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A B S T R A C T   

The present study describes the optical properties for prepared polymer nanocomposites of PVDF at different 
content of MoO3/g-C3N4. The structural properties of polymer films were analysed via XRD, FTIR and ESEM 
techniques. The XRD diffraction patterns of PVDF with different concentrations of MoO3/g-C3N4 have two 
characteristic peaks at 2 θ = 18.4◦ and 20.3◦ where first peak was assigned to α-phase, while last peak was 
attributed to β-phase. The ESEM micrographs of PVDF-MoO3/g-C3N4 nanocomposites have shown smooth sur
face topography. According to the UV–visible absorption spectra, the UV absorption of PVDF was increased when 
adding MoO3/g-C3N4 nanoparticles where distinct peak was appeared in the UV region at 310 nm and its edges 
become more intense and moved towards higher wavelength after MoO3/g-C3N4 incorporation. The optical 
values of (Edir) and (Eind) energies have decreased with increasing the nanoparticle composites content. The 
optical band gap energy (Eopt) was decreasing from 5.66 eV to 4.56 eV as increasing the content of MoO3/g-C3N4. 
The refractive index (n) was increased with increasing the concentration of MoO3/g-C3N4 in nanocomposites 
samples, except for the sample with 0.25 wt%. The distinctive optical characteristics of PVDF-MoO3/g-C3N4 
qualify such polymer nanocomposites for optoelectronic applications.   

Introduction 

The different applications of polymer nanocomposites require ma
terials with distinct properties. Therefore, researchers seek to develop 
polymer compounds by treating them with nanomaterials of different 
sizes, shapes, and content [1–4]. The importance of nanomaterials 
integration into polymer matrices lies in achieving distinctive properties 
at low concentrations. Nanomaterials are found in different shapes such 
as nanosheet, nanotube, nanoparticles and nanorod. The polymer/ 
nanomaterial interface determine the optical and dielectric properties. 
The polymerization of vinylidene difluoride monomer produce poly
vinylidene difluoride (PVDF) polymer. PVDF polymer has the chemical 
formula –CH2–CF2– and includes α, β, γ, δ and ε crystalline phases [5–7]. 
This structure induces ferroelectricity, piezoelectricity, pyroelectricity, 
and optical properties of PVDF polymer [8]. From an application 
standpoint, the polar β phase of PVDF is the most suited polymer phase 
for improving ferroelectric, piezoelectric, and pyroelectric characteris
tics. Actually, the polymorphic β phase and other phases always coexist 
at crystallization of PVDF. The factors that control the growth of β phase 

are the temperature, type of polar solvent, mechanical stretching, 
nanomaterials type and DC electric poling [9,10]. Among the nano
materials, ferrite enhance the crystallization of β phase at low filler 
content. Therefore, PVDF polymer composites containing nanoferrites 
produce ferroelectricity and strong magnetoelectric properties [11]. 

High optical performance polymers are required for many applica
tions. Thus, flexible PVDF polymer nanocomposites films with improved 
optical properties were investigated in the literature. Ajay Pal Indolia 
and M. S. Gaur [12] have studied the optical spectroscopy parameters of 
PVDF-ZnO polymer films. At concentrations of ZnO (0.0–9.0 wt%) the 
direct optical energy gap decreased from 5.66 to 4.95 eV. Moreover, the 
values of indirect energy gap decreased from 4.96 to 3.35 eV. However, 
the refractive index of these polymer films increased from 1.51 to 1.71. 
Maheswar Panda et al. [13] have prepared different samples of PVDF- 
GO nanocomposite films. Moreover, the optical absorption of these 
polymer films improved with the addition of GO. The refractive index of 
PVDF-GO nanocomposite films revealed variations with the content of 
GO. PVDF-Li4Ti5O12 nanocomposite films were prepared and subjected 
to optical absorption measurements [14]. The concentrations of 
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Li4Ti5O12 increased from 0.0 to 2.0 wt%. Accordingly, the direct optical 
energy gaps decreased from 5.567 to 4.858 eV and in case of indirect 
energy gaps (3.625 to 1.005 eV). Further, the refractive index and op
tical susceptibility for these nanocomposite films were highly improved 
as the percent of Li4Ti5O12 increased. Mai M. El-Masry and Rania 
Ramadan [15] have studied the optical properties of PVDF polymer 
nanocomposites at different filler ratios of CoFe2O4, CuFe2O4 and Cu/ 
CoFe2O4 nanomaterials. The data analysis of optical spectroscopy 
showed a reduction of optical energy gaps when the content of nano
particles increase. Moreover, the addition of CoFe2O4, CuFe2O4 and Cu/ 
CoFe2O4 enhanced the optical conductivity of PVDF polymer films. 
PVDF/Mg polymer nanocomposites were investigated at different filler 
content (0.0–8.0 wt%) of MgCl2 [16]. The optical absorption data for 
these films showed a gradual decrease with increasing filler content. The 
optical energy gaps increased from 0.36 to 1.99 eV as the concentration 
of MgCl2 increased. 

