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ABSTRACT

Pure and loaded polyvinyl alcohol/carboxymethyl cellulose/polyethylene gly-

col (PVA/CMC/PEG: 70/15/15%) blends with zinc sulfide (ZnS) were pre-

pared at different temperatures (200, 300, 400, and 500 �C) using solid state

reaction at low temperatures and casting procedures. The phases formed, cell

parameters, crystallite size, and lattice microstrain parameters of the nanofillers

(ZnS at different temperatures) were investigated using the Rietveld method.

The obtained polymer blends loaded with ZnS were characterized using X-ray

diffraction, Fourier transform infrared, and scanning electron microscope tech-

niques. The impact of loading ZnS on the linear and nonlinear optical param-

eters of the blended polymers was explored in detail. The optical energy (Eg)

values (direct = 5.52 eV and indirect = 5.12 eV) of the PVA/CMC/PEG blend

were decreased upon loading with ZnS, attaining the lowest values (3.56 and

3.11) eV with ZnS prepared at 300 �C. The refractive index of the pristine blend

decreased monotonically with the wavelength, while for the loaded blend, it

decreased with (k) up to 320 nm, then increased in the range 350 B k B 450 nm,

then decreased slowly. The NLO parameters attained their maximum values in

the visible range as the blend was loaded with ZnS and prepared at 300 �C. The
fluorescence emitted colors and intensities of the blended polymer depended on

the prepared temperature of the nanofiller.
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1 Introduction

Blended polymers have recently received more

attention than single polymers due to the former’s

novel properties [1–4]. Furthermore, polymer blend-

ing reveals a variety of appealing properties that are

dependent on the miscibility and degree of compat-

ibility interaction between the functional groups in

pristine polymers [5]. Polyvinyl alcohol (PVA) poly-

mer has several advantages, such as solubility in

water, nontoxicity, biodegradability, and good opti-

cal performance [6]. Carboxymethyl cellulose (CMC)

is one of the cellulose derivative compounds that are

used in several applications owing to their great

properties. CMC has a semi-crystalline nature, and it

exhibits non-toxicity, eco-friendliness, biocompati-

bility, water-solubility, and biodegradability [7].

Polyethylene glycol (PEG) has significant character-

istics such as superb water solubility, good protein

adsorption resistance, low toxicity, and poor

immunogenicity. The optical features of PVA were

improved as it blended with PEG, where the optical

band gap of PVA was decreased while Urbach

energy and refractive index were increased as the

content of PEG increased in the PVA/PEG blend [8].

Moreover, the characteristics of a polymer or

blended polymer can be tuned as they are doped

with suitable compounds [7]. The linear and nonlin-

ear optical characteristics of a polymer or blended

polymer can be tuned as they are doped with nano

semiconductor materials [9]. Doping the PVA/CMC

blend with different crystallite sizes of nano gold

(using the pulsed laser ablation technique) affected

its optical and electric characteristics [2]. The optical

parameters of polyvinyl pyrrolidone and poly-

ethylene oxide were improved as a result of the

inclusion of copper oxide nanoparticles [10]. The

positive nonlinear absorption coefficient and negative

nonlinear refraction indices indicate that ZnSe/PVA

films are appropriate materials in nonlinear optical

applications [11]. When PVA/PEG was doped with

Ag2S, a high value of third-order susceptibility was

discovered [12]. The optical absorbance spectra

obtained from the CdS/PVA films can be utilized for

a favorable optical bandgap that could be employed

in solar cell window layer applications [13].

Zinc sulfide (ZnS) is one of the wide band gap

semiconductor materials that has several structures

based on the conditions of production. Furthermore,

the performance of ZnS can be controlled as its size

changes using different preparation methods at dif-

ferent annealing temperatures. Tiwari et al. found the

stabilization of ZnS nanoparticles by polymeric

matrices. As a result, it has the potential to be used in

a variety of fields, including biosensing, cell tagging,

optoelectronic devices, heterogeneous catalysis,

photocatalytic application, drug delivery, labeling,

tracking agents, bioanalytical sensors, fluorescent

probes, optics, information storage, and optoelec-

tronics [14]. Furthermore, Pizarro et al. designed a

photo-switchable polymeric system in the presence of

nano ZnS under the influence of UV Light irradiation

[15].

The linear optical properties varied with the

incorporation of CdS NPs with different crystallite

sizes within PVA. The PVA film with CdS nucleated

at 200 �C was found to be appropriate for bio-related

purposes like bio-labeling, bio-imaging, drug deliv-

ery, and LEDs as well as a window layer in solar cells

[16].

