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A sensitive conductive nanocomposite sensor consisting of chitosan, zinc oxide nanoparticles, and polypyrrole
was developed. The sensor was prepared by oxidative polymerization of pyrrole using (NH,4)»S,0g as the oxidant
followed by mixing a Chitosan-Zinc oxide composite with a different content of Chitosan. The morphology and
surface area of the nanocomposites were changed by changing the percentage of chitosan. The newly developed
nanocomposites also showed a significant improvement in electrical conductivity as mentioned from the cyclic
voltammetry measurements of the Kz[Fe(CN)g] sample. A square-wave adsorptive anodic stripping voltammetry
method successfully measured Isoxsuprine hydrochloride using different types of nanocomposite modified CPEs
and showed a large enhancement of stripping peak current compared to bare CPE. Consequently, the proposed
sensors proved to have a promissing feature for applications in biosensors.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

The usage of nanomaterials has provided clear improvement of
the chemical, physical properties of materials that are suitable for
application in medicine, chemical sensing, electrochemical sensing,
electronics, biotechnology, biomedical and bioanalytical applica-
tions. Nanomaterials development in electrochemical sensors has
been widely studied as an inexpensive method to specifically and
sensitively detect a variety of analytes [1-3]. Another class of
nanomaterials, such as nano/mesoporous carbon [4,5], nanoporous
graphene [6], and mesopoous metals [7,8] materials have been inter-
estingly studied for electrochemical sensing applications. In particu-
lar, organic-inorganic nanocomposite materials such as conductive
polymers and oxide nanocomposites have been used in numerous
fields of application; biosensors, gas sensors, conductive paints,
drug delivery, and rechargeable batteries [9-12] due to the novel
properties of nanocomposite which can be derived from the successful
blending of the characteristics of the parent constituents into a single
material. The main properties of metal nanoparticles (NPs) such as
zinc oxide (ZnO), titanium oxide (TiO,), and silver oxide (Ag,0), are
mostly characterized by their size, composition, crystallinity, and
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morphology. The nanoscale size of these metal oxides generally confers
larger surface areas compared with macro-sized particles [13] and is
useful to modify their chemical, mechanical, electrical, structural, mor-
phological, and optical properties. Moreover, these nanostructured ma-
terials have a larger percentage of surface atoms possessing high
reactivity. ZnO NPs have been exploited as a potential material for bio-
sensing and gas sensing because they have several marvellous proper-
ties, including a wide band gap (3.37 eV), high isoelectric point (IEP)
of ~9.5, biocompatibility, nontoxicity, good selectivity, high catalytic ef-
ficiency, chemical stability, hydrophilicity, and strong adsorption ability
[14-17]. ZnO NPs also have high surface area which enhances the inter-
action between materials and analytes, leading to high sensitivity, and
their small dimensions enable fast adsorption/desorption kinetics for
analytes in the material, which allows a rapid response time. Different
synthesis methods have been devised for ZnO NPs with different mor-
phology [18-24] such as vapor transport process [25], spray pyrolysis
[26], hydrothermal synthesis [27], thermal decomposition [28], direct
precipitation [29-31] and sol-gel processing [32,33]. The precipitation
method in particular has been successfully used to design different
structures of ZnO NPs [34]. Conducting polymers are useful nanocom-
posite of an electrochemical sensor. Polypyrrole (Ppy) is considered to
be one of the best organic conducting polymers due to its excellent con-
ductivity, having environmental stability and easy synthesis [35]. Ppy
has been performed in a number of applications, such as in batteries,
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supercapacitors, sensors, corrosion protection and microwave shielding
[36-39]. However, a direct combination of ZnO NPs and Ppy is inade-
quate to maintain the nanostructure and high stability in air because
the interface is generally very sensitive to humidity [40]. Therefore, an-
other support is required to combine ZnO NPs and Ppy effectively. Chi-
tosan has special characteristics, such as biocompatibility, bioactivity,
non-antigenicity and nontoxicity [41], and the membrane can include
metal ion and organic materials [42]. Therefore, it has potential as a
binder between ZnO NPs and Ppy [43]. In this paper, we developed a
novel sensitive conductive nanocomposite sensor consisting of polypyr-
role, ZnO NPs, and chitosan for detection of Isoxsuprine hydrochloride
(IS-HCl) which is structured chemically as 4-{1-hydroxy-2-[(1-
phenoxypropan-2yl) amino|propyl} phenol and used as a vasodilator
[44]in humans and equines. IS-HCl is a 3-adrenergic agonist that causes
direct relaxation of uterine and vascular smooth muscle via 3-2 recep-
tors [45]. The ternary nanocomposite was designed not only to have
high conductivity and a large surface area, but also to work as a selective
adsorbent for an organic drug by the modification of the hydrophobicity
of chitosan. In practice, the carbon paste electrode including the ternary
nanocomposite demonstrated a selective adsorptive property beyond
Zn0 NPs as the electrochemical sensor [46].

