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Abstract: In this work, the determination of ascorbic acid (AA) at a glassy
carbon electrode (GCE) modified with a perforated film produced by reduction
of diazonium generated in situ from p-phenylenediamine (PD) is reported.
Holes were intentionally created in the modifier film by stripping pre-deposited
gold nanoparticles. The modified electrodes were electrochemically charac-
terized using common redox probes: hydroquinone, ferrocyanide and hex-
amineruthenium(IIl). The cyclic voltammetric and amperometric responses of
AA using the modified electrodes were compared with those of a bare GCE.
The bare GCE showed a linear response to AA in the concentration range of 5
mM to 45 mM with detection limit of 1.656 mM and the modified GCE
showed a linear response to AA in the concentration range from 5 to 45 uM
with detection limit of 0.123 puM. The effects of potential interferents on amp-
erometric signal of AA at the modified GCE were examined and found to be
minimal. The inter-electrode reproducibility, stability, and accuracy were deter-
mined. The modified electrode showed excellent inter-electrode reproduc-
ibility, accuracy and stability. The modified electrode reported is a promising
candidate for use in the electro-analysis of AA.

Keywords: diazonium; p-phenyldiamine; gold nanoparticles; ascorbic acid,;
glassy carbon electrode.

INTRODUCTION

Ascorbic acid (AA) naturally occurs in a wide number of foods, such as
fruits and vegetables. It is a water-soluble organic compound involved in many
biological processes. It is known for its reductive properties that make it useful as
an antioxidant agent in foods and drinks. Moreover, pharmaceuticals often con-
tain AA as a supplementary source to human diets as a free-radical scavenger. It
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has been used for the prevention and treatment of the common cold, mental
illness, scurvy and cancer.! However, the intake of excess AA can lead to
undesirable health effects, such as gastric irritation, excessive oxidative stress,
diabetes mellitus, liver disease? and renal problems.3 Excessive quantities of AA
in food may result in the inhibition of the occurrence of natural processes and
hence may contribute to taste deterioration.#

AA is a labile substance that easily degrades due to interaction with enzymes
and atmospheric oxygen. Excessive heat, exposure to light, and interaction with
heavy metal cations can accelerate the oxidation of AA.5 Due to its susceptibility
to oxidation, the analysis of the level of AA in foodstuffs and beverages helps to
indicate their quality. Hence, the level of AA has to be carefully monitored to
estimate the relative variation of AA from manufacture, storage up to consump-
tion. For this reason, there is a necessity for an easy-to-use, inexpensive method
for the detection of AA in food, beverages and pharmaceuticals.®

Many analytical methods have been reported in the literature for the deter-
mination of AA.7-8 Electrochemical techniques are known to offer some benefits
such as fast analysis, low cost, higher sensitivity and accuracy. However, the
major problem frequently encountered in the electro-analysis of AA is the effect
of interferents caused by substances with similar redox potentials at conventional
electrodes, which results in poor selectivity. In the presence of co-existing oxi-
dizable species, the determined amount of vitamin C could be overestimated.?~12
Thus, it is difficult to detect specifically one substance in the presence of others
substances in real biological samples at conventional electrodes. AA exists in the
anionic form at physiological pH values. Based on this property; different tech-
niques were developed to detect AA selectively. Modification of the working
electrode with modifiers such as tetrabromo-p-benzoquinone,!3 electronically
conductive anion exchange polymers based on polypyrrole!4 and polyaniline!3
showed promising applications in the fabrication of sensors for sensitive and
selective detection of AA.

The most distinguishing feature of chemically modified electrodes is their
modification by a selected substance that is coated onto the electrode surface
thereby imparting certain desirable properties to the electrode. The use of nano-
materials for nanostructuring of an electrode surface has aroused the interest of
anallysts16 because nanostructured materials can be tailored to improve the select-
ivity and sensitivity of sensors. Further investigation of these new materials in
the fabrication chemically modified electrodes is required to exploit the systems.

