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Abstract—Over the past decade, polymer/semiconductors
nanocomposites have drawn a great deal of attention due to their
extensive application in organic flexible devices. Today, the
necessities of introducing nanocomposites act as an important role in
the nanoelectronics is well understood from Moor’s law and have
become an integral part in the present day technology. The wide
spread success from microelectronics to concept of nanoelectronics
led to the development of newer nanomaterials with better physical
and electrical properties. In this paper, an attempt has been made to
review various existing synthesis and characterization techniques
employed all over the world for the development of industrially
important nanocomposites and extent of particle size reduction
achieved through the different polymer embedded colloidal sulfide 11-
IV group compound semiconductor nanocomposites in terms of their
performance, advantages, disadvantages and analysis of quantum
inductance and capacitance. The approach being followed by the
classical frequency filter characteristics of optimization with gain,
phase shift and cut-off frequency. These investigations three
parameters are found to be different for doped undoped and
corresponding core to shell ratio; each other based on their
dielectrics, crystal structures, sizes and band gape is presented.

1. INTRODUCTION

Polymer/semiconductor nanocomposites have been processed
via an in situ formation of semiconductor nanoparticles in the
polymer matrix from suitable Colloidal sulfide II-VI groups
inorganic compound semiconductor precursors [1-3] and
received increasing interest recently in view of potential
applications in various fields of science and technology
including dielectrics, charge-storage capacitor,
optoelectronics, nanoelectronics, electroactive materials and
pH sensors [4-8]. The presence of the protective polymer can
prevent the agglomeration and limit the size of the
nanoparticles [9-10]. The past few years have witnessed an
exponential growth in the potential use of polymer capped
based nanocomposites. Among different polymers, polyvinyl

alcohol (PVA) is the most promising because of its unique
properties. PVA is highly soluble in water and biologically
friendly. Its easy processability and high transmittance [11]
make it a good matrix of polymer films. It acts both as a
reducing agent and as a stabiliser. It is non-corrosive in nature,
and hence suitable for electronic and optoelectronic
application [12-13]. In other hand, 3-Mercaptopropionic acid
(3-MPA) is a clear, near water-white liquid with strong odor
used as used as an intermediate for the synthesis of organic
compounds [14] and also useful as ion exchange catalysts,
coupling agents, and in UV-curable formulations [15]. The
Styrene Butadane Rubber (SBR) latex is a carboxylated
styrene butadiene copolymer latex admixture that is designed
as an integral adhesive for cement bond coats, mortars and
concrete to improve bond strength and chemical resistance
[16], which acts as matrix, plays the key role in controlling the
size and shape of quantum dots [17] during single and
Core@shell sample fabrication. Apart from single component
counterparts or nanoparticles, Core@shell particles constitute
a special class of Nanocomposites materials which have
modified and improved physical [18] and chemical properties
[19]. Core@shell nanoparticles are formed when two
dissimilar materials [20] are placed into contact with each
other. The core@shell structural quantum dots have excellent
fluorescence properties [21], such as improved brightness,
narrow and symmetric emission spectrum, resistance against
photobleaching, and multicolor light emission [22]. As the
lattice constant, energy gaps, doping concentrations [23] and
affinity of core and shell material differences, the properties of
core@shell material are modified [24]. The small lattice
mismatch of 7.3 % between CdS and ZnS make it possible for
epitaxial growth of CdS@ZnS or ZnS@CdS core@shell
nanoparticles [25]. These type [ and II core@shell
nanoparticles are widely used in light emitting diode (LED)
[26], biological labeling [27] and solar cell [28] respectively.
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Figure: 1: Maximum Gain of PVA embedded different
samples [29-33].
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Figure 2: Schematic picture of investigated Gain Vs
critical frequency curves [29-33].

