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Abstract
Molybdenum Trioxide nanoparticle  (MoO3-NPs) was introduced to Cellulose acetate (CA) 
biopolymer with different concentration using casting process by dispersed  MoO3-NPs 
[0.0, 0.25, 0.5 and 1.0 wt%]. Molecular structure of samples has been studied using XRD 
and UV–Vis. the data shown by X-ray results indicated the amorphous nature of the pure 
polymer. Some peaks are appeared as a result of the addition of  MoO3-NPs which indi-
cate that samples were partially crystallized. The crystallite size of nano-metal oxide was 
calculated for blended samples by Size–Strain Plot method which was found to increase 
with increasing the concentration of  MoO3. UV–Vis results indicate that there exist two 
indirect energy band gaps; Onset band gap which observed to decreases from 1.3 eV for 
pure polymer to 0.78  eV for polymer blended with 1.0 wt%  MoO3-NPs and HOMO–
LOMO band gap which observed to decrease from 3.23 eV for pure polymer to 2.89 eV for 
polymer blended with 1.0 wt%  MoO3-NPs. This indicate that the addition of nano-metal 
oxide improve the optical conduction of CA. Urbach energy was observed to increase with 
increasing  MoO3-NPs from 0.27 eV for pure CA to 0.32 eV for 1.0 wt%  MoO3-NPs con-
centration which may be occurred due to the creation localized states at the band gap as a 
result of the addition of  MoO3-Nps.
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1 Introduction

In the last few years, an interest has been increased in developing polymer-based nano-
materials and nanocomposites. such materials have technological applications in different 
areas such as optical and gas sensors, electronic and optoelectronic devices, UV-detectors, 
pharmaceuticals, medical, food packaging and biological applications (Michalet et  al. 
2005; Wang et al. 2009, 2011; Li et al. 2012; Mochalin and Gogotsi 2009). Such materials 
also have been well utilized in environmental conservation and protection (Penget al. 2012; 
Vimala et al. 2020, 2021; Chabba et al. 2005; Hashmi et al. 2020). Natural green polymers 
have acted an important role in an environmental conservation. Polysaccharides like cel-
lulose and its derivatives show unique properties dedicating them for many applications 
(Ibrahim et al. 2011; Ezzat et al. 2020, 2019). Cellulose is the greatest abundant material 
which make researchers get excited in developing applications. Cellulose acetate (CA) is 
a thermoplastic polymer produced by treating cellulose. It exhibits additional features as 
mechanical and thermal resistance, dimensional and thermal stability as well as low cost 
(Vahid et al. 2022). CA can easily be poured as film, membrane, or sphere. It has many 
applications either in technology field or in science. It can be used as a support for plas-
tics, fibers, photographic films industries, or pharmaceuticals coating (Orelma et al. 2020; 
Căprărescu et al. 2020). Introducing inorganic materials into polymers have been suggested 
so as to increase polymers properties (Vahid et al. 2022). Blending polymer with nanopar-
ticle transition metal oxide is an interesting point of view. The addition of inorganic nan-
oparticles to polymers enable the modification of many physical properties of polymers. 
The resulting physical characteristics: thermal, mechanical, optical, magnetic or conduct-
ing properties of the nanocomposites are effected by the filler properties and by the fill-
ers surface properties. Specific interest is to construct the polymeric nanocomposite with 
good thermo-mechanical properties, rheological characteristics and also thermal stability 
for energy and environmental applications (Hanemann et al. 2010) due to their importance 
for using in many fields like photonics, optics, electrical and electronics fields (Azelia et al. 
2021; pasha et al. 2015; Archana et al 2014; Ramesan et al. 2018; Baeg et al. 2013). Such 
addition of nanoparticles was observed to enhance polymers properties remarkably which 
make them used in many applications. catalysts, sensors, lubricants, display devices, smart 
windows, battery electrodes are some examples for applications (Sivacarendran et al. 2013; 
Chen et al. 2013; Alghunaim et al. 2017; Badry et al. 2019). Addition of transition metal 
oxide on the structure and physical characteristic of cellulose acetate was studied (Ezzat 
et al. 2015; Muhammad et al. 2022; Wang et al.2014). An example of metal oxides that 
have been used for blending polymer is  MoO3. Molybdenum trioxide offers many inter-
esting properties. It is the most abundant of all molybdenum compounds. Molybdenum 
state of oxidation is + 6 in  MoO3 compound. Molybdenum trioxide  (MoO3) is one impor-
tant transition metal oxide which has band gap energy of value 3.15 eV (Muhammad et al. 
2023). It has a great field of applications like using in fabricating gas sensors, smart win-
dows, electrochromism, photochromism, imaging devices, heterogeneous catalysis, elec-
tro catalysis, field—effect transistors, electrodes of rechargeable batteries, and supported 
catalysts (Wang et al. 2014; Wongkrua et al. 2013). Molybdenum trioxide still has a broad 
range of usage such as an adhesive also it used as an additive to industrial material such as 
steel and corrosion resistant alloys (Fakhri and Nejad 2016). Based on these considerations 
the present study introduces the preparation and characterization of CA blending with var-
ying concentrations of molybdenum trioxide-nanoparticles  (MoO3-NPs). Casting method 
is the simplest film-forming method, it used in preparing samples. It has many advantage 
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such as no equipment is needed except a very horizontal work surface. The procedure is to 
simply cast a solution onto a betray dish then drying. It makes films with good quality and 
also thick films (Yogamalar et al. 2009; Frederik 2009). The microstructural properties and 
optical parameters have been studied using XRD, and UV-vis techniques.

