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Abstract - ZnSe/Poly (vinyl alcohol) (PVA) composite membranes with 30 — 40 um thicknesses were prepared by ultra-
sonication technique at different weight percentages (0-4%) of ZnSe nanoparticles. The structural characteristic of
synthesized ZnSe was examined by X-ray analysis. The surface morphology and the formation of composite membrane
were displayed in SEM micrographs. Important dielectric parameters which include dielectric constant, dielectric loss and
electric modulus were exemplified and three different relaxation mechanisms were identified during heat treatment. The
dielectric constant was increased from (k = 7.02, 100Hz, 30°C) to (k = 16.02, 100Hz, 120°C) and the composite films
exhibited a higher energy storage efficiency, that is an increase of 49.7% (at 1MHz) was noticed in the case of
4%2ZnSe/PVA. The index of refraction and optical conductivity could be enhanced with the inclusion of ZnSe
nanoparticles within percolation threshold. Thus, these high n and k-ZnSe/PVA nano composites are potential flexible
high-performance dielectric materials for electronic devices.

Index Terms - ZnSe, electric modulus, index of refraction, dielectric material.

l. INTRODUCTION

The advances in the fundamental materials science lead to the development of new functional materials or new
combination of existing materials, which exhibit superior electrical and optical properties. Researchers are enforced to focus on
composites which consist of polymer as host matrix and semiconductor particles as filler due to the practical interest towards the
better electrical, optical and mechanical properties of individuals and its dielectric, ferroelectric and piezoelectric properties are
widely used in various applications [1-4]. Recently, composite membranes are becoming prominent candidates in an intensive
development of transducers, energy harvesting devices, underwater hydrophones, embedded capacitors, high-pressure sensors,
biomedical imaging and non-destructive testing applications [5-7]. The most important materials used for wireless communication
devices are microwave dielectric materials with appropriate permittivity, low dielectric loss and a suitable temperature coefficient
of resonant frequency [8]. It is for this reason that composite dielectrics and its electrical and optical properties have been so
intensively investigated. Moreover, there is easiness in the preparation of polymer/semiconductor composite with diverse
properties and hence tailor the properties as per requirements.

Among different polymers, poly (vinyl alcohol) (PVA) attracted the attention of researchers due to its optical
characteristics, physical properties, film forming and biocompatibility. Furthermore, its properties still appear to be unique in
terms of the price/performance ratio. To further enhance the properties, the incorporation of inorganic material is advantageous
for forming a composite which could be lightweight, flexible and exhibit good moldability [9]. The properties of semiconductor
nanoparticles depend mainly on their shape and size due to their high surface to volume ratio [10-12]. Zinc Selenide (ZnSe) is a
non-hygroscopic, chemically stable and wide band gap semiconductor that has an excellent dielectric and optical properties like
excellent luminescence efficiency, low absorption coefficient and excellent transparency to infra-red [13-15]. The 1I-VI
semiconductors have used in many applications such as light emitting diodes, acousto-optical effects and biological sensors [16-
19]. Technologies are demanding materials with improved structural, electrical and chemical modifications of traditional PVA
with the addition of good inorganic materials like ZnSe for the development of new nano devices. In the present study, we have
made an attempt to prepare ZnSe/PVA composite films by ultra-sonication technique. The morphological, optical and dielectric
properties of ZnSe/PV A nanocomposite films of 30-40 um thickness are exemplified.

1. MATERIALS AND METHODS
Materials

Materials used for the preparation of ZnSe nanopowders are Merck GR grade of purity > 98%. The materials used are Zinc
acetate dihydrate (Zn(O2.CCHz3)2(H20)2), sodium selenite (Na.SeOs), hydrazine hydrate (N2Hi.H,O) and PVA resin (white)
[CH2CHOH]..

Synthesis of ZnSe nanoparticles
Zinc acetate of 4.388g was dissolved in 100 ml of direct Millipore water and 0.519¢g of sodium selenite (Na,SeOs) was
dissolved in 30 ml of hydrazine hydrate (N.H..H.O). Both the prepared solutions were mixed under vigorous stirring with
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external heat energy at 60 C. These solutions were poured into a Teflon lined sealed stainless steel autoclave and heated at 210 C for
6 hours in a muffle furnace and then cooled to room temperature naturally. The precipitate was collected by centrifugation, washed
twice using distilled water for removing impurities and dried to obtain ZnSe nano powders.

