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Abstract
PVA/CMC blend loaded with  Zn0.9V0.1S prepared at different temperatures (T = 200, 300, 400 or 500 °C) were synthesized 
utilizing solid state reaction and casting methods. Applying Rietveld method, the cell parameter, the crystallite size, and the 
lattice microstrain of the nanofiller  Zn0.9V0.1S were determined at the various preparation temperatures. The elemental analy-
sis and the distribution of the nanofillers over the blend’s matrix were investigated using X-ray diffraction, SEM and FTIR 
techniques. The influence of ZnS/V doping on the thermal stability of PVA/CMC was explored using thermogravimetric 
analysis technique. The optical features for the pure and doped PVA/CMC polymer blends with ZnS/V were explored using 
diffused reflectance technique. The direct and indirect Eg values for PVA/CMC are 5.79 and 5.03 eV, respectively. Upon 
loading, Eg decreased nonmonotonically with T, reaching lowest values (4.51, 2.43) eV for nanofiller prepared at T = 200 °C. 
The consequences of ZnS/V doping on the fluorescence intensity and emitted colors from different blends were explored. 
The obtained results are significant for designing novel organic/inorganic polymer blend for emerging technologies.
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Introduction

Polymer blends have attracted the consideration of many 
researchers towards the improvement and adaptation of inno-
vative materials [1]. Polymer blends are employed in several 
technological and scientific applications as a result of their 
optical, thermal, and electrical features [1]. Polyvinyl alco-
hol (PVA) has many distinctive features such as solubility in 
water, good film production, physical characteristics, high 

hydrophilicity, non-toxicity, bio-degradability and chemi-
cal resistance [2]. Carboxymethyl cellulose (CMC) polymer 
is one of common cellulose derivative that has one of the 
hydrophilic carboxyl groups formed from hydrophobic poly-
saccharides backbone with a proven water-soluble charac-
teristic [3]. CMC is a semi-crystalline material, cheap, non-
toxic, biodegradable and excellent film-forming ability [3].

Zinc sulfide (ZnS) one of semiconductor materials that 
has a wide optical band gap (> 3.5 eV) that can be employed 
in numerous opto-electronics proposes [4]. The physical 
characteristics of ZnS can be modified upon doping with 
appropriate elements and/ or changing formation tempera-
ture etc. [5]. In addition, vanadium (V) ion is one of the 
transition metals that has numerous oxidation states from + 2 
to + 5 [6].  V5+ is considered the most stable ions between 
other vanadium ions therefore it can be employed be in catal-
ysis, sensors, and lithium-ion battery applications [6]. Previ-
ously, we found that the optical band gap of nano  Zn0.9V0.1S 
was reduced irregularly as the preparation temperature rose 
from 200 to 500 °C [7].

Polymer blends loaded with nanoparticles have attracted 
great attention in the previous years as a result of combination 

 * Zein K. Heiba 
 zein_kh@yahoo.com

 * Mohamed Bakr Mohamed 
 mbm1977@yahoo.com

1 Physics & Astronomy Department, College of Science, 
King Saud University, P.O. Box 2455, Riyadh 11451, 
Saudi Arabia

2 Physics Department, Faculty of Science, Ain Shams 
University, Cairo, Egypt

3 Intelligent Construction Automation Center, Kyungpook 
National University, 80, Daehak-ro, Buk-gu, Daegu 41566, 
Republic of Korea

/ Published online: 21 October 2022

Journal of Polymer Research (2022) 29:475

http://orcid.org/0000-0003-1558-5737
http://crossmark.crossref.org/dialog/?doi=10.1007/s10965-022-03314-w&domain=pdf


