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ABSTRACT

The chitosan anchored zinc oxide nanocomposite (NC) has been prepared using chemical approach.
The obtained NC was used as modified electrode for selective detection of Cd(II) ions using square
wave voltammetry under pH 6 phosphate buffer solution. Surface area and porous nature of NC
were found by using Brunauer—-Emmett-Teller isotherm analysis. The presence of functional groups
was confirmed using Fourier transform infrared spectroscopic analysis. The results indicated that
detection starts at 30 s with least concentration along with rise in peak current and optimized potential
at 0.6 V. Upon increasing the ionic concentration, intensity of the current peaks decreases due to
strong porous nature of the obtained product disturbing electron transport. Under optimal conditions,
the calibration plot for Cd(Il) is found to be linear with concentration range of 0.2-1.5 uM and also
compared with calibration plot with accumulation time. Combining the high surface area, more active
sites, and reduction in particle size the absorption ability toward Cd(II) ions was found to be fast and
sensitive with limit of detection 1.39 nM. Hence, the obtained product shows adequate sensing drive
and it can also be used for real-time analysis.

Keywords: Chitosan; Zinc oxide nanoparticles; Current; Peak response; Cadmium ions; Electrochemical

sensor

1. Introduction

The significance of heavy metals detection has expanded
immensely in recent decades because of their harmfulness
to human beings and animals even at low concentrations.
Cadmium is found to be one of the harmful and carcinogenic
to humans and its exposure leads to cardiovascular disease,
cancer mortality, and damage to liver and kidneys [1-4].
Several analytical systematic procedures such as flame atomic
absorption spectroscopy [5], atomic absorption spectrometry
[6], and inductively coupled plasma atomic emission spec-
trometry [7] were used but they are more expensive, require
long analysis times and suffer in operational difficulties.

* Corresponding author.

There is a current dynamic try to build up a detection ways
to deal with heavy metal contamination with electrochemical
technique which is outstanding because of its numerous ideal
conditions such as time consuming, minimal effort, and high
sensitivity for making the decision of detecting heavy metals.

Previously, the noble metals such as gold (Au) [8-10] and
silver (Ag) [11] were used as modified electrochemical sensing
material due to their high reproducibility, stability, and bet-
ter electroanalytical performance in various applications.
But these noble metals are quite costlier and the usage also
limited. In order to overcome this scenario, recent research
was intended to focus on metal oxides which are capable of
providing feasible platforms due to their strong stability and
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amazing effects. The surface modifications with polymers
over these metal oxides afford extra advantages of water
compatibility toward the targeted specific ions. In addition,
polymers are lightweight, low-cost, good processability, and
efficiency [12]. Till date MnCo,O, [13], Bi, O, [14], MnO, [15],
and CeO, [16] have been exposed for the electrochemical
detection of heavy metals. Conductive carbon materials such
as graphene and CNT are normally denoted as reasonable
competitors since they are not just pad the inward anxiety
instigated by volume change, yet additionally make the
composites more conductive. Graphene, a two-dimensional
(2D) honeycomb sp? carbon cross-section, has activated
overall research enthusiasm for different applications
due to its high surface range, great electrical conductivity,
and solid mechanical stability. Recent reports based on
reduced graphene oxide-Fe,O, nanocomposite (NC) [17],
nafion—-graphene NC film [18], and nanostructured mate-
rials such as -NH, functionalized Si nanowires [19], NC
incorporated in chitosan matrix [20] were pulled the spe-
cialists toward identification of heavy metal application yet
the primary burden of these nanostructured materials lies
in chemical instability and sensitivity. These materials are
involved with simultaneous detection and these systems lack
in selectivity and sensitivity. Moreover, their high-cost and
complicated preparation process were confined their utiliza-
tion for heavy metal detection. Therefore, it is important to
develop simple and effective method for the preparation of
chitosan-based NC along with satisfying the above require-
ments. ZnO is an environment-friendly material which has
rapid research developments on major diverse applications
such as sensors in food applications [21,22], photocatalyst
[23], and gas sensor [24]. To the best of our knowledge, chi-
tosan anchored (CA) zinc oxide NC has never been investi-
gation in detection of heavy metals. In addition, chitosan is
a natural polysaccharide derived from incomplete deacetyl-
ation of chitin with excellent biocompatibility, biodegrad-
ability, antibacterial property, and metal binding ability and
excellent chemical stability [25-28]. According to the pre-
vious reports [28-30], bioactive molecules in the chitosan
forms a hydrophilic surface interaction on the glass carbon
electrode which have been utilized as sensing platform to
target heavy metals. Moreover, negatively charged chitosan
interacts with positively charged ZnO forming a NC for
adsorbing Cd(II) ions and thus forms the sticky adherence
on the electrode surface. Therefore, it is highly essential to
prepare the CA ZnO NC for effective detection of Cd(II) ions.

