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Abstract

In this study the electrochemical determination of tannic acid (TA) was performed using a glassy
carbon electrode (GCE) modified with antimony film. The influences of deposition time,
deposition potential, bath concentration and pH on the reduction current enhancement of TA
were optimized, and electrochemical method for the determination of TA was reported. Linear
sweep voltammetry (LSV) was used for electro-determination of TA. Using antimony film
modified glassy carbon electrode (Sb-GCE), the reduction of TA was observed at the potential of
—0.8 V vs. Ag/AgCIl. Under optimum conditions, the result revealed two linear range regions
between 0.5 uM to 2 uM and 5 uM to 40 UM of concentration. The limit of detection (LOD) was
found to be 0.2 uM and 3.9 uM. The developed method was used for electroanalysis of TA in tea

samples.

Key words: Tannic acid; antimony film modified glassy carbon electrode; electrochemical

method; linear sweep voltammetry.
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1. Introduction

1.1. Background of the study

Tannic acid (TA), a water soluble polyphenol compound has been investigated for many years,
especially to cure many diseases™***. Tannic acid (TA) is a natural polyphenolic compound, and
it’s widely used in food and medicine industry. Due to its wide range of applications, analysis of
TA is important not only in food but also in the medical and environmental fields. TA is present
commonly in the human diet including fruits and different kinds of vegetables and can be found
in several beverages, including wine, beer, coffee, black tea and white tea. It is used as a food
additive as clarifying agent, flavor adjunct and flavoring agent® as well as additive in medical
and veterinary fields due to its antimicrobial activity, anticarcinogenic and antimutagenic
potentials and also antioxidant nature protect cellular oxidative damage®’. Antioxidants may be
defined as compounds that inhibit or delay the oxidation of other molecules by inhibiting the
initiation or propagation of oxidizing chain reactions®. Antioxidants can also protect the human
body from free radicals and have been widely used as food additives to provide protection
against oxidative degradation of foods. The antioxidant activity of phenolic compounds is mainly
attributed to their redox properties, which allow them to act as reducing agents, hydrogen donors

and guenchers of singlet oxygen.

Phytochemicals are secondary metabolites in plants that play important roles in their metabolism,
defense mechanisms, and disease resistance. They are also widely recognized for their bioactive
and health-promoting properties. The content of TA in fruits, tea and beer can strongly influence
their taste, and hence, is an important parameter to evaluate and control the quality of these
products. TA may combine with metals to form tannic acid-metal complexes which have a toxic
potential to the root system of plants®. For these reasons, the determination of tannic acid has
been of great importance. Several methods including spectrophotometry™®, colorimetry™, liquid
chromatography*? and chemiluminescence™***® have been applied for the determination of TA
content in the waters, pharmaceuticals and foods. Each method has its advantages and
drawbacks. For example, chromatographic methods allow the determination of TA, but they are
time consuming and expensive. However, these methods are costly, require highly skilled
manpower, complicated and time consuming procedures which is difficult to use for TA
analysis. Compared to these methods, the electrochemical method has several advantages such as

its low cost, the options of analysis without extraction or preconcentration, highly selective and
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sensitive and the short time required for analysis. But, only very few reports were accessible in

the literature for the electrochemical determination of TA.

The main advantages of electrochemical methods with respect to traditional, more laborious
instrumental techniques are described: sensitivity, rapidity, simplicity of the applied analytical
procedure which does not require complicated sample pre-treatment etc. For the method
presented, the electroactivity and the mechanism of electro oxidation of antioxidant molecules at
various electrodes, as well as the influences on the electroactive properties are discussed.
Oxidative stress was defined as the organism’s status involving cell damage, by enhanced release
of radical or non-radical oxygenated species™®. During cellular respiration, the transfer of
unpaired single electrons towards molecular oxygen may occur resulting in free radical
generation'’. Reactive oxygen species may also result in some cell-mediated immune
functions®®. These may be represented by either very unstable radicals containing a minimum of
one unpaired electron, or by oxidizing non-radical species, that can promote the peroxidation of

membrane lipids with accumulation of lipid peroxides™®%.

Antioxidants represent a wide class of chemical compounds that fight against the oxidative
processes, including the degradation of nutrients found in diet, of materials such as rubber or
plastic, of essential molecules found in biological media, etc®:. Newly, with the continuously
growing preoccupation for distinguishing secure food antioxidants, the choice is represented by

natural antioxidants, especially plant sourced.