Journal of Polymer Research (2022) 29:475

1 3

between the functionalities of organic polymers and inorganic 
nano materials. For instant, the optical, thermal and electrical 
features of polyethylene oxide and polyacrylamide: lithium 
bromide polymer electrolyte films were improved as it loaded 
with nano silver [8]. The enhancements in optical character-
istics, thermal stability, and A.C. conductivity of CMC as the 
amount of ZnO/Co increased strong support for the employ 
of the nanocomposite films in the solid state battery applica-
tions [3]. The optical features of polyvinyl pyrrolidone were 
modulated via praseodymium (III) nitrate salt doping [9]. 
The band gap of polyvinylcarbazole (PVK) polymer was rose 
as it loaded with nano ZnS doped with Mn, Fe, Cu or Ag 
while the quenching in the luminescence is increased as PVK 
loaded with ZnS:Mn [10]. The different dispersion parameters 
of  Zn0.75-xCd0.25VxS/PVA/PVP were affected by the content 
of vanadium [11]. The optical band gap of PVA/PVP/PEG 
polymer blend decreased from 5.32 to 4.48 eV and 4.16 eV 
as the blend loaded with 10% CdS/Mg (air, 10 nm) and 5% 
CdS/Mg  (N2, 17 nm), respectively [12]. The nonlinear optical 
parameters were enhanced as PVA/PVP/PEG polymer loaded 
with CdS/Mg  (N2 or air) [12]. The thermal stability of PVA 
was enhanced as it loaded with  Zn0.99Cu0.01S [13]. The opti-
cal characteristics of PVA were affected by crystallite size 
of annealed ZnS nano filler [14]. The rates of decline in the 
direct and indirect optical band gaps of PVA/PVP blend doped 
with CdS/Fe (air, smaller crystallite size) are higher than the 
polymer blends doped with CdS/Fe  (N2, larger crystallite size) 
[15]. The nonlinear parameters for the PVA/PVP/CdS/Fe  (N2) 
have nearly fixed values over a wide range of wavelengths as 
compared with blend doped with CdS/Fe (air) [15].

Therefore, annealing or preparation temperatures of the 
nano filler influence the properties of the host blends. Also, 
the optical band gap of the host polymer blend was affected 
by the crystallite size/amount of defects in the nanofiller. 
Furthermore, the kind of the doping element in the nano-
filler affects its features and hence affects the characteristics 
of the host polymer.

The aim of the current study has been concerned with 
the investigation of structural, thermal, linear and nonlin-
ear optical characterization of PVA/CMC blend loaded 
with different crystallite size from  Zn0.9V0.1S nanoparticles 
using X-ray diffraction, Fourier transform infrared (FTIR) 
spectroscopy, thermogravimetric analysis, scanning electron 
microscope, diffused reflectance and luminescence spectro-
photometer techniques.

Materials and methods

Zn0.9V0.1S≡ZnS/V samples were formed by mixing and 
grinding a stoichiometric ratios (1:1) from (zinc acetate 
and ammonium metavanadate): thiourea. The mixture was 
divided into several portions and each portion was heated at 

200, 300, 400 or 500 °C (120 min) in an electric furnace, 
separately.

PVA/CMC (80/20%) and polymer blend was created 
using casting process; 0.8 g of polyvinyl alcohol (PVA) and 
0.2 g of carboxymethyl cellulose (CMC) (in the form of the 
sodium salt of commercial grade) were dissolved in 80 and 
20 ml distilled water under stirring at 70 and 50 °C, respec-
tively, until a clear solutions were formed. The created solu-
tions were mixed and stirred together at 50 °C (180 min). 
The resulted solution was placed in a Petri dish and located 
in an oven for 5 days at 45 °C. The above steps were repeated 
but in the present of 5 wt% from ZnS/V prepared at differ-
ent temperatures. The formed blends have a thickness of 
170–220 μm (digital micrometer with accuracy ± 1 μm). The 
weight ratio between the nanofiller and the polymer blends 
(0.05:1) are calculated using the following relation:

where wf  and wp are the weights of nanofiller and polymer 
blend, respectively.

X-ray diffraction data were collected by a PANalyti-
cal diffractometer (X’pert MPD, Philips, copper source) 
device. The fluorescence and UV diffused spectra were 
conducted using a luminescence spectrophotometer (FP-
8200 JASCO) and diffused reflectance spectrophotometer 
technique (JASCO–V-670) with attached integrating sphere 
assembly devices. Fourier transform infrared (FTIR) spec-
troscopy (Bruker Tensor 27 FTIR Spectrometer), scanning 
electron microscope (JEOL, Akishima, Tokyo, Japan JED- 
2200 Series) were used to inspect the morphology compo-
sitions and vibration bands of different blends. Thermo-
gravimetric analysis (TGA) curves were got employing a 
Shimadzu TGA-50 thermogravimetric analyzer maintaining 
the heating temperature range between 25–800 °C at a rate 
of 20 °C  min−1 using  N2 environment.

