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Abstract
Copper sulfide (CuS) nanoparticles were synthesized by solid-state reaction method under the flow of nitrogen. Polyvinyl 
alcohol/polyethylene glycol/copper sulfide (PVA/PEG:CuS) nanocomposite films with different concentrations of copper 
sulfide nanoparticles (1%, 3%, 5%) were prepared using casting technique. Structural and morphological properties of the 
prepared nano samples were investigated using X-ray diffraction data (XRD), transmission electron microscope and energy 
dispersive spectrometry techniques. The formation of nanocomposite films was confirmed by both XRD and fourier trans-
form infrared techniques. Calculated and measured nano material particle size is almost similar. The characteristic peaks 
of nanocomposite films were found to be shifted towards higher wavenumber. The thermal stability behavior of row (PVA/
PEG) blends and (PVA/PEG:CuS) nanocomposite films was examined using the thermogravimetric analysis technique. 
Samples doped with 5% CuS concentration revealed the highest thermal stability. The optical properties of undoped and 
nanocomposite films have been discussed in details using UV–Vis spectrophotometer. The optical transmittance revealed 
an apparent decrease (more than 40% for films doped 5% CuS). Different optical constants and dispersion parameters were 
discussed in detail and proved to be directly affected by nano doping concentrations. The optical energy gap values of polymer 
films decreased from 5.3 to 3.3 eV with the CuS nanoparticles incorporation. The study of the PVA/PEG nanocomposite 
films based on CuS nanoparticles has not been previously discussed. Therefore, this study is considered a new piece of work.
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1  Introduction

Polymers drew the attention of many workers in modern 
industries included device design and fabrication because of 
their inveterate characteristics when blended together com-
pared to individual ones [1]. It has been reported earlier, the 
properties of new polymeric materials can be manipulated to 
the desired limit through doping with either ordinary metal 
fillers or nanoparticles. Both polyvinyl alcohol (PVA) and 
polyethylene glycol (PEG) polymers are water-soluble and 
have a wide range of applications because of their stability 
and easy processibility [2]. The addition of other plasticiz-
ers of higher transparency and lower molecular weight such 

as PEG to a polymer matrix took great importance between 
researchers because of the simple manipulation process for 
the development of perfectly promising miscible polymer 
blends without any chemical treatments. The process pro-
motes physical properties such as plasticity, permeability, 
elasticity and flexibility besides other thermal, optical and 
electrical properties of the resulting polymeric material. This 
is apparent through the variation in the internal structural 
composition along the hydrocarbon chains by newly formed 
hydrogen bonds. Comparing with other polymeric materi-
als, PVA–PEG blends proved their applicable effectiveness 
in the field of research and industry such as an enhance-
ment in the crosslinking characteristics and a decrease in 
the melting point without any external additives and under 
the effect of different electron beam irradiation doses [3]. 
Adding inorganic additives such as rare earth, metal salts 
and oxides to (PVA/PEG) polymeric blends exhibit major 
modifications in their intermolecular structures. An increase 
in the optical conductivity of the blends has been achieved 
with the content of cobalt chloride [4], Magnesium nitrate 
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[5] and transition metal salts confirmed its effectiveness to 
raise the conductivity of the composite film compared to 
rare earth ones [6], composites based on Graphene oxide 
(PVA/PEG:GO) revealed high efficiency in water purifica-
tion [7] and enhanced the dielectric behavior of PVA/PEG/
GO composites [8]. The optical properties of (PVA:PEG/
MnCl2) composites increased with manganese chloride 
[9] and natural additives [10]. Results showed that, the 
properties of these materials could be easily adjusted to 
the desired purpose through changing the shape and size 
of the nanofillers. Nanoparticles became more attractive 
in various research fields due to their distinctive proper-
ties coming from the nano-scale size and the large surface 
area covered. It was found that, they are able to improve 
the physical and structural characteristics of the host poly-
meric materials better than conventional metal dopants [11]. 
Nanostructured semiconductor sulfides have been inspected 
more widely because of their potential applications in dif-
ferent technological fields such as optoelectronics, batteries, 
sensors and solar energy [12, 13]. Copper sulfide (CuS), 
as a good semiconductor, characterized by its mercantile 
importance in the field of industry such as catalyst material, 
pigmentation material and color indicator and so on. Due 
to its different phases with complex structures, it attracted 
the interests as a good candidate for doping polymers in 
the form of nanofillers. Recently, many authors have been 
reported different morphologies for copper sulfide as nanow-
ire, nanotube and nanovesicles [14], nano-rods or nanopar-
ticles with a very good uniform spherical shape [15, 16]. 
The preparation method of copper sulfide in different forms 
has been discussed earlier by many techniques including 
chemical deposition, electro-deposition at room tempera-
ture and evaporation under vacuum [17, 18]. The influences 
of different nanoparticles added to (PVA/PEG) blends for 
specific deep intense modifications and compositional 
improvements to produce polymeric materials with a high 
standard level of durability against environmental variations 
for industrial applications have been reported earlier. Oxide 
nanoparticles played an essential role in the synthesizing 
process of nanocomposite films. Tin oxide (SnO2) nanofibers 
increased the dielectric constant of the resulting nanofiber 
films [19], Graphene oxide nanoparticles positively affected 
the nanocomposite films electrical conductivity [20] and 
improved its mechanical properties [21], magnesium oxide 
(MgO) nanoparticles enhanced the optical properties of 
the (PVA–PEG–MgO) films [22], its AC conductivity [23] 
and its biomedical applications [24], TiO2 nanoparticles 
increased the ionic conductivity and the humidity sensing 
behavior [25, 26], zinc oxide improved the optical properties 
of (PVA–PEG–ZnO) nanocomposites [27]. Several authors 
investigated the accomplishments performed in the struc-
tural, optical, thermal, dielectric properties and antibacterial 
behavior as well of (PVA–PEG) polymeric blends due to the 