In this work, a glassy carbon working electrode was modified with electro-
nucleated gold nanoparticles and passivated with an organic film by grafting
diazonium obtained from p-phenylenediamine. Holes were formed on the electro-
deposited film by stripping the nucleated gold nanoparticles. Improvement in the
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selectivity and sensitivity of the electrode surface modified using the developed
method for the determination of AA was demonstrated.

EXPERIMENTAL
Chemicals

Ascorbic acid (99 %, Finkem), p-phenylenediamine (100 %, Aldrich), sodium nitrite (96
%, Wardle), potassium nitrate (99 %, Nice), potassium teterachloroaurate (99.99 %, Aldrich),
2-mercaptoethanol (100 %, Aldrich), hydrochloric acid, (37 %, Riedel-de Haen), sulfuric acid,
(98 %, Merck), hydroquinone (99 %, KIRAN), potassium hexacyanoferrate(III) (97 %, Lab-
merk Chemicals), hexaminerutheniumchloride(III), (98 %, Aldrich), potassium iodide (99 %,
Nice), iodine resublimed (99.5 %, Nice), potassium chloride (99 %, Finkem), sodium citrate
dihydrate (99 %, Finkem), citric acid (99 %, Wardle), sodium acetate trihydrate (99.8 %,
Chem. Rein), glacial acetic acid (100 %, BDH Laboratory), potassium hydrogen phosphate
(98 %, Finkem) and potassium dihydrogen phosphate (99 %, Nice) were of analytical grade
and used as received. The vitamin C tablet 500 mg [Batch number 11202023, Ethiopian
Pharmaceuticals] was purchased from a local drug store. Double distilled water was used to
prepare all solutions.

Instrumentation

Cyclic voltammetry (CV) and amperometric experiments were performed using BASi
Epsilion EC-Version 1.40.67 voltammetric analyzer (Bio-analytical Systems, USA) controlled
with basic epsilon software. A conventional three-electrode setup was used with a glassy
carbon electrode (3 mm diameter, BASi, MF 2012) as the working electrode and a platinum
wire counter electrode (BASi, MW 1032). An Ag/AgCl electrode (BASi, MF 2079) served as
the reference electrode. All potentials were reported with respect to this reference electrode.
For stirring the electrolytes in the cell, a small magnetic bar was used in the BASi C3 Cell
stand at 500 rpm.

Methods

Electrode preparation. Prior to electrode modification, a bare glassy carbon electrode
(GCE) was polished with polishing paper and then further polished to a mirror finish with
alumina slurries (0.3 micron, BASi) and rinsed thoroughly with distilled water. The procedure
reported by Soreta et al.!7 was used for electrochemical conditioning of the employed elec-
trodes.

Fabrication of PD film-hole modified GCE. PD represents the aryldiazonium generated
from p-phenylenediamine. Fabrication of the PD film-hole modified electrode was under-
taken in several steps. The major steps were sequential electronucleation of gold nanoparticles
(AuNPs) on the GCE (three rounds), grafting of a diazonium film from p-phenyldiamine (PD)
on a GCE modified with AuNPs and stripping of the nucleated AuNPs.

i. Electrodeposition of AuNPs. Sequential electronucleation of gold nanoparticles on a
GCE was performed following the procedure reported by Soreta et al.!® Sequential electro-
nucleation was used to increase the number of gold nanoparticles deposited on the GCE
surface while preventing the growth of the already nucleated particles so that they remain in
the nano-size range.

ii. Grafting of diazonium film generated from p-phenylenediamine (modifier film). The
AuNPs-modified GCE was covered with in situ generated p-phenylenediamine diazonium
cations based on literature information.!®20 Briefly, 5 mL solution of 3 mmol L' p-phenyl-
enediamine in 0.5 mol L'! HCI and 5 mL of 3 mmol L' sodium nitrite in 0.5 mol L-! HCI

Available on line at www.shd.org.rs/JSCS/

(CC) 2015 SCs. All rights reserved.