Results and discussion

Structure and morphology investigations

The x-ray diffractions patterns recorded for the nanofiller 
 Zn0.9V0.1S, Fig. 1a, resemble single phase ZnS of cubic 
zincblende structure, certifying that V ions diffused into 
the lattice substitutionally for Zn ions or interstitially at the 
lattice voids. The diffraction peaks are broad indicating that 
crystallite size of the prepared samples in the nano range 
[5]. The influence of preparation temperature on the cell 
parameter, the crystallite size, and the lattice microstrain 
is traced applying Rietveld refinement, Table 1. Figure 1b 
depicts the resulting diffraction pattern fitting for the sample 

(1)x(wt%) =
wf

wp + wf

× 100
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prepared at 300 °C. Analysis revealed crystallite size in the 
nano range for all samples and that the size increased with 
increasing the preparation temperature, Table 1. This is 
consistent with the fact that high preparation temperature 
would result in agglomeration of individual grains; by ris-
ing the preparation temperature, a sufficient thermal energy 
is supplied, which enables the coalescence of the adjacent 
crystallites and results in grain growth [16]. The r.m.s. lat-
tice microstrain is reduced upon raising the temperature of 
preparation, indicating a reduction in lattice defects. This 
may be correlated with the decrease in cell parameter (a) 

is with temperature of preparation, Table 1. Typically, ZnS 
nanostructure retains several defects for instance sulfur 
vacancies, interstitials, stacking fault, etc., which produce 
lattice distortions and change the lattice parameters. Lat-
tice vacancies tend to reduce the unit cell while intersti-
tial defects increase the unit cell. These defects are reduced 
because of the increasing of the temperature of preparation, 
and the lattice contracts.

The x-ray diffractograms recorded for the polymer’s 
blends PVA/CMC (8:2) pure and loaded with  Zn0.9V0.1S 
annealed at different temperatures are depicted in Fig. 1c. 
The diffraction peaks characterizing  Zn0.9V0.1S couldn’t be 
detected in all diffraction patterns, indicating the well dis-
persion of the nanofiller through the polymers matrix and 
all patterns resemble the features of the polymer’s blend. 
Moreover, since CMC is typically amorphous polymer that 
exhibits a hump at around 20° [17, 18], all peaks appeared 
at 19.5°, 20.1°, and 23.0° are the characteristic peaks (10 1 ), 
(101) and (200) of the polymer PVA, respectively [19, 20]. 
The peak at around 40.5° corresponding to overlapping of 
(111), (1 1 1), (210), and (2 1 0) PVA planes [20].

Fig. 1  (a) XRD for ZnS/V prepared at different temperatures, (b) Rietveld refinement for ZnS/V prepared at 300 °C and (c) pure and doped 
PVA/CMC polymer blends with ZnS/V prepared at different temperatures

Table 1  Lattice parameter (Å), crystallite size and strain for annealed 
 Zn0.9V0.1S nano samples

Temp oC a Å Size nm Strainx10−3

200 5.339(1) 3.1 12
300 5.359 3.7 8.8
400 5.366 3.6 6.2
500 5.385 4.7 3.3
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The changes in the surface morphology of the polymer 
blend upon loading with  Zn0.9V0.1S were tracked by SEM 
images. Pure polymer blend exhibited a surface with large 
pores resulted from the slaw evaporation of the solvent 
[21], Fig. 2a. When the polymer blend cools and solidifies, 
gas bubbles form and appear as rounded, circular cavi-
ties or pores. The pores size reduced while their numbers 
increased upon loading the nanofiller, Fig. 2b-c. The par-
ticle size of  Zn0.9V0.1S seemingly affects the formation of 
holes during the casting process. As the temperature of 
preparation of  Zn0.9V0.1S increased, its particle size and 
the holes formed during solvent evaporation decreased. 
Smooth film surfaces without pores were obtained for the 
films loaded with  Zn0.9V0.1S prepared at 400 or 500 oC. 
The energy dispersive X-ray analysis (EDS) spectra for 
pure and doped PVA/CMC blends ZnS/V (prepared at 
400 °C as an example) are shown in Fig. 3. The source 
of sodium (Na) in the EDS spectra for both samples is 

