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ABSTRACT

The platinum nanoparticle electrode, modified by iodine (PtNPs/I), was designed to simultaneously determine the use of
Cyclic Voltammetry (CV) for silver ion. The analyzed maximum anodic peak current and maximum anodic potential were
performed. The platinum nanoparticles deposited were characterized by electron dispersive X-ray spectroscopy (EDX),
cyclic voltammetry and scanning electron microscope (SEM). The SEM micrograph shows that the size, shape, and
homogeneity of platinum nanostructures are affected by deposition time and the frequency of the potential regime using the
parameters El=-0.4V, Eh=0V, de/dt = 100 mV/s, frequency of 100 Hz, 2 min deposition time and concentration of platinum
solution 10 M. The purpose of this work is to investigate the catalytic properties of the nanostructure platinum. It is found
that the iodine monolayer was absorbed irreversibly to platinum nanostructured electrodes. Cyclic voltammetry experiments
on iodine-coated platinum electrodes revealed their remarkable inertness to molecular adsorption, implying suppression of
surface processes, interferences, and the overall current background in voltammetric measurements. Potentiostat adsorption
of iodine at 0.20 V was used to create iodine-coated platinum electrodes. In 0.5M H,SOs, the passive potential window
(working potential range) is approximately from -0.10 to 0.95 V. Voltammetric measurements of Ag+ on the iodine-coated
electrode revealed a linear relationship between the anodic peak current and the silver ion bulk concentration. With a
correlation coefficient of 0.993, the detection limit was 6.8 X 10° M.
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Introduction

The miniaturization trend for sensor platforms has led to a focus on electrochemical sensors micro/nanofabrication.
Consequently, many recent electrochemical sensor publications focused on the development of micro-sensors, due to
a range of factors including the potential for high spatial resolution [1-5]. Also included are the manufacturing and
application of potential and voltammetric micro-sensors [6-8]. The microelectrode arrays maintain the main
advantageous properties of single microelectrodes such as low-capacity current, making them more suitable with a
higher sensitivity and improved signal-to-noise ratio for a majority of applications [9-11]. Due to their unique
physical and chemical properties, such as a high surface to volume ratio, electrochemical sensor manufacturing still
focuses on nanostructures including nanotubes and nanoparticles [12]. The nanostructures and the manufacture,
physical and experimental characteristics of each material for use with these sensors are described [13, 14]. Use of
nanoparticles in sensors focusing on catalysis, immobilization, electron transmission, bimolecular labeling, and
reactants [15]. This last work has been focused on improvements in the biocompatibility and long-term stability of
implantable electrochemical sensors [16, 17]. The two questions related to implantable chemical sensors and several
strategies for improving the intravascular and subcutaneous sensor responses were discussed [18]. Developing
electrochemical sensors to detect explosives, such as marine environments and gas-phase samples, has been
reviewed. The electrochemistry sensor and sensor platforms of organic explosives including peroxide compounds
and polynitroaromas [19]. Developments and uses for screen-printed electrodes including unmodified, fooled,
enzyme-modifiable, and vaccine sensors [20]. The low cost and ease of production of printable materials led to a
larger study of screen-prints, as demonstrated by the volume of recent publications [21]. Progress in the use of non-
traditional electrode materials for electrochemical sensor production such as solid amalgam, carbon diamond and
boron-doped diamonds [22]. Platinum electrodes with iodine-coated are of remarkable inert to molecular adsorption.
This inertness of iodine-coated platinum electrodes was used to produce single-crystal platinum electrodes at
atmospheric pressure [23, 24]. In addition, iodine-coated platinum electrodes are not oxygen-sensitive in agueous
solutions, unlike bare mercury and platinum electrodes. However, these electrodes respond to oxidation and
reduction of ions [25]. The simplicity and durability of iodine-coated platinum electrodes are good candidates to
replace the costly and demanding procedure involved in the production of mercury electrodes to measure ions [26].
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During this work, the use in electrochemical sensor measurements for silver ions of iodine-coated platinum
nanoparticles was examined.

