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Electrochemical response of ascorbic acid (AA) has been studied using a screen-printed carbon elec-
trode (SPCE). The electrochemical response was measured using cyclic voltammetry (CV) in 0.1 M phos-
phate buffer solution at various pH. The measurement was carried out at a potential of —0.75 Vto+ 1.0V
at room temperature. The effect of scan rate was observed from 25 to 125 mV/s. The presence of interfer-
ence compounds, i.e., glucose, uric acid and urea during AA measurement was also investigated. The elec-
trochemical response of AA using SPCE was observed at around + 0.45 V in all pH variations without re-
duction peak. This indicated that AA can be detected by SPCE from its oxidation peak. It is in good agree-
ment with the natural properties of AA, which is easily oxidized, tuning into dehydroascorbic acid (DHAA).
No interference signal was found from interfering compounds during AA measurement at pH 7.0. The scan
rate effect implied that the occurred process in SPCE was diffusion controlled. It was also shown that the
anodic current peaks are linearly proportional to the scan rate, which means the electrocatalytic behavior
of AA associated with the surface electron transfer. The results of this study proved that SPCE has good

potential as a sensor for detecting AA.
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1. INTRODUCTION

Ascorbic acid (AA), known as vitamin C, has an im-
portant role as an antioxidant and in the maintenance
of collagen [1-3]. Lack of ascorbic acid intake in the
body can cause muscle weakness and anemia [4]. In
addition, a deficiency of ascorbic acid can also cause a
decrease in the hydroxylation of proline and lysine,
thereby affecting the synthesis of collagen [5]. In addi-
tion, AA is also largely used as an antioxidant additive
in the food industry to prevent unwanted changes in
the color or flavor of food and drinks [5-7]. Further-
more, the content of AA is used as an index of the
health-related quality of fruits and vegetables [1]. Be-
cause of the important role of AA for humans, analyti-
cal methods for a quantitative determination of AA
have been developed.

Spectroscopy [8], chemiluminescence [9], gas chro-
matography [10], and liquid chromatography [11]
methods are the traditional methods for AA determina-
tion. Unfortunately, those methods are expensive, have
a long duration of analysis, and relatively complicated
sample preparation. An electrochemical type of sensor
can be a promising solution to overcome this problem.
This method has the advantages of being fast, inexpen-
sive, easy sample preparation, and can be developed as
a portable test device [12-16]. The electrochemical sen-
sor uses the principle of reduction and oxidation reac-
tions of the target on the electrodes [14, 16, 17]. Fur-
thermore, the AA is easily oxidized, so that the electro-
chemical sensor is a suitable method to determine AA
1, 4, 5].

In this work, we studied the electrochemical re-
sponse of AA using a screen-printed carbon electrode
(SPCE). The SPCE has high selectivity and easily used
in uncomfortable environments, and do not require
special skills to operate. The AA electrochemical re-
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sponse from SPCE was evaluated using cyclic voltam-
metry (CV) in 0.1 M phosphate buffer solution at pH
variations. The interference study was carried out in
the presence of uric acid (UA), glucose, and urea. The
effect of the scan rates was also evaluated.

2. MATERIALS AND EXPERIMENTS

The materials used in this work are the screen-
printed carbon electrode (SPCE) was bought from PO-
TEN. L(+)-Ascorbic acid (AA) [CeHsOs], D(+)-Glucose
[CsH120¢], urea [CO(NHz2)z], di-sodium hydrogen phos-
phate [NazHPO4, Merck], and sodium dihydrogen
phosphate [NaH2PO4 were purchased from Merck.
Uric acid (UA) [C5H4N4Os] was purchased from Sigma
Aldrich. Demineralized water from the local market
was used for chemicals preparation and cleaning. A
0.1 M phosphate buffer solution with various pH of 5.0,
7.0, and 9.0 were made and prepared in the Laboratory
of Instrumentation and Analytical Sciences, Chemistry
Department, Faculty of Science and Data Analytics,
Institut Teknologi Sepuluh Nopember.

