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In this work, the utilization of the modified iodine-coated polycrystalline platinum electrode as a voltammetric
sensor for copper determination in pharmaceutical formulations was reported. The optimized experimental
parameters for the determination of copper were using 0.1M KCI as a supporting electrolyte with a scan rate
of 560 mV/s, deposition potential of -0.2V, and a deposition time of 2 minutes. The anodic peak related to
Copper oxidation is centered at about +0.05V. The extended detected linear range for the developed method
was between 1 ppm and 100 ppm. The anodic current showed excellent linearity with R?=0.9986. The limit of
detection (LOD) and limit of quantitation (LOQ) were 0.115 ppm and 0.346 ppm, respectively, which attests to
the sensitivity of the method. The investigation for the effect of potential interferences from multivitamins tablet
ingredients indicated a specific selectivity toward copper and the absence of any electrochemical response
toward these components. The developed method was successfully applied to analyze copper and the
obtained results were in good agreement with the labeled values, besides that, the statistical tests indicated
no significant difference at p=0.05 with 95 % confidence level.
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Determination of trace copper in pharmaceutical
formulations is of great importance. Copper element
considers one of the important trace minerals for
human health. It is cannot be formed by the human
body. For that, it must be ingested from dietary
sources every day [1]. It is found in all human body
tissues. Together with iron, copper enables the body
to produce red blood cells [2]. Cu is largely present in
biological systems as a cupric form (Cu?*) [3]. It helps
maintain the health of bones, blood vessels, nerves,
and immune function [4]. Also, it is an essential
component in several proteins indispensable for life
[5]. Whereas, copper deficiency has been correlated
with bone distortion during development and as a
contributory factor to osteoporosis in adults and also
associated with other malfunction in human body [6].
Multivitamin-minerals tablets are popular and widely
used in our country and abroad. These tablets contain,
in general, essential vitamins (vitamin B-complex,
vitamin C, and vitamin E) and some other trace
elements. As medicines, these considered as a good
alternative resource for natural vitamins and minerals.
Copper is both vital and toxic for human health.
Thus, the determination of trace amounts of copper
is becoming increasingly important. Frequently used
methods for the determination of copper are atomic
absorption spectrometry [7-9], spectrophotometry [10],
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flow injection [11], and ICP-MS [12], where all these
applied methods are expensive and need special
instrumentation, skilled person, and environmentally
unfriendly reagents.

The approaches of electroanalysis are innovative
and active for analytical practices that have a clear
impact on the health of humans and the environment
by analyzing an extended range of various samples.
Electrochemical methods are pointedly recognized
due to their great properties of low cost, ease of
preparations, and short time of analysis time with a
distinguishable analytical performance [13-18]. Pencil
graphite electrode is a recognized multipurpose tool
for electroanalysis of bioactive molecules because
of carbon atom hybridization (sp?) which has several
characteristics such as little background current, easy
exterior modification, excellent electrical conductivity,
adsorption, and mechanical stability [19,20]. Also,
carbon nanotubes (CNTs) became widely utilizes in
electrochemical sensor fabrications because of their
great electronic properties, extensive potential ranges,
rapid renewal, and less residual noise with extreme
stability [21-23]. Surfactants and nanomaterials can
also change and control the characteristics of electrode
surface, which alter the reaction rates and pathways.
Surfactant-modified  electrodes have extended
applications in the electroanalysis of organic molecules
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which including medicinal, nutritional, and bio-samples
assessment [24-27].

A few methods have been reported for the use
of voltammetric sensors for copper determination in
pharmaceutical formulations [28,29].

Modification of solid electrode surfaces improving
the electrochemical methodology. The adsorbed
iodine at platinum electrode surface enhances
the reproducibility of voltammetry and simplify the
background behavior [30]. Also coating of solid
electrodes surface alter the kinetics and mechanisms
of reactions run at electrode surface. lodine is one
the anions simply adsorbed to electrode surface. The
chemisorptions process achieved by two ways; from
solution or from vacuum to form stable chemisorbed
mono layers even the iodine coated electrode would
be rinsed or evacuated [31]. The iodine is adsorbed
at potential 0.2V vs. Ag/AgCl or SCE reference
electrodes [32] which is the double layer potential.
At the surface of polycrystalline platinum electrode
an oxidation reaction of iodine anions from solution
leads to spontaneous chemisorption of iodine anion
to form stable neutral iodine atoms at the electrode
surface accompanied by hydrogen gas evolution. The
adsorbed iodine s less reactive toward electrochemical
oxidation compared with the free iodine anion in
solution [33]. The adsorbed iodine depends on the
electrode potential [34]. The chemisorbed iodine can
be desorbed from platinum electrode surface if the
potential scanned lower than -0.2 V which lead to
reduction of hydrogen ions and generation hydrogen
gas [33]. Also the rate of iodine desorption from
electrode surface increase as the potential become
more negative [34]. At the positive direction, the
chemisorbed iodine begins to be desorbed at potential
1.0 [32]. Carbon monoxide is completely desorbed
iodine from platinum electrode surface at potential
lower than 0.35 V while at higher potential incomplete
desorption is occurred [35].