1 1 64 OLANA, KITTE and SORETA

were kept separately in an ice jacketed beaker for 1 h. Then, 2 mL of the NaNO, solution was
added to 2 mL of the p-phenylenediamine solution under stirring at room temperature and CV
was used to graft the phenylenediamine film onto the AuNPs nucleated GCE within potential
window from 0.6 to —0.2 V at a scan rate of 0.1 V s! for 3 cycles. It was reported that an
aryldiazonium film could be grafted on both carbon and gold particles surfaces.?!

iii. Electrochemical formation of random holes on the modifier film. This is the only new
step introduced in the fabrication of the modified electrode. After the modifier film had been
grafted on the GCE on which gold nanoparticles were electronuclated in three rounds, the
deposited AuNPs were stripped off by running three CV scans in the potential range of 0 to
1400 mV in 0.1 mol L1 KCI. This step is used to create holes (could be in the nanometer
diameter size) on the modifier film electrode. The size of the formed holes presumably
reflected the size of the nanoparticle that was deposited on the surface of the GCE. An as such
prepared modified electrode is refers to as a PD film—hole modified GCE.

Fabrication of a PD film modified GCE

This modified electrode is different from the PD film—hole modified electrode. The main
difference is that gold nanoparticles were not deposited on the polished and electrochemically
conditioned GCE and hence there was no AuNPs striping step. This electrode was prepared by
just grafting the in situ prepared diazonium cation from p-phenylenediamine onto the bare
GCE surface by running CV within a potential window from 0.6 to —0.2 V at a scan rate of 0.1
V 57! for three scans.

Electrochemical characterization of the modified GCEs

The prepared modified electrodes were electrochemically characterized by CV using
common redox probes: hydroquinone, hexamineruthenium chloride Ru(NH;3)¢Cl; and ferro-
cyanide K3Fe(CN)g. The selection of the redox probes was intentional so that hydroquinone
represented molecular probes, while hexamineruthenium chloride Ru(NHj3)4Cl; represented
cationic probes and ferrocyanide K;Fe(CN)g anionic probes in aqueous solution. The
voltammetric signals of these probes at the modified GCEs were compared to the signals of
those of the bare GCE.

Preparation of AA solutions

A 2 mmol L stock solution of AA was prepared in 0.1 mol L! acetate buffer solution
(pH 5) and AA solutions of other concentrations were prepared by appropriate dilution of the
stock solution in acetate buffer (pH 5).

Real sample solutions, preparation and analysis

For real sample analysis, orange fruit, which was obtained from a local market in Jimma,
Ethiopia, and vitamin C tablets, purchased from local drug stores in Jimma, Ethiopia, were
used. Fresh orange juice was obtained by squeezing orange fruit into a glass beaker. Then,
after filtering the juice through a filter paper to remove the fiber and pulp, 1 mL was diluted
with 5 mL of 0.1 mol L! sodium acetate buffer (pH 5). Vitamin C tablet solution was pre-
pared according to a literature procedure.?? Briefly a weighed tablet was crushed with a pestle
and mortar, and the powder dissolved in 20 mL of distilled water and then 10 mL of 1 mol Lt
H,SO,4 was added. From this solution, 9.3 mL were taken and diluted with 20 mL sodium
acetate buffer. The concentration of AA in orange fruit and vitamin C tablet was determined
by standard iodimetric titration. Amperometric analysis was performed three times at 0.237 V
at the PD film—hole modified GCE and average results of the three measurements were taken.
Concentration of AA was determined by the standard addition method.
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Sudy of the effect of pH on the oxidation peak current of AA

Effect of pH of the supporting electrolyte (buffer) on oxidation peak current of AA was
studied within range 2 to 9. Citrate buffer of 0.1 mol L-! was used to study effect of pH within
the range of 2 to 4, 0.1 mol L' acetate buffer was used within range of 4.5 to 6 and 0.1 mol L*!
phosphate buffer of was used within the range 6 .5 to 8.5. Dilute NaOH or HCl were used to
adjust the pH of the buffer solutions.

RESULTS AND DISCUSSION
Electrode fabrication

Grafting of a PD film onto a GCE. In situ generated diazonium from p-phe-
nylenediamine was electrochemically grafted onto a GCE surface and the result-
ing film was electrochemically characterized using common redox probes. The
CV of the PD film grafted onto a bare GCE is shown in Fig. 1A. A broad, irre-
versible cathodic peak was observed in the first cycle. In the subsequent scans,
the reduction peak current decreases due to the insulation effect of the grafted
surface film.