Synthesis of ZnSe/PVA nanocomposites

ZnSe/PVA nanocomposites were prepared at different weight percentages (0-4%) of as-synthesized ZnSe nanoparticles by
ultra-sonication method. Poly (vinyl alcohol) (PVA) is a water soluble polymer and hence it was dissolved in hot water with
gentle stirring for one hour. Next, to obtain a homogeneous dispersion of ZnSe nanoparticles in PVA-water mixture, magnetic
stirring and ultra-sonication were used. The ZnSe-PVA solution was transferred into a Teflon coated glass mold to acquire a
thin film of 30 — 40 um thicknesses. The mold assembly was then kept in air-oven at 50 C for 4 hours to obtain the
nanocomposite thin films by volatilizing water.

Characterization

The X-ray diffraction (XRD) pattern was used to confirm the structure and to obtain the particle size of ZnSe particles. The patterns
were recorded in the two theta (20) range of 2.0°-70° using a Bruker-D8-AXS diffractometer system equipped with a CuK, radiation
(A=1.5406 A’). The morphology of the obtained composites was analyzed using a JEOL JSM-6390 LV scanning electron microscopy
(SEM). The UV- Vis- NIR spectroscopy is fruitful for characterizing the optical properties of the material. The UV- Vis- NIR
absorbance spectrum of composite membranes was recorded using Varian Cary 5000 UV-Vis-NIR Spectrophotometer in the range of
200 to 900 nm. The dielectric measurements were carried out using HIOKI LCR impedance analyzer 3532-50 in the frequency range of
100 Hz to 1 MHz by varying the temperature up to 120°C.

111. RESULTS AND DISCUSSION

XRD Analysis

Structural characterization of ZnSe nanoparticles was carried out by X-ray diffraction analysis. Fig. 1 shows XRD pattern of obtained
particles with molar concentration Zn:Se is 2:1. Figure shows the localized peaks at 26 = 25.8°, 45.0° and 53.8° are related to ZnSe,
according to JCPDS card no: 80-0021, corresponding to the crystallographic planes (1 1 1), (2 2 0) and (3 1 1). A very small peak is
observed at 26 = 65.9° which corresponds to the plane (4 0 0). The particle size is estimated from XRD pattern using the Debye-Scherrer
equation [20] and an average size are between 9.5 nm to 13.8 nm. The calculated particle size is in good agreement with the diametrical
size obtained from SEM image.
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Fig. 1: XRD pattern of as-synthesized ZnSe nanoparticles.

Morphological analysis

SEM micrographs have a very large depth of field yielding a characteristic three dimensional appearance which is useful for
understanding the surface morphology of the sample. The SEM micrographs of 4%2ZnSe/PVA thin film are shown in fig. 2, at
different magnification of 3,300X and 95,000X. One of the images shows the distribution of ZnSe nanoparticles on the host
matrix and revealed some particles aggregate within the polymer membrane. Apparently, the results inferred that the addition of
4% (wt %) ZnSe tend to cause the aggregation but could reduce the inter-particle distance as the density of the host matrix is
treated as constant. An enhanced tunneling conduction is expected with the increase in the dopant concentration. The magnified
surface view shows that the size of the as-synthesized ZnSe particle is about 24 nm.

Dielectric properties

The dielectric measurements have been carried out by a capacitive arrangement technique using HIOKI LCR impedance analyzer
3532-50 in the frequency range of 100 Hz to 1 MHz and within the temperature 30°C to 120°C. The polarized molecules or atoms in
dielectric medium can align in accordance with the applied electric field which implies electromagnetic energy to be transferred into
materials. Fig. 3 shows the behavior of frequency dependent dielectric constant of PVA and ZnSe/PVA at room temperature. The plot
inferred that the value of dielectric constant has a strong influence in radio frequency region. At lower frequencies, high values are
noticed which indicate that the four polarizations are active whereas at higher frequencies, due to the high periodic field reversal
resulting in an inertia of the dipolar moments causes the reduction in the values. An independent frequency trace is noticed beyond 1
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kHz but a substantial modification is achieved by the incorporation of ZnSe nanoparticles in the matrix. A giant polarizability is noticed
because the particles are relatively free to move in extended trajectories between the electrodes. The ZnSe exhibits a strong ionic
polarization due to Zn?* and Se? ions and has a high value of static permittivity so that the increment in the values of relative permittivity
for the composites due to these mobile charge carriers is expected. For pure PVA and 4%2ZnSe/PVA, it is 7.02 and 11.08 respectively at
100Hz. This study is extended to the temperature variation up to 120°C. Fig. 4 displays the variation in relative permittivity values in
accordance with the temperature. At higher temperatures, the intermolecular forces between the polymer chains are broken and it will be
free to orient with the periodic electric field thus higher relative permittivity.