The nanoparticles of molybdenum oxide (MoO3) are inexpensive, 
environmentally friendly and showed high optical activity [17,18]. 
Further, MoO3 showed high performance of photovoltaics, light emit
ting diodes (OLEDs) and field effect transistor (FET) [19]. Combining 
MoO3 with g-C3N4 is expected to show high optical performance of 
composites. This comes because g-C3N4 nanosheet has a small energy 
gap (2.7 eV) and show improved optical, electronic and catalytic per
formance [20–22]. 

The present study aims at preparing polymer nanocomposites of 
PVDF at different content of MoO3/g-C3N4. The structural properties of 
polymer films was analysed according to XRD, FTIR and ESEM mea
surements. Moreover, the optical absorption spectroscopy data of the 
PVDF-MoO3/g-C3N4 were completed concerning linear and nonlinear 
optical parameters. The performance of nanofiller at energy gap, 
refractive index and optical susceptibly was investigated at different 
content (0.0–1.0 wt%). 

Experimental 

The thermal polycondensation technique was applied to prepare g- 
C3N4 nanosheets. 10 g of Urea were treated thermally at 500 ◦C for 2 h at 
a heating rate of 2.0 ◦C/min. On the other hand, MoO3/g-C3N4 nano
composite was prepared via ultrasonic treatment of 90% MoO3 and 10 
% g-C3N4 in ethanol for 2 h. The PVDF/MoO3/g-C3N4 blend films pre
pared by solution casting method. The PVDF powder was dissolved in 
1:1 DMF/acetone mixture for 2 h at 50 ◦C. After this step, the powder of 
MoO3/g-C3N4 was dispersed in 5.0 mL acetone and then integrated to 
PVDF clear solution. Moreover, the mixture was stirred for 1.0 h at 
50.0 ◦C. Finally, the solutions of PVDF/MoO3/g-C3N4 were transferred 
to glass plates and dried at 100 ◦C overnight. 

The crystal structure spectra of PVDF/MoO3/g-C3N4 films were 
examined on XRD 7000 diffractometer, Shimadzu, Japan. The ATR 
spectra were collected from FTIR spectrometer–Tracer 100, Shimadzu, 
Japan. The ESEM micrographs were recorded on Quattro environmental 
scanning electron microscope (ESEM), Thermofisher, USA. The ab
sorption spectra of blend films were extracted from Cary 60 UV–Vis 
spectrophotometer, Agilent, USA. A 270 nm excitation wavelength was 
used to produce photoluminescence (PL) spectra at room temperature 
using a Cary Eclipse fluorescence spectrometer. 