In this work, the high optical band gap value of the

pure blend ([ 5 eV) indicated the good absorbance of

the blend in the UV range, which represented about

9% of the total solar power received at the surface of

the earth. The reduction of the optical band gap of the

blend upon loading with different crystallite sizes of

the nanofiller allowed it to absorb more energy from

the solar radiation from other wavelength ranges.

Therefore, ZnS NPs with different crystallite sizes

were fabricated using the solid state reaction method

at low temperature and combined with PVA/CMC/

PEG. The structures and linear and nonlinear optical

characteristics of the prepared blends, along with

their possible applications, were examined in detail.

2 Materials and methods

Zinc sulfide samples (ZnS) were produced at differ-

ent temperatures (200, 300, 400 and 500 �C) using a

solid-state procedure. The samples were produced by

mixing, grounding, and heating zinc acetate dihy-

drate and thiourea at different temperatures: 200, 300,

400, and 500 �C (3 h), separately. The pure and loa-

ded PVA/CMC/PEG (70/15/15%) blends with ZnS

prepared at different temperatures were prepared

using a casting procedure by dissolving 0.7 g of

polyvinyl alcohol (PVA) (molecular weight = 50,000

g/mol), 0.15 g carboxymethyl cellulose (CMC) (in the

form of the sodium salt of commercial grade), and
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0.15 g of polyethylene glycol (PEG, MW = 4000

g/mol) in 70, 15 and 15 ml of distilled water in the

presence of the nanofillers and following the same

steps as in Ref. [7, 17, 18]. The obtained blends have a

thickness of 160–210 lm (measured by a digital

micrometer with accuracy and ± 1 lm).

The nanofillers and blended polymers were char-

acterized by X-ray diffraction (PANalytical diffrac-

tometer, X’pert MPD, Philips, k = 1.5418 Å).

A JASCO–V-670 spectrophotometer with an attached

integrating sphere assembly technique was used to

measure the diffused absorbance and reflectance

spectra for each sample. A FP-8200 JASCO lumines-

cence spectrophotometer was used to investigate the

emission spectra of the blended polymer films.

Fourier transform infrared (FTIR) spectroscopy

(Bruker Tensor 27 FTIR Spectrometer) and scanning

electron microscopy (JEOL, Akishima, Tokyo, Japan,

JED- 2200 Series) were employed to investigate the

morphology, compositions, and structures of the

different blends.

The refractive index (n) and extinction coefficient

(k) of the different polymers were estimated by

[17, 18]:

n ¼ 1þ R

1� R
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

4R

R� 1ð Þ2
� k2

s

ð1Þ

k ¼ ka
4p

ð2Þ

a kð Þ ¼ 2:303

d

� �

A ð3Þ

where R, a, k, A, and d are reflectance, absorption

coefficient, wavelength, absorbance, and thickness of

the film, respectively.

The real (er) and imaginary (ei) dielectric constant

parts, the optical conductivity (ropt), surface energy

loss function (SELF), volume energy loss function

(VELF), linear optical susceptibility, v(1), third-order
nonlinear optical susceptibility (v(3)), and nonlinear

refractive index (n2) of all films were obtained using

[17, 18]:

er ¼ n2 � k2 ð4Þ

ei ¼ 2nk ð5Þ

ropt ¼
anC
4p

ð6Þ

SELF ¼ ei

ðer þ 1Þ2 þ e2i
ð7Þ

VELF ¼ ei
e2r þ e2i

ð8Þ

vð1Þ ¼ 1

4p
n2 � 1
� �

ð9Þ

vð3Þ ¼ 1:7x10�10 vð1Þ
� �4

¼ 1:7x10�10ðn
2 � 1

4p
Þ
4

ð10Þ

n2 ¼
12p
n

vð3Þ ð11Þ

where C, kB, and T are the velocity of the light, the

Boltzmann constant, and the temperature in Kelvin,

respectively.