effect of silver nanoparticles [28–31]. Only very few works 
in the literature have been done to investigate the effect of 
copper sulfide nanoparticles on polymeric materials [15, 18, 
32–34] and nothing referred to the effect of CuS nanoparti-
cles on PVA/PEG blends. From the survey in the literature 
authors, it is confirmed that, to the best of our knowledge the 
study of the PVA/PEG nanocomposite films based on CuS 
nanoparticles has not been previously discussed. Therefore, 
the study of the improvements produced to the PVA/PEG 
blends under the influence of CuS nanoparticles is a new 
piece of work.

In this work, PVA/PEG/CuS nanocomposite films were 
performed by a simple casting technique. An extensive stud-
ies were done to represent a detailed image for the variations 
occurred to the optical, thermal and structural characteriza-
tions of the nanocomposite films using the UV–Vis spectro-
photometer technique, Thermogravimetric analysis (TGA) 
and X-ray diffraction technique besides Fourier transform 
infrared (FTIR) spectroscopy as well, respectively. The 
modifications and enhancements of the optical, structural 
and thermal characteristics suggest that these (PVA/PEG: 
CuS) nanocomposite films can be used in various techno-
logical and industrial fields such as optoelectronic devices 
and solar cells.

2 � Experimental

CuS nanoparticles were synthesized by mixing, grounding 
and heating a Copper Acetate and Thiourea with stoichio-
metric ratio 1:2 under flows of N2 in an electric oven at 
300 °C (optimum temperature) [35]. (PVA/PEG) row blends 
were prepared by casting method, dissolving 70% of polyvi-
nyl alcohol (PVA) (degree of hydrolysis = 99%, molecular 
weight = 27,000 g/mol) and 30% Polyethylene glycol (PEG) 
(powder, molecular weight = 4000 g/mol) in distilled water 
under stirring at 70 °C until the solution became very clear 
[36]. For (PVA/PEG: CuS) blends, the above similar mixture 
was then obeyed for ultrasonic at 60 °C for 2 h after addi-
tion of CuS nanoparticles in different ratios (1, 3 and 5%) 
with respect to (PVA/PEG) blend according to the following 
formula:

where wf  and wp are the weights of CuS and (PVA/PEG) 
blend, respectively. The weight ratio x which used in the 
present work is 0.5 wt% with respect to a polymer blend. 
Aggregated particles were removed by using 0.2 μ syringe 
filters. The solution was cast into Petri dishes and placed for 
several days in a closed box. X-ray diffraction (Shimadzu 
6000 X-ray diffractometer, λ = 1.5406 Å) was used in order 

