites is due to the interfacial contacts
between the organic PVA-OH group and inorganic nanoparticles phases
thereby retaining the intercalation of high molecular weight polymer
chains with filled nanoparticles. The intensity of diffraction peak along
with the PVA filled nanoparticles proliferates from x = Owt% to
x = 10 wt% concentration. The intensification in the diffraction peaks
of PVA ranging between 19 to 20° by the filled nanoparticles, increases
the percentage crystallinity of PVA/(x)TiO2(15-x)CuO for x =0, 1, 5,
7.5, 10, 14 and 15 wt% nanocomposites. Thus, observed crystallinity
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Fig. 2. XRD spectra of pure synthesised CuO nanoparticles.
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Fig. 3. XRD spectra of PVA/(x)TiO, (15-x) CuO for x = 0, 1, 5, 7.5, 10, 14 and
15 wt% filling concentration.

for the doping concentration x = 10 wt%of the PVA nanocomposites
depends on the geometrical structure, chemical nature, and homo-
genous distribution of the Nano filler. On the other hand, by the ad-
dition of nanoparticles to the molten PVA at high temperature, the
random coils in the PVA start to melt and interpenetrate each other in
the form of segmental or molecular motion. This disordered viscous
solution of PVA coagulates with the added Nanofillers. Further, the
decrease in thermal energy reduces the molecular motion and random
coils start to solidify thereby enhancing the crystallinity forming a
complex conformation.

3.2. Surface topography using AFM

The Bruker (nano) Atomic Force Microscope (AFM) is used to ana-
lyse modification in the size, and uniform dispersion of nanofillers in-
side the host PVA matrix. The two dimensional (2D) AFM images of
pure PVA shown in Fig. 4 (a) specifies the uniform grain structures of

2.89nm

i -1.24nm
0.0 Pure PVA 500.0nm

Fig. 4. (a). AFM 2-D images of Pure PVA and Fig. 4(b). PVA/(x)TiO5(15-x)CuO
for x = 10 wt% filling concentration.
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Fig. 5. AFM 3-D images of PVA/(x)TiO5 (15-x) CuO for x = 10 wt% filling
concentration.

pure PVA and Fig. 4(b) spectacles the changes in surface morphology of
x = 10 wt% optimized concentration of particle filled nanocomposites.
Three dimensional (3D) AFM image of x = 10 wt% optimized filling
concentration shown in Fig. 5 signifies no large scale particle agglom-
eration. The observed parameters such as average surface roughness
Rave = 4.46nm (For pure PVA R,, = 1.15nm) and RMS surface
roughness R,,s = 6.39nmfor optimized filling concentration x = 10 wt
% compared to pure PVA R, = 2,82 nm suggests the enhancement in
the crystallinity.

3.3. Mechanical studies

The Universal Testing Machine (LLOYD LRX Plus-5 KN, London,
UK) is employed for determining the Young's modulus, tensile strength,
and stiffness, of the prepared PVA/(x)TiO,(15-x)CuO for x =0, 1, 5,
7.5, 10, 14 and 15wt% nanocomposites. Fig. 6 explores the Stress-
Strain curves and Table 1 highlights the mechanical properties of the
prepared PVA nanocomposites of different filling concentration at room
temperature. The observed high values of Young's modulus
1685.70 MPa, tensile strength 48.36 MPa, and stiffness 33.94 kN/m for
optimized doping concentration x = 10 wt% is mainly due to the en-
hancement in crystallinity as aforementioned in above discussions. The
complex conformation of added Nano fillers of optimized doping con-
centration of 10 wt% forms a high order oriented chain aggregates in
the crystalline region providing the immense strength to the nano-
composites. This may also happens due to the plasticizing effects of
gallaries, dangling chain formation and also by conformational effects

40
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20 (e) (c) x=1 wt% TiO,
w
g @ (d) x=5 wt% TiO,
7] © g (€) x=7.5 wt% TiO,
10 (b) (f) x=10 W% TiO,
(a) (£) x=14 Wt% TiO,
(h) x=15 wt% TiO,
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Fig. 6. Stress- Strain curves of PVA/(x)TiO,(15-x)CuO for x = 0, 1, 5, 7.5, 10,
14 and 15 wt% filling concentration.
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Table 1
Mechanical properties of PVA/(x) TiO, (15-x) CuO for x = 0, 1, 5, 7.5, 10, 14
and 15 wt% filling concentration.