lodine-coated platinum electrode has been applied
for the electrochemical determination of organic and
non-organic species in many works [36-44]. lodine-
coated platinum electrode is characterized by the
simplicity in preparation, application, and the absence
of the need for environmentally unfriendly chemical
reagents. The simplicity of the instrumentations all
stimulated the implementation of the present work.
This work was undertaken with the aim of extending
the use of anodic stripping voltammetry at iodine-
coated platinum electrode for analyzing copper in
pharmaceutical formulations.

Experimental part

Materials and apparatus. A potentiostat (PAR
Model 362, EG & G) interfaced to a computer
via GPIB interface (IEEE) equipped with a locally
modified Labview® (IEEE) software was used for
data acquisition and experimental control. A one-
compartment electrochemical cell with an inlet/

outlet system for deoxygenation and blanketing
with  highly pure nitrogen gas was used. A
0.5 mm polycrystalline platinum wire purchased from
Aldrich (99.99 % minimum purity certified reagent) was
used as a working electrode. The immersed part of the
platinum electrode was curved at the end to make a
mark for a consistent surface area of the immersed
part of the electrode. A silver/silver chloride was used
as a quasi-reference electrode (QRE). A 0.5 mm
polycrystalline platinum wire (Aldrich, certified 99.99 %
minimum purity) was used as auxiliary electrode. All
reagents were of analytical grade and were used as
received from the suppliers without further purification.
Sulfuric acid (95-97 %) was supplied from Merck,
copper sulfate pentahydrate was purchased from
Scharlau, potassium iodide and potassium chloride
were purchased from Sigma-Aldrich. Ultra-pure water,
Millipore-MilliQ system was used for the preparations
of all solutions. The nitrogen gas was a five grade,
99.999% minimum purity supplied from International
Jordanian Gases Company (Amman, Jordan).

Preparation of iodine-coated platinum electrode.
Preparation of iodine-coated platinum electrode
was described in one of our previous publications
[36], These preparation steps include a cyclization
of a platinum electrode placed in of 0.5M H,SO,
between -0.25V and 1.3V until getting a reproducible
cyclic voltammogram of polycrystalline platinum
electrode with the well-known oxygen and hydrogen
adsorption/desorption features, which is indicative
of the cleanliness of the electrode surface and
electrochemical cell contents (Fig.1).

Thereafter, the clean electrode was immersed
in 0.5M H,S0,+102 M KI solution for five minutes
under closed-circuit potentiostatic conditions in the
double layer region (~0.2V) to accomplish dosing
of the platinum electrode surface with iodine. After
that the electrode was subjected to multiple rinses
with water and 0.5M H,SO, solution, and then
the electrode potential was cycled in supporting
electrolyte solution between -0.2V and +0.8V at
50 mV/s to confirm the completeness of the coating
process (Fig.1). The absence of oxygen and hydrogen
adsorption/desorption peaks from the recorded
cyclic voltammogram of an iodine-coated platinum
electrode provides a conclusive evidence for the
complete coverage of platinum electrode surface with
a monolayer of iodine.

Sample preparation. The multivitamins-multi-
minerals samples (FertiFi M, USA), (Vitro+,
Switzerland), and (Valupak, UK) were purchased from
Jordanian local pharmacies in the form of tablets. The
selected samples were analyzed for their copper (Il)
content. The tablet of each brand was powdered using
porcelain mortar and dissolved in 25.0 mL of 0.1 M KCI
supporting electrolyte. The solution was heated for
10 minutes at a temperature of 80°C and sonicated for
10 minutes to ensure complete dissolution of samples
and left to equilibrate for 10 minutes. Then, the solution
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was filtrated and transferred to a 50 mL volumetric
flask and diluted to the mark. An aliquot of this solution
was diluted to 10.00 mL with 0.1 M KCI to be within the
established calibration curve concentrations’ range
and placed in the electrochemical cell. The solution
was bubbled with nitrogen gas and kept under a
nitrogen gas atmosphere during conducting the
voltammetric measurements.