4 0.754
100 A) : (B) —n
060 '
50+
<
= fid
-50 -
-100+
-04 -02 00 0.2 0.4 0.6 000 025 050 075 100 125

EIV EIV

Fig. 1. A) CVs of the grafting of a diazonium film from 3 mmol L-! p- phenylenediamine in
0.5 mol L' HCl at a bare GCE in 2 cycles (1 and 2 representing first and second cycles,
respectively); B) CVs for the striping of the electronucleated gold nanoparticles from a GCE
surface in 0.1 mol L' KCl in 3 cycles (1, 2 and 3 representing first, second and third cycles,
respectively). In all cases, the scan rate was 100 mV s,

Electronucleation of gold nanoparticles and stripping of the particles

Gold nanoparticles were sequentially electronucleated from a solution of 0.1
mmol L-! KAuCly in 0.5 mol L-! H,SO4 following the procedure reported by
Soreta €t al.!8 The nucleation of gold nanoparticles was confirmed by linear a
voltammetric scan from 1.4 to 0 V, when the characteristic gold oxide reduction
peak appeared at 0.953 V. After three rounds of gold nanoparticles electronuc-
leation, the electrode was passivated by electro-grafting of diazonium in situ gen-
erated from p-phenylenediamine. Pores on the modifier film were intentionally
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created by stripping the deposited Au NPs by running three CV scans in the pot-
ential range of 0 to 1400 mV in 0.1 mol L-! KCI (Fig. 1B). As depicted Fig. 1B,
the anodic peaks at around 1.2 V, associated with gold stripping, decreased as the
number of scans increases. The gold was stripped by electro-oxidation due to the
presence of excess chloride that encourages the oxidation of gold to form its
water-soluble chlorocomplex.

Electrochemical characterization of the modified GCEs

CV of hydroguinone (HQ). The CV of HQ at the bare GCE and at the PD
film—hole modified GCE are depicted in Fig. 2, curves a and b, respectively. The
anodic peak currents are comparable for the two electrodes except the peak
current was slightly higher and the peak potential slightly shifted anodically at
the modified electrode. When the voltammogram of hydroquinone on the PD
film modified GCE (Fig. 2, curve c), was compared with the two former cases,
the following differences were registered, i.e., the anodic peak current was lower
and shifted to a higher anodic potential. However, the modified PD—film could
not prevent hydroquinone from interacting with the electrode. Hydroquinone is a
molecular redox probe and diffusion of the probe towards the electrode surface
was not very influenced by the surface charge of the electrodes that was dev-
eloped due to the presence of modifier molecules on the GCE, i.e., the modifier
film does not effectively block the approach of hydroquinone to the electrode.

0.4
0.3+

0.2

I/ mA

0.1
0.0

-0.1

02 Fig. 2. CV of 10 mmol L! HQ in 0.1 mol L-!

T . . ; ; NaClO, at: a) bare GCE, b) PD film-hole

05 00 05 10 15 modified GCE and ¢) PD film modified GCE.
EilN The scan rate was100 mV s'! in all cases.

CV of hexamineruthenium(I11)

The CVs of Ru(NH3)¢Cls at the bare and the modified GCEs are depicted in
Fig. 3. Electrochemical response of Ru(NH3)Cls was significantly suppressed at
the PD film—hole modified GCE (Fig. 3, curve c) relative to that at the bare GCE
(Fig. 3, curve a). At the PD film modified GCE, redox peak of Ru(NH3)¢3" was
significantly diminished (Fig. 3, curve b). From the voltammograms, it was
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concluded that the modified electrodes were positively charged as the signal for
the cationic redox probe was significantly diminished due to its repulsion from
the surface of the electrode.

Fig. 3. CVs of 10 mmol L' Ru(NH;)¢Cl; in

0.1 mol L' KNOj; at: a) bare GCE, b) PD

. : : . . : film modified GCE and c¢) PD film—hole

06 04 02 00 02 04 modified GCE. The scan rate was 50 mV s’!
EIV in all cases.

