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Abstract—The electrochemical behavior of ascorbic acid (AA) is studied by means of cyclic voltammetry
(CVA) and square-wave voltammetry (SWVA) on a boron doped diamond electrode (BDD). The possibility
of using the voltammetric response signal to determine quantitatively the concentration of AA in an aqueous
solution is shown. An analytical direct correlation function for SWVA at BDD is obtained. It is shown that
the detection limit for AA is 1.87 μM. The applicability of SWVA for determining the content of AA in phar-
maceutical preparations is demonstrated.
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INTRODUCTION
Water-soluble vitamin C (L-ascorbic acid (AA))

plays an important role in the human body. AA is eas-
ily oxidized to L-dehydroascorbic acid both chemi-
cally and electrochemically. This property is widely
employed in developing electrochemical ways of
determining the content of AA in different pharma-
ceutical formulations and foodstuffs [1–3]. To
improve the sensitivity and selectivity of electrochem-
ical sensors, their surfaces are often modified in differ-
ent ways [4–13]. Titration, liquid chromatography,
and UV spectroscopy are also used to determine AA.
The aim of this work was to assess the possibility of
using a boron doped diamond electrode (BDD) in
electroanalytical methods such as cyclic voltammetry
(CVA) and square wave voltammetry (SWVA).

EXPERIMENTAL
AA manufactured by Sigma was used as the refer-

ence substance. Solutions for electrochemical mea-
surements were prepared with bidistilled water. Elec-
trochemical measurements were made in a Britton–
Robinson (BR) buffer solution prepared from phos-
phoric, boric, and glacial acetic acids. The pH was
adjusted with NaOH. Electrochemical measurements
were performed using a Pro ZAO KRONAS IPC
(computer-controlled potentiostat) in a standard
three-electrode cell with a silver/silver chloride refer-

ence electrode (Ag/AgCl 3 M KCl) and an auxiliary
electrode made from a Pt plate with an area of 0.1 cm2.
BDD with a niobium substrate that had a working area
of 0.1 cm2 (Condias, Germany) was used as the work-
ing electrode.

RESULTS AND DISCUSSION
The CVA for AA on BDD in a background solution

(0.1 eq/L Na2SO4) with AA concentration of 2.27 mM
(0.4 g/L) is shown in Fig. 1. It can be seen that the AA
gave a clear response. Dependences and of the peak
currents Ip,a and peak potentials Ep,a on potential
sweep rate ν are shown in Figs. 2 and 3, respectively.
Figure 2 shows that the dependence of the values of Ip,a
on ν0.5 is linear for AA on BDD. This means the rate-
limiting step in the anodic oxidation of AA is the sub-
strate’s mass transferred to the surface of the anode
[14]. This agrees with the literature data, testifying to
diffusion control of the reaction [6–9].

From Fig. 3, we can see that the dependence of Ер,а
on the value of ν is described by the equation [14]

where E0 is the formal potential; F is the Faraday con-
stant; R is the gas constant, equal to 8.135 J/(mol K);
T is the absolute temperature of the experiment,
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Fig. 1. CVA of an aqueous solution of AA (200 μM) on
BDD at different potential sweep rates. 
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Fig. 2. Dependence of CVA peak current values (Ip,a) in
Fig. 1 on the potential sweep rate.
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Fig. 3. Dependence of CVA peak potentials (Eр,а) in Fig. 1
on the potential sweep rate. 
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298 K; ks is the reaction rate constant; α is the coeffi-
cient of electron transfer; and nα is the number elec-
trons that participate in the limiting stage. In [15],
value nα was identified with the total number of elec-
trons participating in the electrode process and was
taken to be 2. If we follow this reasoning, the depen-
dence of Ep,a on lnν (a straight line with a slope of
27.4 mV) the value of α is 0.15. If we nevertheless
accept the more realistic approximation that one elec-
tron participates in the limiting stage, as is done in
most works (i.e., nα = 1), the value of α is 0.3, making
the considered process irreversible.