Explanation works in support of the inductive and capacitive
behaviour of quantum dots are very few. S.S. Nath and his
group [29] in 2008 reported that individually ZnS and CdS
quantum dots embedded in SBR Latex can act as a High pass
filter and an electronic tuned circuit in the frequency range of
20-23 MHz respectively. Some preliminary works done by
Kakati J. et al. [30] in 2012 on chemically synthesised CdS
(undoped and doped:Cu®" ) quantum dots embedded in PVA
as low-pass filter are reported. Simultaneously, T. Das et al.
[31] in 2012 has prepared copper doped ZnS Quantum dots
embedded in polyvinyl alcohol (PVA) samples with frequency
response of the low pass filter Characteristics shows higher
gain as compared to the undoped samples.

Phase shift in Degree
Gain

~,
-~

Cut-off Frequency

Figure 3: Schematic picture of investigated Gain & phase shift Vs
cut-off frequency curves for low pass filter [29-33].

Phase of the output relative to the input as a function of
frequency is also recorded to have some  insight into the
observed low-pass filter characteristics of the as-fabricated
CdS and CdS:Cu®"  quantum dot devices, following MPA
capped synthesis have been demonstrated by H. Das et al. [32]
in 2015. Capacitance values of the order 10° F and inductance
approximately in the range of 1.232 H to 0.02788 H of
CdS@ZnS core@shell nanocomposites as a function of
frequency shows Low pass filter characteristics reported very
recently by R. L. Deka et al. [33] in 2016.
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Figure 4: Maximum Gain of different polymer embedded
samples [29-33].

In this paper, a systematic investigation of frequency response
of PVA, 3-MPA and SBR latex capped CdS (doped:Cu”" and
undoped), ZnS (doped:Cu’* and undoped), CdS@ZnS
(doped:Cu** and undoped) and ZnS@CdS (doped:Cu*" and
undoped) quantum dot devices, following by chemical route
synthesis technique of semiconductor quantum dots,
characterization and their useable applications of the frontier
research areas at present [29-33].
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Figure 5: Variations of Critical frequency (MHz) with different
polymer embedded samples [29-33].

2. PREPARATION STRATEGIES

In this strategy almost all are reported to control the size by
chemically arrested precipitation technique [1-20]. The basic
trick has been to synthesis and studies the nanomaterial in situ
i.e. in the same liquid medium avoiding the physical changes
and aggregation of tiny crystallites [15-27]. Thermal
coagulation and Oswald ripening were controlled by double
layer repulsion of crystallites using non-aqueous solvents at
lower temperatures for synthesis [21-35].

Table 1: Physical properties of the
SBR latex matrix material [29-33].

Physical Properties Value
Glass transition temperature 211

Melting temperature (K) 273

Refractive index 1.53

Specific gravity 0.93

Specific heat (J/gm.K) 1.89

Thermal conductivity (W/m.K) 1.34

Dielectric constant 3.1

3. CHARACTERISATIONS STRATEGIES AND

RESULTS

The liquid samples of doped undoped and corresponding
core@shell solutions used for UV-Vis and HRTEM
characterization. From the optical absorption spectra (29-33),
band gaps of the as-synthesized samples are estimated using
Tauc method [34-37] and found to be higher than the bulk
band gap.
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Figure 6: Variation of voltage gain with PVA embedded different
samples [doped:Cu?" & undoped]
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Figure 7: Variation of cut off frequency with PVA embedded
different samples [doped:Cu?" & undoped]

3.1 Results obtained from UV-Visible and TEM
characterization

Absorption spectroscopy of the all investigated samples shows
a strong blue shift in the absorption edge in comparison to that
of bulk specimen [29-33]. From the blue shifted absorption
edge, particle size has been assessed by using the hyperbolic
band model [29].

