— 278 —

IN SITU INFRARED REFLECTANCE SPECTROSCOPY OF
FORMALDEHYDE ADSORPTION ON POLYCRYSTALLINE
PLATINUM ELECTRODES IN ALKALINE MEDIUM

P.OLIVIand L. O. S. BULHOES
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present as methylene glycolate, its hydrated form, the
equilibrium constant of the dehydration reaction being
about 1073 (3). This shows that two active species are
always in equilibrium in solution, and that the adsorption
of methylene glycolate or its derivated forms onto the

electrode surface must be considered. In this work some
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preliminary spectroscopic results are presented, using
Electrochemically Modulated Infrared Reflectance
Spectroscopy (EMIRS), which has been demonstrated to be
powerful a technique for the "in situ" observation of the

vibrational spectra of adsorbed species.
EXPERIMENTAL

The supporting electrolyte solutions were prepared
from ultrapure water obtained with a Millipore Milli Q
system and NaOH suprapur Merck. Formaldehyde solutions were
prepared by refluxing paraformaldehyde during at least 4
hours. The cell, as well as the technique used in the EMIRS
experiments, were described and discussed elsewhere (4). A
systematic investigation of the 1000-2700 cn~ !l wavenumber
range was carried out, using an EMIRS III spectrometer (Hi-
Tek Instruments), under various modulations conditions and

formaldehyde concentrations.
RESULTS AND DISCUSSION

Using 200 mV amplitude modulation signals at a 13.5
Hz frequency and a mean potential E=-0.85 V vs Hg/HgO, EMIR
spectra were obtained, all of them being similar to the one
given in Figure 1, provided that the potential limits were
kept in the hydrogen adsorption region. The two IR
absorption bands at ca. 1830 and 2000 cm~! result from the
well known Dbridge and linearly-bonded CO species,
respectively. These results are in agreement with a mean
Neps value of 1.4, which was found after long adsorption
times (tygg > 300 s), through cyclic voltammetry (2). No
bands related to the methylene glycolate species were
detected at around 1050 cm~l. However at wavenumbers lower
than 1800 cm~! one peak is seen at 1700 cm_l, which can be
attributed to the C=0 stretching vibrations of the formyl
group of adsorbed formaldehyde or of one of its adsorbed

reaction products.
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Fig. I - EMIR spectra of a Platinum electrode in a 1.25 M NaOH + 5 mM

HCHO solution. E = -0.85 V vs Hg/HgO. 8E = 200 mV and f=
13.5 Hz.

Another band at 1350 cm’l and a complex band with two
negatives and one positive lobes in the 1100-1200 cm!
range are also clearly seen in the spectrum. These bands
are very similar to those observed with formic acid in
solution (5) and therefore could result from the oxidation
of methylene glycolate in the potential range of the first
voltammetric peak. Such a formation of formic acid (or
formate) from the oxidation of formaldehyde in alkaline
medium on platinum electrodes has already been postulated
by several authors (6).

Similar spectra were obtained with 0.1 M formaldehyde
solutions, under the same conditions of potential
modulation. Only the band intensities vary, showing more
production of carbon monoxide.

Beside, it is interesting to note that the evolution
of spectra with time during spectral accumulation, shows
that the formation of the CO layer is much slower with
formaldehyde, than with CH30H(7) or HCOOH(8). The
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dehydrated HCHO form can be taken as responsible for the
formation of the CO layer. Thus the equilibrium between the
hydrated and dehydrated forms, which certainly changes with
time in the vicinity of the surface, controls probably the
concentration of fresh formaldehyde for the CO layér

formation.
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