The main biocompounds found in natural sources are phenolics (flavonoids or non-flavonoids),
associated to health benefits. With respect to the assessment of the antioxidant ability in
foodstuffs, the terminology of “antioxidant activity” or’antioxidant capacity” is employed,
although, different meanings are attributed to these terms: the activity is correlated to the rate
constant of the reaction of an individual antioxidant with a certain oxidant. Antioxidants are able
to deactivate the free radicals and to protect the organism from oxidative damage. The capacity is
defined as the amount (expressed as number of moles) of a free radical that can be scavenged by

a sample?,

In electrochemical antioxidant analysis, a glassy carbon electrode has most often been used.
However, the electrode surface area is a limiting factor in terms of its sensitivity and capacity to

respond to the full polyphenol content. To reduce this factor the Antimony Modified electrodes



films have been studied in order to improve the sensitivity and capacity of electrodes, and
conducting polymers have been found to be useful in this regard. Glassy carbon electrode (GCE)
is a useful electrode material because of its high electrical conductivity, impermeability to gases,
high chemical resistance, reasonable mechanical and dimensional stability and widest potential

range of all carbonaceous electrodes®®.

Since foods and beverages have numerous phenolics compounds, including many unidentified
compounds, it is not easy to characterize the complete phenolic content by a single method. It
was reported that the polyphenolic nature of tannic acid, it’s relatively hydrophobic ‘‘core’” and
hydrophilic “‘shell’” are the features responsible for its antioxidant action?”. Tannins which refer
to tannic acid containing drugs precipitate proteins for the protection of inflamed surfaces of skin
and treatment of burns that results for it’s used as antioxidant. It prevents cancer by preventing
cellular damage and can also be effective in protecting the kidneys. In economic point of view it
is used in the manufacture of inks. In this work, the use of glassy carboelectrode modified
antimony films as a sensitive electrochemical electrode was established for the determination of

TA using voltammetry.

1.2. Statement of the problems

Tannic acid is one of a natural water soluble polyphenolyic compound that is found in some food
samples such as white wine, fruit juice, beer and black tea. TA is antioxidants that delay or
inhibit cellular damage mainly through their free radical scavenging property. It is considered as
antioxidant clarifying agent, and flavoring agent as well as additive in medical and veterinary
fields due to its antimicrobial which is able to deactivate free radicals to protect cell damage of
human beings®. It is used as clarifying agent, anti-carcinogenic and anti-mutagenic potentials
and also antioxidant nature protect cellular oxidative damage. Therefore, sensitive analytical

methods for the routine determination of TA in samples are highly desired.
Therefore this study may answer for the following questions:

» Is Sb-GCE has higher sensitivity for determination of TA?
> Is bare GCE has higher sensitivity for determination of TA?

» What will be the responsible reason for having different response of electrodes?



1.3. Objectives of the study
1.3.1. General Objectives

To develop simple and sensitive electrochemical method for the analysis of tannic acid.
1.3.2. Specific Objectives
» To optimize parameters for GCE modification with antimony film.
» To optimize parameters for sensitive determination of tannic acid at Sb- GCE.
» To determine tannic acid under optimized condition at Sb-GCE.
» To demonstrate the application in real sample of the developed method.
1.4. Significance of the study

The results of this study could contribute to introducing knowledge and practice about the
electrochemical methods for determination of TA Sb-GCE. TA is a natural polyphenolic
compound and widely used in food and medicine industry. It can be used as clarifying agent in
the brewing and wine industry, and as flavoring agent in baked foods, candy and meat
products®. It also used as well as additive in medical and veterinary fields due to its
antimicrobial activity, anticarcinogenic and antimutagenic potentials and also antioxidant nature

protect cellular oxidative damage.