Results and discussion 

The XRD patterns peaks of polymer (PVDF) and nanocomposites 
(MoO3/g-C3N4) are shown in Fig. 1(a). The XRD pattern at 2 θ = 12.8◦, 
23.4◦, 25.6◦, 27.4◦, 33.8◦, 39.2◦ and 49.4◦ of MoO3/g-C3N4 correspond 
to (020), (110), (040), (021), (111), (060) and (002) planes, 
respectively. The characteristic peaks of MoO3/g-C3N4 belong to data of 
the orthorhombic structure and agree with JCPDF card number (05- 
0508) [23]. Moreover, the average crystal size (D) produced from 
Scherer equation based on the full width at half maximum (β) for the 

diffraction peaks recorded in Fig. 1 [24,25]; 

D = 0.9λ/βcosθ (1)  

where λ = 1.54056 Å and θ is the diffraction angle. Accordingly, the 
average crystal size of MoO3/g-C3N4 was 18 nm. 

PVDF is a semicrystalline polymer with two basic crystal phases, 
namely α and β crystalline [26,27]. The diffraction patterns of PVDF 
with different content of MoO3/g-C3N4 observed two characteristic 
peaks at 2 θ = 18.4◦ and 20.3◦, which correspond to (020) and (110) 
crystal planes, respectively. The appearance of a shoulder peak at 18.4◦

assigned to α-phase, while the broad diffraction peak at 20.3◦ attributed 
to β-phase. Moreover, the intensity of the peak indexed to β-phase 
improved up to 0.75 wt% and then decreased at 1.0 wt% of MoO3/g- 
C3N4. This improvement indicated the obstruction of PVDF crystallinity 
chain movement. The crystallinity index for these nanocomposite films 
could be estimated from the relation (Xc(%) = (Area under crystalline 
peaks/Area under all peaks) × 100). As a result, the crystallinity index 
was increased from 17 to 22% when the percentage of MoO3/g-C3N4 
raised from 0.0 to 1.0 wt%. This finding reveals the enhanced crystal
linity of the PVDF/MoO3/g-C3N4 films. 

The FT-IR spectra of PVDF/MoO3/g-C3N4 and different concentra
tions of MoO3/g-C3N4 were recorded in the region 400–2000 cm− 1 as 
shown in Fig. 1(b). The spectra bands appearing at 610, 770 and 950 
cm− 1 correspond to the PVDF α-phase, while bands at 510, 833, 1070, 
1250 and 1405 cm− 1 ascribed to the PVDF β-phase. The bands at 510, 
610, and 770 cm− 1 attributed to the bending vibration of CF2, while the 
band at 833 cm− 1 related to the rocking vibration of CH2 [28]. In 
accordance with the CH and CF out-of-plane deformations, the bands 
arise at 950 and 1230 cm− 1, respectively. The peaks at around 1400 
cm− 1 correspond to the C–H deformation vibration, while the peak at 
around 1071 cm− 1 attributed to the C–F vibration, respectively [29]. 

Fig. 1. XRD diffraction patterns of PVDF polymer nanocomposites modified 
with MoO3/g-C3N4. 
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Moreover, the positions of the absorption bands slightly moved to higher 
wavenumber as the content of MoO3/g-C3N4. This is evidence of the 
bonding between the PVDF polymer matrix and the nanofiler by 
hydrogen bonds (Fig. 2). 

The ESEM micrographs of PVDF-MoO3/g-C3N4 nanocomposites 
comprising 0.0, 0.25, 0.75 and 1.0 wt% were depicted in Fig. 3. The 
provided scans declare spherulite surface topography. Moreover, the 
dispersion of MoO3/g-C3N4 is dominated in the images of Fig. 3. The 
surface roughness (Rq) values estimated via ImageJ software were 
34.36, 38.19, 45.58 and 48.61 for the content of MoO3/g-C3N4 0.0, 0.25, 
0.75 and 1.0 wt%. 

