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AMPEROMETRIC MICROELECTRODE DESIGN BY RHODIUM DEPOSITION
FOR IMPROVED NITRIC OXIDE MEASUREMENT

GELISTIRILMIS NITRIK ASIT OLCUMU ICIN SODYUM DEPOZISYONUYLA AMPERO-
METRIK MIKROELEKTROD DIZAYNI

EMRAH KILINC', TAYFUN DALBASTI’, GUNAY YETIK', KAGAN KERMAN',
BURCU MERIC', MEHMET OZSOZ'*

'Ege University, Faculty of Pharmacy,
2Ege University, Faculty of Medicine, 35100 Bornova - Izmir / TURKEY

Non-enzymatic, amperometric sensors are pre-
pared by the deposition of rhodium (Rhodium
Deposited-RhDp) to modify the surface of platinum
microelectrodes (130 um diameter) for nitric
oxide (NO) monitoring at +0.55V (vs Ag/AgCl
reference electrode). NO ‘is an endogeneously
synthesized biological mediator of great physio-
logical and pathophysiological importance. In the
detection of NO, amperometry has more spatial
sensitivity than spectroscopic methods as micro- or
nanoelectrodes of very small sizes (10 nm - 50 um
diameter) can be used. In literature amperometric
NO detection is used to be done at around
+0.90Volts, usually with additional membranes for
the elimination of interferences. Selectivity could
be improved with these additional membranes
while compromising from sensitivity and response
time. Besides, identical (electrode preparation by
dip-coating with additional membranes is not a
simple repeatable procedure and the sensors need
to be calibrated individually. In this study we
compared the performance of RhDp and plain
(bare platinum) sensors at +0.55V with current-
time recordings and calibration plots. Our results
showed that at +0.55V, much lower than +0.90V,
satisfactory  current-time  recordings  and
calibration plots for NO can be obtained with
RhDp sensors while the plain sensors gave poor
responses. It was also observed that interferring
current due to the presence of ascorbate at
physiological ~ concentration (0,1 mM) has
decreased  considerably  without  additional
membranes just by lowering the working potential
to +0,55V. The remaining interference may be
eliminated by employing ‘thinner additional
membranes  without much deteriorating the
response characteristics.

+0.55 V ‘da (Ag/AgCl referans elektroduna
karsy) nitrik oksit (NO) tayini icin platin
mikroelektrotlarin (¢ap 130um) yiizeyini rodyum
depolanmasiyla gelistirerek (rodyum depolanmigs
= RhDP) enzimsiz, amperometrik sensérler ha-
zirlandr. NO, buyiik fizyolojik ve patofizyolojik
onemi olan, endojen sentezli, biyolojik bir
mediyator maddedir. NO tayininde, ¢ok kiigiik
boyutda  (¢apr  10nm-50um) nano- veya
mikroelektrotlar kullanmilabildigi igin
amperometri, spektroskopik metodlara kiyasla
daha genis bir duyarhiik araligina sahiptir.
Literatirde amperometrik NO tayini , genellikle
girisimlerin  yok  edilmesi  icin ilave
membranlarin eklenmesiyle , +0.90 V civarinda
yapumistir. Bu ilave membranlarla, duyarhilik ve
cevap zamamindaki gerileme goz ardi edilerek
segicilik gelistirilebilir. Bunun yanisira , ilave
membranlarla daldirarak kaplama yiontemiyle
benzer elektrotlarin diretimi basit tekrarlanabilir
bir islem degildir ve sensorler tek tek kalibre
edilmelidir. Caliymamizda RhDP ve diiz (¢iplak
platin) sensorlerin, +0.55 V 'da akim-zaman
kayitlart ve kalibrasyon egrilerini kullanarak
performanslarim  kiyasladik. RhDP  sensirler
+0.90 V 'da elde edilen cevaplar: +0.55 V 'da da
vermigtir. Oysa diiz sensorler aymi kogullarda
zayif cevaplar vermigstir. Ayni zamanda, fizyolo-
Jik konsantrasyonda (0,1 mM) askorbat enjeksi-
yonuyla olugturulan girisim akimimn,  ilave
membran olmadan sadece ¢alisma potansiyalinin
+0.55 V 'a digirilmesiyle gozle goriliir bigim-
de azaldigi gizlemlenmistir. Kalan girisim ise
cevap akimi karakteristiklerini fazla etkilemeye-
cek sekilde daha ince ilave membranlarin kulla-
mmiyla ortadan kaldirilabilir.
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Introduction

