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Abstract: Anelectrode of non-precious metal has the potency to be utilized as a working electrode for voltammetry
measurements of Cr** and Cr®. The analytical performance of the electrode in determining specific metal species
qualitatively and quantitatively was studied. The detection data were recorded and analyzed using cyclic
voltammetry (CV) and linear sweep voltammetry (LSV), whereas scanning electron microscope (SEM) and X-ray
diffraction (XRD) spectroscopy were used to determine the surface morphology and the presence of crystalline in
the electrode. Electroanalytical performance was determined by linear sweep voltammetry. The results show that
the reduction of Cr®* to Cr™ appeared at +0.84 V (vs Ag/AgCl) and the reduction of Cr** to Cr** at +0.74 V
(vs Ag/Ag). The optimum conditions for measuring Cr** were found at pH 6, deposition time of 30 seconds, and
a scan rate of 160 mVs™'. The optimum pH for measuring Cr® is 4, deposition time of 60 seconds, and a scan rate
of 140 mVs™'. The regression curve for the Cr** is linear in concentration 1 — 10 gL' with a correlation coefficient
of 0.9883 and a detection limit of 2.08 gL-'. While the Cr®™ is linear in the range of 1 — 10 gL' with a correlation
coefficient of 0.99 and a detection limit of 2.18 gL', There is a slight difference in the individual measurement
current and the mixture of Cr** and Cr® but with a good agreement for the oxidation-reduction potential. The

measurement data analysis shows the feasibility of the electrode and the measurement system developed.
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1. Introduction

One element that is harmful to health is chromium.
Chromium is a heavy metal whose presence in the
waters. It needs to be analyzed because chromium
belongs to hazardous toxic materials. Chromium in
water exists in two stable oxidation states, namely
Cr** and Cr™, Chromium (I1T) is an important species
in living organisms. Chromium (III) plays a role in
maintaining the normal glucose, fat, and protein
metabolism in mammals '. Chromium (VI), inversely,
1s a toxic and carcinogenic substance to humans,
although in relatively low concentrations *.

Several methods are commonly used for the
determination of Cr, such as eic absorption
spectrophotometry  (AAS) °, coupled plasma
inductive - atomic emission spectrophotometry
(ICP-AES) °, coupled plasma inductive-mass
spectrometry (ICP-MS) °. However, these methods
require expensive costs and cannot distinguish the Cr
species instead of directly measured Cr measuring
mixed species. Therefore, the mixed-valence needs to
be separated into its valence for the measurement.
Several voltammetric methods have been widely used
for heavy metal analysis Voltammetry is an
electroanalytical method based on the oxidation-
reduction process on the electrode surface. This
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method allows mixtures of ions to be measured
individually in one step ’. Stripping * and cyclic
voltammetry ° were chosen because it has high
sensitivity ', low detection limit on the ppb scale "',
easy use, and easy sample preparation '*.

The electrode is the place for electrochemical
processes, i.e., a faradaic process that the electric
current generates and a non-faradaic process that ionic
absorption takes place at the electrode. The working
electrode is where the observed electrochemical
reactions occurred. The working electrodes
commonly used are metal solids ' such as gold (Au),
platinum  (Pt), silver (Ag), semiconductor
electrodes '*, and carbon electrodes such as glassy
carbon, graphite, or carbon paste .

One of the electrodes used is platinum (Pt)
electrochemical application. Pt electrodes are known
to have the ability to reduce Cr** to Cr**. Platinum
employs several forms for the analytical application
of ionic Cr electrolytes '°. Electrodeposition for
various applications frequently used Pt wire ', and
others such as Pt powder ', Pt foil ', and Pt rod for
various applications °. Pt metal plated on a support
metal such as titanium is also worthy of attention
because it has an excellent current density *”, Partial
substitution of Pt metal is a frequent step since it is
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relatively costly. Wijenberg et al. reported the ability
of PtIr electrodes to carry out oxidation-reduction
reactions 2'. The electrode of IrQ, coated Ti oxidizes
simulated wastewater electrochemically **. Zn coating

on Fe produced by electrodeposition technique *.

voltammetry test results from this study indicate the
presence of electrochemical activity in the electrolyte
solution. Sn coated on the Fe surface was reported to
be more likely to have reducing activity. These three
reports provide an overview of the feasibility of using
electrocatalyst metal alloys with metal supports.