Fig.5 illustrates the frequency dependent dielectric loss of PVA and its composites at room temperature. This curve possessed a
similar trace as the plot of dielectric constant and the change in steepness are observed at the same frequency region. The phenomenon
can be identified as interfacial polarization (IP) where the high values are presented at the low frequency region. At higher frequencies,
the dipoles cause an inertia results from the electrical heterogeneity [21, 22], known as Maxwell-Wagner-Sillars effect [23]. With the
rise in temperature, the dielectric loss is also increased. Two relaxation modes are observed in the 3D diagram of loss spectra of
4%ZnSe/PVA composites (fig. 6) in which at temperatures between 50°C and 80°C, an explicit relaxation peak is observed and
identified as « — mode [24] that corresponds to micro-Brownian motion of the polymer chain. Next an expeditious peak is observed at
around 110°C and denoted as # — mode. It originates from the re-orientation of polar side group of the polymer chain that is attributed to
the wriggling of hydroxyl groups. All the relaxation modes are also present in the plot of pure PVA.
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Fig. 2: SEM micrographs of 4%2ZnSe/PVA nanocomposite at different magnification.
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Fig. 3: The variation of dielectric constant vs. log f for pure PVA and composite samples.
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Fig. 4: The variation of dielectric constant of 4%ZnSe/PVA composite with temperature.
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Fig. 5: The variation of dielectric loss vs. log f at room temperature.
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Fig. 6: The variation of dielectric loss of 4%2ZnSe/PVA by varying temperature. 3D diagram pronounced the different

relaxation peaks.

The complex electric modulus is defined by the reciprocal of the complex permittivity.

M*=1/e*=M"+] M". (1)

Where M* is the complex modulus, &* is the complex permittivity, M' is the real part and M" is the imaginary part of electric
modulus. The complex modulus spectrum represents the measure of distribution of energies in the matrix and describes the
electrical relaxation and microscopic properties of the material. The real and imaginary parts of electric modulus in accordance
with frequency are described in fig. 7 and fig. 8 respectively. The value of the real part (M) is low at lower frequencies and
moving to the higher frequencies, it increases and a saturated region is obtained. The value is higher for the pristine sample with
comparison to the composite membranes but for the value of M" which is increased in accordance with the filler inclusion. The
frequency distribution is also different for imaginary electric modulus which shows a similar behavior as the dielectric loss
spectra.

The curves of conductance (fig. 9) and impedance (fig. 10) are mutually connected. With the addition of ZnSe nanoparticles,
the charge density is increased and these particles are relatively free to move in between the electrodes. So that a better
conductance is noticed as the concentration of ZnSe is increased. It is confirmed from the impedance spectra that high impedance
value is noticed for virgin PVA and it decreases with increasing concentrations of ZnSe particles. It can be also seen that the
conductance increases but impedance decreases with the increase in frequency.

The energy storage of the dielectric materials is investigated to fulfill the dielectric measurements. The energy density is related
to the dielectric permittivity and can be calculated as;

U = (g0 & E?) /2. 2
Fig.11 presents a comparative diagram of the energy density of pure and ZnSe incorporated membranes at room temperature. The
composite samples exhibit higher energy storage efficiency with comparison to the pure PVA. An increase of 5.3 % in the value
of energy density is noticed in the case of 1% ZnSe doped PVA at 1 MHz and it reaches to 14.2 % and 49.7 % with 2% and 4% of
ZnSe filler dispersion.
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Fig. 8: The imaginary part of electric modulus vs. log f curve of PVA and its composites.
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Fig. 9: The curve of conductance as a function of frequency of PVA and ZnSe/PVA.
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Fig. 10: The frequency dispersion of complex impedance of all samples.
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Fig. 11: A comparative diagram of the energy density of PVA and ZnSe/PVA membranes.