3 Results and discussion

3.1 Structural and morphology evaluations

Phase analysis of the obtained x-ray diffractograms

manifested a single phase of cubic zincblende struc-

ture (F43m) for all ZnS samples prepared at 200, 300,

400, and 500 �C. Applying the Rietveld method, the

cell parameter, crystallite size, and lattice microstrain

parameters have been determined for the samples,

Table 1. Figure 1c and d illustrates the fitting between

the measured and Rietveld-calculated diffraction

patterns for T = 200 and 400 �C. A clear reduction in

the peak-broadening could be noticed, indicating the

increase in the crystallite size. Also, the peak inten-

sities increased, indicating better crystallization,

more lattice ordering, and a reduction in the number

of defects. All samples exhibited an anisotropic

crystallite size and microstrain. As expected, the size

increased upon raising the annealing temperature

and the microstrain was reduced, which could be

Table 1 Lattice parameter (a), crystallite size, and strain of ZnS

prepared at different temperatures

T

(�C)
a (Å) Size (Å) Strain

h00 hhh h00 hhh

200 5.378(2) 17 26 0.0104 0.0109

300 5.396 33 41 0.0023 0.0023

400 5.409 36 63 0.0003 0.0002

500 5.395 43 40 0.0020 0.001
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attributed to the reduction in the quantity of defects.

The cell parameter increased upon raising the tem-

perature, which may be related to relieving the

compressive strain by annealing. Similar behavior for

ZnS was obtained by chemical precipitation [19], and

it is attributed to the incorporation of O interstitially

and the formation of ZnO.

The diffraction patterns for the blended polymers

PVA/CMC/PEG (70:15:15) pure and doped with ZnS

samples prepared at 200, 300, 400, and 500 �C as

nanofiller are shown in Fig. 1b. The ZnS nanofiller

exhibited no diffraction peaks due to its small per-

centage in the polymer blend. All patterns manifested

a small degree of crystallinity with a high back-

ground due to the diffuse scattering. The diffraction

patterns contain a main broad peak around 2h = 20�
and two wide humps around 2h = 14� and 23�. A
distinctive small peak is detected at around

2h = 41.5�. The non-crystalline polymer CMC is

known to exhibit a diffraction hump around 20�
[20, 21], and all other peaks arise from the

semicrystalline polymer PEG at 2h * 19.3� and 23.5�
[22, 23] and PVA at 2h * 19.2� and 20.2� [24, 25].

SEM images were taken to follow the changes in

the surface morphology of blended films. The effect

of the annealing temperature of the nanofiller ZnS on

the morphology of the PVA/CMC/PEG polymer

blend is obvious as shown in Fig. 2a–e for pure and

polymer blends loaded with ZnS prepared at 200,

300, 400, and 500 �C. A smooth surface with small

pores nearly uniformly distributed is obtained for the

pure polymer blend. The depth of pores and their

size are increased upon loading with ZnS, Fig. 2b–e.

As the annealing temperature of ZnS is raised, its

particle size gets bigger (Table 1), which obviously

affects the surface morphology of the blended film.

The surface roughness clearly increased with

increasing the pores. Figure 2e shows a heteroge-

neous surface with a larger pore size, cavity, and

predominates for the blend loaded with ZnS at

500 �C. The EDS analysis for a polymer blend loaded

with ZnS (400 �C) is given in Fig. 2f. The atomic

percent of Zn ions (6.13%) is higher than that of S ions
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Fig. 1 X-ray diffraction spectra for a ZnS prepared at different temperatures, b PVA/CMC/PEG blended polymers loaded with ZnS

prepared at different temperatures, and Rietveld refinement for ZnS prepared at c 200 and d 400 �C
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(5.6%), implying that some S ions have been replaced

by O ions during the annealing of ZnS at 400 �C. The
determined atomic percentages of the constituting

elements are fairly close to the nominated values.

3.2 FT-IR transmission analysis

Figure 3 shows the FT-IR transmission measure-

ments for the PVA/CMC/PEG blended polymers

loaded with ZnS prepared at different temperatures.

Fig. 2 a–e SEM images for PVA/CMC/PEG blended polymers loaded with ZnS prepared at different temperatures and f EDS for the

blended polymer loaded with ZnS prepared at 400 �C
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Small variations in the location and intensities of the

vibrational bands are observed in the vibrational

bands associated with the loaded pure blend with the

nanofillers. These changes are attributed to the

replacement of some carbon and nitrogen atoms with

ZnS prepared at different temperatures in the inner

structure of the PVA/CMC/PEG blend. By inspect-

ing the FTIR spectra for all blends, the OH stretching

bond was detected at 3772 cm-1 [26], while C:C,

C:N and C = O bonds are defined at 2308, 2009, and

1827 cm-1, respectively [27, 28].

