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Abstract

In this study, undoped ZnO, Fe and Mn doped ZnO nanostructures were synthesized
by hydrothermal method. The morphology of nanostructures was characterized by
Scanning Electron Microscope. The electrochemical response of the carbon paste
electrode modified with nanoparticles of ZnO and also ZnO doped with Fe and Mn
toward levodopa (L-Dopa) was studied. Studies of cyclic voltammetry using provided
modified electrode showed electro catalytic properties for electro-oxidation of L-
Dopa, and a significant reduction in anodic over voltage compared to bare electrode
was observed. Best response was obtained in terms of the current enhancement,
overvoltage reduction, and reversibility improvement of the L-Dopa oxidation
reaction under experimental conditions by modified electrode with zinc oxide
nanoparticles doped with iron.

Keywords: ZnO; hydrothermal method; Levodopa analysis; modified electrode;

doping; Fe; Mn.

Introduction devices by controlling the scale of a
Nanotechnology is the manipulation of billionth of a meter. The different
matter at the atomic scale materials and nanostructures such as zinc oxide, due
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to its electrical conductivity and high
transparency, have widespread
applications in electronics, solar cells,
gas sensors and modified electrode
preparation [1].

ZnO is a well-known wide direct
band gap (3.2 eV at room temperature)
and high exciton binding energy (~ 60
meV) semi conducting material. ZnO is
an [I-VI semiconductor with properties
similar to GaN. It is therefore a
potential candidate for optoelectronic
applications in the short wavelength
range (green, blue, UV), information
storage and sensors [2-8].

It is well known that the size, type
of composition and morphology of ZnO
semiconductor have great influences on
its sensing properties. Up to date,
different morphologies, sizes and
composites of ZnO materials have been
successfully  synthesized, including
nanotetrapods with hexagonalcrown
[9], nanoflower [10], nanorod [11],
nanotube [12], star-like [13], etc.

L-Dopa is a medication used to
treat Parkinson's disease. This type of
disease is associated with low levels of
dopamine in the brain. L-Dopa is
turned into dopamine in the body and
of this

therefore increases levels

chemical. Also, L-Dopa is used to treat

the stiffness, tremors, spasms, and poor
muscle control of Parkinson's disease.
L-Dopa is also used to treat these same
muscular conditions when they are
caused by drugs such as
chlorpromazine, fluphenazine,
perphenazine, and others [14].

Materials in nanosize such as
graphene, type of carbon nanotubes,
nanoparticles and nanocomposite have
also been incorporated into the
modified electrode as a voltammetric
sensor in the recent years [15-23].

In this paper, we

undoped ZnO, and also ZnO doped

synthesize

with Mn and Fe nanostructures by

hydrothermal method at low
temperature. ~ We  describe  the
preparation and application of a

FeZnO/CPE, MnZnO/CPE, ZnO/CPE
as a new sensor for the investigation of
the electrochemical behavior of L-Dopa
and report a simple low temperature
hydrothermal method for preparation of
ZnO, Mn and Fe doped ZnO.
Experimental

Chemicals and apparatus

Graphite fine powder, paraffin oil and
all other chemicals were purchased
from Merck. All the electrochemical
measurements were performed at 25 +

2 °C with a three electrode assembly,
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including an Ag/AgCl electrode as the
reference electrode and a platinum wire
as the counter electrode. The working
electrode was either an unmodified
carbon paste electrode (CPE), or
MnZnO/CPE, ZnO/CPE and FeZnO
nanorods  modified
electrode (FeZnO/CPE).
A 100 pM L-Dopa solution was

carbon  paste

prepared daily by dissolving 0.01 g of
L-Dopa (from Merck) in water and the
solution was diluted to 50 mL with
water in a 50 mL volumetric flask. The
solution was kept in a refrigerator at 4
°C in the dark container. More dilute
solutions were prepared by serial
dilution with buffer solution.

