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Abstract

Wurtzite hexagonal ZnO semiconductor nano-rods (NRs) thin films were grown on silicon sub-

strates and silver wire with diameter equal 68 nm. Sol gel (SG) and aqueous chemical growth (ACG)
methods by two steps of preparation (seed layers and nano-rod growth) are used for samples

preparation. The structural and morphological properties are evaluated using X-ray diffraction

(XRD) and scanning electron microscope (SEM). The proposed iron ion sensor has shown good li-

nearity for a wide concentration range from 0.078 M/L to 0.26 M/L of iron ions. The results show

that the electrode is highly sensitive to iron ions with a slope around 47.8 mV/decade with a re-

gression coefficient R2 = 0.96.

Keywords

ZnO Nano-Rods, Thin Films, Sol-Gel, X-Ray Diffraction, Scanning Electron Microscope and
Hemoglobin Biosensor

1. Introduction

Biosensors development and production are currently expanding due to the recent application of several new
techniques, including some derived from physical chemistry, biochemistry, thick- and thin-film physics, mate-
rials science and electronics. Biochemical sensors are often simple and can offer real-time analysis of human
body analytes. They represent a broad area of emerging technologies ideally suited for human health care analysis.
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All human beings have natural sensing specific systems such as skin as a feelings sensor, ears are hearing sensor,
eyes are light (colors) sensor, nose is olfaction and tongue is gestation sensor. Advancement in science and
technology has enabled biosensor to be used in variety of function, including medicine, food industry, and envi-
ronmental science [1] [2]. Traditional chemical and biological analytical techniques used in various fields in-
volve reactions that take place in solutions on addition of reagents or other bio-reactive species. In some systems
these reactions take place at an electrode and they are commonly called sensors [3]-[5].

By definition, sensor is a device that detects or measures a physical property and records it; indicating its
presence or responds to it in some other way. Usually sensors are composed of an analyte-selective interface,
which is connected to or close to a transducer. A transducer is a device that converts an observed change (physical
or chemical) into a measureable signal [6]-[8].

2. Experimental

ZnO nano-rods thin film were prepared in two stages (seed solution and nano-rod growth) by using sol-gel (SG)
and aqueous chemical growth (ACG) methods, respectively [9]-[11].

2.1. Seed Solution Prepared by Sol-Gel Method

To obtain the desired morphology and good quality of the material, the substrate was cleaned prior to na-
no-crystal ZnO thin film deposition as reported previously by our team work [12]. The seed solution was used
for the surface modification of substrate which, provides nucleation sights for the growth of nano-structures and
helps to enhance the density as well as homogeneity of particles [13]. A coating seed solution was prepared by
dissolving zinc acetate dehydrate (Zn(CH3COOQ),-2H,0) in mixed Solution of MEA (NH,CH,CH,OH) and
2-methoxyethanol at room temperature, however the molar ratio of MEA to zinc acetate was 1:1. The seed solu-
tion was stirred at 50°C for 2 h until yielding a clear and homogeneous solution. The mixed solutions were aged
at room temperature for another 24 h. Then, the solution was coated on the silicon substrate by spin coating with
a speed of 3000 rpm for 30 sec. The same solution was coated on the silver wire (0.25 mm in diameter) by a
simple dip coating method to obtain nano-crystalline ZnO (seed layers) on both surfaces. The coating process
was repeated several time and dried in open air at room temperature and finally placed in pre-heated laboratory
oven at 250°C for annealing in order to decompose the zinc acetate dehydrate into ZnOnano-particles. In addi-
tion the seed solution provides a good control on the alignment and density of the nucleation points that affect
the diameter of the synthesized nano-structures.

2.2. Growth Method

After uniformly coating the silicon substrate and silver wire with ZnO prepared by seed layers, ZnO (NRs) were
grown on it using aqueous chemical growth (ACG) method at low temperature. The growth of ZnO nano-rods
was achieved by immersing ZnO seed-layer in 150 mL of aqueous solution composed of 0.025 M zinc nitrate
(Zn (NOs),) and 0.025 M hexamethylenetetramine (HMT, CgH1,N,) in a conventional flask. The reaction tem-
perature was kept at 90°C - 95°C for 3 - 6 h. The position of the substrate inside the solution does affect much on
the growth process; however, substrate is being placed in the solution with face toward the bottom of the beaker.
Finally, the substrate were removed from the solution, then immediately rinsed with de-ionized water to remove
any residual salt from the surface and dried in air at room temperature. The resulting ZnO (NRs) structure was
characterized by X-ray diffraction (XRD) and scanning electron microscope (SEM), respectively.