3.3 UV–vis spectroscopy investigations

Figure 4 reveals the absorbance (A), the transmit-

tance (T), and the reflectance (R) spectra of the PVA/

CMC/PEG/ZnS (at T = 200, 300, 400, and 500 �C)
blended polymers. As the blend loaded with ZnS is

prepared at different temperatures, the transmission

is reduced, while both absorbance and reflectance are

increased. The bands detected at around 282 and

315 nm are defined as p–p* and n-p* transitions,

respectively [29]. The absorption edge of the trans-

mittance data exhibited a redshift towards the higher

wavelength range due to the variation in the crys-

tallite size of the nanofiller [6]. A similar result was

observed as PVA or PVA/PVP loaded with different

amounts of BaTiO3 or (Gd2O3 or MgO) [1, 2, 6]. Also,

a similar result was found as PVA/CMC doped with

different amounts of SrTiO3 [3]. The redshift in the

transmittance indicated a variation in the band

structure of the blended polymer as it was loaded

with different nanofiller. The maximum redshift was

raised as the blend loaded with ZnS prepared at

400 �C. In the visible range (400 – 800 nm), the

transmittance spectra of all blends were nearly con-

stant as the wavelength increased owing to the nor-

mal dispersion of light [6]. Furthermore, the blend

loaded with ZnS has good absorbance performance

for the UV spectra at 315–400 nm (UVA) and

280–315 nm (UVB) relative to the pure blend. The

blends loaded with ZnS prepared at [200, 300] and

[300, 400] �C have a maximum shielding for UVB and

UVA types, respectively [30]. The changes in the

reflectance spectra upon loading the blended poly-

mers with different crystallite sizes of ZnS (Table 1)

may be caused by the modifications in the packing

density of the host blend [31]. A similar result was

detected as a CMC/PVA blend loaded with nano

NiO [4].

One of the most significant optical characteristics of

a material is its direct and indirect (allowed and

forbidden) optical band gaps, which are defined as

the energy needed for the electron to hop between

HOMO (highest-occupied molecular orbital) and

LUMO (lowest unoccupied molecular orbital) [32].

The values of optical energy gap (EgÞ were

obtained using the following relation [11]:

h ¼ B h� Eg

� �m ð12Þ

where h, m and B are Planck’s constant, frequency of

the incident light, and a constant, respectively.

In order to determine the optical band gaps of

different blends, plotting relations between (ahm)1/m

and h m were formed, Fig. 5. The linear part is

extrapolated to find the intercept on the hm axis,

which gives direct and indirect optical band gaps

(Eg), Fig. 5a, b, respectively. The direct and indirect

optical energy gaps for the PVA/CMC/PEG blend

are 5.52 and 5.12 eV, respectively. The direct band
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Fig. 3 FTIR spectra for PVA/CMC/PEG blended polymers

loaded with ZnS prepared at different temperatures
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gap was decreased to (4.89, 3.69), (4.98, 3.56), (5.12,

3.42), and 5.41 eV. Furthermore, the indirect band

gap also decreased to 3.31, 3.11, (3.40, 2.83) and

4.87 eV as the blend loaded with ZnS prepared at 200,

300, 400, and 500 �C, respectively. As revealed from

the obtained results, Eg values of the PVA/CMC/

PEG blend were reduced relative to the pure blend as

it was loaded with ZnS prepared at different tem-

peratures, and it reached its lowest values with ZnS

prepared at 300 �C. This can be attributed to the

increase in the degree of disordering within the band

gap owing to the strong interaction that occurred

between ZnS nanoparticles and the host blend

matrix. This interaction was responsible for proper

changes in the optical band gap structure, increasing

the number of defects and consequently forming

unstructured localized states through which electrons

can move more easily between HOMO and LUMO.

The irregular changes in the optical band gaps of the

loaded blends may be due to the variation in the

internal structure of the host polymer besides the

creation of a localized state inside the optical gap

upon loading with ZnS [33]. Similar results were

noticed as the PVA/PVP blend was loaded with

Gd2O3 or MgO, respectively [1, 2, 32]. The direct and

indirect Eg values of the PVA/CMC blend were

reduced from 4 to 2.18 eV and from 4.84 to 2.96 eV as

it was loaded with nano Se [6].
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Fig.4 a Absorbance, b transmittance, and c reflectance spectra for PVA/CMC/PEG blended polymers loaded with ZnS prepared at

different temperatures
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The high optical band gap value of the pure blend

([ 5 eV) indicated the good absorbance of the blend

in the UV range, which represented about 9% of total

solar power received at the surface of the earth. The

reduction of the optical band gap of the blend upon

loading with different crystallite sizes of the nano-

filler allowed it to absorb more energy from the solar

radiation of the other wavelength ranges. Therefore,

the resulting blends can be employed in many opto-

electronic applications [34].