R = fT o
T ) IEET-ESL")

Where:

R is quantum dot radius (2R is the diameter and hence the
particle size)

Egp is the bulk band gap
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Egy is quantum dot band gap (calculated from the strong - —on
absorption edge which is 375 nm for SBR/CdS and 200 nm for ] =s=Size (HRTEM) nm I 0
SBR/ZnS as shown in Table 2) 0.754
h is Planck’s constant 0.704 P2
m* is effective mass of specimen (1.82 x 10 kg for CdS and 0.654 s E
3.64 x 10 Kg for ZnS). 0604 E
Table 2: CdS and ZnS particle sizes estimated using high E 0554 "B
resolution TEM (HRTEM) and UV/VIS spectroscopy [29-30]. 'g:_:
0.504 Ps =
@
Samples | HRTE Uv- Gai Critical - , B
M Visible n Frequency (Hz) [
PVA/CdS | 4.7nm 3.9 nm 0.37 | 12K 0.404
PVA/ZnS | 6 nm 8.3 nm 053 [ 1L.IM . [
MPA/CdS | 4nm 4.4 nm 0.73 | 130K PVAICS PVA/ZnS MPAICAS MPA/ZnS SBRICAS SBRIZnS
MPA/ZnS | 6.5nm 8.7 nm 0.60 90 K
SBR/CdS | 9.8nm 7.6 nm 0.51 | 23 M
SBR/ZnS | 8.2nm 9 nm 0.68 | 20M

Figure 9. Variation of Gain with size (nm) [undoped] [29-33]

Thus, from Table 2; it is found that for the PVA/ZnS,
MPA/ZnS and SBR/ZnS composites have maximum gain

(0.53, 0.60 and 0.68 respectively) and PVA/ZnS, MPA/ZnS —8—Phase shift in Degree

and SBR/ZnS nanocomposites have the highest Critical T gt Critical Frequency (MF7)
frequency (1.1MHz, 90KHz and 20MHzrespectively) which »— Size (HRTEM) nm

first two gives a good low pass filter and last one as a high

pass filter characteristics curve. e
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Figure 8. Variation of Critical frequency with size (nm)
[undoped] [29-33].
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Figure 11. Maximum Gain, particle size (HRTEM) in nm and
Band Gape Vs PVA embedded different samples [29-33].
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Figure 12. Maximum phase shift, band gape and cut-off
frequency Vs PVA embedded different samples [29-33].

There are so many figures [8, 9, 10, 11 and 12 respectively]
reveal the different polymer embedded colloidal sulfide II-IV
group compound semiconductor nanocomposites in terms of
their performance, advantages, disadvantages and analysis of
quantum inductance and capacitance has never been focused
in any earlier report. The findings of the present work call for
further theoretical works as well as simulated viewpoint on the
problem.

4. SUMMARY

The concept of nanoscale frequency filters characteristics has
been reviewed from the viewpoints of molecular device
fabrication and the building blocks used. It is shown that
nanoscale devices in the field of communications should be
sub-10 nm scale, addressable, durable, low-cost, highly
integrated, and compatible with bioelectronics and/or
nanoelectronics. Also shown that all the

polymer/semiconductor composites of a sample fabricated are
not identical; hence, the composite array may show the
interplay between intrinsic effect of individual dots and
properties of the composite ensemble. However, the general
nature of the average behaviour is found not to deviate much
from the single composite behaviour. It seems quite possible
to achieve applicable nanofilter devices using crossed
polymer/semiconductor ~ or  polymer/metal  composite
approaches in combination with the techniques of nanoparticle
assembly and nanoelectronics. Currently, it is still too early to
conclude which approaches and building units will be
ultimately used in the ‘coming’ commercial nanoscale
communication devices. In the meantime, the current
approaches can be used as test-beds to investigate various
building blocks from aspects of molecular synthesis, self-
assembly, and effects of molecule interfaces, chemical
structure, functional groups and/or local environment on the
device performance. As one of the most critical steps, more
effort should be made to figure out some simple but applicable
methods for fabrication of nanoscale devices. Moreover, we
may ask what is next after the generation of nanodevice? How
will it affect our daily life? One answer might be semi-
intellectual communication systems with some characteristics
of the human brain, which may be achieved someday using the
novel technologies, equipments, materials, and theories
developed on the basis of molecular electronics,
nanoelectronics and bioelectronics.
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