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Selective Electrochemical Response of Dopamine against 3,4-Dihydroxyphenylacetic Acid
at Bare Indium-Tin Oxide Electrode
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Electrochemistry of dopamine and 3,4-dihydroxyphenylace-
tic acid at ITO were investigated. The oxidation of dopamine
significantly depended on pH and supporting electrolyte. The
peak current increased more than one hundred folds with in-
creasing pH from 2.5 to 10.0 in phosphate buffer. Moreover, se-
lective oxidation of dopamine against 3,4-dihydroxyphenylace-
tic acid at bare ITO was observed. It is the first electrode material
that can be produced in large scale for selective oxidation of do-
pamine. Selective catecholamine detection at ITO is suggested.

Dopamine plays a very important role in the functioning of
the central nervous, cardiovascular, renal, and hormonal sys-
tems, as well as in drug addiction and Parkinson’s disease.'™
The basal dopamine concentrations in blood samples are very
low, and low dopamine concentrations of pM order can be elec-
trochemically detected without labeling.* This makes the elec-
trochemical method a very promising approach for the real time
detection of dopamine in biological samples.*

The electrochemistry of dopamine at metal and carbon elec-
trodes has been extensively studied, and depended significantly
on electrode surface properties.!® !¢ Indium-tin oxide (ITO) is
a degenerate n-type semiconductor with highly populated posi-
tively and negatively charged sites.'” The interesting surface
states of ITO result in its numerous use as substrates for self-as-
sembly and in electroanalytical sensors.!'®2! Matsue’s group
studied the electrochemistry of dopamine at a bare ITO and a
platinum particle-modified ITO electrode in order to improve
the electrochemical reaction rate of dopamine.?? Recent studies
show that the adsorption of catecholamines on the electrode sur-
face play an important role in the electron transfer, the variable
surface properties of ITO may enable us to achieve highly sen-
sitive and selective electroanalysis for catecholamines.'® In this
study, we report that dopamine was oxidized much easily than
3.4-dihydroxyphenylacetic acid at ITO using suitable supporting
electrolyte and pH.

ITO films were formed on microscope glass from an In, O3—
5%Sn0, ceramic target using RF sputter deposition equipment
(SEED Lab. Kanagawa, Japan) in pure argon gas. Prior to dep-
osition, the chamber pressure was reduced to 2 x 10~°Pa and
then filled with argon. The RF power was 50 W. The substrate
was kept at room temperature and rotated at 10.7rpm. The
sputtering time was 90 min.

Electrochemical experiments were performed using an
ALS/CHI 750A electrochemical analyzer (CH Instruments,
Inc. USA). Unless otherwise noted, all potentials were reported
with respect to an Ag/AgCl/3 M KCI reference electrode. The
ITO working electrode area was defined by using a piece of
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Figure 1. CV of 1 mM dopamine and 1 mM DOPAC in 2/15M
pH 7.4 phosphate buffer. Scan rate 0.1 V/s.

adhesive tape with a hole. For the cyclic voltammogram experi-
ments, the electrode area was 3.14 mm?. The pH of phosphate
buffer was changed by changing the H3;PO4, NaH,PO,, Nay-
HPO,, and Na3;POy ratio.

Figure 1 shows cyclic voltammograms (CV) of dopamine
and 3.4-dihydroxyphenylacetic acid (DOPAC) at ITO elec-
trodes. The dopamine was easily oxidized. The redox process
of dopamine was less reversible than that at the glassy carbon
and metal electrodes, indicating that the reduction of the quinone
form to catechol was particularly suppressed at the ITO elec-
trode. Unlike dopamine, DOPAC was not oxidized in the poten-
tial range investigated (Figure 1). Dopamine and DOPAC have
simliar structures and generally exhibit similar voltammograms
at glassy carbon and metal electrodes, the noticeable difference
between the CVs of dopamine and DOPAC shows that the amine
group of dopamine promoted the oxidation of catechol, and the
carboxylic group of DOPAC inhibited the oxidation of catechol.

Recent studies have shown that the adsorption of catechols
is essential for rapid electron transfer, and alkylphosphonates
can adsorb more strongly onto ITO than carboxylic acids and
amines.'%!%1° We deduced that the adsorption of phosphate pro-
moted dopamine adsorption (pKy 8.87) and inhibited the adsorp-
tion of negatively charged DOPAC, resulting in the noticeable
difference between the voltammograms of dopamine and
DOPAC. To confirm this idea, the effect of supporting electro-
lyte on electrochemistry of dopamine, DOPAC, and ferrocya-
nide was studied.

DOPAC was easily oxidized and dopamine anodic current
decreased in acetate buffer (Figure 2). Ferrocyanide was more
easily oxidized in acetate buffer than in phosphate buffer, indi-
cating the adsorption of phosphate. The dependence of catechol-
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Figure 2. CV of 1 mM dopamine and 1 mM DOPAC in2/15M
pH 7.4 acetate buffer. Scan rate 0.1 V/s.

amine electrochemistry on the supporting electrolyte is attribut-
ed to the competitive adsorption between the supporting electro-
lyte and catechols, and the interaction between the adsorbed sup-
porting electrolyte and catechols. When acetate buffer was used
as the supporting electrolyte, the interaction between the acetate
and the ITO surface is not as strong as the interaction between
phosphate and the ITO surface. As a result, both DOPAC and
dopamine directly adsorbed onto the ITO surface in acetate
buffer. The adsorption of DOPAC resulted in the oxidation of
DOPAC in acetate buffer. On the other hand, the less negatively
charged ITO surface reduced the amount of adsorbed dopamine
and led to a decrease in the oxidation current.
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Figure 3. pH dependence of CV for | mM dopamine in 2/15M
phosphate buffer. Scan rate was 0.1 V/s. pHs were 2.5, 5.5, 7.4,
8.5, and 10.0.

For further confirmation of the importance of the dopamine
adsorption, we studied pH effect in phosphate buffer (Figure 3).
The oxidation peak potential shifted negatively with increasing
pH from 2.5 to 10.0 at both ITO and glassy carbon electrodes.
Interestingly, the peak current increased more than one hundred
folds at ITO and less than 50% at the glassy carbon electrode
with increasing pH from 2.5 to 10.0. The sharp current increase
at the ITO is due to the deprotonation of adsorbed phosphate and
the adsorption of more dopamine molecules that catalyzed the
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oxidation of dopamine.'’

In conclusion, it is easy to oxidize dopamine, and is difficult
to oxidize DOPAC at bare ITO using phosphate buffer as sup-
porting electrolyte. This result suggests that bare ITO may be
employed for the selective detection of dopamine. Further stud-
ies on the selective detection of dopamine against interfering
molecules, such as L-ascorbic acid and uric acid, are under way.
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