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Eledrocaalytic reduction of nitrite has been
extensively studied becaise of its sgnificancein biology
and the environment. The vast mgjority of the studies
have used metal porphyrins as the caalysts. Cobalamins
are dso metal maaocyclic ring compounds which are
very similar to the metal porphyrins in terms of bath
structure and chemicd properties. It has also been
reported that nitrite reads with the three obalt oxidation
states of aguocobalamin. * However, there has been no
complete study onthe dedrocaalytic reduction d nitrite
by aquocobalamin.

The interadion of nitrite with
aquocob(lIl)alamin, Chl(lll), was first found by UV-
visible spedroscopy.>? From cyclic voltammetry, CV,
studies, we dso see avery strong interadion. In Figure
1A and 1B we compare the CVs of the solutions of
cobalamin and sodium nitrite in pH 7 buffer solution on a
glasy cabon eledrode. In pH 7 solution, the abalamin
exists mainly as aguocobalamin (pK,=7.8). Figure 1A
shows two separate redox pedks at 0.0V and -0.87V
which are due to the redox couples of Co(lll) /Co(ll) and
Co(I1)/Co(l) for aguocobalamin. * It can be seen even
though nitrite is at ten times the oncentration of
cobalamin, its dired reduction on the glasy cabon
eledrode, Fig. 1B, is an s-shaped with a much smaller
reduction pea& current indicaing a slow reduction
process However, when the two spedes are mixed with
the same ncentrations as they had individually, the peak
current increases dramaticdly. It can be seen that both
redox pe&ks of cobalamin have been changed inthe CV in
Fig. 1C. The Co(lll)/Co(ll) reduction pes&k has
disappeaed, but a new reduction pe& appeas around —
0.35V. The Co(Il)/Co(l) reduction pe& at ca —0.87V has
disappeaed but a significantly enhanced current with an
s-shaped wave is now observed at around —1.0V. When
the potential is reversed, no oxidation peak can be found
for the Co(l)/Co(ll) process and a much deaeased
oxidation peak appeas at 0.06V for Co(ll)/Co(lll)
process These results indicate that a chemicd readion
between nitrite with Chl(l11) shifts the Cbli(lll) reduction
pe&k and that a cdalytic reduction process gives rise to
the enhanced current at about -1.0V.

When the same studies were performed in a pH
10 huffer solution, a different phenomenon is observed.
When nitrite is added to cobalamin solution, the
Co(ll) /Co(l1) reduction pe& disappeas, and a new peak
appeas at —0.35V. However, no effed isobserved for the
reduction peak of the Co(ll)/Co(l) couple on adding
nitrite. When potential is scanned badk in a positive
diredion, the oxidation pegs of Co(l) to Co(ll) and
Co(ll) to Co(Il) remain with no change. In addition, for
CVs in lower pH solutions, pH 6 to pH 3, thereis a
gradually incresse in the cdalytic currents nea to the
Co(ll)/Co(l) reduction peek as the pH is lowered. The
above results show that pH has a very large dfed on the
eledrocaalytic reduction of nitrite by cobalamin. This
effect could be acounted for by two pasdbilities: @) there
are protons involved in the reduction of nitrite and b) the
caalytic current is due to the reduction of nitric oxide,

NO, which is produced through the dispropartionation of
nitrite in low pH agueous lution. ° A comparison of the
caaytic reduction o nitrite ad nitric oxide by
aquocobalamin  with differential pulse voltammetry
(DPV) studies $ows ome similarity but also some
differences. Thus we conclude that the pH effeds are due
to a combination of both a and b

A plot of the cdalytic peak current versus
cobalamin concentration at constant excess nitrite has the
shape of a Langmuir isotherm indicating that adsorbed
cobalamin is involved in the mechanism. The scan rate
dependence shows the catalytic current is dependent on
0.2 power of the scan rate which is much lessthan the 0.5
power dependence for a diffusion controlled process A
plot of catalytic peak current versus nitrite concentration
at constant cobalamin shows the cdalytic current is
dependent on the 0.3 power of the nitrite mncentration
which is a lessthan the 0.5 power dependence expeded
for a simple cdalytic process involving a homogeneous
chemicd readion. The &ove daraderistics were for pH
4 phosphate buffer, and we are now carying out these
experiments at pH 7 to avoid the disproportionation of
the nitrite into nitric oxide and nitrate which occurs in
addic media

Finaly, analysis of the products of a cntrol
potential eledrolysis (CPE) of nitrite in the presence of
aquocobalamin in dfferent pH solutions is being
investigated and will be discussed aong with the
medhanism of the dectrode processs.
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Fig. 1. Cyclic voltammogramsin pH 7 buffer solution at a
glassy carbon eledrode of (A) 5x10* M HO-Cbhl , (B)
5x10° M NaNO, , and (C) 5x10* M HO-Cbl with 5x10°
M NaNO,. Scan rate: 50mv/s.