2. Experimental work
2.1. Materials and solutions

All reagents were of commercial grade, and were used without
further purification. Zinc nitrate hexahydrate “Zn(NOs3),.6H,0, 99%
Sigma-Aldrich”, sodium carbonate “Na,COs3, 99% Sigma-Aldrich”,
Ethanol (C;HsOH, 95%, Pio chem.), high molecular weight chitosan
“Sigma-Aldrich”, “Pyrrole 98% Sigma-Aldrich”. Other chemicals
used were guaranteed grade. IS-HCl was purchased from Sigma,
(Saint Louis, MO, USA). Britton-Robinson (B-R) universal buffer
pH 6 was prepared in deionized water, and used as a supporting
electrolyte.

2.2. Instruments

Fourier transform infrared (FTIR) spectra were measured by a
Perkin Elmer spectrophotometer using the KBr disc technique in a
wavenumber range of 4000-400 cm~ . Wide angle X-ray diffraction
(XRD) measurements were recorded, using a Phillips Powder-
Diffractometer equipped with a Ni-filtered Cu-K, (N = 1.5418 A),
at a scanning speed of 2°/s. The samples were dried in a vacuum
oven at 80 °C for 12 h, and then mounted on a sample holder with
a large cavity. A smooth surface was obtained by pressing the pow-
der samples with a glass plate. Bragg’s Law (n\ = 2dsinf) was
used to compute the crystallographic spacing. JEOL JSM 5400 Scan-
ning electron microscopy (SEM) was used to observe the particle
morphologies of ZnO NPs and CS-ZnO/Ppy nanocomposites and
modified Carbon paste electrodes (CPEs). Transmission electron mi-
croscopy (TEM) micrographs were obtained with a JEOL JEM-100CX
electron microscope at an accelerating voltage of 100 KV. The film
was prepared from samples dispersed in water. The surface areas of
the samples were determined by Brunauer-Emmett-Teller (BET) N,

Table 1

Preparation of nanocomposite modified CPEs.
Sample code Nanocomposites Carbon

Wt. (gm) Wt. (gm)

Bare CPE - 5
10%(w/w) [ZnO NPs] CPE 0.5 4.5
1%(w/w) [7.5% CS-ZnO/Ppy] CPE 0.05 4.95
1%(w/w) [15% CS-ZnO/Ppy| CPE 0.05 4.95
1%(w/w) [25% CS-ZnO/Ppy] CPE 0.05 4.95
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Fig. 1. FTIR of (a) ZnCOs, (b) ZnO NPs, (c) [CS/Ppy], (d) [7.5% CS-ZnO/Ppy], (e) [15% CS-
Zn0/Ppy], and (f) [25% CS-ZnO/Ppy] nanocomposites in the region 4000-400 cm ™',
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Fig. 2. XRD of (a) ZnO NPs, (b) (a) [CS/Ppy], (b
and (d) [25% CS-ZnO/Ppy] nanocomp051tes

) [7.5% CS-ZnO/Ppy), (c) [15% CS-ZnO/Ppy],
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Fig. 3. SEM images of (a) ZnO NPs, and (b) histogram of particle size. The inset histogram
shows the particle size.

sorption isotherms [TriStar Il 3020 adsorption analyzer (Micromeritics,
Norcross, USA)]. Samples were degassed at 120 °C, for 2 h under vacu-
um, prior to measurement. While, for voltammetric measurements

computer-controlled potentiostats (PAR) Models 273A were used for
analytical voltammetric peaks response.