Optical properties

From UV- Vis- NIR absorption measurements, we can obtain the optical parameters such as absorption co-efficient (a),
extinction co-efficient (k), index of refraction (n) and optical conductivity (oopt) by calculating reflectance R for all frequencies.
Fig. 12 shows the absorbance spectra of PVA and ZnSe/PVA composite membranes. One can easily examine that all samples are
transparent in the visible frequencies whereas a higher absorption has taken place in the UV region. It is perceived that the
absorbance of the films increases with the increasing concentration of ZnSe particle which leads to an increase in light scattering
losses. The observed decrease of absorbance with wavelength is due to the increase in crystalline size associated with higher
densification of the films [25].

The absorption co-efficient (a) of the films strongly depends on optical transmission (T) and film thickness (t). The extinction
co-efficient was obtained in terms of absorption co-efficient [26], k = (a 4)/ 4=. Fig. 13 illustrates the behavior of the extinction
co-efficient (k) vs. wavelength of PVA and its composites. The value is higher for composite films with the inclusion of ZnSe
particles. This is due to the large values of absorption co-efficient of composites since « is directly proportional to the extinction
coefficient. The average values are 0.0002, 0.0004, 0.0010 and 0.0015 respectively in the order of 0% to 4% of ZnSe incorporated
PVA matrices. The plot of refractive index (n) and wavelength is shown in fig. 14. The estimated values of refractive index are
almost constant in the entire wavelength for all samples. The values are increased in accordance with the filler inclusion. For pure
PVA, it is 1.3 which increases up to 3.0 with 4% of ZnSe interaction. The obtained values are in good agreement with the values
reported earlier for PVA based systems [27]. The high refractive index polymers (HRIP) are potential for the strong optical
confinement and can enhance the optical intensities for non-linear interactions. The behavior of optical conductivity is also an
independent wavelength trace except a tail is presented in the far UV region. It also increases with the filler inclusion and the high
magnitude of optical conductivity confirms the photo response nature of the materials.
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Fig. 12: UV- Vis- NIR absorption spectra of pure and doped samples.
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Fig. 13: The variation in the value of extinction co-efficient with different percentages of filler inclusion on PVA matrix.
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The real part and imaginary part of complex permittivity are also calculated from the values of n and k in the wavelength 200
nm to 900 nm. It is inferred from fig. 16 that the values of relative permittivity are lesser for all the samples with comparison to
the values in the radio frequency region which shows that there are some polarizations absent in the UV - Vis- NIR frequencies. In
these regions, an independent frequency trace is noticed for all the samples and the value is increased for composites with the
dopant concentration. The imaginary part of complex permittivity (shown in fig. 17) is also assented with the values obtained
from the LCR analyzer. A frequency independent trace is noticed for pure PVA but it increases slightly with the wavelength for
composite membranes.
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Fig. 16: The curve of real part of complex permittivity in UV- Vis- NIR frequency region.
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Fig. 17: The imaginary part of complex permittivity in UV- Vis- NIR frequency region for all samples.

IV. CONCLUSION

An authentic ultra-sonication technique for the preparation of ZnSe/PVA composite membranes could be established. The X-ray
analysis revealed that the size of the prepared ZnSe was in nano-region and the dispersion of nanoparticles was analyzed with
SEM micrographs. The dielectric measurement confirmed that the values of dielectric constant, dielectric loss and electric
modulus were tailored with the inclusion of ZnSe nanoparticle. The real and imaginary parts of complex permittivity were also
calculated in the UV- Vis- NIR frequencies and inferred that some polarizations are inactive. The dielectric relaxation phenomena
were portrayed and the observed relaxation modes were «, £ and IP which confirmed the electrical heterogeneity of the systems.
The composite films exhibited a higher energy storage efficiency that is an increase of 49.7% (at 1MHz) was noticed in the case
of 4% of ZnSe incorporated matrix. The extinction coefficient, index of refraction and optical conductivity could be enhanced
with the dopant concentration.
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