x(wt%) =
wf

wp + wf

× 100
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to ensure the formation of CuS nanomaterial and to investi-
gate the homogeneity of the nanomaterial inside (PVA/PEG) 
polymer blend. MAUD software [37, 38] was used to con-
firm the formation of CuS powder. Morphology of the nano-
material sample was identified using a transmission elec-
tron microscope (TEM, JEOL JEM-100CX). The chemical 
composition (Energy Dispersive Spectrometry, EDS) of CuS 
sample was identified by a scanning electron microscope 
(JEOL, JSM-5910LV). Thermogravimetric analysis (TGA) 
was performed using the Perkin Elmer TGA instrument 
with heating rate = 10 °C/min under ambient atmosphere 
air (35–500 °C). The different optical parameters for differ-
ent blends were determined by UV–Vis spectrophotometer 
(Model Tomos UV-1800) spectrophotometer technique. 
FTIR spectroscopy (Bruker Tensor 27 FTIR Spectrometer) 
was used in the range of 400–4000 cm−1 to confirm the 
existence of CuS nanomaterial inside (PVA/PEG) blends.

3 � Results and Discussion

3.1 � Structural Investigation Analysis

Figure 1a, shows the Rietveld refinement fitting for the XRD 
data of CuS using MAUD software. The diffraction pat-
tern has a single phase with a hexagonal structure (P63/m) 
[39]. The experimental XRD data (blue dot lines) are fitted 
with theoretical ones (in solid black lines). The difference 
between experimental and calculated intensities identified 
as a residual intensity as well and is plotted below the simu-
lated pattern. Peak positions are marked (|) at the bottom 
of the pattern. The peak position at 28.01°, 29.61°, 32.26°, 
33.22°, 39.16°, 48.4°, 53.01° and 59.77° are correspond-
ing to the Miller indices (hkl) planes of the (101), (102), 
(103), (006), (105), (110), (108) and (116) planes of the 
hexagonal structure (P63/m), respectively. The crystallite 
size of the sample was 10 nm which determined using Scher-
rer formula:

(c)

(a)

Fig. 1   a Reitveld refinement of CuS, b EDX for CuS, c TEM image for CuS and d XRD diffractions for pure and CuS doped (PVA/PEG) blends
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where λ and β are the wavelength and half of maximal inten-
sity, respectively.

TEM micrograph of CuS nanoparticles is revealed in 
Fig. 1c; nanoparticles were well characterized with aver-
age size around 12 nm which is a bit larger than the result 
obtained from XRD data. EDS image for CuS is revealed in 
Fig. 1b; where the sample contained only Cu and S elements. 
Inspecting Fig. 1d, the diffraction patterns of (PVA/PEG) 
and (PVA/PEG:CuS) nanocomposite samples were nearly 
identical with the main diffraction peak observed at 2θ = 21°, 
corresponding to partial crystallinity structure [40]. No dif-
fraction peaks corresponding to CuS nanoparticles, mani-
festing complete homogeneous dissolution in (PVA/PEG) 
polymeric matrix.

FTIR spectroscopy is an effective and a sensitive tool 
that can be used to confirm the formation and interaction 
of the functional groups, as well as the resulting change in 
material arrangement. Figure 2 displays the FTIR measure-
ment spectra of the pure PVA/PEG and the dopeded blend 
using different concentrations of CuS (1%, 3% and 5%) in 
the wavenumber range of 4000–500 cm−1. The FTIR spectra 
revealed different peaks associated with the pure and CuS 
doped PVA/PEG blends. The FTIR spectra for all PVA/
PEG and PVA/PEG/CuS blends exhibit a broad peak located 
around 3500 cm−1 which can be related to the stretching 
vibration OH− groups [41], with a slight shift in peak posi-
tion that can be attributed to the H-bond formation [42]. 
There is a sharp peak can be observed at 2900 cm−1 that 
can be attributed to the stretching CH2 group [43]. The 

L =
0.9�

� cos �

peak at around 1650 cm−1 is indicating the deformation of 
vinyl alcohol [44]. The presence of stretching C =O car-
bonyl group of the acetate group was confirmed from the 
peaks at 1732 cm−1 and 1569 cm−1 [45]. The peaks around 
1450 cm−1, 1375 cm−1 and 1050 cm−1 associated with sym-
metry CH2 bond, stretching vibrations related to mixed 
CH−and OH− bending modes, and the C–C stretching mode 
related to the regular repetition of the trans-configuration of 
the zigzag chain in a crystalline region, respectively [46]. 
The obtained peak at 925 cm−1 is indicating the syndio-
tactic structure with strong vibration [46]. In addition, the 
observed peak positions shift is indicating the presence of 
doped material.