Dopant Tensile Stiffness Young's Percentage Total
Concentration Strength (kN/m) Modulus Elongation at
(MPa) (MPa) Fracture

Pure PVA 2.90 5.34 45.34 32.53

0 wt% 26.85 32.02 421.39 76.23

1 wt% 36.45 33.71 678.92 90.37

5wt% 31.18 52.67 832.26 92.65

7.5 wt% 35.85 28.14 915.01 107.07

10 wt% 48.36 33.94 1685.70 111.97

14 wt% 42.45 33.29 1125.78 120.77

15 wt% 37.19 33.91 847.84 156.71
Table 2

DC conductivity of PVA/(x) TiO, (15-x) CuO for x =0, 1, 5, 7.5, 10, 14 and
15 wt% filling concentration.

Dopant Concentration Resistance (€2) Conductivity (Sem™1)

Pure PVA 0.237 x 10° 8.42 x 1071°
0 wt% 0.563 x 10® 7.16 x 107°
1wt% 0.499 x 10° 8.02 x 107°
5 wt% 0.378 x 10°® 1.32x 1078
7.5 wt% 0.269 x 10® 1.86 x 1078
10 wt% 0.249 x 10° 3.21 x 1078
14 wt% 0.274 x 10® 219 x 1078
15wt% 0.579 x 10® 8.64 x 107°
8.0
7.5 (a) Pure PVA
7.0 (b) x=0wt% TiO,
) ) (¢) x=1wt% TiO,
6.5 (d) x=5wt% TiO,
- (9) (e) x=7 5wt% TiO,
: 4] (f) x=10wt% TiO,
55 () (9) x=14wt% TiO,
“w 50 (d) " (h) x=15wt% TiO,
c
4.5 |- (b)
(@)
4.0 n
[—
35 [ —
3.0
2.5 /\\
2.0

3.0 35 4.0 4.5 5.0 5.5 6.0
log f

Fig. 7. Variation of dielectric constant with frequency for different doping
concentration of PVA nanocomposites.

at the added nanoparticles-PVA interfaces [33]. This combination of
improved Young's modulus, its toughness and elasticity make the PVA/
(x)TiO2(15-x)CuO nanocomposites a high performance material. Above
x = 10 wt%, due to the formation of exfoliated aggregates and less
degree of crystallinty makes the PVA/(x)TiO5(15-x)CuO nanocompo-
sites to be more brittle, there by decreasing its mechanical properties.

3.4. DC conductivity

Using Keithley 4200-SCS parameter analyser with two probe
method at room temperature -V characteristics of the prepared PVA/
(x)TiO5(15-x)CuO for x =0, 1, 5, 7.5, 10, 14 and 15 wt% filling na-
nocomposites were done in the voltage range of 0-20 V. The resistance
(R) of prepared nanocomposites obtained from the I-V characteristics is
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Fig. 8. Dielectric loss with frequency for different doping concentration of PVA
nanocomposites.
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Fig. 9. The dependence of loss factor with change in frequency for different
doping concentration of PVA nanocomposites.
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Fig. 10. Dependence of AC conductivity as a function of different dopant
concentration of PVA nanocomposites.
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Fig. 11. UV-Visible absorption spectra of pure PVA.
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Fig. 12. UV-Visible spectra of PVA/(x)TiO5(15-x)CuO for x = 0, 1, 5, 7.5, 10,
14 and 15 wt% filling concentration.
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Fig. 13. Optical energy gap of pure PVA.

substituted in the equation oy, = % where‘d’ is the thickness of
polymer nanocomposites, ‘A’ is the cross-sectional area of electrode,
gives the DC conductivity of the prepared nanocomposites. Table 2
exemplifies the resistance and conductivity of prepared PVA nano-
composites of different filling concentrations and it displays a reduction
in resistance from x = 0 wt% to x = 10 wt% filling concentration with
an enhancement in conductivity. The improvement in the conductivity
is due the added mixed fillers of TiO, and CuO nanoparticles reside in
interstitial sites of PVA main chain due to hopping of charges. Apart
from these, the increase in crystallinity also supports charge transfer by
reducing the barrier height leading to enhancement in conductivity.

3.4.1. Dielectrics studies

The frequency dependence of the dielectric permittivity (¢) and
capacitance of PVA/(x)TiO, (15-x)CuO nanocomposites for x = 0, 1, 5,
7.5, 10, 14 and 15 wt% filling concentrations at room temperature were
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Fig. 14. Optical energy gap of PVA/(x)TiO»(15-x)CuO for x = 0, 1, 5, 7.5, 10,
14 and 15 wt% filling concentration.

Table 3
Energy band gap of PVA/(x) TiO, (15-x) CuO for various filling
concentration.