Titanium is a metal widely applied as a support in
preparing electrodes **. This paper reports the
research results on the manufacture of electrodes,
namely Cu and Ni metal alloys on the surface of Ti.
The measurement conditions, such as pH, deposition
time, and scan rate, affect the electrode's linearity and
the limit of detectic OD) *°, These factors affect
the ionic deposition on the electrode's surface and the
performance of the measurement.

2. Experimental

2.1. Materials

The electrodes, Ag/AgCl, and Pt were bought from
our local company. The chemicals, such as dei()aed
water, Isopropanol (Fluka), and titanium plate, were
analytical grade and were used without purification.
NiClz, 6H20, Cu20 were used as a precursor for
preparing electrode. CrCls.6H20 (Merck), K2Cr207
(Merck), NaNO; (Merck), EDTA (Merck), and
CH3;COONa were used to prepare stock solutions.
Sandpaper (Toho) was purchased from the local store.

2.2. Working Electrode

The CuNiTi electrode was prepared using NiCls.
6H>0 and CuyO as a precursor. Both dissolved in pure
1sopropanol (Fluka). An electric furnace heated the
titanium plate at 400°C to have its r@efth surface .
The titanium plate was sandblasted to ensure good
adhesion of the deposit on its surface. After heating,
the plate was cleaned using water, rinsed in detergent,
and washed in water and isopropanol. This step
cleaned the Ti surfac§llom residual sands from
sandpaper. The surface dried in an oven at 80°C. The
coating was prepared on a rough metal surface. The
precursor was coated to the surface using a doctor
blade knife on a cleaned and coarse 20 mm el(] mm
titanium (Ti) plate. The coated surface was put in an
oven for 15 min at 80°C to allow the solvent is
evelp()re Next, the layer was fired at 400°C in the
furnace for 15 min to allow the decomposition of the
precurs he procedures were repeated five times to
achieve the desired weight of the coating. A 2.5 g of
the total mass of the metal alloy used was calculated
from its precursor with Cu:Ni (3:1) ratio.

2.3. Measurement setup

Two electrolyte solutions were prepared, i.e.,
electrolyte content Cr** and Cr®*. The mixed-valence
electrolyte was made from the mixture of Cr** and
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Cr™ dissolved in one solution. 0.514 grams of
CrClL:.6H20 was weighed and dissolved in 100 mL of
deionized water. Standard solution of Cr** ion was
prepared from 1000 ppm solution, which was then
diluted gradually into several concentrations, namely
0.1;0.5;1; 5, and 10 gL" as much as 100 mL each.
Cr® was made from K:Cr207 (Merck). K2Cr207
powder weighed as ch as 0.565 grams, then
dissolved with distilled water in a 100 mL volumetric
flask to the limit mark and stirred to 1000 ppm of Cr™*
solution. The standard metal ion Cr®™ was prepared
from ppm solution, diluted gradually into
several concentrations, i.e.,0.1;:0.5; 1: 5. and 10 gL'
as much as 100 mL each. The electrolyte solution was
prepared by mixing 21.3 g NaNOs 46 g EDTA, and
164 g NaAc, then dissolved with deionized water in
a 100 mL volumetric flask to the mark.

The instrumentation configuration for determining the
optimum conditions for measuring Cr** and Cr®™, as
well as for the speciation of Cr** and Cr, is as
follows: the PGSTAT204 Autolab Metrohm
potentiostat is connected to the electrodes. The other
end of the potentiostat was connected to the computer
to obtain data and power sc . The solution was
placed in the potentiostat for cyclic voltammetry and
linear sweep voltammetry tests with ctrodes in
half cell system. The CuN1/Ti was used as the working
electrode, Ag/AgCl as the reference electrode, and Pt
as the counter electrode in an electrolyte solution
containing Cr** and Cr®".

24, Determination of optimum pH

A 10 ml of 1 gL' Cr** solution with 2.5 mL of the
electrolyte solution was put into a voltammetry cell
with a pH variation of 4,5,6,7 and 8, then measured
the current at a potential of -700 mV to 990 mV;
deposition time was 30 secgiglls and scanned
160 mVs!. Measurement of Cr® was carried out at a
potential window of -700 mV to 990 mV, deposition
time of 60 seconds, and a scan rate of 140 mVs™.

2.5. Determination of deposition time

A 10 mL of 1 gL' Cr** solution with 2.5 mL of the
electrolyte solution was put into a voltammetry cell at
the best pH conditions and then measured with a
current at a potential window of -700 mV to 990 mV
with variations in deposition time of 0, 15, 30, 60 and
120 seconds, and atefcan rate 160 mVs™'. The
measurement of Cr® was carried out at a potential
window of -700 mV to 990 mV and a scan rate
of 140 mVs™.