The optical properties have been measured by UV–Visible spectros
copy for the PVDF- MoO3/g-C3N4 nanocomposites consisting of 0.0, 
0.25, 0.75, and 1 wt% of MoO3/g-C3N4. The UV–Visible absorption 
spectroscopy is a powerful method for examining the optical charac
teristics of materials. The UV–visible absorption spectra of pure PVDF (0 
wt%) and PVDF/MoO3/g-C3N4 nanocomposites at various MoO3/g- 
C3N4 concentrations (wt%) are shown in Fig. 4. The curves of the high 
MoO3/g-C3N4 concentration nanocomposites exhibit a distinct peak in 
the UV region and none absorption in the visible area. From Fig. 4(a), a 
sharp absorption edges become more intense and moved towards higher 
wavelength after MoO3/g-C3N4 incorporation. Further, the optical ab
sorption peak in nanocomposite samples is located approximately at 
310 nm, which is a distinctive UV peak for MoO3/g-C3N4. Further evi
dence that integrated MoO3/g-C3N4 nanoparticles are relatively mono
dispersed confirmed from sharp absorption edges and well-developed 
excitonic peaks [30]. 

Fig. 4(b) shows the transmittance (T) vs wavelength spectra of PVDF- 
MoO3/g-C3N4 nanocomposites within the ranges of 200–1000 nm. It can 
be seen from Fig. 4(b) that the transmittance decrease with increasing 
the concentration of MoO3/g-C3N4. The observed decrease in trans
mittance is caused by an increase in surface roughness. The reduction in 
transmittance is explained by Rayleigh scattering occurred by MoO3/g- 
C3N4, similar with case of ZnO nanocomposites or due to the oscillation 
of free surface electrons, metal particles exhibit high wavelength- 
dependent absorption in the visual range, even at small diameters 
[30]. Generally, the doping polymer with nanoparticles led to formation 
of absorption centres, which increased the absorbance while reducing 
the transmittance, as illustrated in Fig. 4(a and b). 

Semicrystalline polymers have both direct and indirect band gaps 
because of electronic transitions near the band edge. The following 
equation uses the Tauc formula to obtain the optical band gap energy 
(Eopt) for allowed electronic transitions [31,32]; 

αhυ = k(hv − Eopt)
x (2)  

where α is the absorption coefficient, hv is the energy of photons and k 
represents the blend structure constant. The exponent x indicates direct 
and indirect allowed transitions with values of 0.5 and 2 respectively. 
The linear plot to the intercept is extrapolated to yield the values of band 
gap energies for both direct and indirect; as in Fig. 5(a and b). The 
experiment values of both direct (Edir) and indirect (Eind) energies are 
illustrated in Table 1. From Table 1, it can be seen that the optical values 
of (Edir) and (Eind) energies have decreased with increasing the nano
particle composite content. The reduction of band gap energies in both 
direct (Edir) and indirect (Eind) could be related to the structural modi
fications which brought on by the addition of MoO3/g-C3N4 may be 
responsible for this behaviour. As a result, a compositional dependence 
is found to affect the optical band gap (direct and indirect). Usually, the 
polymer nanocomposite thin film’s electrical conductivity rises as a 
result of this modification, which denotes a narrowing of the energy 
band gap. Also, the drop in optical energy levels of nanocomposites are 
because of creation of deep defects and therefore affects the optical 
characteristics of materials [33,34]. 

It worth mentioning that, the optical band gap energy (Eopt) is 
decreasing as the content of MoO3/g-C3N4 is increasing. This decrease in 
Eopt is assigned to the growth of structural disorder [14]. The existence 
of structural disorder, which increase the density of localized states, 
causing the Urbach tail to broaden and, as a result, reduce the energy 
gap. 

The optical reflectance of pure PVDF and PVDF/MoO3/g-C3N4 
nanocomposites is shown in Fig. 6(a). The PVDF film has a lower 
reflectivity than PVDF-MoO3/g-C3N4 nanocomposites. It worth to notice 
that, as MoO3/g-C3N4 concentration in nanocomposites increased, the 
reflectance as well increased, indicating an improvement after addition 
of MoO3/g-C3N4. In addition, at around 310 nm, the reflectance spectra 
are abruptly reduced, which is corresponded to the peak absorption of 
MoO3/g-C3N4. Additionally, the optical reflectance spectra shown in 
Fig. 6(a) was utilized to calculate the refractive index (n) using Eq. [35]; 

n =

(
1 + R
1 − R

)

+

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
4R

(1 − R)2 − k2

√

(3)  

where k is the extinction coefficient, and can be calculated using the 
formula k = αλ/4π. 