Figure 6 displays the variation of refractive index

(n) and extinction coefficient (k) with the wavelength

for pure and loaded PVA/CMC/PEG blends with

ZnS prepared at different temperatures. In general,

the k values for all blends were reduced as the

wavelength increased in the wavelength range

between 210–400 nm, and the k value of loaded

blends increased. The values of k for the PVA/CMC/

PEG blend were increased as the blend was loaded

with ZnS. In the UV range, blends with ZnS prepared

at 200 and 300 �C have the maximum k values, while

in the visible region, the blend with ZnS prepared at

400 �C has the highest value. This variation in the

k value may be correlated to the absorption trend of

the blends upon loading with different nanocrystal

fillers and, consequently, a change in the interaction

between the incident light and the free carriers pre-

sent in the loaded blends with different crystal sizes

of nanofiller [35].

In addition, as revealed from Fig. 6b, the n value of

all blends was improved as the wavelength increased

up to 230 nm, after that, it was reduced as the
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Fig. 5 a Direct and b indirect optical band gaps using Tauc’s

relation for PVA/CMC/PEG blended polymers loaded with ZnS

prepared at different temperatures
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wavelength increased, except for the doped blends in

k range between 330–420 nm; the n values enlarged.

Furthermore, the n value of the PVA/CMC/PEG

blend was increased as the blend was loaded with

ZnS. The n values attained their highest values in the

UV range as the blend loaded with ZnS prepared at

400 �C, while in the visible range; the blend loaded

with ZnS prepared at 300 �C has the highest values.

The CMC/PVP blend exhibited a similar feature in

the visible range [4]. This refractive index trend can

be attributed to a change in the number of oscillating

dipoles, which causes a redistribution of electronic

charges and, as a result, a change in the polarizability

of the blends [36]. As PVA/PVP is doped with Gd2O3

or MgO, the values of n change according to the

amount of doping [1, 3]. The changes in the n values

upon loading the blend with nanofiller may result

from the modification of the created intra-inter-

molecular bonding between nano ZnS and the blend

matrix and hence the density of chain packing [37].

Figure 7a and b reveals the dependence of real (er)
and imaginary (ei) parts of the dielectric constant of

the complex dielectric constant e on the wavelength

for all blends. Also, the surface and volume energy

loss functions (SELF, VELF) are displayed too in

Fig. 7c, d. For all the investigated blends, both er and
ei exhibited an exponential reduction in the visible

range. Also, er and ei have a similar trend, such as

n and k, respectively. The values of er and ei of the
doped blends are higher than the pure blend. The

blend loaded with ZnS prepared at 300 �C has the

highest dielectric value. Furthermore, both SELF and

VELF spectra exhibited similar performance. The

value of VELF is larger than the corresponding SELF
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prepared at different temperatures
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value. Both SELF and VELF in the loaded blends are

higher than in the pure one. The blends with ZnS

prepared at 200 and 300 �C have the greatest SELF

and VELF values in the UV range, while in the visible

range, the blend with ZnS prepared at 400 �C has the

highest SELF and VELF values.

In addition, the first and third orders of optical

susceptibility (v(1), v(3)) and nonlinear refractive index

(n2) for all the blends are represented in Fig. 8. As

seen from the graph, in the UV range, the nonlinear

optical parameters ( v(1), v(3) and n2 = NLO) values

first increased as the wavelength increased up to

320 nm, then reduced with a further increase in the

wavelength values, except for the loaded blends in

the wavelength range 320–400 nm, where the NLO

values were reduced. In addition, the values of NLO

were increased as the blend was loaded with ZnS and

attained their maximum value in the visible range as

the blend was loaded with ZnS prepared at 300 �C. A
similar result was obtained as a PVA/PVP blend

loaded with Gd2O3 [1]. These large modifications in

the values of NLO parameters in the visible range

may result from the large refractive index n value of

the loaded blend as compared with the pure blend in

this range. The improvement of the NLO features of

loaded blends upon being loaded with ZnS qualifies

the produced blends to be employed in high-speed

communications and fast optical switching

applications.
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Fig. 8 The variations with wavelength for a linear optical susceptibility, b nonlinear third order, and c nonlinear refractive index for PVA/

CMC/PEG blended polymers loaded with ZnS prepared at different temperatures
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3.4 Fluorescence (FL) characterization

Figure 9a illustrates the FL spectra of the PVA/

CMC/PEG/ZnS nanocomposites excited at

k = 317 nm. A broad and asymmetric emission band

can be seen between 320 and 500 nm, having a center

that varies with the preparation temperature of the

ZnS nanofiller. PVA displays a strong luminescence

in the wavelength range k = 350–550 nm, which is

assigned to the electronic transitions p ? p* of free –

OH groups of PVA, depending on electronic spatial

configuration within its molecules [38]. PEG is

emissive (at *380 nm) under the specific conditions

of forming clusters of its chains (vesicles) [39]. CMC

emissions ranged from near-infrared to blue,

depending on the polarity of the solvent used [40].