2.6. Determination of the Optimum Sc Rate

A 10 mL of 1 gL' Cr** solution with 2.5 mL of the
electrolyte solution was put into a voltammetry cell at
the best pH and deposition time and then measured the
current at a potential window of -700 mV to 990 mV,
with the variations in the scan rate 100, 110, 120, 140,
160, 180, 200 mVs™'. Then, measurement of Cr™ was
carried out in the same way as the above procedure.
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2.7. Linear Regression Plot

Determination of the regression plot were done by
varying the concentration of Cr** or Cr® 0.1;0.5; 1;
5; 10 gL', Measurements were carried out at optimum
measurement conditions. The concentration of Cr®
solution was prepared using the same procedure.

2.8. Determination of the Limit of Detection

The procedure was done by measuring the
concentration of Cr** and Cr**, which gives a linear
regression of the current. The current response
measurement was repeated three times. The limit of
detection was obtained from the following calculation
using:

—iy2
Sy/=EXD ()
LOD = % )

Where S}.;the measurement standard deviation, y
is current, n 1s the number of data, a is the slope of the
linear regression curve, and LOD is the detection
limit.
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The surface of the electrode consists of the main
morphology and crack of various sizes. The cracks are
impurities cleaned by soaking the electrodes in
acetone, washing with detergent, and p()lished@ese
flakes reduce the electrical conductivity of the
electrolyte solution and the electrodes. As a result, the
surface of the main structure of the electrode looks
relatively smooth without showing any pores.

Metals for electrodes are generally made of noble
metals, such as gold (Au) and platinum (Pt). These
metals are relatively more resistant to oxidation. In
noble metals, the oxides are found as a black crust on
the metal surface following the oxidation occurs. This
crust is easy to clean by sweeping it with a cloth. The
oxygen comes from metal oxides which is included
via oxidation or functional groups of organic
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3. Results and Discussion
X-ray diffraction measurements were carried out to
determine the metal elements composed in the
electrode. The diffractogram of the electrode *° in
Figure 1(a) shows the presence of TiNi (20 = 26.6,
400, 48.8, 54.5) as described in paper *’, and
overlaps with the diffraction peak of TiCu
(20 = 18.15, 400, 545) refer to the report by
reference hese elements form alloys and
composites of the electrode. These results indicate
that the electrode is made of metal, not its oxide. SEM

ge (Figure 1(a)) confims the diffractogram.

Figure 1(b) shows the SEM representation of the
prepared TiNi electrode morphology. The TiCu
surface shows overlapping layers of TiNi, cracks, and
flakes. The thermal shock that arose during the
electrode removal from the oven caused the various
cracks observed on the surface of the electrodes. The
cracks appeared during their removal from the oven.
Ti which Cu well covered, only appeared as low-
intensity peaks at 20 = 40 and 45, which confirmed
the presence of TiCu.

x10,000 §

Figure 1. (a) Diffractogram (b) SEM image of the electrode for TiCu and TiNi

molecules. If the chemical bonding is weaker than the
physical bonding, the oxides accumulated on the
metal surface can be removed from the surface. This
situation occurs in precious metals. Resistance to
oxidation reactions affects the performance and
stability of llﬁleclr()de.

Preliminary tests were conducted to determine the
electrochemical properties of the electrode in
reducing Cr* and Cr®. The electric current shows this
ability as an electrode response to the applied voltage.
The tests were done in electrolyte solutions containing
Cr** and Cr* ions. In addition, cyclic voltammetry
measurements are used to provide information about
the electrochemical oxidation-reduction reactions that
occur in the reaction system and the reversibility of
the reactions .
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Figure 2. Voltammogram of solution without electrolyte ion (red line), electrolyte solution with 1 gL' Cr**
(blue line) and (c) electrolyte solution 1 gL" cr™

It can be seen in Figure 2 that the voltammogram of
the electrolyte without Cr** and Cr®™ did not show
peaks (red line). The peaks are visible in two other
voltammograms, revealing the solution's response
containing Cr** and Cr® (blue and green lines). The
peak on the voltammograms for measuring
electrolytes concentration of Cr** and Cr®* ions is in
the anodic current. To generate an anodic current, the
scan potential runs from low to high values. The
opposite direction, cathodic current, shows no peak as
expected. It indicates that only reduction reactions
occur in electrochemical systems using electrolytes of
Cr'* or Cr®™ and tligflelectrodes. The faradaic process
for reducing ions on the surface of the electrode in
response to a given potential is specific.