resulted from the used sodium carboxymethyl cellulose 
(CMC) polymer which is utilized in the manufacture of 
PVA/CMC blend. The corresponding EDS results point 
out the good matching with the elemental composition of 
the pure and doped polymer blends.

Figure 4 represents the FT-IR transmission data for pure 
and doped PVA/CMC polymer blends with ZnS/V prepared 
at different temperatures. As noticed from the graph, small 
modifications in the location and intensities of the vibra-
tional band of the pure blend were detected as it loaded with 
ZnS/V prepared at different temperatures, Table 2. These 
modifications are due to the replacement of some carbon 
and nitrogen atoms with the nanofiller in the backbone of 
the formed polymer. As revealed from the graph, the OH 
stretching band is represented by the band at 3827  cm−1 
[22]. C≡C, C≡N and (C = O) and  (COO−) groups for PVA 
and CMC bonds are situated at 2264, 2115 and 1986  cm−1, 
respectively [23–25].

Fig. 2  SEM images for pure 
and doped PVA/CMC polymer 
blends with ZnS/V prepared at 
different temperatures
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Thermal properties

Figure 5a, b displays the plots of the thermogravimetric anal-
ysis (TGA) and the  1st derivative of TGA (DTA) for pure and 

doped PVA/CMC polymer blends with ZnS/V prepared at 
different temperatures. The TGA and  1st derivative of TGA 
figures revealed that the loss of mass in the range between 
25 and 200 °C resulted from the evaporation of moisture/
solvent and partial dehydration of blend chain [26, 27]. As 
demonstrated from Table 3, all samples exhibited different 
decompositions states  (Td1,  Td2) resulted from the arrange-
ment of the polymer structure and the decomposition of the 

Fig. 3  EDS data for (a) pure and (b) doped PVA/CMC polymer 
blends with ZnS/V prepared at 400 °C
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Fig. 4  FTIR for pure and doped PVA/CMC polymer blends with ZnS/V 
prepared at different temperatures

Table 2  Locations of FTIR bands in pure and doped PVA/CMC poly-
mer blends with ZnS/V prepared at different temperatures

PVA/CMC/ 
ZnS/V
prepared at different 
temperature

IR bands  (cm−1)

Pure 1878 2027 2210 3805

200 °C 1861 1994 2226 3823
300 °C 1878 1994 2209 3823
400 °C 1845 1994 2226 3823
500 °C 1894 2011 2210 3823
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Fig. 5  (a) TGA and (b) DTG thermograms for pure and doped PVA/
CMC polymer blends with ZnS/V prepared at different temperatures
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blend, respectively [28–30]. The variation of the decompo-
sition temperature is due to the insertion of ZnS/V into the 
PVA/CMC matrix which may affect the motions of polymer 
chains [30]. Furthermore the residual mass of doped blends 

is higher than that the undoped blend owing to the interaction 
of ZnS/V with PVA/CMC chain made the blends prevented 
the condensation − degradation reaction [30]. In addition, 
the temperature at which 50% mass loss in different blends 
takes place is represented in Table 3. As demonstrated from 
the table, all doped blends have a higher thermal stability 
than the pure one and attained its highest stability as the 
blend loaded with ZnS/V prepared at 300 °C. The last stage 
between 500–800 °C, represented the decomposition of the 
blend and converted to carbonaceous matter [30].