2  Material and method

Cellulose acetate and Molybdenum Trioxide nanoparticle were obtained from Aldrich 
company, Inc., USA. Cellulose acetate with 39.7 wt% of acetyl content. Meanwhile, dime-
thyl sulphoxide was purchased from Labscan Ltd., Unit. However, CA and CA/MoO3-NPs 
blend materials were prepared by casting technique (Ezzat et al. 2021). One gram of CA 
powder was dissolved in 20 ml of Dimethyl Sulphoxide with (0.0, 0.25, 0.5 and 1.0 wt%) 
concentrations of  MoO3-NPs. The solution was then stirred under a stable mechanical stir-
ring at a moderate speed of spin at 40 °C for about two hours with continuous stirring in 
order to form a homogeneous solution and also to be sure that CA was completely dis-
solved. The blended solutions were casted carefully on glass plates and placed onto a table 
waiting for about two hours in air to get rid of any air bubbles. casting solution was then 
put in a dryer at 60  °C for about three days so as to be dried. Then the dried samples 
were carefully taken off from the glass plates using sharp knife. The structure character-
ization of the blend materials was investigated by X-ray diffraction (XRD). XRD spec-
tra was obtained using A Philips X-ray diffractometer (model Philips X’’-Pert) worked at 
40 kV and 25 mA was used in the measurements with utilized the monochromatic CuKα 
(λ = 1.5408 Å). The transmittance, T, and the reflectance, R, of the blend materials were 
measured at normal incidence in the spectral range 300–1400 nm using a double-beam 
spectrophotometer (JASCO, V-570 UV-Vis-NIR).

3  Result and discussion

3.1  X‑ray diffraction (XRD) analysis

XRD was utilized to estimate the peak broadening with crystallite size (Yogamalar et al. 
2009). The XRD patterns of the prepared samples of pure CA and CA blended with dif-
ferent concentration of  MoO3-NPs are represented in Figure 1. As presented in the figure, 
there were two amorphous humps centered at 2ϴ = 12° and 18° for pure cellulose acetate 
which were in good agreement with (Moraes et al. 2015; Samsi et al. 2016). Due to blend-
ing with 0.25 wt% of  MoO3-NPs, three peaks were observed at 2ϴ = 11°, 14° and 17° cor-
responding to the reflection from the plane (100), (110) and (200) respectively. However, 
increasing the concentrations of  MoO3-NPs to 0.5 wt%, two characteristic peaks were 
observed at 2ϴ = 26° and 39° which corresponding to (210) and (224), respectively. Addi-
tionally, the intensities of the peaks observed at 0.5% wt%, were increased upon increas-
ing the concentration of  MoO3-NPs up to 1% wt%. These peaks indicate the presence of 
 MoO3-NPs with its hexagonal structure correspond to that of JCPDS Card no. 21-0569. 
Moreover, it was observed that there was a decrease in the hump intensity centered at 
2ϴ = 12° with increasing the concentration of  MoO3-NPs which may indicate that the sam-
ple exhibit partially crystallizes upon adding  MoO3-NPs.
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3.1.1  The crystallite size and strain evaluations using Size–Strain plot (SSP) method