3.2 � Thermal Analysis

Figure 3 reveals Thermogravimetric analysis (TGA) of 
(PVA/PEG) and (PVA/PEG: CuS) nanocomposite poly-
mers from room temperature to 500 °C with a heating rate 
of 10 °C/min. All nanocomposite polymer films showed 
one degradation stage. This degradation stage had a peak 
at 92 °C for (PVA/PEG) which changed nonlinearly with 
change in CuS content within the (PVA/PEG) blend matrix. 
The weight loss was attributed to the evaporation of the 
physically weak and chemically strong bound of H2O from 
the polymer matrix [47]. One can notice that 5% CuS doped 
(PVA/PEG) nanocomposite films reveal the highest thermal 
stability compared to others. The enhancement in the ther-
mal stability upon doping of (PVA/PEG) with CuS nanopar-
ticles at certain doping ratios may due to the interaction of 
nanomaterials with hydroxyl groups of the polymer (PVA/
PEG) [48]. A similar observation was noticed in insertion 
of the CdS or ZnS in PMMA polymer matrix [49]. Moreo-
ver, the thermal degradation stability of PVA was increased 
as it was doped with 8–12% of cellulose nanocrystals [50]. 
Furthermore, the other fluctuations appeared in DTG with 
temperature (Fig. 3b) was due to degradation of the side 
chain (O–H) and the cleavage of C–C backbone (carbona-
tion) of (PVA/PEG) polymer blend [50].

3.3 � UV‑Spectroscopy Analysis

The study of the characteristic absorption band edge in 
the UV region is a very important method for understand-
ing the variations in the internal band structure through 
investigating optically induced electronic transitions 
within polymeric materials. The absorption and transmis-
sion spectra for pure PVA/PEG films and nanocompos-
ite ones are shown in Fig. 4. It is clear from the figures 
that, an absorption band with a low rise peak centered at 
320 nm in the UV region is observed for pure and compos-
ite films. These results are in similar agreement with those 
represented earlier [36, 51, 52]. The little variation in the 
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PVA/PEG/CuS
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Fig. 2   IR for pure and CuS doped (PVA/PEG) blends
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absorption peak position could be returned to the ratios of 
different concentrations mixed together from both poly-
mers besides, the dopant material used. Others referred 
this variation to the different molecular weights of poly-
mers used [53]. The appearance of this absorption band 
is attributed to the transitions of the unshared electron 
pairs upon unsaturated bonds C=O and C=O along with 
the blend structure [36, 54]. No absorption bands can be 
noticed in the visible region indicating high transparency 
behavior for all samples. An enhancement in the measured 
absorption spectra along the whole spectral range for the 
films doped with CuS nanoparticles has been observed. 
This enhancement increases with the dopant concentra-
tion. The increase in the absorption behavior with CuS 
nanoparticles concentrations can be considered as evi-
dence for the mutual interaction between nanoparticles 

and the polymer matrix [55, 56]. This can be interpreted 
on the basis of the formation of new intermolecular bonds 
between [Cu2+] cations and [OH−] anions along the whole 
polymer backbone chain giving rise to a change due to 
new defects Cu(OH)2. These are responsible for stresses 
that occur within internal structure. The decrease in the 
absorption spectra within the range (320–800 nm) for 
all samples with the increase in the wavelength can be 
returned to the change (decrease) in the energy of the inci-
dent light [57, 58]. The increase in the absorbance val-
ues for nanocomposite films with increasing nanoparticle 
concentrations from 1 to 5% corresponds to a decrease 
in the transmittance values as shown in Fig. 4b. Only the 
scattering process is the principal factor that affects light 
transmission. As the density of the added nanoparticles 
increases with concentration, the probability of light scat-
tering at the grain and defects boundaries rises and hence 
transmittance decreases. The decrease in the transmit-
tance as well as the increase in the optical absorption edge 
width with doping concentrations reflects the amorphous 
nature of the samples [59]. The extinction coefficient (k) 