One of the most important variables in selecting the material for 
optical applications is the refractive index. The variation in refractive 
index (n) with wavelength for pure PVDF and PVDF/MoO3/g-C3N4 
nanocomposites is shown in Fig. 6(b). Pure PVDF film has a refractive 
index of around 3. As the concentration of MoO3/g-C3N4 in nano
composites samples increased, as the refractive index raised, except for 
the sample with 0.25 wt%, which observed decreasing in its refractive 
index. This may be explained because of reduced entanglement and 
fewer interactions between polymer chains and extra nanofiller mini
mize packing, resulting in a lower refractive index [36]. 

The refractive index of nanocomposites can be calculated by Eq. 
[37]; 

(
n2 − 1

)− 1
=

E0

Ed
−

1
E0Ed

(hυ)2 (4)  

where hυ represents the photons energy, E0, Ed and n are the single- 
oscillator energy, the dispersion energy, and the refractive index, 
respectively. Furthermore, the slope and intercept of the plot of 
(
n2 − 1

)− 1 vs (hυ)2 can be used to determine the E0 and Ed values, as 
illustrated in Fig. 7(a) and Table 2. Moreover, Fig. 7(b) show the relation 

Fig. 2. FTIR spectra of PVDF polymer nanocomposites integrated with varying 
concentrations of MoO3/g-C3N4. 
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of optical dielectric loss function (ε2) vs photon energy (hv). The 
dielectric loss function is calculated using the relation (ε2= 2nK) [38]. In 
the plot of (ε2) vs (hv) the values of the energy gap are obtained by 
plotting the linear component to the intercept with the (hv). Energies of 
direct band gap are listed in Table 2 and the intercept value’s expression 

of the real energy gap are in agreement with direct band gap illustrated 
from the plot in Fig. 5(b) and Table 1. 

The relation below defines the strength of single oscillator (f) 
[39,40]; 

Fig. 3. The ESEM micrographs of PVDF polymer nanocomposites integrated MoO3/g-C3N4.  

Fig. 4. Variation of (a) absorbance vs. wavelength, and (b) optical transmittance vs. wavelength for the PVDF nanocomposites consisting of 0.0, 0.25, 0.75, and 1 wt 
% of MoO3/g-C3N4. 
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f = EdE0 (5) 

The integration of MoO3/g-C3N4 reduces the oscillator strength as 
shown in Table 1. The nonlinear optical analysis for the PVDF-MoO3/g- 
C3N4 nanocomposites were completed for the linear optical suscepti
bility (χ(1)) and the third order nonlinear optical susceptibility (x(3)). 
These parameters are presented by the following formula [41]; 

χ(1) =
Ed/E0

4π , x(3) = 6.82 × 10− 15(Ed/E0)
4 (6) 

The calculated data of x(1) and x(3) presented in Table 2 reveal the 
improvement as the content of MoO3/g-C3N4 increases. These data is 
comparable with that estimated for PVC, PVA and PMMA nano
composites in the literature [42–44]. 

Another important parameter is the nonlinear refractive index (n2), 
which is computed concerning x(3) and n0 data [45]; 

n2 =
12πx(3)

n0
(7) 

Table 2 contains the estimated values of n2, which showed 
enhancement with the integration of MoO3/g-C3N4. Further, the data of 
n2 produced in the present investigation is higher than that obtained in 
the literature [46,47]. 

Fig. 8 shows the fluorescence spectra of PVDF/MoO3/g-C3N4 poly
mer films. The pure PVDF film exhibits certain special UV emissive 
properties, with a peak fluorescence at 371 nm. The sharpness of this 
band improved as the concentration of MoO3/g-C3N4 increased. The 
spectra of PVDF/MoO3/g-C3N4 films showed an emission band at 437 
nm that correspond to g-C3N4 [48–50]. The intensity of this band 
enhanced slightly as the content of MoO3/g-C3N4 raised up to 1.0 wt%. 
The deconvolution of the PL spectra indicated that the positions of the 
fluorescence peaks is nearly the same because of the small amount of 
nanofiller (upto 1.0 wt%). 