Optimized voltammetric conditions. Voltammetric
analysis was conducted for determination of copper
(Il) content in pharmaceutical tablets at the iodine-
coated electrode within a potential window -0.2V and
+0.8V where the adsorbed iodine is stable within this
potential range of the scan. 0.1M KCI was used as
a supporting electrolyte. The deposition potential was
-0.2V. The deposition time was two minutes including
one minute for purging and one minute for solution
equilibrium. The potential was then scanned in a
positive direction with a scan rate of 50 mV/s.

Results and discussions

The electrochemical response of platinum
electrode in 0.1 M KCI to ward Cu(ll) was investigated.
Figure 1 presents the cyclic voltammograms of
platinum electrode in 0.1M KCI and in 500 ppm
Cu(l)+0.1M KCI solutions. A clear electrochemical
response for Cu(ll) at platinum electrode surface.
Platinum electrode surface adsorbs a wide range
of organic and inorganic species which affect the
reactivity of the surface of platinum electrodes [45].
The adsorbed iodine at platinum electrode surface
enhances the reproducibility of voltammetry and
simplify the background behavior.

800
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— 500 ppm Cu(ll)
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Potential /V vs. Ag/AgCI

Fig.1. Cyclic voltammogram curves of (a) poly-
crystalline platinum electrode in 0.1M KCI and (b)
500 ppm Cu(ll) in 0.1 M KCI. Scan rate 50 mV/s.

A reproducible cyclic voltammogram for
polycrystalline platinum electrode which indicates
to the cleanness of electrochemical system was
obtained (Fig.2a), which leads to the successful
coating process, the cyclic voltammogram of iodine-
coated platinum electrode between potential limits of
-0.2 V and 0.8V was displayed (Fig.2b), where the
adsorbed iodine is stable within this potential range.
The complete absence of H,and O, oxidation-reduction

features is the main indicator for a successful coated

step.
2,5
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Fig.2. Cyclic voltammogram curves of (a) poly-
crystalline platinum electrode in 0.5M H,SO, and (b)
iodine-coated platinum electrode in 0.1 M KCI.

The effect of the pH in the acidic range was
investigated by following the effect of pH change
on the peak current for copper (ll) oxidation. Three
representative pH values; 7, 3.5 and 0.3 were
selected to demonstrate the effect of solution acidity
on the analytical signal (peak current). Copper (II)
standard solution was analyzed in 0.5M H,SO,
(pH=0.3), phosphate buffer (pH=3.5), and 0.1M KCI
(pH=7) media. Figure 3 shows the effect of pH on the
copper (ll) oxidation current peak. As displayed in
Figure 3, the value of the oxidation peak current of
copper (Il) increases with increasing pH. In 0.1M KCI
supporting electrolyte, the highest value of current for
the same concentration of copper (II) was obtained.
Subsequently, it was considered as a convenient
supporting electrolyte for determination of copper (II)
for the following study. Two observed oxidation peaks
for the adsorbed copper in 0.1 M KCI. The first peak is
a sharp peak while the second peak is a broad peak.

The first feature for the stripping of adsorbed copper
from the iodine layer (Eq.1) shows a sharpness peak
compatible with a simple stripping process. This peak
is followed by a broader peak.

Ptl (ads) + Cu? — PtICu (ads) (1)

The electrodepostion of copper is clearly affected
by interactions between the  surface of platinum
electrode and the solution brought about by changes
in electrode surface roughness accompanying
with the film deposition. This process has been
manifested through a comparison of copper and silver
electrodeposition onto both platinum and iodine-
coated platinum electrodes. Regarding to silver, the
obtained cyclic voltammogram of the iodine-coated
platinum electrode in supporting electrolyte is simple,
displaying one deposition and one stripping process in
the negative and positive-going scans, respectively. As
for copper, the presence of a layer of iodine mediates
interactions between the analyte and the electrolyte
to a lesser extent because of the interaction between
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Fig. 3. Effect of type of supporting electrolyte on the electrochemical signal of copper (ll) at iodine-coated platinum
electrode, copper; 50 ppm, H,SO,; 0.5 M, phosphate buffer; pH=3.5; KCI, 0.1 M; n=3. Scan rate 50 mV/s.

the copper and the halogen film and the formation of
copper islands on the electrode surface [46].

The effect of scan rate on the obtained anodic peak
current of copper was studied. As presented in Fig.4,
there is a linear relationship between the square root
of scan rate and oxidation peak current of copper (first
peak, Cu® —Cu(l)) over the range of 1-100 mV/s,
which suggested a diffusion-controlled irreversible
oxidation process of copper at iodine-coated platinum
electrode.