50 100 150 200 250 300 350 400 450 500

0

20

40

60

80

100
)

%(thgie
W

 PVA/PEG
         PVA/PEG doped with

 3% CuS
 1% CuS
 5% CuS

Temperature (oC)

50 100 150 200 250 300 350 400 450 500
0.0

0.5

1.0

1.5

2.0

2.5

3.0
 PVA/PEG

         PVA/PEG doped with
 3% CuS
 1% CuS
 5% CuS

Temperature (oC)

Td/
md

(%
o C

)

(a)

(b)

Fig. 3   Thermogravimetric curves for pure and CuS doped (PVA/
PEG) blends. a TGA (Thermogravimetric analysis) and b DTG  
(Differential Thermogravimetric) 

(a)

(b)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

).u.a(
ecnabrosbA

 PVA/PEG
         PVA/PEG doped with

1% CuS
 3% CuS
 5% CuS

300 400 500 600 700 800
0

10

20

30

40

50

60

70

80

)
%(

ecnatti
msnarT

Wavelength (nm)

Fig. 4   UV–Visible a absorbance and b transmittance spectra of pure 
and CuS doped (PVA/PEG) blends



3235Journal of Inorganic and Organometallic Polymers and Materials (2020) 30:3230–3240	

1 3

and refractive index (n) are the most important optical 
parameters. In fact, they are generally called optical con-
stants. k describes the absorption behavior of the material 
when exposed to light and it measures the fraction of the 
squandered energy from the incident beam of photons per 
unit length of the medium [60]. Refractive index n is an 
optical parameter that describes the polarizability of mol-
ecules under the effect of the electromagnetic field of the 
incident beam of photons [61–63]. The relation between 
the refractive index of an isotropic medium, the number 
of molecules per unit volume and molecules polarizability 
can be understood well from the famous Lorentz–Lorenz 
relation [64].

n and k are represented by the following equations [65, 
66]:

 where k is:

 and α is:

 where R, α, λ, A and d are the reflectance, the absorp-
tion coefficient, the wavelength, the absorbance and the film 
thickness. The absorption coefficient α is the parameter that 
evaluates the absorption process of light by the medium. It 
is the energy absorbed per unit length of the medium in unit 
time [67]. According to Eq. 2, a consistency in behavior and 
peak position is expected between the optical spectra of the 
extinction coefficient and these of the absorption ones for 
both undoped and nanocomposite films (figure not shown). 
This can be explained as: the increase in the amount of dop-
ing increases the fraction absorbed of the incident photons 
due to the scattering process [68]. Figure 5 represents the 
refractive index spectra for both undoped and nanocompos-
ite films. The spectra exhibit faint dispersion peaks in the 
high-energy region while taking a plateau shape in the low 
one. The peak for 5% CuS doping looks clearer a little bit 
compared to others which enhances the effect of doping. It 
is clear from Fig. 5 that the refractive index spectra increase 
with doping concentration and the appearance of the disper-
sion peaks in the high energy region reflects the polariza-
tion effect that occurred to the molecules of the film due 
to the existence of the incident light electromagnetic field 
and different concentrations of nanoparticles [69, 70]. In 
other words, increases the dopant concentration enhances 
the polarization phenomena because of the enhancement 

(1)n =
1 + R

1 − R
+

√

4R

(1 − R)2
− k2

(2)k =
��

2�

(3)�(�) =

(

2.303

d

)

A

in the intermolecular structure by increasing the material 
density due to the increase in the number of bonds formed 
between CuS nanoparticles and OH groups along the poly-
mer backbone chain. In other words, these defect bonds are 
responsible for stressing (decrease interatomic spacings) 
nanocomposite films showing a rise in its density. In the 
visible region, the molecules are characterized by its own 
inertia and are not affected by the incident electromagnetic 
field.