In this paper, CA ZnO NC was prepared by simple chem-
ical approach. The NC was used as electrode material for
detecting Cd(II) ions. The sensing toward Cd(II) provides
good adsorption ability, selective sensing capability, and
good chemical stability due to the functionalization of chi-
tosan and thus provided the sensitive electrochemical plat-
form of determination of Cd(II) ions.

2. Experimental
2.1. Materials

Zinc acetate dihydrate (Zn(CH,COO),2H,0O, 99.5%) and
sodium hydroxide (NaOH, 97%) was purchased from Fisher
Scientific (India). Chitosan (C..H. .N O.,, 99%) and cadmium
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acetate dihydrate (Cd(CH,COO),2H,0O, 98.0%) were bought
from Sigma-Aldrich (India). Phosphate buffer solution (PBS)
of pH 4 and 6 was obtained from Fisher Scientific. All the
chemicals were used as received without further purification.
Deionized water was used for all reactions.

2.2. Apparatus

Spectrum of Fourier infrared spectroscopy (JASCO
FT-IR-6300, Japan) was used to analyze functional groups
obtained in the product. N, adsorption/desorption and also
pore size, surface to volume ratio measurements were car-
ried out using Quantachrome NOVA automated gas sorp-
tion systemsorb-1.12 (Japan). Surface morphology using
scanning electron microscopy (SEM) images were obtained
by TESCON, Japan. All cyclic electrochemical measure-
ments (cyclic voltammetry and square wave voltammetry
[SWV]) were carried out using VMP3 computer controlled
potentiostat (Bio-Logic Science Instruments, India) and
performed a conventional three electrode cell with modi-
fied glassy carbon electrode (GCE) as working electrode,
Ag/AgCl as counter electrode and a calomel electrode as ref-
erence electrode.

2.3. Synthesis of ZnO nanoparticles and chitosan functionalized
ZnO nanocomposite

ZnO nanoparticles (NPs) was prepared by using chemical
method in which 1.2 g of zinc acetate dihydrate was stirred
along with 0.4 g of sodium hydroxide to obtain zinc oxide
NPs [31] and to prepare the CA ZnO NC, the above ZnO NPs
solution was added with 0.05 g of chitosan under vigorous
stirring. This solution is further stirred for 4 h in order to
obtain homogenous solution. The obtained product was cen-
trifuged under 5,000 rpm and supernatant was washed using
distilled water (DW) and dried in hot air oven at 200°C. The
obtained product was used for further testing analysis.

2.4. Fabrication chitosan functionalized ZnO NPs modified GCE

The bare GCE was washed with ethanol to remove the
residue at the surface and then again washed with DW finally
allowed to dry. CA ZnO NC powder (3 mg) was mixed with
10 umL of ethanol and they were allowed to sonicate till they
form as homogenous ink. The obtained ink was transferred
to GCE and allowed to dry at room temperature. The GCE
modified electrode was used for analyzing their electrochem-
ical behavior.