The electrochemical measurement was carried out
using a potentiostat from an electrochemical analyzer
(model 700B, equipped with e-chem software version
2.1.13). Electrochemical experiments were performed
by cyclic voltammetry (CV). The potential was swept
from —0.75V to + 1.0V with 20 seconds of rest time
before measurement. The scan rates were 25, 50, 100,
and 125 mV/s. The solution samples were made by dis-
solving AA, glucose, UA, and urea, each in 0.1 M phos-
phate buffer solutions with various pH (pH =5.0, 7.0,
and 9.0). The interference study of SPCE for AA detec-
tion by measuring 10 mM of AA, glucose, UA, and urea
solutions. All experiments were performed at room
temperature.

The results were presented at the 2 International Conference on Innovative Research in Renewable Energy Technologies (IRRET-2022)
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3. RESULTS AND DISCUSSION

The cyclic voltammogram of AA in phosphate buffer
solution at various pH wusing SPCE is shown in
Fig. 1(a-c¢). In the absence of AA, there was no peak
during measurement within the potential sweep from
—-0.75V to +1V. AA's oxidation peak was at around
+0.45V in all pH variations without the reduction
peak. It indicates that the electrochemical response of
AA can be detected by SPCE from its oxidation peak
appeared. The result is in good agreement with the
natural properties of AA that easily oxidized become
dehydroascorbic acid (DHAA) [1]. The oxidation reac-
tion of AA was shown in Fig. 2.
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Fig. 1 - Cyclic voltammograms of 10 mM ascorbic acid (AA)
solution in 0.1 M phosphate buffer at pH 5.0 (a), pH 7.0 (b), and
pH 9.0 (¢) using SPCE. Black dash is blank (0.1 M phosphate
buffer) and green line is AA solution. The measurement was
done at room temperature with scan rate of 100 mV/s
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Fig. 2 — Oxidation reaction of AA
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Fig. 3 — Cyclic voltammograms of 10 mM AA, 10 mM glucose,
10 mM UA, and 10 mM urea solutions in 0.1 M phosphate
buffer at pH 5.0 (a), pH 7.0 (b), and pH 9.0 (c¢) using SPCE.
The measurement was done at room temperature with scan
rate of 100 mV/s
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The electrochemical response of AA using SPCE in
0.1 M phosphate buffer with various pH was studied
against glucose, UA, and urea. The cyclic voltammo-
gram against glucose, UA, and urea. The cyclic volt-
ammogram for phosphate buffer, AA, glucose, UA, and
urea are shown in Fig. 3. The cyclic voltammogram
shows that AA signals can be detected selectively in pH
7.0 (Fig. 3b), where there are no signals from glucose,
UA, and urea. Unfortunately, the electrochemical re-
sponse of AA in pH 5.0 is interfered with small signal
of urea and glucose. Furthermore, in pH 9.0 (Fig. 3c),
AA signal is interfered by urea. The result indicated
that the best condition to detect ascorbic acid by SPCE
is in pH 7.0.
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Fig. 4 — Cyclic voltammograms obtained from SPCE in 0.1 M
phosphate buffer at pH 7.0, containing 10 mM AA solution
with different scan rates (25, 50, 100, and 125 mV/s)

The effect of scan rates was done to assess whether
the processes on the SPCE are controlled by diffusion
or adsorption. Fig. 4 shows the cyclic voltammogram of
10 mM AA using SPCE at various scan rates. The in-
crease in the scan rates shifted the Epa slightly to
more positive potentials and increased the peak cur-
rent. According to the Randles-Sevcik equation, the
peak current for anodic oxidation is proportional to the
square root of the scan rate (Fig. 5a) [12]. The linear
regression equation for this work is ipe (UA) = 20.479- 02
(mV1¥25-12) — 43,541 with R?=0.9946. The result im-
plied that the process that occurred in the SPCE was
diffusion controlled.