Experimental
Instruments and Materials

A potentiostat (A273 Princeton Applied Research USA) interfaced to a computer through GPIB interface along with
Echem® software was used for electronic control, cyclic voltammetry and liner scan experiments. The square wave
with preset high and low values was generated from a function generator (Bk PRECISION, A 4003) and was fed to
the potentiostat at the external input. The desired lower and higher limits of square wave values were obtained by
adjusting the applied potential from the potentiostat. All reagents used were highly pure certified analytical reagent
(A.R.) chemicals and used as received from the suppliers without further purification. The purging nitrogen was
supplied by the National Gas Company and coupled with Oxisorb® cartridge (Suplico) to remove traces of oxygen.
Reference electrode was an Ag/AgCI [KCI: 1.0 M]. The auxiliary electrode was made of platinum wire 0.2mm
(99.99% purity, Aldrich chem.co, U.S.A).The working electrode was a tantalum Wire (99.95% pure, Good-fellow
METALS, England), and the modified electrodes. Triply distilled water was used where the second distillation was
carried out from basic potassium permanganate solution to get rid of any traces of organic impurities.
Hexachloroplatinate solution (3.14 x 10° M) was purchased from Janssen chemical, USA). The solution was
originally (Img/ml) platinum dissolved in 10% HCL solution. lodine (Janssen, 98%, Belgium). Silver perchlorate
hydrate from (99%, ACROS, USA). Sulfuric acid from (97%, Fluka, Germany). Hydrofluoric acid from (48%, Anala
R, England). Nitric acid from (69%, Scharlau, Spain). Titanium metal from (99%, laboratory reagent, England).

Cells and Electrodes

Deposition cell was used for electrodeposition of platinum nanostructures at the tantalum surface. The cell was a
three-electrode cup cell. Another cell was an H-shape three-electrode cell, which was used for cyclic voltammetric
measurements. The electrochemical cell was equipped with a multiple inlet and outlet system for admission of
supporting electrolyte, purging and blanketing the solution with oxygen free nitrogen. The reference electrode was an
Ag/AgCl and all the potentials reported in this thesis are referenced to this electrode.

Experimental Procedures of Modification the Platinum nanoparticles electrode surface by
lodine

The platinum electrode was originally refined in a chromic acid solution that was recently prepared. The electrode
was cycled between the evolution limit of hydrogen and oxygen (approximately -0.2 and 1.2 V) by the cycles until
the clean platinum electrode reproduced its regular voltammograms. Modification of the platinum electrode surface
was carried out by dipping the electrode into a solution that contains the cation of the element at open circuit
conditions. Almost, in all cases, the concentration of the modifier ions was about 1 x 10-2 M and the dipping time
was about 5 minute in cell. In such a case, the concentration of the cations equals the solubility of unit's salt in 0.5 M
H2S04. The cations that used for the modifications lodine. The potential electrode was measured between the
evolution limit for hydrogen (-0.1V) and the iodine oxidation threshold potential (approximately 0.95 V). The
reproduction of voltammograms for the clean platinum nanoparticles electrode before any new experiment was
conducted (Figure 1).
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Figure 1. Voltammograms of platinum nanoparticle electrode (solid line) and polycrystalline
platinum electrode (dashed line), at a scan rate of 100 mV/s.

Results and Discussions
Platinum nanostructures electrode

Square wave potential regimes were applied in different experimental conditions to figure out the optimal conditions
for preparation of platinum nanostructured electrode on tantalum substrate. Experiment parameters: E. = -0.4, En =
0V, amplitude = 0.4V, frequency =100 Hz, concentration= 1x10* M, time =120 seconds and scan rate = 100 mV/s
[24]. Figure 2 shows the SEM micrograph for platinum nanostructures on tantalum deposited from 1x10“M
[PtCL6 ] solution. The particles to a great extent are uniformly distributed on the surface. The calculated average of
particles amounts to 3.9 x1014 particle per cm?. Figure 2 shows the voltammogram for the platinum nanostructured
electrode deposited for 120 seconds. The SEM representative micrograph for platinum nanostructures produced by
application of a square wave centered at -0.4 to OV. The SEM micrographs shows that the platinum nanoparticles are
same of size, shape and uniformity of distribution on the surface [27].
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Figure 2. SEM micrograph of deposited platinum nanostructure on tantalum electrode

To investigate the optimal deposition time for the process, several experiments were carried out in which the time of
deposition was varied, while the other parameters were held constant. The prepared structures were analysed by
SEM and cyclic voltammetry. Figure 3 shows the cyclic voltammogram for the platinum nanostructured electrode
deposited on tantalum substrate from 1x10“M PtCL6  solution. The voltammogram shows enhanced characteristic
of platinum features. The cyclic voltammogram, which proves the identity of the deposited nanoparticles because it
displays the features of platinum electrodes [28].
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Figure 3. Cyclic voltammograms of a platinum nanostructure deposited on a tantalum electrode.