Crystallite size can be considered as a measure of size of coherently diffracting 
domains. It is not generally like the particle size because of the formation of polycrys-
talline aggregates (Ramakanth 2007; Zhang et  al. 2006). Lattice strain can be consid-
ered as a measure of the distribution of lattice constants resulting from crystal imperfec-
tions, such as lattice dislocations, the grain boundary triple junction, contact or sinter 
stresses, stacking faults and coherency stresses (Alghunaim et al 2017). Crystallite size 
as well as lattice strain affect the Bragg peak in varying methods. They both increase the 
peak width and intensity and as a result, shift the 2ө peak position. The effect of other 
uniform strain or nonuniform. SSP method is considered for the crystal structure iso-
tropic nature. It is supposed that Lorentzian function describe crystallite size profile and 
Gaussian function that describe strain profile (Zak et al. 2011; Tagliente and Massaro 
2008), then we get the equation:

The term (d� cos �)2 is plotted against (d2� cos �) as represented in Fig. 2. The parti-
cle size and strain are determined from the slope and interception of the linearly fitted 
data. it appears from the results of the SSP model was accurate method or determina-
tion of  MoO3-NPs as the data were fitted in a precise way as all data points touching 
fitting line. And so, the crystallite size getting from the data is tabulated in Table  1. 
As observed from the table the particle size as well as the strain were increased with 
increasing  MoO3 concentration.

The lattice parameters, including the lattice constants (a and c) and cell volume 
 (vCell), for hexagonal structure were calculated according to the following (Shahroz 
et al. 2022a, b, c; Shahroz et al. 2023; Jameel et al. 2023; Numan et al. 2023):

(1)(d� cos �)2 =
k

D
(d2� cos �)2 + (�∕2)2

Fig. 1  XRD of pure CA and CA blended with different concentration of  MoO3
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The lattice parameters for the blended sample are tabulated in Table 1. It was observed that 
the particle size as well as the lattice parameter increase with increasing the concentration of 
 MoO3-NPs and hence the cell volume also increase. This increase may be due to the forma-
tion of hydrogen bond between  MoO3-NPs and CA which in role increasing the strain due to 
increase in the electrostatic force (Harumi et al. 2006).

(2)
1

d2
=

4

3

(

h2 + hk + k2

�2

)

+
l2

c2

(3)Vcell = a2c

Fig. 2  The SSP plot for CA with 1wt% concentration of  MoO3. The particle size is achieved from the slop 
of the liner fitted data

Table 1  The crystallite size, strain and lattice parameters for blended sammples with different concentration 
of  MoO3-NPs

MoO3-NPs wt% Dnm ε d-spacing A° Lattice con-
stant (a) A°

Lattice con-
stant (c) A°

Lattice Volume A°3

.25 92.25 0.013 3.45 8.9 12.7 1006
0.50 93.3 0.016 4.56 10.5 15 1653.8
1.00 94 0.018 5.29 10.6 15.14 1701.1
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4  Optical studies

The spectral behavior of the transmittance, T(λ), and the reflectance, R(λ) for pure 
CA and CA blended with different concentrations of  MoO3-NPs in wavelength range 
(300–1300) nm are shown in Figs.  3 and 4. It was observed that the pure CA film 

Fig. 3  The optical transmittance T(λ) for pure CA and CA with different concentration of  MoO3

