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Abstract

Polyvinyl alcohol (PVA) and mercury sulfide (HgS) polymer
nanocomposite were prepared using the solution casting and the in-situ
chemical reduction of mercury nitrate (Hg(NOs3),) and sodium sulfide (Na,S)
in aqueous solution of PVA as capping agent for different molar content of
(Hg(NOs),) and (NaxS), in order to study the effect of (HgS) content on
structure, optical and electrical properties of PVA.

The Fourier transform infrared spectra (FTIR) for pure PVA exhibit
main broad and strong band centered at (3340 cm™') arises from O-H
stretching vibration of hydroxyl groups is shifted in PVA/HgS nanocomposite
samples to lower wavenumber, which indicate the electrostatic interaction
between (-OH) group and HgS nanoparticles. Also, the spectra showed a
decrease in the intensity of all bends indicating the charge-transfer complex
between PVA molecule chains and HgS nanoparticles.

The scanning electron microscopy (SEM) images of PVA/HgS polymer
nanocomposite samples with different HgS concentrations shows white spots
with almost homogeneous dispersion which indicate that increasing in
mercury nitrate and sodium sulfide concentrations causes the development of
HgS average particle sizes due to the agglomeration of the nanoparticles.

The formation of PVA/HgS nanocomposite was confirmed using XRD
analysis by observing small intensity diffraction peaks, the intensities and
positions of these peaks are in a good agreement with the literature (JCPDS
card no. 06-0256 for (« —HgS)) that correspond to the hexagonal phase of
HgS (Cinnabar). The average crystalline sizes of (oo —HgS) nanoparticles was
in the range of (13.28 to 16.23) nm.

The UV-Visible absorption spectra in the wavelength range (190-1100)
nm were analyzed in terms of absorption formula for non-crystalline materials.
The optical energy band gap and the fundamental optical constant of the
prepared samples have been investigated and showed a clear dependence on
the HgS concentration. The observed value of optical energy gap for pure
polyvinyl alcohol is about (6.27 eV) and decreases to a value (4.88 e¢V) for the
film of (0.04 M) HgS content.

The refractive index and consequently the related dispersion parameters
of PVA and PVA/HgS nanocomposite versus HgS content have been
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determined and explained using Wemple-DiDomenico single oscillator model.
We found that E;(dispersion-energy) values increase with increasing HgS
concentration, while Ey(an average energy gap) values tend to decrease,
indicates to formation of charge transfer complex between PVA molecules
chain and HgS nanoparticales.

The influence of embedded HgS nanoparticles on the conductivity and
dielectric properties of polyvinyl alcohol (PVA) films are investigated, over
the frequency range (1 KHz to 1 MHz), and the temperature rang (30-110) °C
using (LR-meter). The variation of ac-conductivity (g,.) with a frequency of
the films follows Jonscher's universal power law and found to be increased
with increasing temperature, frequency and nanoparticle content. The
variation of frequency exponent (s) indicated that the conduction mechanism
was Correlated Barrier Hopping (CBH) model. The dielectric constant (g'),
and dielectric loss(g”) was found to decrease with increasing frequency, but
increase with increasing temperature and HgS nanoparticles content. The dc-
conductivity (oq.) increase with increase of HgS concentration, and follows
Arrhenius behavior in the investigated temperature region.