2.3. Cover ZnO(NRs) with lonophor Membrane

For extracellular iron ions measurements, the ZnO(NRs)on silver wire were coated with a thin layer of iono-
phore membrane by manual procedure. The ionophore membrane was prepared by the following composition,
18-crown-6(18CE6) [Fluka], it was used for iron ion selectivity, While Dioctyl phenylphosphonate (DOPP)
[Aldrich] was used as plasticizer. Polyvinylchloride (PVC) [Fluka] was used as the membrane matrix and tetra-
hydrofuran (THF) [Flika] was used as solvents.

After preparing the ionophore solution, the ZnO-coated silver wire dipped two times in it for 5 minutes until a
thin film of the membrane was attached to the surface of the ZnO coated silver wire and then drying it for 1 - 2
hours at room temperature. Generally all the sensors were kept at 4°C when not in use. The proposed Fe**
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sensors were used as working electrode for the potentiometric measurements in an aqueous solution of hemog-
lobin with a concentration ranging from 0.078 M to 0.26 M. An Ag/AgCl was acting as a reference electrode.
The output voltage of this experiment for each concentration of hemoglobin solution was recorded by using pH
meter (model 3510 Metrohm)

3. Characterization Techniques

X-ray diffraction (XRD) patterns were recorded by using a Philips X-ray diffractometer using monochromatic
CuK , radiation of wavelength A = 1.5418 A from a fixed source operated at 40 kV and 30 mA. The crystallite
size (G) is determined from the Scherrer’s equation G = KA/D cos(0), where K is the Scherer constant (0.9), A is
the wavelength and D is the full width (in radians) of the peak at half maximum (FWHM) intensity.

The correction of the measured FWHM (Ds) for a sample peak was made to accommodate systemic instru-
mental broadening and utilized peak widths (D) measured from a diffraction scan, taken under identical condi-
tions, from a strain-free powdered quartz sample, with crystallite size ranging between 5 and 10 um. The cor-
rected sample peak widths were calculated as D = (Ds? — Dg?)*? Micro-strain and crystallite size contributions to
D were separated using the Win-Fit program, using standard samples for estimation of instrumental broadening.
The final sample crystallite sizes (G) were obtained by Fourier analysis, using the corrected profile. The diffrac-
tion peak used was the most intense diffraction peak, assigned to the (002) reflection from the ZnO thin film.

The coarse and fine microstructures of the prepared samples were depicted by Field Emission Scanning elec-
tron microscope (FESEM).

The coarse and fine microstructures and the morphology of all the ZnO NRs were depicted by using JEOL
JSM-6301F scanning electron microscope (SEM). The SEM gives information on the surface morphology of the
sample, which can helps us check whether the growth has taken place or not. The SEM produced 2 D image and
reveals topographic filature of the sample, which allow us to examine the diameter, length, shape and density of
the ZnO NRs.

4. Results and Discussion
4.1. X-Ray Diffraction (XRD)

The crystal structure of ZnO (NRs) thin films were identified by X-ray diffraction (XRD before and after the
formation of nano-rods

X-rays diffraction patterns shown in Figure 1(a) for seed layer annealed at 250°C while Figure 1(b) is of
ZnOnano-rods after growth. The figures endorsed the growth orientations and crystal structure of ZnO (NRs)
thin films by revealing emission peaks at 20° equal to 32, 34.5, 36.5, 47 and 56.6°, corresponding to (100), (002),
(101), (102), (110), (103) and (112) orientations, respectively. However no diffraction peaks of other impurities
were detected, which testify that the substance deposited on the substrate only belongs to ZnO. All diffraction
peaks can be indexed to ZnO with the hexagonal wurtizite structure, and compatible with the standard card of
bulk ZnO with hexagonal structure, Card number [01-089-1397].

Figure 1(b) of ZnO (NRs) thin film shows stronger and sharper diffraction peaks due to the increase in film
thickness corresponding to the (002) crystal plan of ZnO as principle peak and all other peaks indicated that the
orientation growth of nano-rods along the C-axis direction of ZnO crystal is perpendicular to the substrate.

4.2. Scanning Electron Microscope (SEM)

The surface morphology, dimensionality and density of the ZnO (NRs) thin film was investigated by Field
Emission Scanning electron microscope (FESEM). Figure 2 shows a panoramic view of the ZnO (NRs) grown
on silicon substrate covering the whole area with uniform density. Smoothness of the top surface, equal length
and vertically aligned along the c-axis (perpendicular to the substrate), which corresponds well with the obtained
result from XRD pattern was detected.