The recorded cyclic voltammograms for iodine-
coated platinum electrode in a series of copper
(Il) standard solutions show that the oxidation
current for the first peak increased linearly with the
increase of copper (Il) concentration (Fig.5). Three
voltammograms were recorded for each standard
solution. The anodic peak current was extracted for
each cyclic voltammogram.

Plotting the anodic peak current variation against
copper (ll) concentration gave a straight and extended
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Potential /V vs. Ag/AgClI
a

dynamic range with a concentrations ranging from
1 ppm to 100 ppm. The calibration curve shows the
relationship between copper(ll) concentration in ppm
and the oxidation peak current measured from cyclic
voltammograms for copper(ll) in 0.1 M KCI at iodine-
coated platinum electrode (scan rate 50 mV/s) is given
by equation:

I=(uA)=6.0103 C,,_ — 11.964; R2= 0.9986,

where i represents the anodic peak current which
attributed to the copper (Cu® to Cu(l)) oxidation.

The second peak which is attributed to the oxidation
of Cu(l) to Cu(ll) shows a linear relationship between
Cu(ll)  concentrations and the extracted current
values but with a lower coefficient of determination,
R? = 0.9567. For this reason, the first peak anodic
determination current was taken as the analytical
signal for Cu(ll).

400 -
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< R%=0.9978
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€ 200
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Fig. 4. a) Cyclic voltammograms of iodine-coated platinum electrode in 0.1 M KCI and 50 ppm of copper recorded
at 10, 20, 50, and 100 mV/s. b) The least square line for the copper oxidation peak current vs. the square root of

scan rate.
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Fig.5. Cyclic voltammograms of iodine-coated platinum electrode in 0.1 M KCI solution containing 50,100, 200,
and 300 ppm of copper(ll). All the scans were recorded at a scan rate of 50 mV/s.

The precision (repeatability) of the method was
assessed by extracting the anodic peak current
of recorded cyclic voltammograms for a solution
containing 20 ppm copper (ll). The achieved standard
deviation and coefficient of variation for 10 successive
measurements was 3.81 and 3.76 % which indicates
the high precision of the developed method.

The limit of detection based on the formula
LOD=3.36/S, and the limit of quantitation based on
the formula LOQ=106/S, where © represents the
blank signal (background current) and S represents
the sensitivity of calibration curve was calculated.
The estimated limits were 0.115 ppm and 0.346 ppm
respectively.

Potential interference

In order to verify the existence of matrix effects
of multivitamins-multiminerals tablets on copper (II)
determination anodic stripping voltammetry. The
influence of (vitamins B1, B2, B6, B12, D3,E, K1, C,
Biotin, Niacin, Pantothenic acid, and folic acid), as
well as the influence of the elements (Ca, Mg, P, Fe,
I, K, Mn, Cr, Mo, Se, and Zn), were investigated. The
recorded cyclic voltammograms for each of these
vitamins and elements show the absence of any
electrochemical response of iodine-coated platinum
electrode toward these compounds except Fe and
ascorbic acid (vitamin C). Where iron (Fe) does
not respond to iodine-coated electrode in a neutral
medium (0.1 M KCI) because it is insoluble in neutral
and basic media. Regarding ascorbic acid (vitamin C),
the recorded cyclic voltammogram for copper (I) with a
concentration of 20 ppm with various concentrations of
ascorbic acid up to 5-folds of copper(ll) concentration
shows that the anodic peak current of ascorbic acid
overlaps completely with the second peak of copper
oxidation (Cu(l)— Cu(ll) without any interference with
the first oxidation peak (Fig.6) which is the considered
peak for copper determination in this work.
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Fig.6. Cyclic voltammograms of iodine-coated
platinum electrode in 0.1M KCI solution containing
20 ppm of copper (ll) and 100 ppm of ascorbic acid
(vitamin C). Scan rate 50 mV/s.

Also, Figure 7 shows that the spiking of a diluted
solution of multivitamins-multiminerals sample
with a various concentrations of copper(ll), show a
linear response between copper(ll) concentration
and recorded cyclic voltammogram without any
interference with complex contents of the sample.

Recovery of the developed method

Recovery data of the developed method on
multivitamin-mineral formulations, Valupak, FirtiFit,
and Vitro+ were found by adding a known amount
of Cu(ll) standard solutions, i.e 5, 10, and 15 ppm,
respectively, to a diluted solution, resulting from the
extraction of powdered tablets of each preparation to
avoid, in general, matrix effect and the interference of
ascorbic acid in case high concentration. As listed in
Table 1, the recovery values were found to be in the
range of 96.91-104.59 %, 98.14-101.04 %, and 91.04-
97.93% with standard deviations values lower than
3.77, 2.16, and 4.45 in Valupak, FertiFit, and Vitro+
respectively.
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Fig.7. Cyclic voltammograms of iodine-coated platinum electrode in diluted multivitamins-minerals sample spiked
with 10, 20, 30, and 40 ppm of copper(ll) solution. Scan rate 50 mV/s.