3. Results and discussion
3.1. X-ray diffraction analysis

The crystal structure of the pure ZnO NPs and CA ZnO
NC was confirmed by X-ray diffraction (XRD) analysis as
shown in Fig. 1. In Figs. 1(a) and (b), the diffraction peaks
of ZnO NPs and CA ZnO NC were well matched with stan-
dard JCPDS no. 36-1451 which confirms wurtzite structure.
Moreover, the intensity of the diffraction peaks was relatively
decreased for the composite and the peaks were broadened
which confirms the composite formation. The crystallite
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Fig. 1. XRD patterns of (a) chitosan anchored ZnO nanocomposite
and (b) ZnO NPs.

size of the samples was calculated from XRD patterns using
Debye-Scherrer formula:

_09x
BCosO

where (3 is the full width half maximum in radians, A is the
X-ray wavelength (1.54 A for Cu K), 0 is Bragg’s angle in
degrees.

It was observed that the diffraction peak of (101) at 20 of
36.1 was shifted to 36.3 for the NC possibly due to the pres-
ence of chitosan. Moreover, it was found that the crystallite
size decreased to 33 nm for NC compared with the size of
459 nm for ZnO NPs. The anchoring of ZnO with chitosan
may control the agglomeration of ZnO NP and thereby the
size decreased in the NC [32].

3.2. FTIR study

In order to investigate the formation of functional
groups for ZnO NPs and CA NPs Fourier transform infra-
red spectroscopy (FTIR) was performed as shown in Fig. 2.
FTIR spectrum of CA ZnO NC as shown in Fig. 2(b) pro-
vides the characteristics band at 3,406 cm™ attributes to
OH stretching vibration, absorption peaks at 1,648 and
1,380 cm™ ascribed to bending vibration of -NH, and CH,
symmetrical deformation mode, the band at 1,020 cm™
attribute to C-O stretching vibration, respectively. The
absorption band at 539.02 cm™ is characteristic stretching
mode of Zn-O [33]. Fig. 2(a) shows the IR spectrum of ZnO
NPs provides the characteristic peak at 539.02 cm™ corre-
sponds to the formation of Zn—-O. The absorption peaks
at 3,420 cm™ corresponds to —OH stretching vibration of
water. The peaks recorded at 1,634 and 1,553.58 cm™ are
from C=0O band, the band at 1,403.33 cm™ represents car-
boxylate group (COO"). The peak at 1,020 cm™ depicts the
stretching vibration of C-O attributed to zinc acetate. The
band centered at 807 cm™ is attributed to bending mode
of carbonate [34,35]. On observing both the plots of FTIR
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Fig. 2. FTIR spectrum of (a) ZnO NPs and (b) chitosan anchored
ZnO nanocomposite.

spectrum, ZnO NPs when anchored with chitosan it did not
affect the functional properties and structural properties
almost maintained even after the anchoring process with
chitosan (polymer).

3.3. Surface morphology

Figs. 3(a) and (b) show the SEM images of ZnO NPs and
Figs. 3(c) and (e) show CA ZnO NC. From the SEM images
of ZnO particles, it was found that the particles have spheri-
cal morphology and the particles are severely agglomerated.
Figs. 3(c) and (e) show that the particles in the composite
are monodispersed with no agglomeration. Moreover, par-
ticle size of ZnO anchored with chitosan is relatively small
compared with that in pure sample which confirms that the
presence of chitosan suppresses the agglomeration of ZnO
particles.

3.4. N, adsorption and desorption

Fig. 4 shows linear isotherm Barrett-Joyner-Halenda plot
of the NC which resembles type I isotherm which confirms
particles are microporous ranging from 0 to 0.2 (IUPAC clas-
sification). This is due to the anchoring of chitosan up on the
zinc oxide NPs. Further, the formed ZnO NPs provide large
surface area when modified with chitosan that enhances the
adsorbing process toward Cd(II) ions. Moreover, biomole-
cules such as amine and hydroxyl groups present in chitosan
took active part in increasing the active sites for targeting
metal ions. The Brunauer-Emmett-Teller (BET) surface was
found to be 0.94 m?/g and pore volume 11.79 A. Microporous
nature of the NC increases the charge-carrier transport which
further decreases the peak current.