According to cyclic voltammetry, the platinum nanostructured electrode fabricated by deposition of platinum
nanoparticles over a tantalum substrate. The presence of platinum voltammetric features is a strong evidence for
deposition platinum nanoparticles. It is noticed that the maximum surface area was obtained when the frequency
applied is 100 Hz. This indicates that the optimal frequency of square wave for platinum nanoparticle deposition is
100 Hz. The deposited particles shows in Figure 2 were examined by EDX spectroscopy Figure 4 proves positively
the deposition of platinum nanoparticles.
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Figure 4. EDX spectra of platinum nanostructures deposited on tantalum electrodes
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Modification of nanostructures platinum electrodes by lodine

lodine was found to adsorb irreversibly on nanostructured platinum electrodes surface at open circuit. The
experiments were conducted from 102 M of iodine in 05 M H;SO, solution. The exposure time of the
nanostructured electrode to the above- mentioned solution was 5 minutes. The Modified nanostructures platinum
were analyzed by cyclic voltammetry and EDX. Figure 5 shows the voltammograms of the platinum nanostructured
electrode dosed with iodine monolayer. The peak observed at 1.11V is attributed to irreversibly adsorbed iodine

monolayer.
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Figure 5. Cyclic voltammograms of platinum nanostructures electrodes modified by iodine ( ----)
platinum nanostructure on tantalum electrode (—).

The iodine-coated platinum nanoparticle electrode voltammograms recorded in 0.5 M H;SO4 (dashed line)
superposed on cyclic voltammograms of a bread platinum electrode nanoparticle (solid line). The absence of any
redox activity, especially the adsorption of oxygen and hydrogen between the limit on hydrogen evolution (around -
0.2 V) and the threshold for surface iodine desorption (around 0.95 V) shows almost total suppression of surface
treatments. It is obvious that iodine is partially desorbed from the surface when the potential for the platinum-coated
electrode is scanned beyond 0.95 V. Again, restoring surface cleanliness requires a large number of potential cycles,
combined with frequent rinsing of the working electrode and its compartment, between hydrogen and oxygen
evolution limitations. The iodine-coated platinum nanoparticle electrode's electrochemical sensors are expressed
through a picking focused at 1.18 V. However, the iodine monolayer is stable as long as the potential of the
electrodes does not exceed 0.95 V. Therefore, usually between -0.1 and 0.95 volts are a useful range for analytical
purposes. Figure 6 shows the EDX spectrum for a nanostructured platinum surface with iodine. The identity of the
platinum and iodine is proved by the specific peaks observed at 1.6, 2 and 4.1 Kev.
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Figure 6. EDX spectra of deposited nanostructures platinum electrodes on tantalum by iodine
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Figures 7 shows the cyclic voltammograms for the platinum nanoparticle electrode with iodine
atoms in 0.5 M H2SOg4, recorded at different scan rates.
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Figure 7. Cyclic voltammogram adsorbed of iodine on platinum nanostructure on tantalum
electrode (....) scan rate 100 mv/s (---- ) scan rate 50 mv/s (— ) scan rate 25 mv/s.
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The platinum nanoparticle electrode modified by iodine is sufficiently stable to survive rinsing with the electrolytes
supported and electrode cyclization potential in the potential range less than the iodine oxidation threshold potential.
The major contribution towards the residual current on the E—i trace for the iodine-coated nanoparticle electrode is
the double-layer charge current, as surface faradaic activities are eliminated from the iodine-coated nanoparticle
electrode. For background level determination, a voltammograms was registered in 20 different iodination
experiments with the iodine-coated platinum nanoparticle electrode. In the background current, the current level
shows a continuous current range between -0.1 and 0.95 V. In the background current, the current level shows a
continuous current range between 0.1 and 0.95 V.