1.5. Scope of the study
This investigation was conducted to determine tannic acid by glassy carbon electrode modified
with antimony film. The proposed electrochemical method was used as simple and sensitive
analysis for tannic acid at antimony glassy carbon electrode. The optimum conditions were
selected based on response to the intensity of tannic acid reduction current during fabrication of

antimony film deposition on glassy carbon electrode. Those are;
> Deposition potential
» Deposition time
» Bath concentration

» pH of the Supporting Electrolyte



2. Review of Related Literature
2.1. Tannin Chemistry

The name ‘tannin’ is derived from the French ‘tanin’ (tanning substance) and is used for a range
of natural polyphenols?’. Tannins are commonly defined as water-soluble polyphenolic
compounds ranging in molecular weight from 500 to 3000 Daltons that have the ability to
precipitate proteins®®. It is their ability to precipitate proteins, astringency, which is thought to be
the primary effect of tannins on biogeochemical cycling. Tannins, the relatively high molecular
weight compounds found in complexes with alkaloids, polysaccharides and proteins, are a group
of water-soluble polyphenols. They may be subdivided into hydrolysable and condensedtannins.
The hydrolysable tannins are esters of gallic acid (gallo- and ellagi-tannins), while the condensed
tannins (also known as proanthocyanidins) are polymers of polyhydroxyflavan-3-ol monomers.
A third subdivision, the phlorotannins consisting entirely of phloroglucinol, has been isolated
from several genera of brown algae. They are found grape (dark/light) seed/skin, apple juice,
strawberries, raspberries, pomegranate, walnuts, muscadine grape, peach, blackberry, olive,
plum, chick pea, black-eyed peas, lentils, haricot bean, red/white wine, cocoa, chocolate, tea,

cider, coffee, immature fruits are the main sources of tannins?®3#,

2.2. Phenolic acids

Phenolic acids are also known as hydroxybenzoates, the principal component being gallic acid.
The name derives from the French word galle, which means a swelling in the tissue of a plant
after an attack by parasitic insects. The swelling is from a buildup of carbohydrate and other
nutrients that support the growth of the insect larvae. It has been reported that the phenolic
composition of the gall consists of up to 70% gallic acid esters®. Gallic acid is the base unit of
gallotannins whereas gallic acid and hexahydroxydiphenoyl moieties are both subunits of the
ellagitannins. Gallotannins and ellagitannins are referred to as hydrolysable tannins, and, as their
name suggests, they are readily hydrolysed by treatment with dilute acid whereas condensed
tannins are not. Condensed tannins and hydrolysable tannins are capable of binding to and
precipitating the collagen proteins in animal hides. This changes the hide into leather making it
resistant to putrefaction. Plant-derived tannins have, therefore, formed the basis of the tanning
industry for many years. Tannins bind to salivary proteins, producing a taste which humans

recognize as astringency. Mild astringency enhances the taste and texture of a number of foods



and beverages, most notably tea and red wines. Clifford (1997) has reviewed the substances

responsible for and the mechanisms of astringency*®.
2.3. Antioxidants in Beverages

Antioxidants are the substances that delay or prevent the oxidation of oxidizable substrates®’.
They are often molecules that are reducing agents and interact readily with free radicals. The
most abundant antioxidant molecules in diet are phenolic compounds®. Phenolic compounds are
very effective antioxidant molecules that is due to their structures and contains more hydroxyl
groups bonded directly to an aromatic ring®. The antioxidant activity of a phenolic compound is
dependent upon its chemical structure. While phenol itself has no antioxidant activity, ortho and
para diphenolics show marked activity. It has been found that flavonoids have quite high
antioxidant activity. Antioxidant compounds also play an important role in the maintenance of
food quality and food shelf-life*. For this reason, they are also added to foods and beverages.

2.4, Medicinal and Biological Properties

Tannins containing drugs precipitate proteins for the protection of inflamed surfaces of skin and
treatment of burns*’. These are act as anti-diarrheals and anti-oxidant effect, anti-viral, anti-
bacterial, anti-inflammatory and anti-parasitic effects. It prevents cancer by preventing cellular
damage. It can also be effective in protecting the kidneys. Tannins have been used for immediate

relief of dysentery, skin ulcers*, sore throats, fatigue, hemorrhaging and diarrhea.
2.5. Economic Properties

It is used in the manufacture of inks. These are used in the laboratory as astringents for the
detection of gelatin, proteins and alkaloids*. Tannins are used in the tanning process of animal
hides to convert them into leather. It’s used in oils, dyes, fibers, glues, waxes, perfumes, drugs
and flavoring agents. Various tannins are producing different colors with ferric chloride like
black, blue, green. These are used as a tanning agent in dying industries and putrefying agents in

leather industries™.