Fig. 4  The optical reflectance R(λ) for pure CA and CA with different concentration of  MoO3
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shows high transparency about 1 in comparison with the blended films this result in 
agreement with Radhika et al. (2017). The transparency was observed to decline with 
increasing MoO3 loading. This large decrease in optical transmittance can be useful 
to use in window applications (Zakir et  al. 2021). An edge was observed to form in 
visible region in wavelength range (370–450) nm upon adding the concentration of 
0.5 wt% of  MoO3-NPs. This edge was observed to shift to higher wavelength in the 
wavelength range (500–550) nm (red shift) upon increasing the concentration of MoO3 
to 1 wt%. This edge may be attributed to the electron excitation from the HOMO band 
to the LUMO band (El-Nahass and Desoky 2017). The absorption region separated 
from the transmission region by that optical transmission edge. Filter material can be a 
good application recommended for the blended material to use because of the presence 
of such edge (Darwish et al. 2016). The Reflectance as shown in Fig. 4 was observed 
to increase with increasing  MoO3-NPs loading which may be due to the formation of 
intermolecular hydrogen bonding between  MoO3-NPs and cellulose acetate and thus 
the cellulose acetate films become denser, so lower transmittance and higher reflec-
tance can be achieved (Abdullah et al. 2016). 

The spectral values of R and T at different wavelengths Taken in consideration in order 
to evaluate the absorption coefficient, α and the refractive index, n by using the following 
equations (Zeyada et al. 2010):

as d represent the sample thickness and � is the extinction coefficient.
Figure 5 represents the absorption coefficient, α(hυ) for pure CA and CA blended with 

different concentrations of  MoO3-NPs. The figure showed a slightly increase in the cal-
culated value of α with increasing the  MoO3-NPs concentration. There was observed an 
absorbance edge in the sample with concentration of 0.5 wt% that was observed to shift 
to lower energy with increasing  MoO3-NPs concentration. The edge may be caused as a 
result of charge transportation from the valence band made up of 2p orbitals of oxygen 
anions  (O−2) in  MoO3-Nps to the conduction band made up of 3d orbitals of Mo cations 
with increasing  MoO3-NPs concentration due to the increase in the interatomic interaction. 
The red-shift in absorption edges can be explained by this interpretation which indicate 
the decrease in the optical energy gap of the material with increasing the concentration of 
 MoO3-NPs (Radhika et al. 2017; Yuan et al. 2017).

The absorption of light by non-solid molecular media is described by the molar extinc-
tion coefficient εmolar which can be obtained from using absorption coefficient by the fol-
lowing equation (Zeyada et al. 2010):

where M and ρ is the molecular weight and solid mass density respectively. The Spectral 
distribution of the molar extinction coefficient εmolar for CA film and CA blended with dif-
ferent concentration of  MoO3-NPs was demonstrated in Fig. 6. The electric dipole strength 

(4)� =
1

d
ln[((1 − R2)∕2T) +

√

((1 − R)4∕4T2) + R2]

(5)� = ��∕4�

(6)n = ((1 + R)∕(1 − R)) +
√

(4R∕((1 − R)2) − �2

(7)�molar = (�∕2.303) (M∕�)
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 q2 and the oscillator strength, f, can be calculated by making a Gaussian profile to the peak 
exist in the spectra according to equations:

(8)q2 = (1∕2500)�molar(Δ�∕Δ�max)

Fig. 5  The optical absorbance α(hμ) for pure CA and CA with different concentration of  MoO3-NPs

Fig. 6  Molar extinction coefficient spectra εmolar(υ) of pure CA and CA with different concentration of 
 MoO3-NPs
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where Δλ is the absorption half band width, υ is the wavenumber and λmax is the wave-
length at maximum absorption. Gaussian profile for all studied samples is shown with red 
line in Fig. 6. The values of f and  q2 calculated for the peak appeared for CA and CA with 
different concentration of  MoO3-NPs are listed in Table 2.