Figure 3(a) and Figure 3(b) shows the morphological and structure information about the ZnO (NRs), prior
and after the coating with iron membrane, obtained by FESEM. Figure 3(a) shows a low magnification ZnO
(NRs) FESEM image grown on silver wire before coating with iron membrane. It can be seen that the entire Ag
wire is covered with ZnO (NRs) at uniform density along the near perpendicular direction to the surface of the
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Ag wire. The highly magnified SEM image shown in Figure 3(b) displays the hexagonal shape and was found
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Figure 1. X-Ray Diffraction of ZnOthin films deposited on silicon substrate: (a) Nano-
particles (seed layer) prepared by spin coatingsol gel method (b) Nanorods prepared by
aqueous chemical growth.

Figure 2. High Resolution scanning electron microscopy (FESEM) images of ZnOnano_rods
grown on silicon substrate.
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Figure 3. (a) and (b) High Resolution scanning electron microscopy (FESEM) images of ZnO
nano-rods thin film grown on silver wire (0.25 mm in diameter) with different magnifi-
cations before coating with iron membrane, using low temperature Aqueous Chemical Growth)
method.

100pum WD 11.7mm

to be vertically aligned and distributed uniformly with an average diameter of (60 - 95 nm).

Figure 4 shows a typical scanning electron microscopy (FESEM) image of ZnO(NRs) grown on silver wire
(0.25 mm in diameter) after coating with iron membrane. It has indicated that the membrane covers all surface
of the film.

)



I. K. Battisha et al.

SEI 12.0k¥  X6,000 1um WD 11.4mm

Figure 4. High Resolution scanning electron microscopy
(FESEM) images of ZnO nano-rods thin film grown on silver
wire (0.25 mm in diameter) after coating with iron membrane,
using low temperature Aqueous Chemical Growth) method.

4.3. Zinc Oxide Nano-Rods with lonophore-Membrane Coating as an Extracellular Fe3+
Selective Hemoglobin Sensor

We used our sample to study iron ion selectivity of ZnO (NRs) sensors using ionophore membrane coatings.
The potentiometric response of the Fe** ions was studied in aqueous solutions of Hemoglobin with concentra-
tion ranging from 0.078 M to 0.26 M.

The electrochemical cell voltage (electromotive force) changes when the composition of the test electrolyte
was changed. These changes can be related to the concentration of ions in the test solution via a calibration pro-
cedure.

The construction of the cell potential of the developed Fe** sensor presented here can be shown by the dia-
gram bellow:

The cell voltage is a function of the concentration of the testing electrolyte solution. This means that the vol-
tage changes due to the change in concentration of iron ions in the testing solution. We checked the response of
the functionalized ZnO Fe** electrode into 0.078 M/L to 0.26 MJL, it was observed that the Fe** sensor showed
very stable output voltage for this concentration range. This is shown in the calibration curve of the logarithm
concentration of Fe** versus the output voltage response.

Figure 5 shows the calibration curve of the logarithm concentration of Fe*" in aqueous solution of Hemoglo-
bin versus the output voltage response by using silver wire as a sensor

The proposed iron ion sensor has shown good linearity for a wide concentration range from 0.078 M/L to 0.26
M/L of iron ions. The results show that the electrode is highly sensitive to iron ions with a slope around 47.8
mV/decade with a regression coefficient R? = 0.96.

5. Conclusion

The sol gel and agqueous chemical growth methods were successfully used in the two steps ZnO (NRs) thin films
preparation. The prepared films have Wurtzite hexagonal structure as revealed from XRD analysis. The ZnO
(NRs) grown on glass substrate and silver wire were found to be vertically aligned and distributed uniformly
with an average diameter of (60 - 95 nm). The potentiometric response of the Fe*" ions was studied in aqueous
solutions of Hemoglobin with concentration ranging from 0.078 M to 0.026 M. The presented iron biosensor
based on ZnO (NRs) on Ag wire provides substantial advantage due to its smaller size, cost efficiency and its easy
fabrication. We used our samples to study iron ions electivity of ZnO (NRs) sensors using ionophore membrane
coatings. The calibration curve of the logarithmic concentration of Fe** in Hemoglobin aqueous solution versus
the output voltage response by using silver wire as a sensor, shows good linearity for a wide concentration range
from 0.078 M/L to 0.26 M/L of iron ion in the Hemoglobin aqueous solutions. The results showed that the
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Figure 5. Calibration curve showing the electrochemical poten-
tial difference, for the silver wire ZnO (NRs) as potentiometric
electrode with Ag/AgCl reference electrode versus Logarithmic
concentration range for Fe** change for Hemoglobin solution.

electrode is highly sensitive to iron ions with a slope around 47.8 mV/decade with a regression coefficient R? =
0.96.
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