2.6. Antioxidants Determination Methods

Recently, special interest has been developed on the application of electrochemical methods to
antioxidant and antioxidant capacity determination, as they have the advantage of sensitivity,
fastness, of requiring simple and relatively unexpensive instrumentation, small volumes of
samples, with improvement of research resources use. The measured signal is independent on the
distance that radiation travels in the analytical cell or on the turbidity, and the dynamic range is
quite extended. One aspect in favor of the electrochemical methods is the electro activity of most
antioxidants, the electron transfer being involved in antioxidant — free radical reactions, enabling
a prompt screening of the antioxidant capacity of a series of organic biocompounds even in

complex or colored samples*#647,

2.7. Voltammetry

Voltammetry as potentiodynamic assay is based on the recording of the current intensity at
controlled potential variation and exploits the reducing ability of antioxidants or the reversibility
of redox active substances which are either single or part of a sample*®. The confirmed analytical
advantages of the various voltammetric techniques are: enhanced sensitivity, a broad
concentration range (10-12 to 10-1 M), numerous appliable solvents and electrolytes, wide
working temperature ranges, fast analysis, simultaneous determination of analytes (organic and
inorganic), the capacity to assess kinetic and mechanistic parameters (including reasonable
estimation of unknown ones), the facility of different potential waveforms generation yielding
low current intensity values, these features being sustained by a strongly developed theoretical

background®.

2.7.1. Linear Sweep Voltammetry (LSV)

LSV is the simplest voltammetric technique. In LSV the current at a working electrode is
measured while the potential between the working electrode and a reference electrode is scanned
from a lower limit to an upper limit linearly in time. Oxidation or reduction of species is
registered as a peak or trough in the current signal at the potential at which the species begins to

be oxidized or reduced.®®



2.7.2. Cyclic Voltammetry (CV)

CV has become an important and widely used electrochemical technique in many areas of
chemistry. In a cyclic CV experiment, the working electrode potential is scanned linearly vs.
time. Unlike in LSV, after the set potential is reached in a CV experiment, the working
electrode's potential is scanned in the opposite direction to return to the initial potential. These
cycles of ramps in potential may be repeated as many times as needed. The current at the
working electrode is plotted versus the applied voltage to give the cyclic voltammogram. CV is

generally used to study the electrochemical properties of an analyte in solution.”>*

The rate of voltage change over time during each of these phases is known as the scan rate (\V/s).
The potential is measured between the working electrode and the reference electrode, while the
current is measured between the working electrode and the auxiliary/counter electrode. These
data are plotted as current (i) vs. applied potential (E), known as cyclic voltammogram. During
the potential sweep in CV experiments, it can be observed that the current starts to increase at a
potential where the energy onset at which the electrochemical reaction takes place. As the
potential moves from this potential, a continuous depletion of electroactive species near the
electrode surface occurs, reaching a point at the peak potential (E,) in which the
electrochemically reactive species has been completely reduced or oxidized. Beyond this
potential value, the current response decreases, this shows the mass transport control of the
electrochemical reaction. On the other hand during the reverse potential sweep, the same
phenomenon but opposite reaction will be happened, i.e. the product of the initial oxidation or
reduction of the electroactive species is complementary reduced or oxidized. The more reversible
the redox couple is, the more similar the oxidation peak will be in shape to the reduction peak.
Hence, CV data can provide information about redox potentials and electrochemical reaction

rates.>®>°



3. Materials and Methods

3.1. Materials
3.1.1. Instruments

A three electrode system consisting of the modified GCE (3.0 mm diameter) as the working
electrode, a platinum-wire as a counter electrode, and Ag/AgCI electrode as a reference
electrode was used for electrochemical measurement. Electrochemical techniques including CV,
CA and LSV were performed using Epsilion EC-Ver 1.40.67 voltammetric analyzer
(Bioanalytical Systems, USA). All experiments were conducted at room temperature. pH meter
(pH -016 pH METER, China), analytical balance (WANT Balance Instrument Co.,Ltd, China)

were also used.
3.1.2. Chemicals

Tannic acid, Antimony chloride ((SbCls3), Riedel-de Haen), Sodium Acetate (NaCH3COOQ) (Fine,
99%), Acetic acid (CH3;COOH) (LOBA CHEMIE, 99.5%), Hydrochloric acid (HCI), (Riedel-de
Haen, 37%) were used. All chemicals were of analytical grade.