The type of the transition and the value of optical energy gap can be estimated using the 
absorption coefficient by the well-known Tauc relation (Bardeen] et al. 1965):

where B is a constant and r is constant evaluate the nature of band transition where r is 
equal to 1/2 in direct allowed transition, 2/3 in direct forbidden transition, 2 in indirect 
allowed transition and equal to 3 in indirect forbidden transition. It was found that by dif-
ferentiate Eq. (8) with respect to hυ:

Dividing Eq. (8) by the product of the differentiation Eq. (9):

So type and value of the transition can be evaluated (Zeyada et al. 2012):
Figure 7 illustrates the variation αhυ/(d(αhυ)/d(hυ)) versus hυ for CA with different 

concentration of  MoO3-NPs. The figure shows a straight line whose reciprocal of its 
slope calculate the type of electronic transition. The energy gap  Eg values was deter-
mined by extrapolation the straight line to intercept. The best fitting of results showed 
that the indirect allowed transition are responsible for the interband transition of CA 
with different concentration of  MoO3-NPs, and the HOMO–LUMO energy gaps are 
3.23, 3.15, 3 and 2.86  eV for CA with different concentration of  MoO3-NPs, respec-
tively. The plot of (αhυ)1/2 against hυ for CA with different concentration of  MoO3-NPs 
shown in Fig. 8. By extrapolation of the straight line part of the curve (αhυ)1/r = 0, the 
value of indirect optical energy gap was gotten. The values of energy gaps for films are 
listed in Table 3. Two optical indirect allowed transitions are observed for all samples 
as shown in the figure. The low energy transition is corresponding to onset gap which 
may be due to n-π* transition. The second transition due to π-π* transition correspond-
ing to HUMO-LOMO gap (Soret band) whose value was found to be 3.23 eV for pure 
cellulose acetate and this result is in a good agreement with Necula et  al. (2010). It 
was observed that the values of onset gaps and the HOMO–LUMO gap decrease with 
increasing the concentration of  MoO3-NPs which is shown in Fig. 9 (Dangi et al. 2022). 

(9)f = 4.3 × 10−9 ∫ �molar�d�

(10)(�h�) = B
(

h� − Eg

)r

(11)(d(�h�)∕ d(h�)) = Br
(

h� − Eg

)r−1

(12)�h�∕(d(�h�)∕d(h�) = 1∕r(h� − Eg)

Table 2  The electric dipole 
strength q2 and oscillator 
strength f for CA with different 
concentration of  MoO3-NPs

MoO3-NPs wt% q2 (nm)2 f

0.00 0.2 8.5E−6
0.25 0.5 2.0E−5
0.50 2.0 3.9E−5
1.00 2.3 7.4E−5
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Density of state model suggested by Mott and Davis can explain this decrease in opti-
cal band gap of material (Mott and Davis 1979). The optical absorption in the pure 
amorphous sample depends on short-range order and on the existing defects. The model 
suggested that the localized states width of the near the mobility edges is controlled by 
the degree of disorder and defects present in the amorphous material. Also the decrease 
in optical band gap of the material come from the existence of high concentration of 

Fig. 7  Variation in [αhυ⁄(d(αhυ)/(d(hυ))] versus hυ for CA with different concentration of  MoO3

Fig. 8  Variation of (αhυ)1/2 as a function of photon energy (hυ) for pure CA and CA blended with varying 
concentration of  MoO3
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localized states in the band structure. The model suggested also that the reduction can 
be a result of the shift in Fermi level whose position is determined after the distribution 
of electrons over the localized states due to the addition of  MoO3-NPs (Ghanipour and 
Dorranian 2013).

The spectral distribution of refractive index (n) for CA films with different concentra-
tion of  MoO3-NPs was shown in Fig. 10. The value of refractive index is in agreement with 
that of Adina Maria Necula et  al. (Mott and Davis 1979). It is clearly observed that the 
refractive index exhibited an anomalous dispersion for λ < 460 nm and normal dispersion 
for λ > 460 nm. The values of refractive index were observed to increase with increasing 
the concentration of  MoO3 which the same trend as the reflectance (Abdullah et al. 2016).