2.3. Preparation of zinc oxide nanoparticles

For preparing a ZnCO3 precursor, 200 mL of 0.1 mol/L of Zn(NO3),
solution was slowly dropped into a vigorously stirred 240 mL of
0.1 mol/L of Na,COj5 solution with a molar ratio of 1:1.2. After addition,
the precipitate was collected by filtration and repeatedly rinsed with
high-purity water, ethanol and dried at 100 °C for 6 h, respectively. Fi-
nally, the precursor was annealed in the muffle furnace in the tempera-
ture 350 °C for 2 h to obtain the ZnO NPs [47].

2.4. Preparation of chitosan/polypyrrole material

A chitosan solution was prepared as follows: 0.25 g of chitosan dis-
solved in 50 mL of 2% of acetic acid with vigorous stirring for 1 h. A poly-
pyrrole solution was prepared by following: 0.68 g Pyrrole dissolved in
50 mL of 0.1 M acetic acid and was polymerized with 4.56 g of
(NH4)2S,05 in an ice bath for 1 h. Then the polypyrrole solution was
slowly poured into the chitosan solution with stirring for 20 min, and
settled for 24 h. Then precipitate [CS/Ppy] was filtered, washed with dis-
tilled water, and dried at 80 °C.

2.5. Preparation of chitosan-ZnO/polypyrrole nanocomposites

Preparation of [7.5% CS-ZnO/Ppy]| nanocomposite was carried out as
follows: After 2.5 g of ZnO NPs was sonicated in 50 mL of distilled water,
(0.25 g in 50 mL) of the chitosan solution was added to ZnO dispersion
with constant stirring at 80 °C, and allowed to settle for 24 h. The super-
natant solution was discarded and the precipitate was rinsed with dou-
ble distilled water several times. Then in an ice bath, the polypyrrole
solution was slowly poured into the chitosan-ZnO precipitate while vig-
orously stirring for 20 min, and settled for 24 h, then washed with dis-
tilled water, and dried at 80 °C. The same procedure was carried out
using 0.5 g and 1.0 g of chitosan to obtain [15% CS-ZnO/Ppy] and [25%
CS-ZnO/Ppy], respectively.

0.5 pm

Fig. 4. SEM images of (a) [CS/Ppy], (b) [7.5% CS-ZnO/Ppy], (c) [15% CS-ZnO/Ppy], and (d) [25% CS-ZnO/Ppy| nanocomposites at the same magnification.
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2.6. Preparation of modified carbon paste electrodes (CPEs)

Carbon paste (CP) was prepared by thoroughly mixing graphite
powder (5.0 g) with paraffin oil (1.8 mL) in a carnelian mortar. The
modification of CP with 1% (w/w) of prepared nanocomposites was car-
ried out by mixing fine graphite powder (4.95 g) with different types of
prepared nanocomposites (0.05 g) in a carnelian mortar, with sufficient
paraffin oil (1.8 mL) to give a homogenous material. The same proce-
dure was carried out with different amount of prepared nanoparticle
and nanocomposites materials as shown in (Table.1). CPs were pressed
into the end cavity of a working electrode (3 mm diameter), the elec-
trode surface was smoothed with clean paper until shiny. Then the CP
electrodes were immersed in a cell containing supporting electrolyte,
and A square wave adsorptive anodic stripping voltammetry method
was applied [48].