3.2.  Methods
3.2.1. Solution preparation

Sb deposition bath consisting of 10 mM SbCl; in 0.1 M HCI was prepared. A stock solution of 5
mM TA was prepared by dissolving 0.8 gm of TA in double distilled water. From this stock
solution of TA other working solution with the desired concentration was prepared by diluting in

acetate buffer solution with pH 3.6.
3.3.  Electrode Cleaning and Conditioning

A GCE 3 mm in diameter was polished with slurry of alumina then sonicated and rinsed with
double distilled water. GCE was conditioned by potential scanning from -1.2Vt01.2Vin0.1 M
HCI for five complete scans at 100 mVs*. The prepared electrode was used immediately after

mechanical polishing and electrochemical cleaning.



3.4.  Preparation of Antimony film modified glassy carbon electrode (Sb-GCE)

Sb-GCE were prepared by chronoamperometric deposition of antimony on GCE in an Sb(lll)
bath. Briefly, a constant deposition potential of —700 mV for 240 s was applied to the GCE in an
antimony deposition bath (5 mM SbCl; in 0.1 M HCI). The modified GCE was rinsed with

distilled water and immediately used for electrochemical studies of TA>".
3.5.  Optimization of Experimental Parameters

Parameters for the modification of the GCE with antimony were studied using linear sweep
voltammetry (LSV) and chronoamperometry (CA) methods based on electrochemical response
of TA at the modified electrode. Plating solution containing Sb (I11) in acidic media was used to

avoid hydrolysis of the metal®.

Initial concentration of the deposition bath, the deposition potential and deposition time for the
electrodeposition of antimony films and pH of TA solution were optimized. The optimum

conditions were selected based on response to the intensity of TA reduction current.
a) Optimization of deposition potential

The Sb film deposition potential was optimized within the potential range from —400 mV to —900
mV deposited by the CA of, 5 mM of Sb (Ill) at the GCE. After deposition of the Sb film the
selected potentials within this range for 240 s, was used for the modified GCE that used to
measure the reduction peak for 1 uM TA (n = 3). The deposition potential that gave the highest
reduction peak current was selected.

b) Optimization of deposition time

The effect of deposition time was studied by varying the time of the applied potential for 60 —
360 s. Using the prepared Sb-GCE, the current response for 1 uM TA (n = 3) was recorded. The

appropriate deposition time was selected based on the response for the analyte.
c¢) Optimization of bath concentration

Antimony deposition bath concentrations that in the range from 1 mM to 8 mM Sb (III) at =700
mV deposition potential for 240 s was studied. For each concentration tested, triplicate

measurement was made for the reduction of the 1 uM TA at the Sb film modified electrodes and
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the average current obtained from different deposition baths was compared to select the

appropriate deposition bath concentration.
d) Optimization of pH

For pH optimization, the LSV of 1 pM TA was run at Sb film modified GCE (obtained from
deposition bath of 5 mM, Sb at —700 mV for 240 s), using the optimized deposition potential,
deposition time and concentration. The resulting current signal (average of triplicate
measurement) of the TA was plotted against the pH of the acetate buffer solution from 3-6. The
pH which gave the optimum peak current was selected.

3.6.  Study of Electrode reproducibility, stability and effects of Interferences

The reproducibility of the antimony film modified GCEs was studied by measuring the same
concentration 1 uM of TA with preparing three electrodes under the same modification
conditions that was on three consecutive days with triplicate measurement on each day. The
relative standard deviation (RSD) of the measured reduction peak current was calculated to

determine reproducibility of the modification strategy of the modified Sb-GCE.

Three Sh-GCE were modified with antimony film under the optimized conditions on the same
day. The LSV of 1 uM TA was measured on the second day of the experiment and seventh day.
On each day, three measurements were made at the modified electrode. The average peak current
signals of the three measurements in the second day were compared to those of the seventh day

to determine the stability of the modification procedure developed.