Normal dispersion behavior of n for cellulose acetate films can be further explained 
using the model of the free single oscillator that is expressed by Wemple-DiDomenico 
(1971; Wemple et al. 1973) as follows:

Table 3  Optical parameter of pure CA and CA with different concentration of  MoO3

Wt%  MoO3 Absorption parameter Dispersion parameter

Onset gab (eV) HOMO–
LUMO gab 
(eV)

EO (eV) Ed (eV) �∞ �
l

N/M*  (g−1  cm−3)

0 1.3 3.23 7 6.8 1.97 2.43 2.95 ×  1046

0.25 1.17 3.16 6.54 6.95 2.06 2.5 1.96 ×  1046

0.50 0.85 3.00 6.14 7.4 2.2 2.7 1.47 ×  1046

1.00 0.78 2.89 6.09 7.81 2.28 2.83 9.82 ×  1045

Fig. 9  Variation of energy band gap as a function of  MoO3-NPs wt%concentration
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The single oscillator energy  Eo stimulates all electronic excitations involved as well as 
 Ed is the dispersion energy, which is pertaining to the optical transition average oscillator 
strength`. Figure 11 shows the plot of  (n2 − 1)−1 versus (hν)2 for the films. From the slope 
and intercept of the linear parts in the graph,  Eo and  Ed values are determined and listed in 

(13)n2(h�) − 1 = EoEd
/

(E2
o
− (h�)2)

Fig. 10  Variation of refractive index n as a function of photon energy (hυ) for pure CA and CA blended 
with varying concentration of  MoO3

Fig. 11  The relation between  (n2 − 1)−1 and (hυ)2 for CA with different concentration of  MoO3
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Table 3.  Eo was observed to decrease with increasing the concentration of  MoO3. This may 
be due to the low energy transition which improved by the increasing of localized states in 
the energy gap (Ghanipour and Dorranian 2013). The dispersion energy Ed was observed 
to increase with increasing the concentration of  MoO3. It was found that the oscillation 
energy is approximately twice HOMO–LUMO gap for the samples, this result achieved the 
relation that was given by Tanaka (1980).

The infinite high frequency dielectric constant �∞ is calculated from the dispersion 
relation by extrapolating the linear segment of the relation between (n2 − 1)−1 and square 
of photon energy, ( h�)2. The value of infinite high frequency dielectric constant �∞ was 
observed to increase with increasing the concentration of  MoO3-NPs.

The real component of dielectric constant � is related to λ2, by the following relation:

where �l , is the empty lattice dielectric constant, e is the elementary charge, �o is the per-
mittivity of free space and N/m* can be defined to be the ratio of free carrier concentration 
to the free carrier effective mass.

A linear relation between n2 and �2 is represented in Fig. 12. The value of the ratio 
N/m* and �l are calculated from the slope and interception of the straight line respectively. 
The values of �l and (N/m*) are listed also in Table 3. The table represents that the value of 
�l is larger than that of high frequency dielectric constant �∞ which indicate the contribu-
tion of free charge carriers to the infinite dielectric constant. Table 3 also shows that the 
value of (N/m*) ratio is too high which attributed to the small electron effective mass (El-
Nahass et al. 2010).

The real, ε1, and imaginary, ε2, parts of the complex dielectric constant and the loss tan-
gent, tan δ can be calculated according to the following relations (Muhammad et al. 2021):

(14)n2 = �l −
(

e2N
/

4�2�0m ∗ c2
)

�2

Fig. 12  The relation between  n2 and (hυ)2 for CA with different concentration of  MoO3
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where n and k are refractive and absorption indices respectively and tan δ is the phase 
difference between the applied electric field and the induced current. ε1 determines the 
maximum material storage for energy. ε2, also called the relative loss factor, display the 
dielectric material absorption of electrical energy that is exposed to an alternating electro-
magnetic field. The loss tangent describes the material absorption extent of electromag-
netic field (El-Nahass et al. 2012).

Figures 13 and 14 represent the variation of ε1, ε2 with photon energy for CA and 
CA with different concentration of  MoO3-NPs. It was observed that the variation of ε1 
follows the same trend as n, with wavelength as well as the variation of ε2 also follows 
the behavior of variation of α, with photon energy. The variation of tan δ for CA and CA 
with different concentration of  MoO3-NPs as a function of photon energy are shown in 
Fig. 15. The behavior of ε1, ε2 with photon energy for CA and CA with different concen-
tration of  MoO3-NPs is observed to be similar to that of dielectric constant and dielec-
tric loss at high frequency in our previous work (Ezzat et al. 2021).

The damping constant �o can be calculating according to Eq. (15) from the slope of 
the fitting of the straight line of relation between λ3 vs εmolar as shown in Fig. 16.