The cleclr()-reducm of Cr* to Cr'* occurs at a
potential of +1.33 V vs. Standard Hydrogen Electrode
(SHE). The potential reduction of Cr** to Cr** occurs
at -0 . In another study, the reduction of Cr® to
Cr'* at a potential of -0.62 V (vs. Ag/AEF) . The
reduction of Cr** to Cr** was found at -0.74 V
(vs Ag/AgCl) *'. The preliminary study of the Cr™
reduction current appeared at +0.84 V (vs. Ag) and
Cr'* reduction at +0.74 V (vs. Ag) (Figure 1). The
reduction peak shifts from its standard potential are
affected by many factors, including the use of

electrodes, elec@ftes. and measurement
conditions . The potentials for the electrochemical
reactions in which are implicated various Cr(VI)
species were proposed by the other * as the probable
mechanism. The mechanism for concentrations = 25
mM K>CrQy is given by the following:

HCry04 + H* + 36~ & (Cr037) gqs + H,0

(CrO3™) qas + 3HCTO; + HY
- Z(HCI‘ZO-;)M; + H, 0+ 3e”

2(HC1,05) ggs + 26H* + 12~ 2 4Cr3* + 14H,0

The HCr; 07 species adsorbed on the metal surface by
the proposed mechanism is

M(s) + HCr,0, &> M! — HCr, 0,

—e~
M(s) + HCr,0; <= M! — HCr, 0,

The reaction competes with the hydroxyl species of
water

M(s) + HO~ —> M'(0H)
M(s) + 2H,0 — M'(0OH,)**
M'(0H,)** + HO~ — M!(0OH) Where M = Cu, Ni
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Figure 3. (a) Voltammogram of 1 gL' Cr** in pH varies (b) plot of the relationship of the pH Cr** solution and
the current peak of the voltammogram
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Figure 4. (a) Voltammogram of 1 gL' Cr®* varied in pH, (b) plot of the relationship of the pH Cr®* solution and
the current peak of the voltammogram

3.1. The Conditions for the measurement

The sensitivity of the measurements is affected by the
measurement conditions, i.e., pH, deposition time,
and the scan rate. For example, scan rate and pH gave
linear voltammetry measurements of peak cuments as
reported by Latif et al. ** Deposition time affects the
ionic deposition on the electrode surface *°. In
general, voltammetry measurements require that the
measured faradaic current be slightly larger than the
portion of its response to a given potential difference.
This condition results in better sensitivity and smaller
detection limits.

3.2. Optimum pH

Interaction between electrolyte and electrode takes
place on the surface *° pH affects the electrode surface
at metal electrodes, which causes the formation of
charged ions on the surface, significantly the negative
charge of the water molecule. Therefore, it affects the
process at electrode *7.

The effect of pH was studied in pH 4 — 8 by comparing
the voltammogram of the solutions containing Cr'*

and Cr™ . It is expected that more ions are adsorbed at
the surface of the electrode to produce a maximum
and stable peak current for the measurement at
suitable pH conditions **.

Figure 3 shows the change in the response of the Cr'**
ion. The change in current is proportional to the
applied potential. It was found that the maximum pH
is 6. Figure 4 shows the change in the response of the
Cr™ ion. The change in current is proportional to the
applied potential. It was found that the maximum pH
is 4. The chromium ion exists in a mixed-valent
state *’ with an electric charge depending on the
system's pH ““. When the pH of the solution is
between 1 and 6, chromium is in equilibrium as it
forms HCrO* and Cr,0;* When the solution is at 6,
Cr™ is in the form of CrOs* ions, while the pH is less
than 1, the main species is H2CrO4. pH 4 was used as
the optimum pH for the measurement of Cr®* because
the measurement at pH 4 was more stable than another
pH, and the measurement at pH 4 could obtain a
higher measurement concentration *'.