NO is involved in a wide range of
physiological processes in living tissue.
NO, the oxidant radical, as a mediator
may play a role in the pathophysiology
seen in persistent pulmonary hypertension
of the newborn(1). In another study it
shown that NO takes part in the activation
effect on tumor necrosis factor-alpha
which automatically inhibited the activa-
tion of transcription factor NF-kappa B(2).
Among several other functions NO is re-
sponsible for hypoxia and reoxygenation
injury due to its free radical nature and
high reactivity with the superoxide radical
to yield peroxynitrite, an oxidant mole-
cule(3). NO was also found to be involved
in the gastroprotection ( against ethanol-
induced gastric mucosal lesions ) induced
by cholecystokinin-8 and pentagastrin(4).
On the other hand, NO is known to be the
mediator of potential importance in nu-
merous physiologic and inflammatory
processes in the lung(5). In the past few
years numerous studies were published
about the importance of NO(6-41). There
were some techniques recommended for
the determination of NO(42). Electro-
chemistry has been employed often in NO
detection(43-46). An amperometric sensor
using reduction current was also em-
ployed in NO detection(19). The tip of the
sensor was covered with a hydrophobic
membrane and contained an internal elec-
trolyte. Platinum was used for working
and counter (auxiliary) electrodes and
Ag/AgCl as the reference electrode. The
NO that diffused to the working electrode
was first oxidized to NO*, which was then
reduced to NO, and the reduction current
was determined. Interferences were con-
siderably less as observed in this method
but the sensor construction was not simple
as a hydrophobic membrane and an internal
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electrolyte of potassium bromide and
sulfuric acid were employed. A spectro-
scopic method was proposed for NO de-
tection(18). A mammalian enzyme, fer-
rochelatase, has [2FE-2S] cluster which
is destructed by NO. UV-visible absorp-
tion spectroscopy of the enzyme incu-
bated with NO indicates a rapid loss of
the visible absorption spectrum. Another
electrochemical determination of NO
was proceeded by employing a Clark-
type NO-sensitive electrode where an
essential factor of NO synthases, tetra-
hydrobiopterin, was found to induce
rapid oxidation of NO(13). A fiberoptic
sensor was constructed for the determi-
nation of NO and response characteris-
tics were examined(47). O-phenylene-
diamine(OPD)-modified carbon fiber
electrodes for amperometric detection of

- NO by direct oxidation were also fabri-

cated(48). Working electrodes used were
30 pm diameter carbon fibers modified
with o-phenylenediamine and Nafion.
Amperometric measurements were per-
formed at +0.90V(vs. Ag/AgCl refer-
ence). Nitrite, ascorbate, dopamine inter-
ferences at + 0.90V were decreased by
the use of o-phenylenediamine and
Nafion coatings. But these electro-
polymerization and coating procedures
of the two membranes brought additional
steps in the fabrication of the am-
perometric electrodes. Our study demon-
strates a very simple amperometric elec-
trode construction when compared with
other initial amperometric electrode con-
figurations(19,48). With the use of elec-
trocatalytic rhodium(Rh) deposition on
platinum microelectrodes, it was possi-
ble to obtain satisfactory results at a
working- potential of +0.55V. Electro-
catalytic effect of Rh and some other
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VII B group metals have been discussed
previously in detection of some other
compounds(49-80). According to our lit-
erature survey electrodeposition of Rh or
the other VIII B group metals have not
been employed in amperometric NO de-
termination. Response currents of our Rh-
modified electrodes compared with that of
bare platinum microelectrodes. Our find-
ings showed that Rh particles play an ex-
cellent electrocatalytic role on the oxida-
tion of NO as poor responses are obtained
with bare Pt microelectrodes at +0.55V.
Interferring effect of a very common inter-
ference, ascorbic acid, was also studied at
physiological concentration. The ascor-
bate interference was decreased by low-
ering the working potential from +0.90V
to +0.55V, but could not be eliminated.
With the use of additional membranes
more satisfactory results may be obtained.

Materials and Methods
Reagents

Sodium nitrite (NaNO,) and 95-98 % (w/w)
H>SO, were obtained from Merck and were used
without further purification. Phosphate buffer
(pH=7.4) containing 1.36 g/L KH,PO, and 6.96
gL K,PO, was prepared daily. Rh atomic
absorption solution (1000 ppm) was obtained from
Aldrich and used after dilution to 100 ppm with
distilled water. Teflon-insulated, multistranded Pt
wire (130 pum id) (10% Ir-90% Pt) was purchased
from Medwire®. Potassium iodide (KI) was
purchased from a local source (Analiz Kimya) and
was used as received.

Working Electrode Preparation

All the working electrodes (microelectrodes)
were prepared from teflon-insulated Pt wire (130
um diameter) by removing 3 mm of the teflon
coating (from the tip of the wire) using ordinary
flame(Fig.1). Prepared electrodes were precondi-
tioned in 0.5 M H,SO, solution by applying a
constant potential of +1.9V for 30 secs followed
by a cyclic voltammetry between the ranges -0.25
to +1.1V with a scan rate of 100 mV/sec for 10
min. Deposition of rhodium was performed at
-0.80V for 10 mins in 100 ppm rhodium atomic
absorption solution without stirring.

Apparatus

The potentiostats used were : EG&G
PAR Model (Princeton Applied Research)
264 A Voltammetric Analyzer and 626
Polarecord Metrohm Voltammetric
Analyzer/Recorder. An Orion Model 290 A
pH-meter was -used in- phosphate buffer
preperations. Batch experiments were
performed in a BAS (Bioanalytical
Systems) Model VC-2 electrochemical cell.
Working electrode, reference electrode
(Ag/AgCl, Model RE-1 BAS) and ordinary
platinum - wire auxiliary electrode (1 mm
i.d.) were placed in the electrochemical cell
through the holes in its teflon cover. A
magnetic  stirrer provided convective
transport.