The electrocatalytic behavior of AA using SPCE al-
so has been determined. Fig. 5b shows the linear cali-
bration curve between the peak currents and scan
rates. The obtained linear equation is ipe=1.261-0
(mV/s) + 32.138 with R2?=0.9989. According to the
linear equation, the anodic current peaks are linearly
proportional to the scan rate. This indicated that the
electrocatalytic behavior of AA involved surface elec-
tron transfer [12, 18].
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Fig. 5 — Plot of anodic current at + 0.45 V vs. square root of
the scan rate (a) and plot of anodic current at + 0.45 V vs. scan

rate (b)
4. CONCLUSIONS

The electrochemical response of ascorbic acid (AA)
was detected using a screen-printed carbon electrode
(SPCE) in 0.1 M phosphate buffer at various pH. The
best response of AA has appeared in 0.1 M phosphate
buffer at pH 7.0. The interference study showed that
AA could be detected specifically from its oxidation
peak in the presence of glucose, uric acid, and urea.
The effect of scan rates indicated the AA detection pro-
cess by SPCE is the diffusion controlled. In addition,
AA detection also showed an electrocatalytic behavior
in the SPCE surface.
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Enexrpoximiuna peakiis acKOpOiHOBOI KMCJIOTH 3a JOMOMOTI'0OI0 ByTiJIbHOIO €JIEKTPoaa
3 TpadpapeTHUM OPYKOM

W. Illiya, .M. Permatasari, F. Ardyansyah, K.A. Madurani, F. Kurniawan

Department of Chemistry, Institut Teknologi Sepuluh Nopember, 60111 Sukolilo, Indonesia

EnexrpoxiMiuHy peakiiio ackopOiHOBOI Kucsaoty (AA) peasi3oByBasin 3a JOIOMOIOI0 BYyTLIBHOIO €JIEKTPO-
na 3 tpadaperaum apyxom (SPCE). EnexrpoximiuHy peariiiio BUMIPIOBAJIM 3 BUKOPUCTAHHSAM IIMKJIYHOL
BostbTammepometpii (CV) y 0,1 M docharrOMY OydhepHOMYy posumHi mpu pisHUX sHaveHHAX pH. Bumiprosan-
HsA IPOBOMUJIM TIpH IoTeHIriaiai Big — 0,75 B go + 1,0 B npu xiMuHaTHi Temmeparypi. Brms mBuakocri cka-
HyBaHHS criocrepirases Big 25 mo 125 mB/e. Taxox Oyso mocsigpkeHo HAsSBHICTL 1HTePEPEHITIMHUX CIOIYK,
TOOTO TJIIOKO3H, CEU0BOI KUCJIOTH Ta CEYOBUHM IIi yac BumipioBanua AA. Emexrpoximiuny peaxitio AA 3a mo-
nomoroo SPCE cmocrepiramm mpu 6amsbko + 0,45 B y Beix Bapiamiax pH 6es miky BigHosimenss. Ile Bkasye
Ha Te, mo AA mosxe Oytu Bussiaena SPCE 3 ii miky oxkucienns. Ile modpe y3romKyeTbes 3 IPUPOIHIME BJIAC-
THUBOCTAMHU AA, KA JIETKO OKHCJIIOETHCS, TIePETBOPIOI0YNCH Ha JeriapoackopbinoBy kucsory (DHAA). ITix vac
BumipioBauHs AA npu pH 7,0 He Gys0 BusiBiieHO 1HTep(epeHIHTHOro CUrHasty Bif IHTEpQEPeHIHHNX CIIO0-
nyk. Edexr mBuakocTi ckanyBaHHS 03HAYAB, IO Ipoltec, skuil BinoyBasea B SPCE, kouTposoBases audyai-
e10. Takosk MOKa3aHo, IO IMKKW AHOJHOIO CTPYMY JIIHIMHO ITPOITOPITIIHI IIBUIKOCTI CKAHYBAHHS, 110 03HAYAE
€JIEKTPOKATAITUYHY HOBeIHKY AA, 10B'si3aHy 3 IIOBEPXHEBUM IIEPEHOCOM eJIEKTPOHIB. Pe3yspraTél 1150r0
nocimimkenHs goses, mo SPCE mae xopommii moTeHIian sk JaTIYnk A1 BUSBJIeHHS AA.

Kmouoei ciora: SPCE, Enerrpoximiuna peaxinisi, Ackop6iroBa kucsora (AA), Imunosaris, Haykosi mocori-

mxeHHs, TexHoIoris.
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