3.5. Optimization of experimental parameters

In order to get the responses of heavy metal ion
influencing the voltammetric response toward Cd(II) ions
includes supporting pH medium, accumulation potential,
and accumulation time were optimized in aqueous solution.
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Fig. 3. SEM images of (a) and (b) ZnO NPs and (c) and (e) chitosan anchored ZnO nanocomposite.
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3.5.1. Effect of pH

The strength of the stripping peaks was influenced by
pH value. At about, pH 6, it was noticed that strongest strip-
ping peak and no other stripping peaks were noticed at pH 2
and pH 4. Therefore, the supporting electrolyte of pH 6 was
employed for further detection.

3.5.2. Effect of accumulation potential

Deposition potential is another important factor for
achieving the best sensitive response. The deposition poten-
tial was studied in the range of 0 V to-1.0 V at 0.2 uM of Cd(II)
as shown in Fig. 5(a). It can be seen that peak was gradually
increasing and at —0.6 V it produced a highest current peak.
However, the peak current started to decrease suddenly when
it exceeds —0.7 V. As the deposition potential becoming more
negative, the metals deposited on the surface of the electrode
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Fig. 4. BET adsorption isotherm plot.
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affected by hydrogen bubbles and prompted in diminishing
the current peaks at very negative potentials [17].

3.5.3. Effect of accumulation time

The accumulation time is important factor that deter-
mines the detection limit and sensitivity. The accumulation
time was studied in 0.2 uM Cd(II) range of 30-180 s as shown
in Fig. 5(b). The stripping peaks were tending to increase with
increasing the accumulation time and reached saturation after
150 s. This is due to increased concentration of analyte on the
surface of the modified electrode and later gets saturated.

3.5.4. Electrochemical behavior of glassy carbon electrode
modified chitosan anchored ZnO nanocomposite
and its mechanism

Fig. 7 shows the SWV behavior of GCE modified CA
ZnO NC toward Cd(II) ions. The obtained product shows
improved current peaks at increasing concentration of metal
ions. Under typical conditions, detection of Cd(II) ions was
found to get better current response begins at 30 s itself
and this may be due to the interaction between the NC at
the electrode surface shows good affinity toward the metal
ions. Moreover, the results could be adsorbing capacity of
biomolecules (amines and hydroxyl) groups present in NC
showed excellent attraction toward metal ions. But falling
current peaks were noticed when metal ion concentration
increased. This is due to the increase in pore distances, pro-
vided higher current peaks and when metal ions started to
accumulate further, the porous nature becomes weak so the
adsorbing capacity of metal ions on surface of modified elec-
trode ended up with noticeably frail and occurred a diminish
in current peak. Linear range for the varying concentration
plot has been calculated and found to be R?=0.9429 as shown
in Fig. 7(b) which was compared with varying accumulation
time plot fitted value as shown in Figs. 6(a) and (b). The strip-
ping behavior of NC materials showed acceptable improved
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Fig. 5. (a) The effect of accumulation potential and (b) accumulation time.
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performance to detect Cd(II) ions which was compared with
different functionalized NCs as shown in Table 1.
Mechanism behind CA ZnO NC toward the detection
Cd(II) ions:
The following mechanism for the behavior of CA
functionalized ZnO NC is ascribed as follows:

e There is the fast electron transfer at the electrode surface
hindered with attachment of obtained NC due to the high
surface area and more number of active sites which made
the affinity toward Cd(II) ions.

e Introduction of surface anchoring of polymer (chitosan)
on the ZnO NPs increases the electron diffusion toward
the electrode surface. This is because the ZnO can form
conductivity path for enhancing the diffusion targeting
Cd(IT) ions.

e It was investigated that, upon increasing the metal ion
concentration there was drastic reduction of current
peaks because high porous structure which provides dis-
turbance in the system during the electron transport. The
mechanism for the behavior has been given in schematic
representation in Fig. 8.