Phosphate bufter solutions (PBS) with
pH=2 was used. A SAMA 500
electrochemical work station
(Samalnstruments, Iran) equipped with
a personal computer was used for
electrochemical measurements and data
analysis. The SAMA software was used
for control and data acquisition.
General synthesis of ZnO, Mn and Fe
doped ZnO

For preparation of pure ZnO, 5 mmol
Zn(CH3CO00)2-2H20 was dissolved in
50 mL distilled water at 20+2°C
temperature with vigorous stirring for

30 min. Then, 10 mmol sodium

hydroxide (NaOH) powder was added
under stirring and the solution was
transferred to a autoclave and kept at 90
‘C in oven for 2 h. After completion of
the reaction, white colored product was
filtered and washed with double
distilled water until freed from

impurities.  Finally, the obtained
product was calcined at 400 °C for 2 h.
Mn and Fe doped ZnO were
prepared by the same hydrothermal
method and the concentration of these
dopants (FeCl;,6H,O or MnCl,,6H,0 )
was 1.0 mol % (mole ratio of dopant to
Znis 0.01).
General preparation of modified
electrode
Modified carbon paste electrode was
prepared by thoroughly hand-mixing as
Img of undoped ZnO, Mn and Fe
doped ZnO which were dispersed in 1
mL ethanol by an ultrasound bath for
30 minutes to get a homogeneous
dispersion. Prior to the use, a mirror-
like surface was obtained by polishing
the electrode on a weighing paper.
Then 2l of the suspension was casted
on CPE surface and dried at the room
temperature. The resulted electrode was
denoted as ZnO/CPE. At the same time,
1 mg/mL Mn doped ZnO ethanol

suspension solution and 1 mg/mL Fe
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doped ZnO ethanol suspension solution
were prepared and casted on CPE
surface to get MnZnO/CPE and
FeZnO/CPE, respectively.

General recommended procedure
The new surface can be obtained by
pushing an excess of paste out of the
tube, removing the excess, and
polishing again mechanically the
electrode surface. Also bare CPE in the
absence of MnZnO and FeZnO were
prepared in the same way, and for
comparison, undoped ZnO modified
CPE celectrode (ZnO/CPE) was
prepared by adding the appropriate
amount of undoped ZnO to the bare
carbon paste electrode. Therefore,
ZnO/CPE, MnZnO/CPE, FeZnO/CPE
were polished with a white and clean
paper. The initial and final potentials
were adjusted to 0.1 and 0.8 V wvs.
Ag/AgCl, respectively. Calibration
curve was constructed by plotting the
anodic peak current vs. the L-Dopa
concentration.

Results and discussion
Characterizations of the prepared
undoped ZnO, Mn and Fe doped ZnO
The morphologies of undoped ZnO and

doped with Mn and Fe nanostructures

are shown in Figure 1.

26 KV 40.0 KX 1um

KYKY-EM3200 SN:0666

L e W
26KV 200KX  1um

Figure 1. SEM image of ( A) ZnO
nanoparticles (B) Fe doped ZnO and (C)
Mn doped ZnO

The average grain size of undoped
Zn0O, Fe and Mn doped ZnO particles
were 56, 49 and 86 nm, respectively. It
is clear that Mn and Fe dopant ions in
the host ZnO lattice caused to change
the morphology of ZnO nanoparticles
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to nanorods. It was reported that the

morphology of nanorods strongly
depends on various parameters, such as
the  synthesis  method,  growth
temperature and precursor

concentration [24-26]. Xu et al. have
reported diameter reduction for Cu
doped ZnO nanorods synthesized by
the hydrothermal method from 100 nm
to 70 nm due to increase of Cu
concentration from 0% to 1.5% [27].
Murugadoss et al. doped ZnO nanorods
with different transition metals such as
Mn, Co and Ni and observed crystal
quality of the ZnO nanorods noticeably
decreased by the impurity [28]. The
above results demonstrate that Mn and
Fe doping could strongly affect the
structural characteristics of
nanostructures due to the difference of
ionic radius between Zn, Mn and Fe
ions.

Electrochemical characterizations of
the modified electrode

The cyclic voltammograms of CPE,
ZnO/CPE, MnZnO/CPE and
FeZnO/CPE in 0.1 M phosphate buffer

solution (pH = 2.0) containing 100 pM
L-Dopa were obtained. When the
undoped ZnO nanoparticle was added
into CPE, the redox peaks currents
increased obviously. With adding the
MnZnO and FeZnO nanorods into CPE,
the decrease of AEp (346 and 132 mV)
and the increase of the peak current
were observed which could be
attributed to the high surface area of
MnZnO and FeZnO nanorods, leading
to an increase in the electron transfer
between the analyte and the electrode
surface.