CV of hexacyanoferrate

The CVs of K3Fe(CN)g at the modified GCEs (Fig. 4, curves a and b) were
compared to that at the bare GCE (Fig. 4, curve c). The redox peaks for the
modified GCEs were significantly higher than that for the bare GCE. Comparing
the CV response of K3Fe(CN)g at the PD film—hole modified GCE (Fig 4, curve
a) to that at the PD film GCE (Fig 4, curve b), the redox peak current of the probe
at the modified GCE was found to be higher. From this observation, it was con-
cluded that the modification imparted a positive charge on the surface of the org-
anic film and hence the ferrocyanide approached the electrode surface not only
by diffusion, but also by electrostatic interaction between the positively charged
PD film and the negatively charged ferricyanide. The presence of holes on the
PD film—hole modified GCE could be responsible for the extra enhancement for
the ferrocyanide signal due to the three-dimension diffusion of the anionic redox
probes towards nanoelectrodes. The produced holes could change diffusion of

.-a
50
<
= B
50
Fig. 4. CV of 10 mmol L' K;Fe(CN)4 in
0.1 mol L' KCI at: a) the PD film-hole
-100+ . modified GCE, b) the PD film modified
00 02 04 06 GCE and c) the bare GCE. The scan rate
EIV was 50 mV s'! in all cases.
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ions from planar to three dimensional.23:24 Compton and his coworkers2>
demonstrated that modifying an electrode with porous layers of a conducting
material could affect voltammetric peaks because of a change in the mass-trans-
port mode from planar diffusion to one with a thin-layer character.

The observation from the studied redox probes indicated that the modified
PD—film was positively charged and repelled Ru(NH3)¢3" but strongly attracted
the Fe(CN)g3~ probe. From this, it was decided to use the modified electrode for
electro-analysis of the negatively charged analyte. The advantage could be two-
fold: enhancement in the signal of the analyte and improvement in the selectivity
as cationic interferents would not approach the modified electrode surface. With
this in mind, the PD film—hole modified GCE was used for the electro-analysis of
AA.

CV of ascorbic acid (AA) at the PD film-hole modified GCE

The CV curves of AA at the bare GCE and the PD film—hole modified GCE
over a wide range of potentials are depicted in Fig. 5. It is clearly presented that
the oxidation peak current of AA is enhanced and shifted to a lower potential at
the PD film—hole modified GCE relative to those at the bare GCE. The electro
oxidation of AA at a bare GCE generally occurs at a relatively high oxidation
potential, indicating a slow electron transfer rate.26

a

100+

20 Fig. 5. CVs of 2 mmol L' AA in 0.1 mol L-!

T ' ' — acetate buffer (pH 5) at: a) PD film-hole
’ ’ ’ modified GCE and b) bare GCE; in all cases
EIV scan rate 100 mV s!.

The oxidation of AA (CgHgOg) involves a two-electron and two-proton irre-
versible reaction to produce dehydroascorbic acid (C¢HgOg).27 From the voltam-
mograms, the oxidation potential of AA is close to 0.8 and 0.237 V for bare and
PD film-hole modified GCE, respectively. These potentials for were selected for
the amperometric determination of AA at the studied electrodes.
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Effect of the pH of the supporting electrolyte on the electro-analysis of AA

The pH of the electrolyte is one of the important parameters that could inf-
luence the response of the electrode in the analysis of AA. The pH is an impor-
tant parameter that controls the surface charge of the modifier film and the state
in which AA could be available in the solution. The pH of the supporting elec-
trolyte was varied within the range of 2 to 8.5 to study the effect of pH on oxi-
dation peak current of AA at the PD film—hole modified GCE.