The applicability of the developed method of the selectivity of Sb-GCE for the determination of
TA, the effect of possible interfering substances was studied under the optimum conditions.
Different interfering species like ascorbic acid, uric acid, glucose, folic acid, and vitamin B2, K",

Na*, CI" and NOs'were added into the solution containing 1 pM of TA.
3.7.  Real Sample Analysis

The solution sample of tea was prepared by adding deionized water to 1.5 g of black tea. The
black tea was extracted by 100 mL hot water for 10 minutes and the extract was filtered. The
filtered sample was transferred to a 250-ml volumetric flask, and diluted with deionized water
until the mark was reached®®. 20 pL of the diluted extract was diluted in 10 mL acetate buffer

and directly analyzed by proposed method. Furthermore, three different solutions were prepared

11



by mixing 20 pL of the diluted extract with 1.00, 5.00 and 15.00 uM of standard TA solutions in
10 mL 0.1 M acetate buffer (pH 3.6) and the % recovery was calculated. The determination of
TA in the tea extract was carried out according to the linear regression equation formulated for

the calibration curve.
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4. Results and Discussion
4.1.  Cyclic Voltammetry of Antimony (111) lon

In order to determine the redox electrochemical signal, cyclic voltammogram of antimony were
examined on GCE. As shown in Figure.1, the reduction potential of antimony obtained at —350
mV. This is very important to determine the deposition potential required for antimony film
fabrication. Antimony film can be deposited on glassy carbon electrode by adjusting the

reduction potential around the maximum reduction peak observed.

0.08 1

0.04 +

<«

E 0.00+ a

]

-0.04 +

-0.08 = T ' T ' T .
08 -04 0.0 0.4
E/V vs. Ag/AgCl

Figure 1. Cyclic voltammogram of (a) 0.1 M HCI and (b) antimony on glassy carbon electrode.

4.2. Electrochemical Behavior of TA at bare GCE and Sb-GCG

The electrochemical behaviour of 1 UM TA was studied using LSV in acetate buffer solution
(0.1 M, pH 3.6) at bare GCE and Sh-GCE. Figure 2, shows the linear sweep voltammograms of
TA using bare GCE and Sh-GCE.

As shown in Figure 2, the reduction peak of TA was observed at about -0.8 V at Sb-GCE and at
about -0.7 V for bare GCE. Comparing the two results, there was excellent improvement in the
reduction currents when Sb-GCE was used. The response in the LSV during the experiment
revealed that, in case of bare GCE, the reduction peak current was observed about -0.116 mA
while, in the case of the Sb-GCE, the reduction peak was observed at 7.8 mA.

13
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Figure 2. Linear sweep voltammograms of 1 uM TA at bare GCE and Sb-GCE in 0.1 M acetate
buffer (pH=3.6); scan rate of 100 mV s

4.3.  Optimization parameters for determination of TA
4.3.1. Optimization of deposition potential

The production of thin film by electrochemical deposition for analysis of various analytes is
usually done by forced chemical reaction. The deposition proceeds by applying an external
potential. So applied potential (deposition potential) has superposition to control the thickness of

film during fabrication.

For this study, the optimum potential for antimony film deposition on the GCE from the plating
solution containing 5 mM Sb (I11) in 0.1 M HCI was studied within the potential range of —450 to
—900 mV and shown in Figure 3. The optimum deposition potential was selected by comparing
the modified electrode response towards 1 uM TA. The deposition potential of =700 mV gave
the highest reduction current and it was selected as optimum deposition potential for further

analysis of TA.
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Figure 3. Effect of deposition potential upon LSV response for 1 puM TA. Experiment
conditions: 5 mM Sb (I11) and deposition time 240 s, each data represent an average of n=3

measurements
4.3.2. Optimization of deposition of time

The amount of metal particles on the surface of the electrode has great effect on the performance
of the modified electrode. Therefore, the amount of metal particles on the electrode surface
depends on the deposition time. So that, the deposition time should be optimized. The effect of

the antimony plating time was studied in the range 60-420 s as shown in Figure 4.

The reduction peak current of TA increases with increasing antimony deposition time up to 240 s
and remains constant beyond this deposition time which suggest that the deposited layer of
antimony may have covered the surface of the electrode and substantial increment in film

thickness prevented as a result of depletion of Sb®" at electrode—electrolyte interface®.
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Figure 4. Effect of deposition time upon LSV response for 1 uM TA. Experimental conditions: 5

mM Sb (111) and deposition at -700 mV. Each data represent an average of n=3 measurements.
4.3.3. Optimization of bath concentration