Voltammetric behavior of L-Dopa
Figure 2 and 3 show voltammetric
responses of 100 uM L-Dopa in 0.1 M
PBS (pH = 2.0) on different modified
electrodes. No redox peak was
observed on modified CPEs in blank
PBS, Figure 2C, indicates that the
modified CPEs were stable in the
selected potential region without any
redox reaction. The redox peak currents
and potentials of L-Dopa on different

modified electrodes were recorded and

listed in Table 1.
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Table 1. Cyclic voltammetric results of 100 uM L-Dopa on different modified electrodes

Electrodes Ipc (pA) Ipa(nA) Epc (V) Epa(V) AEp (V)
CPE 39 5.6 0.263 0.674 0411
ZnO/CPE -6.7 7'7 0.323 0.620 0.297
FeZnO/CPE 74 98 0.329 0.608 0.279
It can be seen that a pair of redox CPE, an anodic peak with peak

peaks were appeared on the modified
electrodes with the improvement of the
voltammetric responses, which was due
to the modification of nanomaterials
step-by-step and the results indicated
that the electro-oxidation of L-Dopa
was took place and accelerated on the
modified

studies were conducted in order to

electrodes.  Preliminary
determine the optimal catalytic activity
compared to electro-oxidation of L-
Dopa by synthesized Zinc oxide
nanoparticles and doped samples with
cyclic and differential pulse
voltammetry method. Voltammetric
response of L-Dopa was investigated at
the surface of unmodified carbon paste
electrode (CPE) and modified carbon
paste electrode with the synthesized
nanoparticles. Recorded cyclic
voltammograms in 0.1 M PBS pH=2
containing 100 pM L-Dopa with a
potential sweep rate of 100 mVs™ were

shown in Figure. 2A. At the surface of

potential of 674 mV and a cathodic
peak with peak potential of 263 mV for
L-Dopa is observed.  Potential
difference of oxidation-reduction peaks
was obtained equal to 411 mV which
expresses its irreversibility at the

surface of unmodified electrode.
Oxidation-reduction peak potentials of
L-Dopa on CPEs modified with
nanoparticles of zinc oxide and doped
zinc oxide nanoparticles with iron were
shifted respectively to 620 and 608 mV
for oxidation and 323 and 329 mV for
reduction.

Notably, the results of differential
pulse  voltammetric, Figure 2B,
confirmed obtained results by CV
method. On the other hand, on the
modified electrodes, redox peak
currents show a significant increase.
Based on these observations, it can be
concluded that importing modifier
nanoparticles indicated an effective

catalytic model in redox reaction of L-
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Dopa leading to reduction in over-
voltage and a significant increase in

redox currents.
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0.1 M PBS pH = 2.0 with the potential scan
rate 100 mVs™ and pulse amplitude 50 mV.
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Figure 3 shows voltammetric
responses of 100 uM L-Dopa in 0.1 M
PBS (pH = 2.0) on MnZnO/CPE.
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surface of FeZnO/CPE.
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Figure 3. (A) CV and (B) DPV of 100 uM
L-Dopa in 0.1 M PBS pH = 2.0 on Mn-
ZnO/CPE, the potential scan rate 100 mVs’
" and pulse amplitude 50 mV.

In the case of MnZnO/CPE, two
redox peaks were observed. Notably,
MnZnO suspension was not
homogeneously covered the CPE
surface. Therefore, both of the bare
CPE and CPE covered with thin layer

of MnZnO were in contact with analyte

solution. The redox peaks (la-1c) were
related to parts of CPE covered with
MnZnO/CPE while the redox peaks
(2a-2c) were related to bare sections of
CPE. Obviously, MnZnO can be
considered as a suitable modifier for L-
Dopa oxidation if stable suspension is
prepared and casted as a homogeneous
thin film on the surface of bare CPE.
Comparison between the
electrochemical oxidation of L-Dopa on
the surface of three different modified
indicated that

electrodes the best

catalytic activity to reduce the
overvoltage of electrode process and
sharpness improvement and redox peak
current was obtained by the modified
electrode with zinc oxide nanoparticles

doped with iron.

Conclusion
In summary, undoped ZnO
nanoparticle, FeZnO and MnZnO

nanorods were synthesized successfully

by a simple low temperature
hydrothermal method. Electrochemical
behaviors of L-dopa on ZnO/CPE,
MnZnO/CPE and FeZnO/CPE were
carefully  investigated with  the
electrochemical parameters calculated.
The results show that the oxidation
peak current of L-dopa was increased

obviously on FeZnO/CPE. High
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sensitivity and good repeatability of the
voltammetric responses were observed.
In addition, the FeZnO modified CPE
had good reproducibility and could be
applied to determination of L-dopa in
samples with satisfactory results.
Acknowledgements

This work was supported by Shahid
Rajaee Teacher Training University
under contract number 33682.
References
[1] Nav Bharat Metallic Oxide
Industries Pvt. Limited. Applications of
Zn0. Access date January 25, 2009.

