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1. Introduction

Electrochemical research on metal-CQO interactions is
generally related to the role of CO as a poison in the
electro-oxidation reactions of organic fuels at noble metal
electrodes. A small number of studies have treated the
interaction of a nickel electrode with CO [1-3], either as a
complement to studies of CO, electroreduction, in which
case CO is considered as an intermediate [1], or in connec-
tion with an interest in Ni as a potential low cost electro-
catalyst [2-4]. In addition, the study of adsorption and
desorption reactions on nickel electrodes is also important
for understanding the action of inhibitors. The adsorption
of CO was also used to protect a Ni(111) surface during
the transfer from UHV into alkaline electrolytes [5].

These studies show that CO is strongly adsorbed on the
Ni electrode and that the nickel electrodissolution—nickel
hydroxide precipitation voltammetric peak shifts to more
positive potentials in the presence of CO. Thus it is
concluded that the adsorbate inhibits the nickel electrodis-
solution process, allowing it to occur only after CO has
been removed from the surface.

However, the mechanism of CO-adsorbate removal has
not been determined experimentally, and two alternatives
have been considered.

Hori and Murata [1], working at pH 6.8 in a
HPO?~ /H,PO; buffer electrolyte, proposed electro-
oxidation of the protecting layer of adsorbed CO to CO,,
followed by electro-oxidation of the Ni electrode. This was
deduced from the values of the potential of the CO
electro-oxidation on Pt and Rh electrodes and the standard
equilibrium potential of the CO electro-oxidation reaction.

* Corresponding author.

For solutions at pH values between 1 and 3 with H,SO,
and HCIO, electrolytes [2,3], it was proposed that CO
removal consisted of the stripping of an adsorption layer
that includes CO competitively adsorbed with water. This
suggestion was based on the fact that the Ni oxidation
peak in CO-containing acid solutions appeared only to be
shifted in comparison with that in pure acid solutions [6].
The above mentioned potential shift has been shown to be
consistent with the energy difference, estimated from gas-
phase adsorption data [7.8], between the following reac-
tions:

Ni(H,0),, + H,0 - {Ni(OH),} + 2H" + 2¢" (1)

and

[Ni(CO)],, + 2H,0 > {Ni(OH),} + CO + 2H" + 2e"~
(2)

The present work uses on-line mass spectrometry (dif-
ferential electrochemical mass spectrometry (DEMS)) to
decide whether the anodic desorption product is really CO
or rather CO,.

2. Experimental

The DEMS set-up, as well as the small volume flow
cell used, have been described previously [9,10].

The Ni working electrode was prepared in the DEMS
cell by Ni electrodeposition on a gold sputtered porous
Teflon film with a geometric area of 0.5cm?. The elec-
trodeposition process was conducted at —0.4V vs. RHE
using a plating bath solution containing 300g1~" NiSO,
and H,SO, to obtain pH 3.5. After 15 min of deposition
time, the cell was rinsed thoroughly with the correspond-
ing working electrolyte solution.
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The three working electrolytes used (0.5 and 0.005M
H,S0, and a 0.1 M Na,HPO, + 0.1 M NaH, PO, buffer),
were prepared using Millipore-MilliQ® water and analyti-
cal grade reactives (p.a. Merck).

For 0.5 and 0.005 M H,SO, aqueous solutions an RHE
was used, whereas for the phosphate buffer a
HglHgSO,Na, SO (sat.) reference electrode, properly
shielded in a double glass frit compartment, was em-
ployed. In all experiments a Pt wire was used as counter
electrode.

Cyclic voltammograms were performed in Ar saturated
working electrolyte solutions between —0.8 and 0.6V vs.
RHE at 10mVs™' until a stable profile was obtained
(except for the 0.5M H,SO, electrolyte for which only a
preliminary cathodic sweep was performed owing to the
high rate of Ni anodic dissolution in this strongly acidic
solution). The solution was replaced with the correspond-
ing CO saturated electrolyte under potential control at
0.0V vs. RHE. After 5 min of adsorption time, CO was
removed from the aqueous solution by electrolyte ex-
change and Ar bubbling, and anodic stripping voltammo-
grams and on-line DEMS measurements were carried out
at the same sweep rate, starting at the adsorption potential.

3. Results and discussion

The voltammetric and DEMS results exhibit the same
general features in the three electrolyte solutions used. Fig.
1 shows the anodic voltammetric sweeps before and after
CO adsorption (Fig. 1(a)) and the mass intensity—potential
signals for m/z = 28 (Fig. 1(b)) and m/z = 44 (Fig. 1(c))
obtained in the CO desorption cycle for the 0.005SM
H,S0, electrolyte. No other potential dependent mass
signals were observed during the desorption scan and no
potential dependent mass signals were observed in the
cycle following the desorption scan.