The other important parameter that can influence the thickness of antimony film is the antimony
ion concentration on the reduction peak current of the TA. The effect of concentration of
antimony ion was studied in the range of 1 mM to 8 mM Sb (III) at =700 mV deposition
potential for 240 s. As shown in Figure 5, the reduction peak currents of 1 UM TA in acetate
buffer pH 3.6 increases with increasing the concentration of antimony solution from up to 5 mM
but further increase in concentration of antimony the reduction current of TA decreases. The
increase in peak current for the increase in antimony ion concentration up to 5 mM is attributed
to the increase in the antimony film thickness. On the other hand, when the concentration of Sb
(111 ion becomes higher, reduction peak currents decreased with increasing antimony film
thickness due to cracking of the film at higher concentration. Hence, this result is in agreement

with result reported for the optimization of bath concentration®.
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Figure 5. Effect of bath concentration upon LSV response for 1 uM TA. Experimental

condition: deposition potential =700 mV and deposition time 240 s.

4.3.4. Optimization of pH of the Supporting Electrolyte

pH of the supporting electrolyte is an important parameter that could have significant influence
on the response of the electrode in electroanalysis. It was studied in the pH range of 3 to 6 in
acetate buffer. The results obtained are shown in Figure 6 in which the maximum response was

observed at pH 3.6.

Since TA is a weak acid and the pH of aqueous solution is an important factor for its ionization
and adsorption. Below pH 4.5, TA present in molecular form and shows approximate zero
surface charge. As pH of supporting electrolyte increases, TA starting to dissociate at higher pH
and it’s highly dissociated in ions®. It is related to the proton taking part in the electrochemical

reaction. In basic solutions the reaction becomes difficult because of the short of proton®,
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Figure 6. Effect of pH of the supporting electrolyte upon LSV response for a solution containing
1 uM TA. Electrode modification conditions: 5 mM Sb (1l1) bath, deposition time of 240 s and

deposition potential at -700 mV. Each data point represent an average of n=3 measurements
4.4.  The effect of the scan rate

The effect of scan rate on the electrochemical behavior of TA was also investigated at different
scan rates. LSVs corresponding to TA reduction were recorded at various scan rates ranging
from 10 to 300 mV/s using 1 uM TA in 0.1 M acetate buffer (pH 3.6) at Sb-GCE and are shown
in Figure 7.

The cathodic peak currents increase with increasing scan rates and are linearly correlated to the
scan rates with a high correlation coefficient of 0.990 (inset of Figure 7), implies that the

electrochemical process is surface controlled (adsorption) process.
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Figure 7: LSVs of 1 uM TA in 0.1 M acetate buffer (pH 3.6) as a function of scan rates ranging

from 10 to 300 mV/s (Inset: calibration plot of cathodic peak current vs. scan rate)
4.5.  Calibration curve

The Sb-GCE exhibited a well-defined peak with reproducible peak current values for repetitive
measurements; and showed a decrease in peak current value with an increase in TA
concentration. The result revealed two linear range regions between 0.5 uM to 2 uM and 5 uM to
40 pM.

The obtained linear regression equation for TA was i(mA) = —3.48 C(uM) + 11.49 (R? = 0.995)
in the concentration range of 0.5 uM — 2 pM and i(mA) = —0.081 C(uM) + 4.36 (R* = 0.989) in
the concentration range of 5 uM — 40 uM. The detection limit (LOD= 3Sb/m) was found to be
0.2 uM and 3.9 uM respectively.

The reason for the reduction of the peak current with increase in TA concentration is studied.
The possible assumption could be either the formation of Sb-TA complex at the surface of
the electrode which could result in a competitive surface adsorption or the formation of an
electrochemical non-active complex between Sb-TA as a possible reason for the decrease in peak
current. The experimental result in section 4.4 above shows electrochemical process is surface

controlled process.

Most tannins have several o-diphenol groups and are thus capable of forming chelates with many
metals. Furthermore, multicatecholate nature of tannins that allows reticulation often favors the
formation of metal-tannin precipitates. Different metals and heavy metal ions are reported to
complex with TA by adsorption. Because TA consists of different reactive functional groups
and binding sites which can bind metals® 2. B. H. Cruz et. al. reported that the addition of TA to
Zn®* produces the simultaneous decrease of differential pulse polarogram peak current and
suggests the formation of a labile macromolecule complex.®* Therefore, it might be competitive
surface adsorption or a formation non electroactive complex is a possible explanation for the

observed decrease in reduction peak current as a function of TA concentration.
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Figure 8. LSVs of varying concentration of TA(A), the corresponding calibration curve from 0
uM to 2 uM (B) and 5 uM to 40 uM (C).