Procedure

0.1 MKI, 0.1 M KNO,; and 0.1 M H,SO,
solutions were prepared daily with distilled
water. Working potential of +0.55V was
applied and transient currents were allowed
to decay to steady-state values before the
injection of the NO solution. 300 pL of KI,
KNO, and H,S0O, solutions were mixed in a -
glass tube which resulted in the formation
of NO :

2KNO,+2KI+2H,S0; —pp 2NO+I,+2H,0+ 2K,SO,

Then immediately 50 pL of NO solution
was injected into the electrochemical cell
where NO was oxidized to NO;5™ :

+0.55V
NO + 40H —— pNO;™ + 2H,0 + 3¢’

At the same time current was monitored
under  batch conditions at  room
temperature, with 400 rpm stirring in the
electrochemical cell containing 10 mL
phosphate buffer.

Results and Discussion

Fig.1 shows the side view and the
cross section of the working
electrode prepared wusing teflon
coated multistranded platinum wires
(b) (10%Ir+90%Pt). A section of
300pm(a) was treated with flame to
remove the teflon coating. After
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Fig.1. Side view(I) and cross section(II) of microelectrode prepared using multistranded (9
strands) platinum wires(b)(130 pm total diameter) with 25 pm teflon coating(c). Rhodium is
deposited on the section(a)(300 pm in length) where teflon coating is removed using

ordinary fire.

400 nA

2 min

Fig.2. Current-time diagrams obtained at RhDp(A) and plain(B) sensors by increasing the
concentration of NO in 5x10™* M steps. Batch experiment, stirring the solution at 400
rpm and +0.55 V (vs Ag/AgCl) operating potential. Solution 0.05 M phoshphate buffer

(pH = 7,4).

preconditioning, Rh was immobi-
lized on this section to provide
electrocatalysis. Except this section
teflon coating remained on the rest
of the electrode body(c).

Our results showed that the
response currents of the RhDp
sensor to the injection of NO at
+0.55V were observed higher than
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the response of the plain sensor. As
shown in Fig.2, after 10 injections
of 50 pL of NO solution the
current-time diagrams of RhDp(A)
and plain(B)  sensors obviously
differ from .each .other.. After the
first injection of 50 pL of NO
solution, both sensors gave the same
starting current values of 100 nA.
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Fig.3 : Resulting calibration plots of RhDp(A) and plain(B) sensors. Conditions as in Fig.2.

As more alinquots of NO were
injected, the responses of the RhDp sensor
climbed up to 961nA while the response
of the plain sensor reached to a plateau at
610 nA, i.e. electrocatalytic effect of
deposited rhodium boosted the response
current with an increase of approximately
50% in the sensor response.

In Fig.3 the calibration responses of
both sensors were plotted. For the
plain sensor (B), response curve was
linear between the ranges 0-20x10™* M
NO concentration. After 20x10* M
concentration level, current readings
for the plain sensor began to drift
away from linearity. On the other
hand, response characteristic of the
RhDp sensor (A) was linear until 30 x
10* M NO concentration, which
means 50% extended range.
Increasing the concentration of the
NO beyond this level resulted in the
limitation of linearity in response. A
very common interference; ascorbic

acid (at phys. conc. 0.1mM) was also
studied (Fig.4) to determine the
effect of lower working potential;
+0.55V. Three injections of 50 pL
of NO solution followed by a single
injection of 50 pL of ascorbic acid
solution were done at +0.90V(A) and

+0.55V (B) respec-tively. At +0.90

V good sensor responses were
obtained with NO injections, but also
the ascorbate interference was too
high (70Q nA). Working.at +0.55V. .
the ascorbate interference decreased
nearly to the half of the first value
(440 nA) as comparably slight
decrease was observed in NO
responses. Therefore it can be
concluded that ascorbate interference
can be decreased considerably by
detecting NO at +0.55V, which is
enabled by electrocatalytic effect of
deposited rhodium, without any other
additional membranes or other
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400nA

2min

Fig.4. The RhDp sensor response to ascorbate inteference. Three successive injections of
NO in 5x107* M steps followed by one ascorbate injection of 0.1 mM at +0.90 V(A)
and +0.55 V(B). Other conditions as in Fig.2.

barriers. The mechanism of the
electrocatalysis by rhodium or other
VIII B group metals hasn’t been
explained briefly although it was used
commonly in literature(49-80).

CONCLUSION

Response characteristics of the am-
perometric sensors for the detection of

" NO can be improved with the electro-

catalytic effect of deposited rhodium.
Almost identical sensors may be pro-
duced with this method which saves
individual calibration steps. Working
at +0.55V decreased interferences,
extended linearity and response cur-
rents without compromising from the
response time. Additional membranes
like polyphenylenediamine, Nafion or
cellulose acetate can be used for fur-
ther elimination of the interferences.
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