UV‑ Spectroscopy characteristics

The optical diffused absorption (A) and reflectance (R) 
spectra for pure and doped PVA/CMC polymer blends with 
ZnS/V prepared at different temperatures were collected 

Table 3  TGA data for pure and doped PVA/CMC polymer blends with 
ZnS/V prepared at different temperatures

PVA/CMC/ 
ZnS/V
prepared at different 
temperature

Td1
(oC)

Td2
(oC)

T50
(oC)

Pure 275 451 284
200 °C 293 450 292
300 °C 298 449 301
400 °C 291 446 291
500 °C 294 444 298
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Fig. 6  (a) Absorbance and (b) reflectance spectra for pure and doped PVA/
CMC polymer blends with ZnS/V prepared at different temperatures
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Fig. 7  Changing in the (a) extinction coefficient and (b) refractive index 
vs. incident wavelength for pure and doped PVA/CMC polymer blends 
with ZnS/V prepared at different temperatures
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and depicted in Fig. 6. In the absorbance spectra there are 
three absorbance bands at 200–232, 280 and 313–323 nm 
which appeared depended on the present of nanofiller or not 
and also the crystallite size of the nanofiller. The first band 
defined as the n–π* transition, which result from unsaturated 
C = O and/or C = C bonds that present in the tail–head of 
PVA [31]. The second and third bands associated to π–π* 
transition, which is coming from the charge transfer group 
[32]. Furthermore, the intensities of these bands were raised 
as the blend doped with the nanofiller. All blends have no 
any absorption peak in the visible range, owing to their high 
transparency. The variations in the reflectance data upon 
loaded the PVA/CMC matrix with ZnS/V (prepared at dif-
ferent temperatures) may result from the alteration of the 
packing density of host PVA/CMC matrix [33].

The extinction coefficient (k, calculated using relation 
in Ref. [34]) and refractive index (n, calculated using rela-
tion in Ref [34].) for pure and doped PVA/CMC polymer 
blends with ZnS/V prepared at different temperatures were 
illustrated in Fig. 7. The graph indicated that the k value of 
PVA/CMC blend was increased as the blend loaded with 
ZnS/V and achieved the highest k value as it loaded with 
ZnS/V (prepared at 200 °C). In the UV range, the n value 
of pure blend is higher than the doped ones while in the 
visible range the situation is reversed. Blend with ZnS/V 
(prepared at 400 °C) has a highest n value. Similar results 
were observed as PVA loaded with different phases from 
 TiO2 [35]. This variation of n values may result from the 
variation of density and polarization of the blend upon 
loaded with the nanofiller caused by the intermolecular 

(a)

(b) (c)

Fig. 8  Plots of (a) (αhν)2, (b) (αhν)0.5 vs. hν for pure and doped PVA/CMC polymer blends with ZnS/V prepared at different temperatures and 
(c) variation of the optical bandgap with ZnS/V prepared at different temperatures
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interactions between the metallic fractals of embedded 
nanofillers and hydroxyl groups of the polymeric host 
[35, 36].

The optical energy gaps ( Eg) values can be found using 
the Tauc relation [37]:

where h, ν, B, α and d are Planck's constant, the frequency 
of the incident light, a constant, absorption coefficient and 
thickness of the film, respectively. m = 0.5 or 2 for direct or 
indirect allowed transitions, respectively.

The allowed direct or indirect optical energies (Eg) were 
calculated by extrapolating the linear part of the (αhν)2 
or (αhν)0.5 versus the photon energy (hν) curves to zero 

(2)ahv = B
(

hv − Eg

)m

(3)�(= A∕d)

absorption as displayed in Fig. 8a, b, respectively. The 
obtained direct and indirect optical band gaps are shown in 
Fig. 8c. As revealed from the graph, the direct and indirect 
Eg values for PVA/CMC are 5.79 and 5.03 eV. These ener-
gies were reduced as the blend doped with ZnS, Table 1. The 
lowest obtained optical band gap values (direct = 4.51 eV, 
indirect = 2.43 eV) as the blend doped with ZnS/V (prepared 
at 200 °C). Similar result was detected as PVA loaded with 
carbon quantum dots [31]. As the preparation temperature 
of the nanofiller increased, the direct and indirect optical 
band gaps increased. The reduction in Eg value upon load-
ing the blend with ZnS/V nano filler indicated the increase 
the degree of disorderness which caused a creation of local-
ized states between HOMO (highest-occupied molecular 
orbital) and LUMO (lowest unoccupied molecular orbital) 
bands of the host blend and also the modulation of the blend 