3.5.5. Linear range and detection limit

The determination of relationship between current and
ionic concentration was obtained using linear curve fitting
as shown in Fig. 7(b). The correlation coefficient found to be
0.9429, lowest detection is found to be 1.5 pM and the limit of
detection (LOD) was calculated as 1.39 nM for the decreasing

Chitosan anchored ZnOnanocomposite

Porous, increase in peak curmrent

Strong porous, decreasein peak current

Fig. 8. Schematic representation of mechanism of chitosan
anchored ZnO NC and its behavior.

Table 1
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current peak with increasing metal ion concentration. The
LOD for the obtained electrode material was compared with
other materials and it was tabulated in Table 1. From the
results, we can see that LOD in the present CA zinc oxide
NC Cd(II) electrochemical sensor is comparatively showed
satisfactory performance with previously reported sensing
materials listed in Table 1.

3.5.6. Stability and regeneration of chitosan anchored
ZnO nanoparticles glassy carbon electrode

The stability of CA ZnO NPs on GCE in pH 6 medium was
inspected. The SWV peak current reaction was measured cease-
lessly for 10 d in a progression of aggregation recovery tests.
The electrodes were placed away in 0.1 M PBS at pH 6 at room
temperature when not being used. The everyday dependability
utilization of CA ZnO NC detecting interface was appeared in
Fig. 9. For once in every day recoveries, there was a decline in
cadmium current of 0.27 for first day, 0.45 for second day and it
took after an improper slipping pattern on recovery—collection
cycle. The capacity life was additionally been tried by placing
away the electrode for 2 d under 5°C in PBS arrangement when
not being used. Previously, the present reaction remains practi-
cally same; then after the fact stockpiling period. These exam-
inations showed that CA ZnO NC on GCE detecting interface is
comparatively stable and can be recovered.

3.6. Determination of CA(II) on real-time analysis

Chinese cabbage of 1 g was chopped and dissolved in
1 mL of concentrated sulfuric acid and 0.25 mL of hydrogen
peroxide was added. All these mixtures are incubated for 8 h
and the resulting product was filtered and diluted in 0.1 M of
PBS in a volume proportion of 1:1. The feasibility in the real
sample was evaluated with different Cd(II) concentrations.
As shown in Table 2, the average recoveries in the range from
57% and 70% were obtained in spiked samples, indicating the
good accuracy of this proposed method.

Table 2
Results on real-time analysis over Chinese cabbage using
electrochemical sensor

S. No. Cd(n Recovery (%)
Added (uM) Found (uM)

1 1.75 1 57.1

2 5 35 70

A comparative study of various surface functionalized nanocomposites with their current peak responses and their detection limit

S.No. Materials used pH Peak current LOD References
response (UA)

1 Reduced graphene oxide-Fe,O, nanocomposites 5 42 8§ nM [17]

2 Nafion—-graphene nanocomposite film 4.5 36 0.005 ug/L [18]

3 Chitosan anchored ZnO nanocomposite 6 20 1.39 nM This work

4 -NH, functionalized Si nanowires 4 3.5 0.0035 pA/nM [19]

5 Nanocomposite incorporated in chitosan matrix 4.5 2 452 nM [20]
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Fig. 9. Daily use stability studies of chitosan anchored ZnO NC
on GCE interface, after each measurement Cd(II) ions containing
PBS under pH 6 was replaced. Reaccumulation was conducted in
same medium with 90 s accumulation time.

4. Conclusion

In summary, chitosan functionalized ZnO NC was syn-
thesized using chemical method. The obtained product was
modified with GCE and used as electrochemical sensor for
the detection of Cd(Il) ions. The acquired product exhibit
microporous which was confirmed using BET isotherm
analysis. SEM analysis showed that NC was spherical in
shape with particle distributed evenly. On investigating
the electrochemical behavior of GCE modified electrode,
decrease in current peaks with increase in ionic concentration
were noticed. Under optimal conditions the electrochemical
sensor reveals wide range of detection at 0.2-1.5 uM and low
range of detection found to be 1.39 nM. Besides, the repro-
ducibility and stability were also studied with satisfactory
results along with real-time analysis.
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