The detailed analysis of the absorption process is very 
necessary for providing information about the optical band 
gap internal structure and the investigation of possible elec-
tronic transitions. The optical band gap can be described as 
the energy gap between the valance and conduction bands. 
The direct optical energy gap Eg values can be extracted 
based on the well-known famous Tauc equation [39, 71]:

where h,� , A and n are Planck’s constant, incident light 
frequency, is a constant and n is a parameter takes values 
depend on the type of transition; becomes 1/2 or 2 for direct 
allowed or indirect allowed band gap semiconductors, 
respectively [72, 73]. The graphical relationship between 
(�h�)2 and the photon energy (h�) (direct allowed transition) 
for undoped PVA/PEG and doped PVA/PEG:CuS nanocom-
posite films is shown in Fig. 6. One can notice that, all nano-
composite films show similar absorption edge attitude with a 
shift towards the low energy side by increasing nano-dopant 
concentration. Eg values are considered equal to h� when 
(�h�)2 = 0 , so Eg values can be extracted from the graph 
by extrapolating the linear part to the x-axis. Table 1 repre-
sents the extracted values of Eg . It is clear that, increasing 

(4)�h� = A
(

h� − Eg

)n
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Fig. 5   Wavelength dependent of refractive index for pure and CuS 
doped (PVA/PEG) blends



3236	 Journal of Inorganic and Organometallic Polymers and Materials (2020) 30:3230–3240

1 3

the nano-dopant concentrations in the sequence 1%, 3% and 
5% changes the energy gap values from 5.3 eV for undoped 
PVA/PEG samples to 4.9, 4.3 and 3.3 eV respectively. This 
behavior in the Eg values can be interpreted as: the rise in 
the nano-dopant concentration increases the degree of dis-
ordering of the polymer matrix by introducing some defects 
(bonds formed between CuS nanoparticles and OH groups) 
to the structure. These defects are responsible for the produc-
tion of new localized states within band gap region, similar 
results to ours have been represented elsewhere [1, 2, 6].

The effective single-oscillator approximation model of 
Wemple and DiDomenico discussed in detail the dispersion 
data for more than one hundred materials (crystalline and 
amorphous) [74, 75]. They found that the following relation 
[76–78] could describe the optical data related to the refrac-
tive index n (at energy values less than that of the absorption 
edge), with a very good approximation:

(5)n2(h�) = 1 +
EoEd

E2

o
− (h)2

where the dispersion parameters Eo and Ed are the single-
oscillator energy and the dispersion energy, respectively. Ed 
is also called the oscillator strength because it describes the 
strength of interband optical transitions and it depends on 
the effective number of valence electrons. Experimentally, 
Ed doesn’t depend on either the Eg value or the valence elec-
trons volume density [79]. Eo is also representing the mean 
energy of the electronic transitions between the valance band 
and the conduction band. It is empirically related to the Eg 
value as ( Eo ≈ 1.3Eg ) which is in a good agreement with 
others [74–78]. The values of the dispersion parameters Ed 
and Eo can be obtained by plotting the relation between 
(

n2 − 1
)−1 and (h�)2 and fitting straight lines as shown in 

Fig. 7. From the graph, 
(

slope =
−1

EoEd

)

 and (Interception 
point on the vertical axis = Eo

Ed

 ). The calculated values of Eo 
and Ed are tabulated in Table 1. As Eo and Eg are closely 
related to the previously mentioned empirical formula, Eo 
represents a clear image for the alterations that occur within 
the band gap region. Therefore, the decrease in Eo values 
was expected and proves the existence of a high degree of 
disordering within the structure due to the presence of 
defects as localized states under the influence of different 
concentrations.

The decrease in Eo values is consistent with the decrease 
in Eg values. Other groups represented results similar to 
ours [80, 81]. As Ed correlated to the strength of the optical 
transitions and depends on the number of valence electrons, 
the increase in Ed values with the doping concentration rise 
means, an excess number of valence electrons will be availa-
ble. This confirms the explanation discussed before concern-
ing the formation of new bonds along the polymer structure 
increasing the number of new defects within it. This means, 

Fig. 6   Energy dependence of (αhv)2 for pure and CuS doped (PVA/
PEG) blends

Table 1   Energy gaps and dispersions parameters for row (PVA/PEG) 
and (PVA/PEG:CuS) blends

Gap energy
Eg (eV)

Eo (eV) Ed (eV)

PVA/PEG
PVA/PEG doped 

with

5.3 6.9 9.9

1% CuS 4.9 6.1 12
3% CuS 4.4 5.6 13.7
5% CuS 3.3 5.3 14

Fig. 7   Plot of (n2–1)−1 against (hv)2 for pure and CuS doped (PVA/
PEG) blends
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the number of charge transfer complexes between undoped 
PVA/PEG samples and CuS nanoparticles increases which 
in turn increases the probability of electronic transitions. 
This behavior is in agreement with the gradual decrease 
in the Eg values with doping concentration as indicated in 
Table 1.