Fig. 9  Wavelength dependent of the (a) real and (b) imaginary dielectric constant, (c) SELF and (d) VELF for pure and doped PVA/CMC poly-
mer blends with ZnS/V prepared at different temperatures
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structure upon insertion of the nanofiller [38]. Similar result 
was noticed as PVA loaded with sodium doped dysprosium 
oxide  (Na2Dy2O4) nanofillers [36]. This reduction in Eg 
value demonstrated the ability of the loaded blends with the 
nanofiller to absorb more energy from the solar radiation 
from other wavelength ranges.

The real and imaginary parts (εr and εi, calculated using 
relations in Ref [34].) of optical dielectric constants have a 
relation with the energy densities of states within the opti-
cal energy gap of samples [34]. The variations of εr and εi 
and also the surface energy loss function (SELF, calculated 
using relation in Ref [34].) and volume energy loss func-
tion (VELF, calculated using relation in Ref [34].) with the 
wavelength for all blends are shown in Fig. 9. The enhance-
ment in εr of the doped blend as compared with pure blend 
in UV range indicated the reduction in the propagating of 
the light velocity through the blend. In the whole range, εi 
values of the doped blends are higher than the pure blend 
due to the polymeric dipoles [36]. In the visible range, εr 
increased irregularly and attained its highest value as the 
blend loaded with ZnS/V prepared at 400 °C. In UV range, 
εi reduced regularly while in the visible range the varia-
tion is slightly as ZnS/V preparation temperature increased. 
Additionally, both SELF and VELF spectra displayed a 
similar trend. The values of VELF are higher than the val-
ues of SELF in the same blend. Doped blends have SELF 
and VELF in doped blends higher than the undoped blend. 
Blend with ZnS/V prepared at 200 °C has highest SELF 
and VELF values.

Fig. 10  Optical conductivity plot for pure and doped PVA/CMC pol-
ymer blends with ZnS/V prepared at different temperatures

(a)

(b)

(c)

Fig. 11  Variation of the (a) linear optical susceptibility, (b) nonlin-
ear third order and (c) nonlinear refractive index for pure and doped 
PVA/CMC polymer blends with ZnS/V prepared at different tempera-
tures

Journal of Polymer Research (2022) 29:475 Page 9 of 12 475
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Optical conductivity (σopt, calculated using relation in 
Ref. [34]) represented the conduction performance of the 
materials as a result of the movement of charge carriers 
caused by applied electric field of the incident electromag-
netic wave. The changes of σopt with the wavelength for all 
blends are revealed in Fig. 10. As noticed from the graph 
the optical conducting behavior of pure blend was increased 
as it loaded with the ZnS/V due to the raise in the charge 
carrier amount with ZnS/V nano inclusions. Similar result 
was observed as PVA loaded with different phases from 
 TiO2 or  Na2Dy2O4 [35, 36]. Additionally, the integrated 
nano filler caused creation of charge transfer complexes 
facilitating a novel conduction channel for the crossover 
of electrons between the various electronic states (HOMO/ 
LUMO) states causes a reduction in the optical band gaps 
and hence improved the optical conductivities [39]. There-
fore, these variations in the electric properties of the blend 

upon loaded with the nanofillers nominated them to utilize 
in several optoelectronic applications.

Figure 11 displays the first and third orders optical sus-
ceptibility (χ(1), χ(3)) and nonlinear refractive index (n2) (cal-
culated from relations in Ref. [34]) for undoped and doped 
blends. As demonstrated from the plot, in the UV regions, 
the nonlinear optical parameters (NLO) values of the pure 
blend were reduced as it loaded with ZnS/V filler. In the 
visible range, the situation is reversed and the NLO of the 
doped blends enhanced as compared with undoped blend. 
Blend with ZnS/V prepared at 400 °C has a highest NLO 
values while blend doped with ZnS/V prepared at 200 °C 
has a lowest ones. The development of the NLO features of 
doped blends upon laded with ZnS/V nominates the formed 
blends to utilize in many communication and switching 
applications.