[2] J.E. Nause, III-Vs Rev., 1999, 12,
28-31.

[3] Y. Chen, D. Bagnall, T. Yao, Mater.
Sci. Eng., 2000, 75, 190-198.

[4] D.C. Look, Mater. Sci. Eng., 2001,
80, 383-387.

[5] D.H. Zhang, Z.Y. Xue, Q.P. Wang,
J. Phys. D Appl. Phys., 2002, 35, 2837-
2841.

[6] H. Hayashi, A. Ishizaka, M.
Haemori, H. Koinuma, Appl. Phys.
Lett., 2003, 82, 1365-1367.

[7] H.T. Ng, B. Chen, J. Li, J. Han, M.
Meyyappan, J. Wu, S. X. Li, E. E.
Haller, Appl. Phys. Lett., 2003, §2,
2023-2025.

[8] P. Sharma, K. Sreenivas, K.V. Rao,

J. Appl. Phys., 2003, 93, 3963-3970.

[9] F-Q. He, Y-P. Zhao, Appl. Phys.
Lett., 2006, 88, 193113-193123.

[10] H. Zhang, D. Yang, X. Ma, Y. Ji,
J. Xu, D. Que, D.
Nanotechnology., 2004, 15, 622—-626.

Yang,

[11] C. Binggiang, C. Weiping, D.
Guotao, L. Yue, Z. Qing, Y. Dapeng,
Nanotechnology.,2005, 16, 2567-2574.
[12] Y.J. Xing, Z.H. Xi, X.D. Zhang,
J.H. Song, RM. Wang, J. Xu, Z.Q.
Xue, D.P. Yu, Solid State Commun.,
2004, 129,671-675.

[13] E. Yassitepe, H.C. Yatmaz, C.
Ozturk, K. Ozturk, C. Duran, J.
Photochem. Photobiol. A: Chem., 2008,
198, 1-6.
[14]http://www.drugs.com/mtm/levodo
pa. html 19 December 2014,

[15] B.J. Sanghavi, A.K. Srivastava,
Electrochim. Acta., 2010, 55, 8638—
8648.

[16] H. Karimi-Maleh, P. Biparva, M.
Hatami, Biosens. Bioelectron., 2013,
48,270-275.

[17] M.L. Yola, T. Eren, N. Atar,
Biosens. Bioelectron., 2014, 60, 277—
285.

[18] T. Tavana, M.A. Khalilzadeh, H.
Karimi-Maleh, A.A. Ensafi, H.
Beitollahi, D. Zareyee, J. Mol Lig.,
2012,768, 69-74.

Page | 491



J. Beheshtian et al. / Iranian Chemical Communication 4 (2016) 483-492

[19] Y. B Mollamahale, M. Ghorbani,
M. Ghalkhani, M .Vossoughi, A.
Dolati, Electrochim. Acta., 2013, 106,
288-292.

[20] M. Ghalkhani, S. Shahrokhian,
Sens. Actuators B, 2013,185, 669-674.
[21] A.A. Ensafi, H. Karimi-Maleh, S.
Mallakpour, B. Rezaei, Colloids Surf.,
2011,87, 480-488.

[22] B.J. Sanghavi, A.K. Srivastava,
Electrochim. Acta., 2011, 56, 4188-
4196.

[23] A.A. Ensafi , H. Karimi-Maleh , S.
Mallakpour , M. Hatami, Sensors
Actuators B., 2011, 155, 464-472.

[24] M. V. Limaye, S. B. Singh, R.
Das, P. Poddar, S. K. Kulkarni, Journal

of Solid State Chemistry., 2011, 184(2),
391-400.

[25] Y. Tao, M. Fu, A. Zhao, D. He, Y.
Wang, Journal of alloys and
Compounds., 2010, 489(1), 99-102.

[26] Z. Liu, J. Ya, Y. Xin, Applied
Surface Science., 2009, 255(12), 6415-
6420.

[27] J. Xu, P. Liu, S. Shi, X. Zhang, L.
Wang, Z. Ren, L. Ge, L. Li, Applied
Surface Science., 2012, 258(18), 7118-
7125.

[28] G. Murugadoss, Journal of

Materials Science

2012, 28(7), 587-593.

& Technology.,

Page | 492



