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Infrared spectroscopic studies on adsorbed nitrate and
related compounds at platinum electrodes
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Intensive agricultural activities, especially over fertilization, induce an increase of nitrate concentration in ground water.
Technology development has occurred in the environmental remediation of nitrate-contaminated water, but there is a still
need to further optimize current treatment technologies. Electrochemical methods have various advantages for the prevention
and remedy of water pollution problems. To develop the electrochemical method for nitrate removal or de-nitrification, it
requires the deepest knowledge about the phenomena at electrode surfaces such as adsorption states of NO5™ and its
reduction intermediates or products, the product selectivity and electrocatalytic activities of electrode materials as a finction
of pH of solutions. For these purposes, an infrared spectroscopic study of adsorption and electrochemical reduction of NO;~
and related compounds at Pt electrodes has been undertaken.

In Chapter 3, the adsorption and electrochemical reduction behaviors of NO in acidic and neutral solutions at Pt and Sn/Pt
electrode were examined by the surface-enhanced infrared absorption spectroscopy (SEIRAS). The adsorbed NO at both Pt
and Sn/Pt electrodes in acidic and neutral solutions showed two main bands in SEIRA spectra in the spectral region of 1685—
1733 and 1592-1629 cm™?, and were assigned to the linear and bridged NOs, respectively. There also exists an additional
band as a shoulder between them, which may be assigned to NO adsorbed on the defect sites. With the decreasing potential of
Pt and Sn/Pt electrodes, the ihtensity of the linear NO started to decrease in both acidic and neutral solutions showing the
reduction of the linear NO. Bridged NO showed two different behaviors from those observed for the linear NO, namely (i)
reduction of bridged NO was not observed at Pt electrode in a neutral solution in the applied potential range to —0.7 V, and (i)
in all other cases the reduction of the bridged NO started at more negative potential than linear NO, indicating that bridged
NO is more stable than linear NO. From the comparison of spectra for Pt and Sn/Pt electrodes, it becomes clear that the band
positions of the adsorbed NOs did not change by the modification of the surface by tin, showing similar adsorption states of
NOs at Pt and Sn/Pt electrodes. However, the reduction of adsorbed NOs at Sn/Pt electrode started from more positive
potentials than that of a pure Pt electrode. This indicates higher electrocatalytic activity of Sn/Pt electrode comipared with a
pure Pt electrode.

In Chapter 4, the adsorption of nitrite and its reduction were examined at Pt and Sn/Pt electrodes in acidic and neutral
solutions using SEIRAS. The band due to the symmetric NO,™ of the nitro form of nitrite was observed at 1285-1313 cm ™.
This is the first report using IR spectroscopy for the adsorbed NO, ™ formed from nitrite at Pt and Sn/Pt electrodes. In an acidic



solution, in addition, the linear NO, bridged NO, and NO on defect sites were also observed. These adsorbed NO species
were directly formed from the dissolved NO produced in the disproportionation reaction of nitrite. In a neutral solution, on the
other hand, NO bands did not appear until the NO, band almuost entirely disaﬁpeared at more negative potentials. During the
decrease in the NO,~ band intepsity, no reduction current flowed. And the band was completely recovered when the potential
was scanned back to a positive direction before the NO formation. From these results, it is concluded that the adsorbed nitrite
is converted to IR-inactive nitrite species, then reduced to the adsorbed NO. The miost plausible IR-inactive species will be the
nitrite adsorbed parallel to the electrode surface. In an acidic solution, a direct conversion from adsorbed nitrite to adsorbed
NO was also suggested. From the comparative study as to the adsorption states of NO, at Pt and Sn/Pt electrodes, it is
~ apparent that there are no significant differences in the adsorption modes of NO, ™ in both solutions because the band positions
are the same at both electrode surfaces. However, the reduction of adsorbed NO, occurred at the more positive potentials at a
St/Pt electrode in a neutral solution than that of a pure Pt electrode. The positive shift ihdicates the higher catalytic activity of
Sn/Ptelectrode.

In Chapter 5, the adsorption of NO5~ and its reduction at Pt and Sn/Pt electrodes were examined by SEIRAS in acidic and
neutral solutions. At a Pt electrode in an acidic solution, the positive band due to N=0O stretching vibration of the chelating
bidentate form of NO;~ was observed in the region of 1543-1575 cm ! in accordance with the previous report. In a neutral
solution no band was observed in SEIRA spectra at Pt, showing the low adsorption affinity of NOy to Pt surface. However, it
appeared by the modification of Pt by tin. Therefore, the existence of tin stabilized NOsat the electrode surface. The band
position is again similar to each other at Pt and Sn/Pt. The reduction of the adsorbed NOs™ took place at more positive
potential than a Pt electrode, which indicates the higher électrocatalyﬁc activity of Sn/Pt.

In summary, the adsorbed nitrite is reduced to the adsorbed NOs via IR-inactive nitrite species. The latter species is an
actual intermediate. In almost all cases, tin accelerated the reduction of the adsorbed species. However, the band positions of
the adsorbed species remain unchanged by the modification of tin. Therefore, the adsorption state is the same at Pt and Sn/Pt.
On the analogy of the mechanism for the reduction of adsorbed nifrite, it is proposed that IR-inactive intermediate species
may be formed by the interaction of an oxygen atom of the adsorbed species with tin due to the stronger affinity of tin to
oxygen compared with Pt. The stabilization of the adsorbed nitrate may be also performed by a similar interaction mechanism.
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