Oxidation peak current of AA was found to increase as the pH was changed
from pH 2 to 5 (Fig. 6, curve a). A further increase in pH of the buffer led to a
decrease in the response of AA. This observation is in agreement with the
proposed interaction model. In the pH range in which the modifier film can be
made positive film and the AA in its anionic form, the interaction of the modified
GCE surface with AA enhances the redox signal. At higher pH conditions, the
film might develop a negative charge (due to adsorption free hydroxyl ions) and
cause the anionic form of AA to be repelled. Thus, pH 5 is the condition that
favors the formation of cationic film and anionic form of AA. Hence, a pH value
of 5 was selected as optimum condition for the electro-analysis of AA at the PD
film—hole modified GCE. For the sake of comparison, similar study on the effect
of pH on the oxidation peak current of AA at bare GCE was conducted. The oxi-
dation peak current for AA consistently decreased with increasing pH (Fig. 6,
curve b). A comparison of the two results clearly demonstrated the difference in
surface property between the modified and the unmodified GCE.

48— e B
= A
44 P
40 - =‘_.-' - .'I.

36- aa

I pA

324 A\
28-

24

*  Fig. 6. Oxidation peak current of 2 mol L!
2' é 2 é s ?' 5 AA in different pH supporting electrolytes
at: a) the PD film—hole modified GCE and

pH b) the bare GCE.

Amperometric determination of AA

In this work, amperometric measurements were performed and the results
compared for the determination of AA at the two electrodes, i.e., the PD film—
—hole modified GCE and the bare GCE. For the PD film—hole modified GCE, the
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amperometric measurement was performed at 0.237 V while for bare the GCE, it
was at 0.8 V (the potential at which the highest oxidation peak current was obs-
erved). The amperometric response of both the modified and the bare GCE, for
successive additions of AA, increased stepwise with increasing concentration of
AA in 0.1 mol L! acetate buffer (pH 5). The bare GCE showed a linear response
to AA in the concentration range from 5 to 45 mmol L~! with detection limit of
1.656 mmol L-! and a correlation coefficient of 0.995 (Fig. 7A). The PD film—
—hole modified GCE showed a linear response to AA in the concentration range
from 5 to 45 umol L-! with a detection limit of 0.123 umol L~! and a correlation
coefficient of 0.998 (Fig. 7B). The average of three measurements for each con-
centration was calculated to plot the calibrations curves. The limit of detection
(LOD = 3 o /slope) at the bare GCE and the PD film—hole modified GCE were
1.656 mmol L1 and 0.123 pmol L1, respectively. The PD film—hole modified
GCE had improved characteristics, such as, detection of a lower concentration of
AA and better reproducibility of the signal for the studied concentrations. Thus,
the observed attributes are encouraging for the potential application of the modi-
fied electrode as an electrochemical sensor for the determination of AA.

120‘ (A) 3504 (B)
-[00_ { 300 4
250
80 <
"_SL i = 200+ .
= 604 150+ x
40+ 100+
/
20+ / 50
/ o
0 - T T T T T 1 L L
0 10 20 30 40 0 10 20 30 40
[AA]/ mM [AA] / uM

Fig. 7. Amperometric calibration curve for determination of AA in acetate buffer (pH 5) at: A)
bare GCE; B) PD film—hole modified GCE.

Effect of interferents

The influence of compounds, such as caffeine (CAF), starch (STA), which
could coexist in the pharmaceutical dosages, vitamin C, glucose (GLU), citric
acid (CA) and tartaric acid (TA), which may co-exist in fruit juices,28-30 and
compounds such as GLU, dopamine (DA) and uric acid (UA), which co-exist in
human fluid,3! may interfere with the determination of AA. Amperometric signal
for AA in the presence of the above possible interfering substances was studied
at a fixed concentration of 1 mmol L-! AA and 1 mmol L-! each interferent at

Available on line at www.shd.org.rs/JSCS/

(CC) 2015 SCs. All rights reserved.



ELECTROCHEMICAL DETERMINATION OF ASCORBIC ACID 1 1 71

the bare GCE at 0.8 V (Fig. 8A). For the PD film—hole modified GCE, ampere-
metric signal of AA in the presence of the above possible interfering substances
was studied at a fixed concentration of 1 mmol L~! AA and 200-fold excesses of
interfering species at 0.237 V (Fig. 8B and C).