The above mentioned anodic shift of the Ni electrodis-
solution—precipitation peak in the presence of the CO
adsorbate is clearly observed in Fig. 1(a). The correspond-
ing voltammetric charge increases only slightly in the
presence of the CO adsorbate, as already reported [1,2]

Fig. 1(b) and Fig. 1(c) show that the current intensity of
the mass signal with m/z = 28, assigned to CO, is much
larger than that of m/z = 44, assigned to CO,. There is a
contribution to m/z = 28 from CO, due to fragmentation
(ca. 9% of the intensity of the m/z = 44 peak), which is
negligible in our case given the experimental relative
intensities of both peaks. It must also be noted that the
mass intensity signals are not parallel, the peak of the CO
mass signal precedes the peak of the CO, mass signal by
ca. 80mV and the CO, mass signal starts to increase when
the CO mass signal decays. It is also interesting to note
that the maximum of the CO mass signal precedes the
voltammetric peak by ca. 20mV (i.e. 2's). Such behaviour,
i.e. non-oxidative anodic desorption, was also observed in
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Fig. 1. Anodic voltammetric cycles before and after CO adsorption and
potential dependent mass signals for the CO desorption cycle. Electrolyte,
0.005M H,SO,; working electrode, electrodeposited Ni on sputtered
gold; reference electrode, RHE; counter electrode, Pt wire. (a) Anodic
cycle before CO adsorption (- - -); CO adsorption followed by solution
exchange and CO desorption cycle ( ) (see text). (b) m / z =28
ion current potential signal corresponding to the solid line cycle in (a).
(The step at 0V is due to an increase in the base signal of CO during
adsorption of CO). (c) m / z = 44 current-potential signal corresponding
to the solid line cycle in (a).
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the case of benzene adsorbed on Rh and Pd electrodes as
opposed to Pt, on which benzene is completely oxidized to
Co, [11].

Table 1 shows the integrated mass intensity signals for
all experimental conditions. It is immediately clear that the
main mechanism for removal of the protective layer is CO
stripping, about 10-20% of the adsorbed CO is oxidized to
CO,. The greatest proportion of CO, occurs at neutral pH.
It therefore may well be true that in alkaline solutions
oxidation to CO, predominates [5].

From the integrated mass intensity signals and the
experimentally measured calibration constant (K * =5.5
X 1075) (cf. Ref. [9]) for the DEMS set-up, the absolute
amount of adsorbed CO can be calculated to be 1.4, 6 and
12 nmol per square centimetre of geometric electrode sur-
face for the phosphate, 5mM H,SO, and 0.5M H,SO,
solutions respectively. The roughness factors of the elec-
trodes used here are not known. Usually it is about 10 for
sputtered Pt or Au electrodes. Owing to the electro-
deposition of Ni, it is probably even higher in the present
case. Comparing the above values with the amount of
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Table 1

Integrated charge under potential dependent mass signals (Q,, , ._ »; and
O,/ - a4) observed in the anodic CO desorption scan for the experimen-
1al electrolytes

Electrolyte Onsi=18/ Qumypi—aa/ Qua/
1078¢ 1078¢C mC
0.1M KH,PO, +0.|M K,HPO, 0.29 0.083 1.4
0.005M H, S0, 1.6 0.030 22
0.5M H,S0, 3.1 0.23 603

surface Ni atoms (approximately 2.6 nmolcm™? real area),

it is clear that coverage with CO may be complete in the
most acidic solution, but certainly not in the neutral solu-
tion. From the values given in Table | it can also be
calculated that the relative contribution of reaction (2) to
the overall current increases with increasing pH from 0.2
to 10%.

These experimental results suggest the following reac-
tion sequence: (a) CO- and water- (or OH-containing
species) are competitively adsorbed at the Nilelectrolyte
interface; (b) Ni electrodissolution is inhibited by this
strongly adsorbed CO; (c¢) an anodic stripping of the
adsorbate, schematically represented by reaction (2), takes
place at potentials which correspond to the rising part of
the voltammetric peak; (d) this is followed by the oxida-
tion of underlying Ni layers, thus, the CO mass current
intensity signal reaches its maximum before the voltam-
metric peak, which is almost totally determined by the
massive electrodissolution—precipitation process of nickel;
(e) a small portion of the remaining adsorbate is oxidized
to CO,, probably induced by the co-adsorbed OH ™ present
at the Ni interface at this potential.
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