3. Results and discussion
3.1. Characterization of prepared nanocomposite materials

3.1.1. Fourier transform-infrared spectroscopy

FT-IR spectrum of ZnCOs is shown in Fig.1(a), the strong peaks at
1384 cm~ ! and 1522 cm™ ! are assigned to ZnCOs, the absorption
tape in the 713-1044 cm™ ! range is due to the lattice vibration of the
carbonate ion and a broad band at 3375 cm ™! was assigned to the
stretching vibration mode of the hydroxyl group (—OH) [49-51]. This
also proves that the precursor was zinc hydroxyl carbonate. After an-
nealing of the precursor as shown in Fig.1 (b), a peak appeared at
457 cm~ ! which was attributed to Zn—O stretching, and peaks at
(1384 and 1522 cm™!) shifted and reduced significantly to 1375 and
1507 cm™ ! after annealing. While, the peak at 3375 cm™ ! shifted and
reduced significantly to 3433 cm™ ! which confirmed the decomposi-
tion of the hydroxyl group. FTIR spectrum of [CS/Ppy] is shown in
Fig.1 (), the typical peak was observed at 3415 cm™ ! could be assigned
to the axial stretching vibration of O—H of chitosan superimposed to
the N—H stretching band of pyrrole and inter hydrogen bonds of the
polysaccharide which confirms the presence of strong hydrogen
bonds between CS and Ppy; the peak at around 1562 cm™! was
assigned to the —C=C— stretch of the pyrrole ring, the peak at around
1318 cm~ ! was caused by the a stretching vibration of C—N and the
peak at 1098 cm ™! was caused by —N—H in-plane deformation of
the pyrrole unit [52]. A peak at 1701 cm™ ' is attributed to C=0 (acety-
lated amino) stretching mode. While, a peak at 1051 cm™ ', which
corresponded to the stretching vibration of C-O-C and the specific
bands of the 3 (1-4) glycoside bridge at 1195 and 911.8 cm™ ' were ob-
served [52-55]. FTIR spectrum of the nanocomposites with different
percentages of CS showed a broad absorption band centred between
3170 and 3415 cm™ ! due to the overlap of N—H and OH stretching vi-
brations Fig.1 (d, e and f). This band was much broader than the band
observed in the spectra of [CS/Ppy] due to the hydrogen bond with
ZnO (N—H...0, and O—H...0). Also, the characteristic peak of ZnO
NPs at 457 cm™~ ! which reduced, shifted to 430 cm~! and then disap-
peared for the prepared nanocomposites. The peaks observed in the
spectrum of Ppy/CS composite (at 1701 and 1318 cm ™) shifted to
1619 and 1400 cm™ !, respectively. A similar shift was reported in the
literature and was attributed to the formation of Ppy/Zn0O/CS complexes
[56-58].

3.1.2. X-ray diffraction spectroscopy

XRD pattern of ZnO NPs shows the peaks at 26 = 31.98°, 34.60°,
36.45°,47.78°, 56.80°, 63.02°, 66.86°, 68.13°, 69.23°, 72.92°, and 77.12°
which, were assigned to (100), (002), (101), (102), (110), (103),
(200), (112), (201), (004), and (202) of ZnO NPs indicating that the
ZnO NPs formed (Fig.2(a) Zincite, JCPDS 36_1451) [59-61]. No charac-
teristic peaks of any impurities were detected, suggesting that high
quality ZnO NPs were synthesized [47]. The average crystalline size of

ZnO NPs was calculated according to Scherer's equation with crystalline
particle size of 14.74 nm. The XRD pattern of [CS/Ppy| showed a broad
reflection at 25° indicating a highly amorphous structure [62,63]. The
reflections characteristic to ZnO NPs in the XRD patterns (100, 002
and 101) confirm the presence of ZnO NPs [64]. Also, the presence of a
broad peaks at 26 = 12.02°, and 24.14° corresponding to CS/Ppy was ob-
served at a high content of CS as seen in Fig. 2 (b)-(a).