For irreversible anodic processes, Ip,a can be calcu-
lated using the Randles–Ševčík equation [16]

where c0 is the concentration of AA in the solution; nα
is the number of electrons participating in the limiting
stage (1.0); n1 is the total number of electrons partici-
pating in the oxidation of the substance per molecule;
and D is the coefficient of AA diffusion. For the oxida-
tion of AA [15], n1 = 2, according to the equation

The value of D, calculated from the experimental
data shown in Fig. 1, is 5.6 ×10−7 cm2 s−1, which is
close to the one obtained in [15].

The most important factor in developing an elec-
troanalytical method for determining the content of
AA is the level of noise on the CVA, which represents
non-faradaic currents. In the scenario described
above, the level of noise is quite high. This reduces the
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accuracy of the calculated response currents, which
are a measure of the concentration of AA in the solu-
tion.

Considerable improvement was achieved using
SWVA. It was found that non-faradaic currents make
only a slight contribution to the total electrochemical
response, and there are well-pronounced peaks of AA
oxidation at E = 703 mV on the SWVA curves.

To determine the conditions for electroanalytical
SWVA registration at an AA concentration of 200 μM,
we optimized the analytical parameters of SWVA
(pulse frequency f, pulse amplitude a, and potential
l. 93  No. 6  2019
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Fig. 4. SWVA of aqueous solutions of AA with different
concentrations on BDD. 
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Fig. 5. Dependence of the SWVA peak current on AA con-
centration. 
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increment ΔE). The dependence of Ip,a on frequency f
was therefore determined. It was found that the
response currents grew along with f, and the current
maximum shifted to the anodic region. In the interval
f = 20–60 Hz, the magnitude of Ip,a depends linearly
on f 0.5. This dependence deviates from linear at high
values of f. The dependences of Ip,a on a and ΔE
remained linear up to a = 40 mV and ΔE = 3 mV,
respectively. The following SWVA parameters were
thus chosen for electroanalytical determination: a =
40 mV, f = 60 Hz, and ΔE = 3 mV.

With the selected parameters for BDD, we
obtained SWVA for AA solutions with different con-
centrations (Fig. 4). Using the data in Fig. 4, we con-
structed an analytical straight line in the 20–200 μM
range of AA concentrations (Fig. 5). The regression
equation was

The reproducibility of these data was determined
by repeating SWVA five times at an AA concentration
of 200 μM. It corresponded to a relative standard devi-
ation of 1.7%. The limit of AA detection was found to
be 1.87 μM from the triple ratio of the standard devia-
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Table 1. Comparison of calculated (cc) and experimentally
obtained (ce) concentrations (mol/L) of AA in tablets (Δ is
error)

Drug сc × 105 ce × 105 Δ, %

Vitamin C (Hemofarm Concern
AD, Serbia and Montenegro)

7.0 6.9 –1.4

Vitamin C (Pharma Cosmetic 
Logistic, Germany)

5.5 5.4 1.5
tion of background SWVA to the slope of the analytical
line. The possibility of using CVA with a BDD to
determine the content of AA in aqueous solutions was
thus demonstrated.

This approach was used to determine the content of
ascorbic acid in drugs. AA concentrations were calcu-
lated using the standard addition technique. It was
established that the concentrations of AA determined
in this manner were in good agreement with the cali-
bration curve data. The calculated and experimentally
obtained concentrations of AA in the tablets are pre-
sented in Table 1.

CONCLUSIONS
AA produces strong electrical signals under condi-

tions of the linear or pulsed potential scanning of
BDD. It was established that the lowest non-faradaic
current is recorded on BDD under conditions of
pulsed polarization. Optimizing the conditions of
SWVA registration results in a detectable minimum of
40 μM for AA (0.007 g/L) and a relative standard devi-
ation of 1.7% at 12.4 mM (0.2 g/L). It was shown that
a combination of these techniques allows us to deter-
mine the content of AA in pharmaceutical prepara-
tions reliably over a wide range of working solution
concentrations.
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