60 — 35 S
(b) :
50 K;
40 |
—_ 2‘ |
2 = ]
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40 1

0
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0 25 50 75 100 125

Deposition Time (s)

Figure 5. (a) Voltammogram of 1 gL-' Cr** varies in deposition times. (b) plot relationship of deposition time
and current peak of the voltammogram
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Figure 6. (a) Voltammogram of 1 gL' Cr® varies in deposition times, (b) plot relationship of deposition time
and current peak of the voltammogram

3.3. Optimum Scan Rate
The scan rate affects the current peak and width of the
voltammogram. The Faraday process, ie.,
electrochemical oxidation-reduction reaction, causes
a current peak. The ch in the width of the
voltammogram is due to the diffusion of ions to the
electrolyte surface. The effect of scan rate was studied
by comparing the voltammogram of the measurement
results of Cr** and Cr® ions at pH conditions and
deposition time. The scan rate varied between 100-
200 mVs''. It can be seen from Figures 7 (a) and 8 (a)
that the scan rate affects the current peak of Cr** and
Cr® ions. The current was proportional to the
mtmchemical reaction rate at the electrode surface.
e higher the scan rate, the faster the electrolysis
reaction speed so that the peak current increases .
The measurement of Cr** at 160 mVs™! gives the
maximum current peak (Figure 7 (a)). The optimum

conditions for measuring Cr** were found at pH 6,
deposition time of 30 seconds, and a scan rate
of 160 mVs'. The curve is relatively broader
compared to the other scan rate. A widening curve
interferes with the measurement, especially if there is
interference from other ions with adjacent half-wave
potentials, which can cause the cu@ to overlap.
There is a decrease in current peak at a higher scan
rate (Figure 7(b) because the metal attached t
electrode surface is saturated, so the Cr*™* ions
adsorbed on the electrode surface are desorbed. The
highest current for the scan rate of Cr®* measurement
was 140 mVs! (Figure 8 (a)). The optimum pH for
measuring Cr®* is 4, deposition time of 60 seconds,
and a scan rate of 140 mVs™'. Two maxima exist in the
measurement involving the relationship between the
scan rate and the current peak.

30 T 16 T T
(a)
— 100mVs’ — 160 mVs'
—  120mVs" 180 mVs™ 14
201 140mvs' — 200mVs'

1(nA)

—0.5 0 0.5 1
E(V)

8 1 1
100 120 140 160 180 200
scanrate mVs '

Figure 7. (a) Voltammogram of 1 gL' Cr* in various scan rates (b) Plot of the relationship between scan rate
and current peak of the measurement
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Figure 8. (a) Voltammogram of 1 gL."! Cr®" in various scan rates. (b) Plot of the relationship between scan rate
and the current peak of the measurement

3.4. Linear Regression of Cr** and Cr®
Voltammograms

A measurement contains linear and nonlinear parts in
a certain measurement range. The linear portion of the
measurement is used to quantify the linearity of the
measurement. This method is applied to obtain the
linearity of Cr** and Cr® measurements using
voltammetry cyclic and the electrode. The linear

40 T
— 0lgl! (a)
— os5g
2 — gl
30 o 5;{”_..
— 10gl? [\
é 20 :::3
10
0

—0.75-0.5-025 0 025 05 075 1
E (V)

regression  plot was formed from the LSV
measurement data for each type of ion. Each B)e of
ion measured varied its concentration m the

electrolyte solution,ie..0.1;0.5; 1;5and 10 gl.-'. The
measurements were carried out at pH, deposition, and
scan rate to reach maximum current (ip) conditions in
anodic current.

EW)

Figure 9. Voltammograms of (a) Cr** and (b) Cr®™ measurements using each optimal condition

The voltammograms for each measurement of Cr**
and Cr® and their concentration variations are shown
in Figure 9. The maximum currents or current peaks
(ip) in Figure 9 were plotted for a regression plot. The
regression plot of the Cr** and Cr® standard solution
is presented in Figures 10 and 11.

Figure 10 (a) shows the current peak (ip) obtained at
a concentration of 0.1-0.5 gL' from Figure 10 (a) as
the base to determine the linearity of measurement.
Statistical calculations of the plot give 0.8248 for the
correlation coefficient (r) and y = 2.3435x + 16.037
for the plot equation. The value of r provides
information for the fitness of experimental data and
the plot of mathematical equations **.
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Figure 10. (a) regression plot for iy versus C of Cr** ion, (b) linear part of regression plot for Cr**
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Figure 11. (a) Regression plot for i, versus C of Cr® ion, (b) linear part of regression plot for Cr*

Some points from the measurement need to be
removed to increase the measurement's fitness. The
last two points, namely C=0.1 and 0.5, were removed
from the regression p > that a new regression line
was obtained with the value of the correlation
coefficient (r) :@883 and y = 1.415 x + 23475
(Figure 9(b)). It can be seen from Figure 10 (b) that
the current increases with increasing Cr**
concentration. Due to the increasing concentration of
Cr*, the greater the amount of Cr** in the solution
reduced Cr’* e electrode surface.