3.1.3. Scanning electron spectroscopy

SEM image of ZnO NPs in Fig.3 (a) shows densely-aggregated nano-
particles with an average diameter of 15.6 nm (using Image.] program)
as shown in Fig.3 (b). SEM micrograph of [CS/Ppy] in Fig.4 (a) shows ag-
gregates of the particles forming cauliflower like structures. Examina-
tion of different percentage of the nanocomposites Figs.4 (b, c and d)
did not reveal the inorganic aggregation and show a significant differ-
ence in overall morphology having very small protrusions at the surface.
The [15%CS-ZnO/Ppy] nanocomposite shows a smart morphology,
much like a coral reef shape with a very small protrusions morphology
which confirm the presence of high surface areas Fig.4 (c). Also, a

Fig. 5. TEM images of (a) ZnO NPs, (b) [CS/Ppy] nanocomposite, and (c) [15% CS-ZnO/Ppy]
nanocomposite at the same magnifications.
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uniform distribution of ZnO particles on the surface of Ppy/CS matrix
was observed. However, the SEM images of [7.5%CS-ZnO/Ppy]| and
[25% CS-ZnO/Ppy]| clearly show irregular morphology.

3.1.4. Transmission electron spectroscopy

TEM images Fig.5, show that the ZnO NPs are spherical in shape in
Fig.5 (a) and the average diameter is 15.6 nm. It is worth mentioning
that the average crystal diameter obtained from Scherer's formula
14.74 nm is in good agreement with the value obtained from analysis
of the TEM images. It was reported that the application of Scherer's for-
mula is restricted to small particles (usually smaller than 100 nm) [43].
Also, the TEM image of [CS/Ppy] shows a spherical shape with an aver-
age diameter of 96.9 nm Fig.5 (b). While, the TEM image of [15% CS-
ZnO/Ppy] nanocomposite Fig.5 (c) shows irregular shape like-balls
(bright areas) corresponding to [CS/Ppy] structure with the presence
of dark areas inside it which corresponds to ZnO NPs with average
size of 9.5 nm. This TEM image confirms the dispersion of ZnO NPs
into the matrix of CS/Ppy with a new morphology.

A. Hassanein et al. / Materials Science and Engineering C 80 (2017) 494-501

3.1.5. Surface area and porosity analysis by BET/N,

Adsorption isotherms were analysed with BET/Nj, as shown in Fig.6
for further investigation of the surface property of the as-prepared
nanocomposites. The nanocomposites show isotherms nearly to a type
IV isotherm which has a hysteresis loop in a relative pressure (P/Pg)
range of 0.6-1.0 which indicates the existence of mesoporous structures
in the synthesized nanostructures and the initial part of isotherm relat-
ed to adsorption isotherm of type IIl [65]. Furthermore, obvious Hs hys-
teresis loops were observed, indicating the formation of slit-like pores
by stacking sheet-like [66,67]. The BET analysis revealed that the [15%
CS-ZnO/Ppy] has the highest specific surface area 34.8 m?/g with re-
spect to other prepared nanocomposites which are summarized as the
follows: 40.7, 14.6, 4.37, 18.96, and 7.01 m?/g for ZnCOs, ZnO NPs, [CS/
Ppy], [7.5% CS-ZnO/Ppy], and [25% CS-ZnO/Ppy], respectively. Also, the
pore size distribution determined by the Dollimore-Heal (DH) method
as inset Fig.6, showed non-uniform pores in the range of 5-40 nm in di-
ameter for all prepared materials. The high BET specific surface area and
mesoporous structure can enhance electron and ion transport, resulting
in high electrochemical capacity for the nanocomposite [65,68-73].
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3.2. Electrochemical behavior of different types of biosensors