Fig. 12  (a) The FL spectra for pure and doped PVA/CMC polymer blends with ZnS/V prepared at different temperatures and (b) the Gaussian 
fitting for pure and doped PVA/CMC polymer blends with ZnS/V prepared at different temperatures
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Fluorescence (FL) properties

Figure 12a represents the FL spectra for pure and doped 
80%PVA/20%CMC polymer blends with ZnS/V prepared 
at different temperatures under 317 nm. As shown from the 
graph the full width at half maximum intensity (FWHM) 
of the FL spectra of the pure blend became broader as it 
doped with ZnS/V prepared at 200 °C. The broadening of 
the spectra indicated more defect centers were created within 
the blends upon doped with the nanofiller. Furthermore, as 
the preparation temperature of ZnS/V increased the FWHM 
of the doped blends became less broad which demonstrated 
the reduction of the number of defects inside the blend. As 
demonstrated from XRD analysis the nano size of ZnS/V 
was increased as the preparation temperature increased and 
hence the defects reduced. In addition the intensity of FL 
spectra was improved as the pure blend doped with ZnS/V 
prepared at 200 °C, then reduced with further increasing in 
the preparation temperature of the nanofiller. The enhance-
ment or dehancement in the FL intensity as the blend doped 
with ZnS/V prepared at different temperature may result 
from raising or reduction in the recombination rate of the 
photo-induced electrons and holes pairs inside the differ-
ent blends [40, 41]. The decreasing and increasing in the 
FL intensity, nominated the loaded blends to be employed 
in photocatalytic degradation of organic dyes and opto-
electronic application, respectively. In order to explore the 
effect of ZnS/V doping on the emitted colors of the pure 
blend (UV, two violets, two blues, green), Gaussian fitting 
was employed. The doped blend with ZnS/V prepared at 
(200, 300, 400, 500) oC showed (UV, two violets, two blues, 
green), (UV, two violets, two blues, green), (UV, two violets, 
blue, green) and (UV, two violets, two blues, green, yellow) 
colors, respectively. The UV and violet colors were formed 
from the transfer of the electrons from near band emission 
(NBE) and the excitonic transitions [40]. The blue emission 
is caused by the defect-related luminescence and dopant/
impurity atoms, respectively [40]. The yellow color may be 
created from the electronic movement from  Zni to (ionized 
oxygen vacancies)  Oi states [42]. The loaded blends can be 
applied in ptoelectronic, communication, switching applica-
tions and photocatalytic degradation of organic dyes.

Conclusion

All nanofillers samples  Zn0.9V0.1S have single phase ZnS 
of cubic zincblende structure in the nano range. The lattice 
microstrain and lattice parameter of ZnS/V are reduced upon 
raising the temperature of preparation. The pure polymer 
blend PVA/CMC exhibited a surface with large pores. The 
pores size reduced while their numbers increased upon load-
ing the nanofiller. Smooth film surfaces without pores were 

obtained for the films loaded with ZnS/V prepared at 400 
or 500 oC. All doped blends have a higher thermal stability 
than the pure one and attained its highest stability as the 
blend loaded with ZnS/V prepared at 300 °C. The refrac-
tive index (n) varied nonlinearly with wavelength, attaining 
values for the pure blend larger than for doped ones in the 
UV range, but smaller in the visible range. The direct and 
indirect Eg values of the doped blends decreased nonmono-
tonically with nanofiller preparation temperature, attained 
their lowest values for T = 200 °C. Upon loading, εr and 
NLO parameters increased, in the visible range, irregularly 
with nanofiller preparation temperature, attaining highest 
values for T = 400 °C. The optical conductivity increased 
also irregularly. The FL intensity was improved as the pure 
blend doped with ZnS/V prepared at 200 °C, then reduced 
with further increasing in the preparation temperature of 
the nanofiller. Pure blend emitted (UV, violet, blue, green) 
colors while doped blends exhibited (UV, violet, blue, green, 
yellow) colors depended on the preparation temperature of 
the ZnS/V.
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