The analytical performance of the proposed electrode was compared with other reported
electrodes and results are summarized in Table. 1. It can be seen from the table that the proposed

method shows comparable performance with other reported methods.

Table 1: The comparison of the efficiency of Sb-GCE and detection limit with other reported

electrodes.

Electrode Method LOD(uM) Ref
Multi wall carbon nanotubes modified GCE | LSV 0.1 3
Porous pseudo-carbon paste electrode ASV 0.01 &
Silica gel modified carbon paste electrode ASDPV 0.0003 >
Pre-PGE ASDPV 0.0015 >
Sb—GCE LSV 0.2 This work

4.6.  Electrode reproducibility and stability

The electrode reproducibility was studied for Sb-GCEs by preparing three electrodes under the

same modification conditions. Triplicate determination of 1 uM TA with each electrode was
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measured to evaluate the reproducibility. The relative standard deviation was found to be 5.06%
for the Sb-GCE.

The Sb-GCE showed low stability. The current response of the Sb-GCE decreased for the
determination made on the same electrode on consecutive days. The current response had
decreased by about 45% on the second day of the experiment. After one week the current
response has further declined by 80%. This could be due to the high surface adsorption of TA on
the metal film surface. Therefore, it is suggested that a fresh Sb-GCE should be prepared before

the experiment.
4.7.  Interference Study

In order to evaluate the applicability of the developed method the selectivity of Sb-GCE for the
determination of TA, the effect of possible interfering substances was studied under the optimum
conditions. Different interfering species were added into the solution containing 1 uM of TA.
Figure 9, shows that 0.1 mM ascorbic acid (AA), uric acid (UA), glucose (GL), vitamin B2
(VB2), K*, Na*, CI', and NO3 have negligible interference with the determination of 1 uM TA.

81—

I/ mA

Y WY e SO
T ¢ 2oL
Figure 9. The interference effect of 0.1 mM ascorbic acid, uric acid, glucose, vitamin B2, K,
Na®, Cl"and NO3 to 1 uM TA.
4.8. Real sample analysis

For practical application the proposed method was used to analyze TA in black tea extract. This

sample was prepared as described in Section 3.7. Briefly, the sample of tea was prepared by
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adding deionized water to 1.5 g of black tea. The black tea was extracted by 100 mL hot water
for 10 minutes and the extract was filtered. The filtered sample was transferred to a 250 mL
volumetric flask, and diluted with deionized water until the mark was reached®®. 20 pL of the
diluted extract was taken and further diluted in 10 mL 0.1 M acetate buffer (pH 3.6) and
directly analyzed by proposed method. Furthermore, three different solutions were prepared by
mixing 2 mL of the diluted extract with 1.00, 5.00 and 15.00 uM of standard TA solutions in 10
mL 0.1 M acetate buffer (pH 3.6) and the % recovery was calculated. The determination of TA
in the tea extract was carried out according to the linear regression equation formulated for the

calibration curve.

The result shows (Table 2) that the obtained % recovery is satisfactory for the determination of
TA in tea sample extract it was found in the range of 91.02—-102.3% demonstrating the

selectivity for the detection of TA from complex sample matrices using Sb-GCE.

Table 2. Results of tannic acid determination in real samples

TA added (uM) | TA found (uM) | RSD % | % Recovery
0.94 4.28
1.00 1.88 2.50 97.00
5.00 6.12 4.65 102.3
15.00 14.51 3.62 91.02
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5. Conclusion
In this work, the electrochemical property of antimony was firstly investigated. Next
determination of TA on the surface of modified Sb-GCE by LSV was investigated. The method
has shown that, a reduction peak current was linear with TA concentration in two ranges from
0.5 uM to 2 uM and 5 uM to 40 uM TA with the limits of detection were 0.2 uM and 3.9 uM,
respectively and the electrode process is adsorption-controlled. The method is exhibited very
good electroanalytical properties such as high sensitivity and lower limit of detection. It was
shown that the treatment procedure GCE enhanced the reduction peak current of TA compared
with the bare GCE. The electrode shows low stability, fresh Sb-GCE should be prepared before
the experiment for TA determination. This method was successfully applied to the determination
of TA in tea samples. The method has advantages due to its inexpensiveness, simplicity, fast

time analysis and lesser toxicity.
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