The cyclic voltammetry behaviors of 5 x 103 mol.L™! K3[Fe(CNg)]
as an electroactive substance in 0.1 mol.L™" of KCl using 10% (w/w)
[ZnO NPs], 1% (w/w) [7.5% CS-ZnO/Ppy], 1% (w/w) [15% CS-ZnO/Ppy]
and 1% (w/w) [25% CS-ZnO/Ppy] modified CPEs showed a pair of well-
defined redox peak I,a/Ipc =~ 1.0 (quasi-reversible peak) which is at-
tributed to the transformation between [Fe(CN)g]*~ / [Fe(CN)g]>~
compared to Bare CPE as shown in Fig.7. The voltammograms
showed a shift of the oxidation/reduction peak to more negative/
positive potentials, respectively with (AE, = 210, 200, 168 and
224 mV) for 10% (w/w) [ZnO NPs], 1% (w/w) [7.5% CS-ZnO/Ppy], 1%
(w/w) [15% CS-ZnO/Ppy]| and 1% (w/w) [25% CS-ZnO/Ppy] modified
CPEs with respect to Bare CPE (AE, = 246 mV), respectively. Where-
as, the apparently smaller peak to peak separation (AE,) may arise
from the facilitated electron transfer of [Fe(CN)g]® ~ pinholes in the
structure of modified CPEs. However, the observed current response
is significantly higher and the shape of the peak is much better de-
fined. The peak current enhancement, accompanied with peak po-
tential shift for all modified CPEs compared to Bare CPE suggests
that the modified CPEs have higher electroanalytic activity compared
with the Bare CPE.

It is noteworthy that, 1% (w/w) [15% CS-ZnO/Ppy] CPE is the highest
in reversibility, electroactivity surface area and these results give a clear
indication that 1% (w/w) [15% CS-ZnO/Ppy] CPE can be used as a very
sensitive biosensor.

3.3. Electroanalytical behavior of different types of biosensors

A SW-AdAS voltammetric sensing of 8.0 x 10™8 mol/L IS-HCl using
10% (w/w) [ZnO NPs] CPE and 1% (w/w) of different types of [CS-ZnO/
Ppy] as a modifier for CPE were successfully examined and compared
with Bare CPE as shown in Fig.8. All nanocomposites modified CPEs
showed large enhancement in peak current with respect to Bare CPE.

= Bare CPE

— 10% (w/w)[ZnO NPs] CPE
—1% (w/w)[7.5% CS-ZnO/Ppy] CPE
w—]% (W/w)[15% CS-Zn O/Ppy] CPE
—] % (W/w)[25% CS-Zn O/Ppy] CPE

i/LA

2uA

[ " 'l " [l " [l " [ " i
400 -200 0 200 400 600
E/V vs. (Ag/AgCVKCI,)

Fig. 7. Cyclic voltammograms of 5 x 10> mol.L~! Ks[Fe(CN)g] in 0.1 mol.L™" of KCl using
(a) bare CPE, (b) 10% (w/w) [ZnO NPs] CPE, (c) 1%(w/w) [7.5% CS-ZnO/Ppy], (d) 1%(w/w)
[15% CS-ZnO/Ppy], and (e) 1%(w/w) [25% CS-ZnO/Ppy] modified CPEs (scan rate of 200
mVs~1).

21A

1% (W/W)[25%CS-ZnO/Ppy] CPE
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Fig. 8. SW-AdAS voltammograms of 8.0 x 108 mol.L~! IS-HCl in the B-R universal
buffer solution of pH 6 recorded following preconcentration by adsorptive
accumulation at E;.c = +0.0 V for 15 s onto modified CPE with different types of
modified CPEs (f = 80 H,, a = 25 mV and AE; = 9 mV).