704

A) 704

0 T T T T T
°© %0 100 150 200 0 100 200 300 400
t/'s tl's
(©)
80 4
AA
\
60
f‘; ] CA  aA Fig. 8. The amperometric response of: A) 1
- DA GLU —TA \ \ mmol L' AA and 1 mmol L! interfering
401 | l k species at a bare GCE at 0.8 V; B) 1 mmol
] ] L' AA and 200-fold excesses of interfer-
20 UA  TA CAF ing species at a PD film—hole modified
1 GCE at 0.237 V; C) the amperometric res-
ponse of 1 mmol L' AA and 200-fold

excesses of interfering species to AA at a
t/s nanohole PD grafted GCE at 0.237 V.

As can be seen from Fig. 8, the influence of even very high concentrations of
the studied potential interferents on the amperometric response of AA at the PD
film—hole modified GCE was found to be minimal. This could be due to a low-
ering of the oxidation potential of AA at the modified electrode compared to at
the bare GCE and the repulsion by the modifier film of species, such as DA, that
are available in cationic form.

Inter-electrode reproducibility and stability tests

The inter-electrode reproducibility was investigated for PD film—hole modi-
fied GCE by preparing five electrodes under the same conditions. Amperometric
measurement at 0.237 V for 2 mmol L~! AA at five different electrodes, prepared
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with the same electrode modification strategy, was used to estimate the repro-
ducibility. The reproducibility expressed by the relative standard deviation was
found to be 5.18 % (n = 5) for PD film—hole modified GCE, thereby showing the
good reproducibility of the modified electrode.

The stability of the PD film—hole modified electrode was studied by com-
paring the current response of a freshly prepared PD film—hole modified GCE
with the response of electrodes after storage for 28 days in 0.1 mol L1 acetate
buffer (pH 5) at room temperature. For 2 mmol L-! AA, the modified electrodes
retained 98 % of the initial current response. The result showed that the PD film—
—hole modified GCE has a good stability and long life.

Comparison of the PD film-hole modified GCE with previously reported methods

The detection limit of the PD film hole modified GCE is compared in Table
I with those of previously reported modified electrodes. As can be seen from
Table I, the electrode modification strategy reported herein resulted in an elec-
trode with a better detection limit than most of those previously reported.

TABLE I. Comparison of the modified electrode with previously reported modified electrodes
for the determination of ascorbic acid

Detection limit

Electrode Ref.
M

Bi,0, microparticles modified GCE 8.1 32

Tiron modified GCE 1.79 33

GCE modified with carbon-spheres (linear range 2—-300 uM) 0.60 34

GCE modified with a nickel(II)-bis(1,10-phenanthroline) 4.0 35

complex (linear range 10-630 pM)

Quaternized carbon nanotubes/ionic liquid—polyaniline 0.25 36

composite film modified GCE (linear range 20 nM—4 pM)

Nitrogen doped porous carbon nanopolyhedra (linear range 0.74 37

80-2000 uM)

Graphene modified GCE (linear range 10.0-1000 uM) 1.20 38

Gold electrode modified with a flower-like gold nanostructure 10 39

(linear range 60-500 uM)

Over oxidized p-aminophenol polymer film on GCE 1.0 40

GCE modified with poly(ethylene oxide) 50 41

Methionine modified carbon paste electrode 5.0 42

Electropolymerized aniline on GCEs 1.0 15

PD film-hole modified GCE 0.123 This work

Real sample analysis

To demonstrate the applicability of the PD film—hole modified GCE for real
sample analysis, orange fruit and vitamin C tablet samples were analyzed (Table
II). The bulk concentration of AA was first determined by titration. The concen-
tration of AA obtained in orange fruit and vitamin tablet were 23.33+0.01 mg per
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100 mL and 504.97+0.03 mg per tablet, respectively. Then the AA was deter-
mined by amperometry using PD film—hole modified GCE. The relative error for
PD film—hole modified GCE was 0.04 % for the determination of AA in orange
and 0.37 % for the determination of AA in vitamin C tablet. The data presented
clearly showed that the method reported herein is accurate.

