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Abstract 

We have investigated the electrochemical oxidation of four alcohols (methanol, l-, 2- and tertiary butanol) at Ni hydroxide 
electrodes in alkaline electrolytes. In situ FlIR spectroscopy and electrochemical methods have been used to examine these 
oxidation reactions. Oxidation of the primary and secondary alcohols commences in the potential region where it is proposed 
that multi-layers of NiOOH are formed on the electrode surface; while no reaction occurs with tertiary butanol. Methanol 
oxidation occurs in two stages, with predominantly formate being formed in the potential window 0.36-0.44 V (vs. SCE), 
followed by further oxidation to carbonate at potentials above approx. 0.45 V. Butanoate is the only detected reaction product 
for I-butanol electrooxidation in the potential range 0.36-0.5 V. The oxidation of Z-butanol is more complex. In the lower 
potential range (0.36-0.44 V) the major reaction product is butanone, which is further oxidised at higher potentials to either 
acetate or a mixture of propanoate and formate (or carbonate). In addition, rate constants have been determined for the first 
stage of the electrochemical oxidation of all the alcohols investigated. 0 1997 Elsevier Science B.V. 
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1. Introduction 

Catalysts in the form of electrode surfaces provide 
the added dimension of the electrode potential which 
can be used to control the catalyst reactivity and in 
some cases selectivity. However, reactions at electro- 
catalysts are inherently more difficult to characterise 
than their gas phase counterparts, due to the greater 
difficulty of directly detecting products, intermediates 
and adsorbates formed at electrochemical interfaces. 
This study here focuses on nickel hydroxide electro- 
catalysts and the electrooxidation of alcohols. Such 
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electrocatalysts currently have applications in the 
electrochemical transformation of alcohols to organic 
acid anions [l-6] which is of use, for instance, in 
vitamin C synthesis [3,5,6]. 

It is known that the mechanism of the oxidation of 
alcohols on NiMiOOH electrodes depends on the 
position of the hydroxyl group in the molecule [2]. 
The oxidation of primary alcohols at Ni/NiOOH 
electrodes in alkaline medium leads to the formation 
of organic acids: 

RCH20H 
NiOOI-4e RCOOH 

(1) 

In the process of the oxidation of secondary alco- 
hols ketones are formed: 
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Rl NiOOH - 2e R1 
‘CH-OH - ‘c=o (2) 

Ri Ri 

while tertiary alcohols do not oxidise [l--4]. 
A general mechanism of the oxidation of primary 

alcohols was proposed by Fleischmann et al. [ 1,2]. 

?? Oxidation of surface Ni(OH)* to NiOOH: 

OH- + Ni(OH), 2 NiOOH + Hz0 + e- (3) 
kE’ 

?? Adsorption of alcohol: 

RCH20H,,1. 2 RCHzOHads. 
kA( 

(4) 

?? Hydrogen-abstraction reaction: 

RCH20Hads. + NiOOH 2 RC’HOH +Ni(OH), 
kc intermediate 

(5) 

?? Subsequent (fast) oxidation of adsorbed inter- 
k = @&A 

1.1. 
&A 

(10) 
mediate: 

RCH’ OH + ~~0 ‘Zt RCOOH + 3e + 3H+ (6) 

or 

RCH’OH+3NiOOH + HzOfzRCOOH + 3Ni(OH), 

(7) 

This rate constant k is a mixed constant for forma- 
tion of the oxidised compound at the given electrode. 
As can be seen from Eq. (10) the mixed rate constant 
contains three factors: (a) the roughness factor of the 
electrode surface, /3; (b) the equilibrium constant for 
the adsorption of the organic molecule, KA=kA/kA’ 
and (c) the rate constant for the hydrogen-abstraction 
reaction [l]. 

Fleischmann et al. [l] have analysed the current vs. Extensive work has been conducted on the electro- 
potential (polarisation) curves for the oxidation of oxidation of alcohols, particularly with active noble 
various alcohols on Ni-electrodes. Two regions of metal electrodes, owing to their possible use in fuel 
the polarisation curve were identified: a rising current cells [7,8]. There has also been a sizeable body of 
region followed by a current plateaux region at more spectroscopic work aimed at characterising products 
positive potentials. In the rising current region the and adsorbed intermediates formed during alcohol 
reaction was determined to be first order in both the oxidation, largely on noble metal electrodes [8]. 
alcohol and hydroxide ion concentration and a Tafel The identification by in situ infrared spectroscopy 
slope of (60 mV)-’ was measured. This region was of adsorbed CO as the “poisoning intermediate” 
identified as a Tafel region. In the current plateaux during the oxidation of alcohols and other small 
region the reaction was also found to be first order in organic molecules is particularly noteworthy here 
alcohol concentration, but zero order with respect to [9]. Much emphasis has been placed on investigating 
the hydroxide-ion concentration. Notably, the current the effect of surface structure and electrolyte compo- 
on the plateaux of these waves were much smaller than sition on the formation of adsorbed CO from a wide 
would be expected for a diffusion controlled process. variety of small organic molecules [S]. A number of 
Further experiments with a rotating disc electrode other studies have focused on the so-called reactive 
indicated that the currents were independent of the intermediates resulting from small organic molecule 