It is noteworthy that, the 1% (w/w) [15% CS-ZnO/Ppy] CPE showed
more affinity toward IS-HCl and about 366.6% increase in voltammetric
signal with respect to Bare CPE (Table.2). These results revealed that
nanocomposites have good catalytic and selectivity characteristics to-
ward IS-HCL. Furthermore, the SEM morphology of the smooth surface
of 10% (w/w) [ZnO NPs] and 1% (w/w) [(7.5-25) % CS-ZnO/Ppy] CPEs
Figs.9 (a-d) revealed that 1% (w/w) [7.5% CS-ZnO/Ppy] and 1% (w/w)
[25% CS-ZnO/Ppy] CPEs have very compact particles which decrease
surface area Figs.9 (b and d) and this proved the decrease in the peak
current intensity of voltammetric sensing Fig.8. While, the 1% (w/w)
[15% CS-ZnO/Ppy] CPE Fig.9 (b) has small and smooth domains as-
sembled in a necklace like structure which provide the largest sur-
face area of CPE and greater improvement of adsorption and
sensitivity for determination of IS-HCl compared with the other
modified CPE electrodes. The stability of the modified electrode
was studied during its storage in air at room temperature. The pro-
posed sensor retained 96% of its initial activity for more than
14 days. These results indicate that the modified electrode has high
stability. Moreover, the reproducibility, and repeatability of the pro-
posed sensor toward IS-HCl detection were also investigated, and

Table 2
Effect of modification of CPE using the SW-AdAS voltammogram signal of 8.0 x 108 mol.L ™"
IS-HCl in B-R buffer of pH 6.

Electrode Peak current % of i, of modified electrode
ip (HA) with respect to Bare CPE

Bare CPE 0.60 100

10%(w/w)[ZnO NPs] CPE 1.12 186.6

1% (w/w) [7.5% CS-ZnO/Ppy] CPE  1.60 266.6

1% (w/w) [15% CS-ZnO/Ppy] CPE 2.2 366.6

1% (w/w) [25% CS-ZnO/Ppy] CPE 1.2 200.0

The highest in peak current percentage (Ip %).
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Fig. 9. SEM images of (a) 10% (w/w) [ZnO NPs], (b) 1%(w/w) [7.5% CS-ZnO/Ppy], (c) 1%(w/w) [15% CS-ZnO/Ppy], and (d) 1%(w/w) [25% CS-ZnO/Ppy] CPEs.

the standard deviation in the oxidation current were about 2.8, and
3.3% for successive measurements with 8.0 x 10~ 8 mol/L of IS-HCl,
respectively.

These intriguing features of the nanocomposites and nanocomposite
modified CPEs make them promising materials for applications as
biosensors for electroanalytical measurements and [15% CS-ZnO/
Ppy] as a modifier for CPE is the best of them. Under the operational
conditions, SW-AdAS voltammograms of different concentrations of
IS-HCI were recorded to achieve the linear regression equation as
follows: Ip, (HA) = 31.3C + 0.175 (R = 0.998) using the bare CPE,
and I, (MA) = 155.75C + 0.44 (R = 0.995) using the modified CPE,
where I, was the anodic peak current (I, pA) and C was the IS-HCl
concentration (C, nmol.L™"). Further investigation of the electroana-
lytical measurements of IS-HCl in pharmaceutical and biological
fluids using the CPE modified with ZnO NPs, and [15% CS-ZnO/Ppy]
nanocomposite is currently on-going.

4. Conclusion

Novel nanocomposites which consist of Polypyrrole, zinc oxide
nanoparticles, and chitosan were prepared by oxidative polymerization
of pyrrole using (NH4),S,0g as an oxidant followed by mixing Chitosan-
Zinc oxide composite with different amounts of chitosan. The different
percentages of chitosan content in the nanocomposites revealed a mar-
velous difference in morphology, and evident change in specific surface
area. A square wave adsorptive anodic stripping voltammetry method
was tested for detection of IS- HCI using carbon paste electrode blended
with a specific percentage of ZnO Nps and CS-ZnO/Ppy (with different
concentration of CS). The voltammetric signals of proposed electrodes
were compared with Bare CPE. The developed sensors revealed more
selectivity, catalytic properties, and offer higher sensitivity compared
to unmodified CPE.

These intriguing features of nanocomposites and nanocomposite
modified CPEs make them promising materials for application as bio-
sensors for electroanalytical measurements with [15% CS-ZnO/Ppy]
modified CPE being the best of them. Details of electroanalytical mea-
surements of IS-HCl using the CPE modified with [15% CS-ZnO/Ppy]
nanocomposites will be discussed further later.
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