Table I Accuracy test for the modified electrode against the standard titration method

Concentration of AA, mean + SD, n= 3 for each sample
In orange fruit, mg/100mL  In vitamin C tablet, mg/tablet

Working electrode

PD film-hole modified GCE 23.34+0.17 506.87+0.39
Standard titration method 23.33+0.01 504.97+0.03
CONCLUSIONS

In this work, the fabrication and electrochemical characterization of PD
film—hole modified GCE was reported. The modified GCE was demonstrated for
the amperometric determination of AA. The PD film—hole modified GCE was
found to have very good selectivity towards AA and high sensitivity for the
determination of AA and could be applied in different matrices. The electrode
modification strategy could be used as a means for the selective determination of
anionic analytes in the presence of cationic interfering species. Further study is
required to understand fully the reported surface modification strategy and to
explore different modifying films and other important analytes.
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U3BOJ
EJIEKTPOXEMHICKO OOPEBUBAILE ACKOPEMHCKE KMCEJIMHE HA EJIEKTPOJIU O[f
CTAKJIACTOT YIJBEHUKA MOJUPHUKOBAHOJ ITEPOOPUPAHUM OUTIMOM
p-®EHWJIEHIUAMHWHA

BIKILA NAGASA OLANA, SHIMELES ADDISU KITTE u TESFAYE REFERA SORETA
Department of Chemistry, College of Natural Sciences, Jimma University, P. O. Box 378, Jimma, Ethiopia

Y papny je npukasaHo ofpehuBame ackOpOMHCKe KHUcenuHe (AA) Ha €IEKTPOIHM Off CTaK-
JacTor yrbeHHKa Koja je MomudukoBaHa nepdopupaHuM (puiMom (GOPMHUPAHHUM pemyk-
JUjOM OHA30HUjyM jOHA TeHEepUCAHUM in Situ U3 p-peHwieHguamMuHa. [lepdopauuje punma
TIOCTUTHYTE Cy pacTBapameM MPETXOAHO HCTAJI0KEHHX HaHOYECTHUaA 371aTa. MogudukosaHe
€JIEKTPOJIE Cy €JEKTPOXEMHM)jCKH KapaKTepHcaHe KopHhemeM yoDUuajeHuX peflokC peakuuja
XUIPOXUHOHA, joHa reoxhe(Il)-uujanuna u jona pyteHujym(Il)-xexcamuHa. Ctpyje oxcH-
nauuje AA ogpeheHe UMKJIIMYHOM BOJNTAMETPHjOM M XPOHOAMIIEDOMETPHjOM Ha MOIOH(HUKO-
BaHUM eJIeKTpofamMa Cy yrnopeheHe ca cTpyjaMma Ha HEMOOM(PHKOBAHO]j €NE€KTPONU Of CTak-
nacTor yriseHuka. HemonudukoBaHa eeKTpofa je Mokasajna JMHeapaH OJTOBOD y OICETy
KoHLeHTpanuja AA on 5 no 45 mM y3 rpanuly perexkuuje on 1,656 mM, nok je momudu-
KOBaHa €JIEKTpOZia N0Ka3aa JMHeapaH OAroBOP y OICETy KOHUeHTpauuja AA on 5 no 45 pM
y3 rpanuny gertexuyje on 0,123 pM. Ha Mopu@uKoBaHOj €E€KTPOH j€ UCIIUTAH YTHLAj CyIl-
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CTaHLIY KOje MOTy [lJa OMeTajy aMIepoMeTpujcku curHan AA U HaheHo je 1a je OH MUHUMaJaH.
Taxohe je yrBpheHo ma Ccy pempoOyKTHBHOCT CaMHUX MOITU(MUKOBAHUX eJIeKTPola, HUX0BA
CTabMIHOCT W TAyHOCT OIIMYHU. MonudukoBaHa enexkTpoja IpHKasaHa y OBOM pafy MMa
MOTEHLHjaJIHy TIPUMEHY 3a eleKTPOaHATUTHUYKO onpehuBame AA.
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(ITpumibeHo 4. HoBeMOpa, pesunupano 30. neuembpa 2014, mpuxsaheno 19. janyapa 2015)
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