Dopant Concentration Band gap (eV)

Pure PVA 4.66
0 wt% 3.17
1 wt% 2.99
5 wt% 2.79
7.5 wt% 2.70
10 wt% 2.44
14 wt% 2.95
15 wt% 2.73

1000
i (a) Pure PVA
(b) x=0Wt% TIO,
~
"-'E 600(y (©) x=1wt% TiO,
=, (d) x=5W1% TiO,
g (€) x=7.5wt% TiO,
5 b | (D) x-10wt% TiO,
-
E (g) x=14wt% TiO,
=1 2000 (h) x-15w1% TiO,
(-
3(1'0 300 300 600 700

300
Wavelength(nm)

Fig. 15. PL spectra of pure and doped nanocomposites with excitation wave-
length 340 nm.

studied using of Keithley 4200-SCS parameter analyser frequency ran-
ging from 1 kHz to 1 MHz. From Fig. 7, one could notice the variation of
dielectric constant (¢') with the increasing frequency. The high di-
electric constant at low frequency verifies the polar nature of dielectric
molecules [34-37]. At higher values of frequency dipoles will not rotate
sufficiently, so that their oscillation will lags behind that of the field.
Hence at high frequencies dielectric constant approaches a limit value
[38]. Fig. 7 also specifies that at low frequencies all the nanocomposites
showed relatively high dielectric permittivity and decreases with the
rise in frequency. The fall of polarizability in addition to the occurrence
of absorption of electrical energy constituting dielectric dispersion is
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Fig. 16. Open-aperture Z-Scan traces for PVA nanocomposites.
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Table 4

Optical Materials 95 (2019) 109218

Third-order NLO parameters of PVA/(x) TiO, (15-x) CuO nanocomposites for x = 0, 1, 5, 7.5, 10, 14 and 15 wt% filling concentration.

Dopant Non-linear absorption Non-linear refractive  Real part of Non-linear optical Imaginary part of Non-linear N (Third order Non-linear
Concentration Coefficient () cm/W Index ( ny) cm?/W susceptibility (x$) esu optical susceptibility (xg?n)g) esu optical susceptibility (x>) esu
Pure PVA 3.19 x 107° -1.57 x107° 8.97 x 1078 7.72 x 107° 9.01 x 108

0 wt% 3.94 x 107 -1.94x 1078 1.10 x 107° 9.51 x 108 1.12 x 107°

1wt% 4.24 x 1074 —2.04 x 1078 1.16 x 107° 1.02 x 1077 1.17 x 107°

5wt% 474 x 1074 -215x1078 1.22 x 107° 1.14 x 1077 1.23 x 107°

7.5 wt% 6.14 x 107* -220x 1078 1.25 x 107° 1.48 x 1077 1.26 x 107°

10 wt% 8.17 x107* -2.56 x 1078 1.46 x 10°° 1.98 x 1077 1.48 x 107°

14 wt% 7.24 x 1074 -2.35x 1078 1.34 x 107° 1.74 x 1077 1.35 x 107°

15 wt% 3.26 x 1074 -1.38x 1078 7.89 x 107 7.87 x 1078 7.93 x 1077

the main cause for the reduction of dielectric constant at a relatively
higher frequency. The same behaviour is shown in Fig. 8 regarding the
decrease in dielectric loss (¢'") with increase in frequency. The dielectric
loss at low frequency is observed high because of the mobile charge
carriers present in the polymer chain. At high frequencies rapid motion
is necessary for the dipole to adjust with faster field variations, which
leads to a lag in the accomplishment of the equilibrium in an electric
field [39]. Thus lag in the response of diploes with applied electric field
experiences a process known as dielectric relaxation leading to di-
electric loss. The dielectric loss factor (tan ) is expressed in terms of
real and imaginary parts of dielectric constant as, tan§ = % Fig. 9
signifies the dependence of dielectric loss factor with frequency for
prepared nanocomposites. Out of all prepared nanocomposites, for
x = 10 wt% filling concentration the maximum real dielectric constant
of 7.5 is observed for frequency 3 x 10®Hz.