Table 1 shows the measured peaks current along with scan rates used for obtaining these voltammograms (No of
rep: 3).

Table 1.Current peak obtained for each scan rate for | adsorbed on platinum nanostructure
electrode.

Scan rate 25 mv/s 50 mv/s 100 mv/s

peak Current (LA) 1465 2021 4157

Figure 8 shows a plot for the peaks current versus the scan rate. A linear relationship between the scan rate and the
peaks current indicate that these atoms are at the surface rather than in the bulk solution.

A465.00 — P
0/
F965.00 —
F465.00 —
2a65.00 —- /
= 7
S zaeso0 —— /
=
= /
= . R=0.993
1965.00 —
1465.00 — -
/I ! ! ! ! ! ! Il Il 1

I
0.00000 I I I I I I I I I 1 |
10,00 Z0.00 20.00 A0.00 S0.00 &0.00 Fo.oo a0.00 a0.o0 10000 A40.00

36500000 scan rate

Figure 8. A plot of anodic peak current (Ip) against scan rate extracted from cyclic
voltammograms of adsorption I- platinum nanostructure electrode in 0.5 M H2SOa.

Characterization sliver ion by platinum nanostructures electrode modified by iodine

Figures 9 show two voltammograms, one recorded of platinum nanostructures electrode modified by iodine while the
second was recorded on platinum nanostructures electrode. The voltammograms show different plane of surface
platinum nanostructures electrode modified by iodine have two peak at 0.36 and 0.4 V but platinum nanostructures
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electrode have one peak at 0.38V the reason for this sensitive surface deposition of silver. In the same experimental
condition, the voltammograms for the platinum nanostructures electrode is shown in Figure 9.
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Figure 9. Cyclic voltammogram of platinum nanostructures electrode modified by iodine (---)
and platinum nanostructures electrode )—) of electrochemical sensors for 1 mM Ag".

Figure 10 shows a representative cyclic voltammograms in a solution containing 0.5 M H,SO4 and 1 mM Ag* for the
iodine-coated platinum nanoparticle electrode. The voltammogram shows a cathodic peak for Ag+ reduction
centered at 0.322 V and an anodic peak for silver stripping from the platinum surface centered at 0.480 V. The
anodic peaks are significantly larger and sharper than the cathodic peak. The anodic peaks are 410 and 500 mV,
while the cathodic peak is -300 mV. The anodic peak current will be used as an analytical signal to determine the
concentration of Ag+ in the bulk solution.
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Figure 10. Cyclic voltammogram of iodine-coated platinum nanoparticle electrode in a solution
containing 0.5 M H2SO4 and 1m M Ag"™.
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When the silver stripping peak on the iodine-coated electrode was compared to that on the iodine-modified platinum
electrode, the following observations can be made: The area beneath the anodic peak of the iodine-coated electrode
is slightly larger than that of the bare platinum electrode, and the anodic peak currents and widths of the two
electrodes differ. Figure 11 shows Chronoamperogram of 1m M Ag* on nanostructures platinum modified by iodine.
The Chronoamperogram stepped potential and measure current.
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Figure 11. Chronoamperogram of 1m M Ag* on nanostructured platinum electrode modified by
iodine in 0.5 M H,SO4.

Conclusion

Deposition parameters affect greatly the size, shape and distribution of the deposited nanoparticles and this is proved
by SEM and cyclic voltammetry. Parameters for deposition were investigated to explore the optimal deposition
parameters that were determined based on SEM images that show the desired spherical geometry and the smallest
particle size with uniform distribution on the electrode surface. The new nanostructured electrode have unique
properties due to their high surface to volume ratio that enhances their electrochemical activity. The new modified
electrode could be utilized as electrochemical sensors due to their high electroactive and high electrochemical
sensors surface area that increase their sensitivity. Modified of the nanostructured platinum electrode surface was
carried out by dipping the electrode into a solution, which contains the cation of the element Open-circuit. The
electrochemical sensors of the modified electrode had been tested towards the determination of silver ion. The
voltammograms attests that the new electrode modified by iodine has higher electrochemical sensors surface than the
substrate.
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