(15)�1 = n2 − k2

(16)�2 = 2nk

(17)tan � = �2∕ �1

(18)�2 = 2nk =
q2N

8�2�0m ∗ c3
�o�

3

Fig. 13  The relation between ε1 and λ for CA with different concentration of  MoO3-NPs
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Values of damping constant �o for cellulose acetate with different concentration of 
 MoO3-NPs are shown in Table 4.

It was observed the presence of Urbach tail which obeys the empirical relation:

where, �o , is a constant depend on the characteristics of the polymers and Eu is Urbach 
energy, which measures the degree of disorder within the material.

(19)� = �oexp
(

h�
/

Eu

)

Fig. 14  The relation between ε2 and hυ for CA with different concentration of  MoO3-NPs

Fig. 15  The relation between tan δ and hυ for CA with different concentration of  MoO3-NPs
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The value of Urbach energy Eu is determined according to the equation from the recip-
rocal of the slope of the straight line from the relation between h� and ln α as shown in 
Fig. 17. It was observed that Urbach energy values increases with increasing  MoO3-NPs 
concentration; this was shown in the inset which can be attributed to the creation of local-
ized states at the band gap as a result of the addition of  MoO3 which can increase the disor-
der in the material. The increase in point defect concentration is resulted from this disorder 
which resulted in a large number of possible bands to tail and tail to tail transitions (Abdel-
Rahim et al. 2014).

5  Conclusions

Casting method was used to prepare CA and CA/MoO3-NPs with  MoO3-NPs concentra-
tions of 0.25 wt%, 0.5 wt% and 1.0 wt%. XRD results indicate the amorphous nature 
of pure CA film. The addition of  MoO3 resulted in partially crystallize of the sam-
ple. Size–Strain plot (SSP) method calculation was used to analyze X-ray data for the 
blended samples and to calculate the particle size. The particle size was observed to 
increase with increasing  MoO3 concentration. Tauc’s equation was used for the analysis 

Fig. 16  The relation between ε2 and λ3 for CA with different concentration of  MoO3-NPs

Table 4  Values for damping 
oscillation for CA with different 
concentration of  MoO3-NPs

MoO3-NPs wt% �
o
  cm−1

0 1.02E+05
0.25 1.74E+05
0.5 2.35E+05
1.0 3.61E+04
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of optical transitions occurring in (CA) and CA/MoO3-NPs.The optical transitions in 
the films are indirect in nature. There were observed two energy gaps which correspond-
ing to HOMO–LUMO gap and Onset gap. A gradual red shift is observed in the energy 
band gap values with increasing  MoO3-NPs concentration from 3.23  eV pure film to 
2.89 eV for blended film in HOMO–LUMO gap and from 1.3 eV pure film to 0.87 eV 
for blended film for onset gap. This decrease can mainly be attributed to the increases 
of concentration of the localized states in the band structure with increasing the concen-
tration of  MoO3. Classical single-oscillator model was used to analyze normal region 
of the refractive dispersion. Using the single-oscillator model, we have found that the 
oscillator energy  (Eo) is found to decrease with increasing the concentration of  MoO3 
from 7 to 6.09 eV and the dispersion energy  (Ed) is found to increase from 6.8 eV for 
pure film to 7.81 eV after blended with  MoO3. There observed a difference between the 
values of �∞ and �l which may be due to contribution of the free carrier concentration. 
Urbach energy was calculated and was observed to increases with increasing  MoO3-NPs 
concentration. Molar extinction coefficient was calculated for studied sample. From 
Gaussian profile electric dipole strength,  q2, and the oscillator strength, f, are calculated. 
The spectral distribution of real and imaginary part of dielectric constant and loss factor 
are studied. The maximum energy storage of material (real part of dielectric constant ε1) 
was observed to increase with increasing  MoO3-NPs which make the material promis-
ing for energy storage applications. Damping frequency was calculated from the slope 
of relation between λ3 and ε2.

Author contributions Dina ezzat and mahmoud El-Nahas prepared figurehanan and Mortada wrote the 
main manuscript text

Fig. 17  Plotting of lnα as a function of photon energy (hυ) for CA with different concentration of  MoO3
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