3.5. AC conductivity

The frequency dependence of electrical behaviour of materials is
[401,

Oac = Ogc+01(®) (@)
O Oy = Oge + A" 2

Where, oy stands for frequency independent DC conductivity, o;(®) is
usually consigned to the hopping conduction, A is pre-exponential
factor which dependence on temperature, n is the exponent (n < 1 the
hopping motion is translational one while n > 1 the motion is loca-
lized one). From the aforementioned law, the AC conductivity are af-
fected by the subsequent factors like, Electrode effect (active low fre-
quencies), DC plateau (at intermediate frequencies) and defect process
(which can be explained by the term Aw"). The enhancement in AC
electrical conductivity up to filling concentration x = 10 wt%. On the
other hand, increase in conductivity with frequency characterises ®" (n
is the exponential) is also observed. The Jonscher power law is applied
for all the prepared composites and confirm by non-linear fit. Initially,
for all the nanocomposites slight deviation is observed at lower fre-
quencies. From the non-linear fit, the obtained value of n < 1 indicates
to diffusion limit. The transport mechanism is predicated by the hop-
ping process among the two sites separated by an energy barrier.
Apart from these, AC conductivity of prepared PVA nanocomposites
is calculated using the relation osc = 27feoe’ . Where f is the applied
frequency of ac, ¢’ is the dielectric loss and ¢, is the permittivity of free
space. Fig. 10 gives the common fashion of increasing conductivity of
nanocomposites for different filling concentrations with the rise in
frequencies. It is also observed that for x = 10 wt% the conductivity is
high. With rising in frequency the polar bond of PVA/(x)TiO(15-x)CuO
nanocomposites rotates and causing the dielectric transition. This will
change the chemical composition of the PVA main chain unit due to the
formation of charge transport complexes. This in turn makes the na-
nocomposites chains more flexible and hence enhances the electrical
conductivity [41,42]. The rise in doping concentration makes the
conductive nanoparticles appears to inter-mingle each other

establishing a continuous network for transportation of electrons. The
higher filing concentration of TiO, nanoparticles can induce the higher
crystalline region in the sample and, accordingly, hinders the ion im-
migration. Further, in the percolation threshold, (x = 10 wt %) a small
rise in the concentration of Nanofiller possibly will intensify the bridges
in the conducting network. Hence, the rise in the concentration of
Nanofiller also enhances the conducting domains leading to a mono-
tonic rise in conductivity [43-45].

3.6. UV-visible spectroscopy studies

Absorption and optical energy gap measurement of unfilled and
PVA/(x)TiO,(15-x)CuO for x =0, 1, 5, 7.5, 10, 14 and 15 wt% filling
concentration PVA nanocomposites were carried out using JASCO V-
630 UV-Visible spectrophotometer in the wavelength range of
100-900 nm. Figs. 11 and 12 explore the UV-Visible spectra of pure
PVA and filled PVA nanocomposites. PVA absorbs strongly in the wa-
velength range of 200-400 nm and same is simulated as a shoulder like
a band at 269 nm in Fig. 11. Fig. 12 discloses the redshift correspond-
ingly to the wavelength from 300 nm to 561 nm having different ab-
sorption intensities. The transferral in absorption bands and band edges
is owing to the creation of inter/intermolecular H-bonding of nano-
particles with the OH groups of the PVA nanocomposites main chain.

The optical energy gaps from the UV-visible spectra are obtained by
transmuting the continuums into Tauc's plots by means of the frequency
dependent absorption coefficient as given by Mott and Devis [46,47].
Fig. 13 gives the optical energy gap of pure PVA and Fig. 14 gives the
optical energy gap of PVA/(x) TiO, (15-x) CuO forx = 0, 1, 5, 7.5, 10,
14 and 15 wt% filling concentration. Table 3 exposes the decrease in
the energy gap with rising in filling concentration from x = 0 wt% to
x = 10 wt%. The low energy gap (1.44eV) of PVA nanocomposites re-
veals their applications in optoelectronic devices [48,49]. At the op-
timum concentration x = 10 wt%, the PVA starts to form inter-
penetrating polymer chain with added Nano filler. Throughout the
cross-linking process, the PVA main chains are covalently fused to the
added Nano filler which encourages chain rigidity. Thus inter-
penetrating random coils of PVA results, deceased segmental motion or
molecular mobility to form a complex conformation. These factors in-
crease the crystallinity thereby lessening in the energy gap [50-52].

3.7. Photoluminescence

Fig. 15 shows an image of photoluminescence (PL) of PVA/
(x)Ti05(15-x)CuO nanocomposites with x =0, 1, 5, 7.5, 10, 14 and
15 wt% filling concentration using F2700 spectrophotometer. PL is an
operative technique which determines the electronic structure be in-
fluenced by the particle size [53,54]. The PL measurements of prepared
nanocomposites were performed at room temperature at an excitation
wavelength of 370 nm. The nanocomposites spectacle exciting peaks at
380nm and precise strong emission bands in the visible range at
680 nm by neglecting the reflection occurred by a different order of
harmonics [55,56]. The emission band at 380 nm corresponds to the
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Fig. 17. Closed-aperture Z-Scan plots for PVA nanocomposites.
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surface trap induced effects and intense emission band at 680 nm re-
semble the electron-hole recombination of TiO, and CuO nanoparticles.