Table 1. Recoveries of Cu(ll) from spiked multivitamin-mineral formulations obtained by the developed method.

Formulation Added (ppm) Detected (ppm) Recovery (%)?

0 4.60 3
5 9.83 105+ 1
®
Valupak 10 14.97 104 +4
15 19.14 9643
0 4.60 ]
. 5 9.58 10042
®
FertiFit 10 14.70 10143
15 19.32 9842
0 46 ]
. 5 9.40 9642
+®
Vitro 10 13.70 9144
15 19.29 98+4

@ average of three determinations

Pharmaceutical preparation analysis

The developed voltammetric method was applied
for the analysis of copper in three brands of pharma-
ceutical multivitamin-mineral formulations. The
standard addition method was applied to a diluted
real samples analysis to avoid the matrix effect. The

evaluation copper concentration was found to be more
suitable with the aid of a calibration graph. The results
for the analysis of these multivitamin-multimineral
formulations with the developed voltammetric method
were mentioned in Table 2.

Table 2. Copper content in a multivitamin-mineral formulations collected from the Jordanian local pharmacies
as determined by cyclic voltammetry at iodine-coated platinum electrode.

. Average of
Pharma- Nominal determined
ceutical mass (mg) mass (mg) Standard 95% confidence 95% confidence Relative Coefficient
. of copper/ 9 deviation limits interval error of variation
preparation tablet of copper/
tablet (n=3)
FirtiFit® 0.9 0.886 0.028 0.89+ 0.070 0.82—0.96 -0.016 3.16%
Valupak® 0.9 0.92 0.021 0.92+ 0.052 0.87—0.97 +0.022 2.28%
Vitro*® 0.9 0.884 0.026 0.88+ 0.06 0.82—1.04 +0.018 2.94%
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The modified and optimized voltammetric method
was applied for the determination of copper content
in multivitamin-mineral formulations samples. The
results obtained by applying an anodic stripping
voltammetry at iodine-coated platinum electrode
were compared with the labeled values claimed by
manufacturers. The data displayed in Table 2 shows
that all nominal values are within a confidence interval
of 95% which confirms the clear absence of errors
in the results. The relative errors for the analysis of
the three types of pharmaceutical formulations were
lower than 5%, which confirms the accuracy of the
developed voltammetric method. The values of the
measured coefficient of variation, (0.55-2.19%), are
considered obvious evidence of the precision of the
developed method. The paired t-test was used to
inspect the significant difference at 95% confidence
level between the labeled values and the obtained
results determined by the developed method. The

comparison of the calculated t value which is -0.026
with the critical t value which is 4.30 at p=0.05[47]
shows that this result consolidate the null hypothesis
and indicates there is no significant difference between
the values obtained by the voltammetric method and
the nominal value obtained by manufacturers.

A comparison between the developed voltammetric
method and some of the common analytical and
voltammetric methods for copper determination
in terms of limit of detection and linear range was
presented in Table 3. As shown, the iodine-coated
platinum electrode exhibited lower detection limit than
that of differential pulse voltammetry method [49]
and a detection limit value very closed to the value
obtained by square—wave voltammetry method [50].
Whereas, the obtained linear range was convenient
and extended compared by other voltammetric
method.

Table 3. A comparison of analytical performance of the developed voltammetric method using iodine-coated
platinum electrode with other analytical methods that reported in literature.

Method Linear range Detection Limit Reference
Spectrophotometry 0.63-5.04ug/mL 0.007pg/mL [10]
Atomic absorption

spectrometry 1.0-5.0 pg/mL ) 7]
ICP-MS - 0.3 ug /L [48]
Differential pulse 1-9mg/L 0.16-0.37mg/L [49]
voltammetry
Square-wave 31.78-635.46mg/L 31.78mg/L [50]
voltammetry
Anodic stripping 1-100mg/L 0.18mg/L This work

voltammetry

Conclusion

The method presented in this study represents a
successive using of iodine-coated platinum electrode
for determination of copper was achieved. The
developed method does not include any sophisticated
procedures. On the contrary, It is considered a green
method for the simplicity of analysis procedures. The
reported extended dynamic range (1-100) ppm of
copper support the applicability of the voltammetric
method for copper determination in pharmaceutical
formulations. The absence of any interference from
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