According to the crystal field model, the transitions at 459, 486 and 
529 nm are likely caused by the Mo5+ d-d band transition of a severely 
deformed polyhedron (Mo-O) in an octahedral crystal field [51]. The 
deep level Mo5+ d2

yz-d2
xz transition is responsible for the band in the 

emission spectra at 457 nm and 486 nm [52]. Meanwhile, the intensity 
of these emission peaks slightly improved after increasing the content of 
MoO3/g-C3N4. Therefore, the nanocomposites of PVDF-MoO3/g-C3N4 

Fig. 5. Graphs of (a) (αh υ) 1/2 vs. h υ, and (b) (αh υ) 2 vs. h υ for the for the PVDF-MoO3/g-C3N4 nanocomposites.  

Table 1 
Optical parameters of MoO3/g-C3N4 nanocomposites.  

MoO3/g-C3N4 wt% Edir Eind E0 Ed n0 f (eV2)  

0.0  5.71  5.56  6.79  71.89  3.14  487.80  
0.25  5.10  4.50  4.31  19.65  2.36  84.67  
0.75  4.78  4.40  3.98  20.44  2.48  81.30  
1.0  4.50  4.0  3.79  52.91  3.87  200.80  

Fig. 6. Plots of (a) reflectance vs. wavelength, and (b) refractive index vs. wavelength, for the PVDF-MoO3/g-C3N4 nanocomposites.  
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achieve precedence in optoelectronic applications because of distinctive 
optical characteristics. 

Conclusions 

This study investigates the structural and optical properties for pre
pared polymer nanocomposites of PVDF at different content of MoO3/g- 
C3N4. The XRD diffraction patterns of PVDF with different 

concentrations of MoO3/g-C3N4 have two characteristic peaks at 2 θ =
18.4◦ which was assigned to α-phase and 20.3◦ assigned to β-phase. The 
ESEM micrographs of PVDF-MoO3/g-C3N4 nanocomposites have shown 
smooth surface topography. According to the UV–visible absorption 
spectra, the UV absorption of PVDF was increased when adding MoO3/g- 
C3N4 nanoparticles where distinct peak was appeared in the UV region 
at 310 nm and its edges become more intense and moved towards higher 
wavelength after MoO3/g-C3N4 incorporation. The optical values of 
(Edir) and (Eind) energies have decreased with increasing the nano
particle composites content. The optical band gap energy (Eopt) was 
decreasing from 5.71 eV to 4.50 eV as increasing the content of MoO3/g- 
C3N4. The refractive index (n) was increased with increasing the con
centration of MoO3/g-C3N4 in nanocomposites samples, except for the 
sample with 0.25 wt%. The distinctive optical characteristics of PVDF- 
MoO3/g-C3N4 qualify such polymer nanocomposites for optoelectronic 
applications. 

Fig. 7. Plots of (a) (n2-1)− 1 vs. hυ2, and (b) Ɛ2 vs. h υ for the PVDF-MoO3/g-C3N4 nanocomposites.  

Table 2 
Experiment data of optical susceptibility, nonlinear refreactive index and energy 
gap (Eopt) obtained from (ε2) vs (hv) for the PVDF-MoO3/g-C3N4 
nanocomposites.  

MoO3/g-C3N4 wt% χ(1) (esu) χ (3) (esu) n2 (esu) Eopt  

0.0  0.84 8.5 × 10− 11 9.5 × 10− 10  5.73  
0.25  0.36 2.94 × 10− 12 4.7 × 10− 11  5.15  
0.75  0.40 4.74 × 10− 12 7.22 × 10− 11  4.90  
1.00  1.10 2.5 × 10− 10 2.5 × 10− 9  4.52  

Fig. 8. Plots of PL intensity vs wavelength for the PVDF-MoO3/g-C3N4 nanocomposites.  
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