3.8. Nonlinear absorption (NLA) and nonlinear refractive index (NRI)

Third order nonlinear optical features such as nonlinear absorption
coefficient (f3), nonlinear refractive index (n,) and third order nonlinear
optical susceptibility (X3) of PVA/(x) TiO5 (15-x) CuO nanocomposites
with x =0, 1, 5, 7.5, 10, 14 and 15wt% filling concentration were
investigated by the means of Z-scan scan technique with DPSS con-
tinuous wave laser having 532nm wavelength and 200 mW output
power. To investigate nonlinear absorption coefficient of filled nano-
composites, open aperture (OA) Z-scan measurements were carried out
and the same is presented in Fig. 16. During the exposure the sample
cell is placed at Z = 0 position and was moved to and fro along the z-
axis and at each Z position input beam energy, transmitted beam energy
and their ratio were measured. All the nanocomposites show trans-
mittance valley in open aperture scan and direct stronﬁg reverse sa-

ToLeff

> two
2&[1+ Z—z]
Z
0

turation absorption. Using the relation, Topen = 1 —

nwd

A

photon absorption coefficient () was calculated. Where Z, = is the

[1 = expj%

d
beam waist, Loy = ] is the effective thickness of the sample,

0

a, is the linear absorption coefficient,d the sample length and I, is the
laser beam intensity [57]. The third order nonlinear absorption coef-
ficient of the prepared nanocomposites increases with an increase in
filling concentration from x = Owt% to x = 10 wt% and is shown in
Table 4.

Closed aperture (CA) Z-scan technique is used to measure the non-
linear refractive index (n,) of the nanocomposites [58]. In closed
aperture Z scan technique the aperture is kept in front of the detector
for all prepared nanocomposites and the results are shown in Fig. 17.
Theoretical fitting of experimental CA data, the phase shift (Ad,) of the
PVA filled composites are determined using the following equation,
2z)y=1- #&f"w, where x = z/z,and using Ad, = Kn, I L, the
nonlinear refractive index (n,) is evaluated. (3) (Third order nonlinear
optical susceptibility) is attained by means of the equation, |
x®] = |Rex® + Imy®|. Where Re x® = 2C n,¢,n? exemplifies the real

2
part of third-order NLO susceptibility and Im x©® = Ceolbng epitomizes

the imaginary part of the third-order NLO susceptibilityj.I The results of
the third-order NLO properties of the filled PVA nanocomposites are
presented in Table 4. The observed enhancement behaviour is due to
the strong complex formation of OH group of PVA matrix with the
added nano fillers. This enhances the crystallinity, surface roughness
and also the carrier concentration of the prepared filled samples. Apart
from these, the nonlinear refractive index (n,) of closed aperture fluc-
tuates with the concentration of loaded Nanofillers due to the difference
in the nonlinear phase shift. These induced factors make the PVA/(x)
TiO5(15-x)CuO nanocomposites with x = 0, 1, 5, 7.5, 10, 14 and 15 wt
% filling concentration to retain outstanding NRI (n,) when matched to
other testified materials of similar interest. These prepared PVA com-
posites find appropriate uses in optical based switches.

4. Conclusion

Inorganic polymer nanocomposites PVA/(x)TiO»(15-x)CuO with
x=0,1,5,7.5, 10, 14 and 15 wt% filling concentration are prepared
by ex-situ and solvent casting routes and investigated their structural,
electrical, mechanical, dielectric, linear and nonlinear optical proper-
ties. The XRD spectra endorse the semi crystalline nature of the nano-
composites for the loaded x = 10 wt% optimized filler concentrations.
UV-Vis spectroscopy reveals the reduction in optical energy gap from
x = 0wt%to x = 10wt% filling concentration. AFM authorizes the
uniform grain structures of pure PVA and changes in surface mor-
phology with added nanocomposites. IV analysis recommend a high

Optical Materials 95 (2019) 109218

conductivity of oge = 3.21 x 10™%Sem ™ 'for x = 10wt% optimum
filling concentration. The UTM shows high tensile strength of
48.36 MPa  devouring Young's modulus of 1685.70 MPa.
Photoluminescence studies spectacles a maximum intensity for
x = 10 wt%. Dielectric studies disclosures the maximum real dielectric
constant value of 7.5 for the frequency 3 x 10*Hz of loaded con-
centration at x = 10 wt%. Third order NLO studies using Z scan tech-
nique shows excellent susceptibility of the third order Non-linear op-
tical susceptibility of 1.48 x 10 %esu and refractive index of
2.56 X 108 cm™?/W for x = 10 wt% filling concentration finding its
use in nonlinear optical devices.
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