The optical spectroscopy study for the dielectric func-
tion is very useful for a detailed description of the material 
band structure. The dielectric function cannot be measured 
experimentally in a direct way like absorbance, reflectance 
and transmittance [82]. Based on the previously calculated 
values of the refractive index n and the extinction coefficient 
k, the real ( �r = n2 − k2 ) and imaginary ( �i = 2nk ) parts of 
the optical dielectric constants can be investigated in this 
study. These parameters are in a direct relationship with the 
density of states inside the energy gap of the films [83–87]. 
�r refers to the dispersion in the medium while �i refers to the 
dissipation of energy of the incident electromagnetic wave 
by the medium. �r and �i optical spectra for undoped PVA/
PEG and nanocomposite films at different concentrations are 
shown in Fig. 8. It is obvious from the figure that, the optical 

behavior for �r spectra shows a gradual decrease with the 
wavelength beyond the absorption edge value until it reaches 
a nearly constant attitude. A rise in the �r optical spectra has 
been observed with the increase in the CuS nanoparticles 
concentration. This attitude is similar to that of the refrac-
tive index and the extinction coefficient discussed before and 
confirms the role of the new defect bonds formed between 
CuS and polymer structure. So, the increase in �r values with 
the dopant concentration can be attributed to the enhance-
ment that occurred to the structure due to the presence of 
many defect bonds that are responsible for increasing the 
density of the material and hence its dispersion. Figure 8b 
shows that, the optical spectra for εi look have the same 
behavior beyond the absorption edge value for all samples. 
An increase in the spectral behavior with the wavelength 
can be observed. The increase in the εi values with the rise 
in the nanoparticles concentration reflects the dominance 
effect of both the extinction coefficient and the refractive 
index because of the direct proportionality relationship. The 
behavior of εi optical spectra is consistent with that of �r 
which indicates that the highly doped nanocomposite films 
dissipate much more energy of the incident electromag-
netic wave when compared to the films doped with lower 
concentrations.

4 � Conclusion

CuS nanoparticles were formed at 300 °C under the flow 
of nitrogen. The presence of only Cu and S elements in the 
resulting nano powder was confirmed with the EDS tech-
nique. The compatibility between the calculated crystallite 
size by Scherrer formula (~ 10 nm) and that measured exper-
imentally (~ 12 nm) by TEM technique was maintained. The 
XRD diffraction spectra proved the hexagonal structure of 
CuS nanoparticles and the semi crystallinity nature of both 
undoped and nanocomposite films. The shift in the peak 
position of the FTIR spectra is evidence for the forma-
tion of new nanocomposite films by successful interaction 
between nano additives and row (PVA/PEG) blends. The 
TGA study showed the direct proportionality between ther-
mal stability and the rise in the CuS nanoparticles concen-
trations. (PVA/PEG:CuS) nanocomposite films doped with 
5% CuS revealed the highest thermal stability compared to 
other samples which may be due to the hydrogen bonding 
formation. The counter behavior between optical trans-
mittance and absorption confirmed the mutual interaction 
between added nanoparticles and polymer matrix besides 
its amorphous nature. lower concentrations weren’t possi-
ble because of negligible variations between doped nano 
composite samples and undoped ones when compared. The 
structural improvements due to new defects have been dis-
cussed in details by different optical constants and dispersion 

Fig. 8   wavelength dependent of a real part of dielectric constant and 
b dielectric loss for pure and CuS doped (PVA/PEG) blends
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parameters. The polarization phenomena were found clearly 
affected by the doping concentration. The decrease in the 
energy gap ( Eg ) values with increasing CuS nanoparticles 
concentration is a promising result for future applications in 
the field of optoelectronic devices and solar cell fabrication.
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