ZnS has two emission peaks around 410 nm and

440 nm, which are attributed to a shallow state near

its valance band due to zinc vacancies [41], and near

its conduction band due to sulfur vacancies [42].

Compared to pure blend, Fig. 9a, the FL intensity is

changed nonmonotonically with increasing the ZnS

preparation temperature. The luminescence intensity

reflects the density of states for a specific transition

that is affected by several factors: carrier concentra-

tion, grain size, and transition energy. The FL inten-

sity is increased for the polymer blends loaded with

ZnS, as reported by Khan et al. [43]. For our samples,

this occurred for the blends loaded with ZnS pre-

pared at 300 and 400 �C. The enhanced luminescence

is attributed to the ability of n-type ZnS to trap

electrons and permit more holes to recombine
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Fig. 9 a The FL spectra and b, c Gaussian fitting for PVA/CMC/PEG blended polymers loaded with ZnS prepared at different

temperatures under excitation of 317 nm
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through the interface of PVA and ZnS. However,

upon loading with ZnS prepared at 200 �C, the FL

intensity decreased, most probably due to the high

level of defects present in ZnS of low crystallinity,

forming nonradiative centers and rendering the

luminescence intensity [44]. The decrease in the FL

intensity for the blend with ZnS at 500 �C may be

caused by the increase in the grain size, thus

decreasing the density of states [45], and/or the

incorporation of O interstitially forming defects as

indicated in x-ray part.

A Gaussian fitting was employed to decompose the

emitted spectra for different samples, Fig. 9b and c. As

noticed from the graph, the pure blend emittedUV, two

violets, blue, and green colors. Upon loading PVA/

CMC/PEG blends with ZnS prepared at 200, 300, 400,

and 500 �C, the emitted colors became (two violets,

blue, and green); (UV, two violets, and blue); (two UV,

violet, blue, and green); and (UV, two violets, blue,

green, and red) colors. The UV and violet colors are

caused by the movement of electrons from near band

emission (NBE) and/or excitonic transitions. The blue

emission can be argued to be defect-related lumines-

cence. The green sub-color resulted from the dopant or

impurity atoms [46]. The red color is associatedwith the

defects contained inside the blends, which are linked to

the disorder in the blend matrix [47].

4 Conclusion

All ZnS samples used as nanofiller, prepared at 200,

300, 400, and 500 �C manifested a single phase of

cubic zincblende structure (F43m). The crystallite size

and cell parameters of the nanofiller were increased

upon raising the annealing temperature, while the

microstrain was reduced. A smooth surface with

small pores nearly uniformly distributed was

obtained for the pure polymer blend. The depth and

size of the pores were increased upon loading with

ZnS. The blend loaded with ZnS at 500 �C disclosed a

heterogeneous surface with a larger pore size, cavity,

and predominating. The absorption edge of the

transmittance data exhibited a redshift with the lar-

gest value for the blend loaded with a ZnS sample

prepared at 400 �C. The blends loaded with ZnS

prepared at (200, 300 �C) and (300, 400 �C) have

maximum shielding for UVB and UVA types,

respectively. The direct and indirect optical energy

gaps for the PVA/CMC/PEG blend are 5.52 and

5.12 eV, respectively, which are reduced as the blend

is loaded with ZnS prepared at different tempera-

tures. In the UV range, the refractive index gained the

highest value for the blend loaded with ZnS prepared

at 400 �C, while in the visible range, the refractive

index (n) has the highest value with a ZnS sample

prepared at 300 �C. The FL intensity of the pure

blend was reduced as the nanofiller preparation

temperature increased. The blends emitted UV, vio-

let, blue, green, and red colors depending on the

preparation temperature of the nanofillers. The NLO

parameters attained their maximum values in the

visible range as the blend was loaded with ZnS and

prepared at 300 �C. The obtained blends can be

employed in many optoelectronic, high-speed com-

munications, and fast optical switching applications.
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