Figure 11 (a) shows the plot of the current peak versus
the concentration of the voltammogram in
Figure 9 (b). Regression plot has equation y = 1.5623
x + 83061 and correlation coefficient (r) is 0.9339.
The value is considered to be less linear. The same
steps were also taken to produce a more fit plot. Two
first points were removed from the measurement. It
can be shown from Figure 11 (b) that the plot has
equation y = 1.2317 x + 10.945 with the correlation
coefficient (r) = 0.9872.

el Detection Limit of Measurements

The limit of detection (LOD) determines the lowest
concentration detected. The LODs were calculated
from the linear regression plot (Figure 10 (b)
and 11(b)) using equations (1) and (2) *. The
measurements were carried out at the optimum pH.
The LOD value for Cr* and Cr® are 2.082
and 2.182 gL', respectively. These values indicate
that the accurate measurement for Cr** and Cr™ can
be obtained from the concentration above those
concentrations.

3.6. Detection of Cr* and Cr® in the Mixture

The mixed-valence electrolyte was prepared from the
individual electrolyte solution of Cr™* and Cr®, The
current peaks of the mixture (Figure 12a) show
different profiles from the others produced by
individual measurements of Cr**. Voltammograms of
the mixed-valence electrolyte of Cr** and Cr** for 1
and 10 pgL! are shown in Figure 12b. The Cr®* has a
more negative potential than Cr* due to its standard
potential * and is more mobile in an aqueous
solution ™",
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Figure 12. Voltammogram of Cr** and the mixed electrolyte with concentration (a) 1 pgL-! (b) 10 pgL!
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Figure 13. The cument peaks OfCI‘3+I and Crﬁ‘l in (a) mixture (b) individually electrolyte solution

The i ith a more negative reduction potential tend
to be deposited on the electrode surface with a
positive reduction potential. Cr** was reduced first on
the electrode surface, followed by a reduction of Cr®*.
The more concentration of Cr® in the re then
deposited on the surface of Cr’* is directly
proportional to the current peak of Cr**. The current
of Cr* in the mixture decreased due to the presence
of the ion, which was deposited on thlsurface of Cr**.
The Cr* was reduced to Cr™* in the reduction
potential.

The peak current of the mixture (Figure 13a)
compared to the individual measurement results
described in Figure 8. Plots in Figure 13b reveal that
the results of individual measurements at 10 gL' are
slightly different from those of electrolytes in the
mixture. The current peak for the Cr® ion is not
visible at a concentration of 1 gL', Instead, the peak
current is detected as a slight indentation that slightly
changes the slope of the voltammogram. These results
indicate that both sparks plug electrodes and
voltammetry methods can be used to detect the
presence of Cr** and Cr®™ in the solution, which means
it is detected not as total Cr but as its ionic valences.

4. Conclusions
X-ray diffraction measurements were carried out to
determine the metal elements composed in the

1 plg]_'l 10 ng'l

electrode. The diffractogram of the electrode shows
the presence of TiNi (20 =26.6,40.0,48.8,54.5) and
overlaps with the diffraction peak of TiCu
(20 = 18.15, 40.0, 54.5). The surface consists of the
main structure of electrode and crack of various
sizes. Preliminary tests were conducted to determine
the electrochemical properties of the electrode in
reducing Cr* and Cr®, The electric current shows this
ability as an electrode response to the applied voltage.
The tests were done in electrolyte solutions containing
Cr* and Cr®™ ions. Cyclic voltammetry measurements
are used to provide information about the
electrochemical oxidation-reduction reactions that
occur in the reaction system and the reversibility of
the reactions. The reduction of Cr™* to Cr** appeared
at +0.84 V (vs Ag/AgCl) and the reduction of Cr** to
Cr at +0.74 V (vs Ag/Ag). The optimum conditions
for measuring Cr** were found at pH 6, deposition
time 30 seconds, and scan rate 160 mVs™', while for
measuring Cr® at pH 4, deposition time 60 seconds,
and scan rate 140 mVs™'. The accurate measurement
for Cr** and Cr® can be obtained from LOD value
which are The LOD value for Cr** and Cr®* are 2 .082
and 2.182 gL', There is a slight difference in the
individual measurement current and the mixture of
Cr** - Cr"* but a good agreement for the oxidation-
reduction potential. These results indicate that the
electrode and voltammetry methods can be used to
detect the presence of Cr™* and Cr® in the sample
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separately, which means it is detected not as total Cr
but as its species. The data analysis shows the
electrode's feasibility considering this measurement
system's ability to provide a good current response
when applying to the ppb range.
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