rotation speed of the electrodes and hence kinetically 
controlled [l]. Hence this current plateaux region was 
identified as a kinetically controlled limiting current 
region. 

According to this mechanism the current in the 
Tafel region is expressed as [l] 

i = nFAa k&&i 
r Calc.COH- exp 

EA 

where 4 is the electrode potential, F the Faraday 
constant, n the number of electrons, A the electrode 
area, p roughness factor, Caic. the concentration of 
alcohol and Cou- is the concentration of OH-; and the 
kinetically controlled limiting current is given by the 
equation: 

i = nFAP 
k&A ‘&. 

,~, = nFAKC,1,. , 
KA 

where 

(9) 
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chemisorption [lo]. These reactive intermediates are 
more weakly adsorbed than CO and are consequently 
more readily oxidised from the surface. For instance, 
there is IR-spectroscopic evidence for adsorbed COH 
being formed during methanol oxidation on active 
platinum electrodes [ 1 I]. 

As well as enabling the identification of adsorbates, 
in situ IR spectroscopy also particularly lends itself to 
the detection of soluble reaction products formed 
during electrolysis. Due to experimental constraints 
FAIR spectra can only be obtained for specially 
designed thin layer cells, where the electrolyte thin 
layer is typically between about 1 and 100 pm thick. 
For instance, Weaver et al. [ 121 have investigated the 
products formed from the thin layer voltammetric 
oxidation of methanol, ethanol and isopropanol on 
platinum by means of FTIR spectroscopy. Electroox- 
idation of these alcohols were investigated in both 
pure non-aqueous and concentrated aqueous environ- 
ments [ 121. For anhydrous methanol and ethanol 
electrooxidation in 0.1 M LiC104 partial oxidation 
products were identified by IR spectroscopy, including 
1, I-dimethoxymethane and 1, 1-diethoxyethane and 
methyl formate. No adsorbed CO or COz product 
was observed [ 121. The addition of small quantities 
of aqueous HC104 led to marked changes in the 
mechanism of electrooxidation and the distribution 
of products with, in the case of methanol oxidation, 
adsorbed CO and CO* appearing [ 121. Other groups 
have also used FTIR spectroscopy to identify soluble 
reaction products. Notably, Morallon et al. [13] have 
identified formate and CO2 as soluble reaction pro- 
ducts of methanol oxidation on platinum in alkaline 
media. 

Far fewer IR-spectroscopic investigations have 
been directed towards the behaviour of nickel or 
nickel hydroxide electrocatalyts, despite the signifi- 
cant technological interest in these electrodes. In this 
respect, Koga and Hori [14] have studied the electro- 
reduction of CO2 at nickel electrodes. They assigned a 
band at about 1900 cm-’ to adsorbed CO formed by 
COz reduction [14]. Zhao et al. [15] have also exam- 
ined adsorbed CO on nickel electrodes. However, the 
emphasis of this study is on the electrochemical 
oxidation of the CO adsorbate in alkaline solutions, 
with the formation of soluble carbonate. Other IR 
studies have focused on nickel hydroxide phases 
formed on nickel electrode surfaces [ 16,171. 

In this paper we investigate methanol and l-, 2- and 
tertiary butanol electrooxidation. The course of the 
electrooxidation has been monitored by in situ infra- 
red (IR) spectroscopy, voltammetry and standard ana- 
lytical methods. IR spectroscopy is particularly useful 
here, in that it enables direct chemical identification of 
reaction products. This allows an assessment of the 
selectivity of nickel hydroxide electrocatalysts 
towards the formation of certain oxidation products 
from alcohols. 

2. Experimental 

2.1. Electrochemical studies 

In order to obtain a hydroxide layer of a certain 
thickness the nickel electrode was subjected to cyclic 
oxidation-reduction between -0.25 and0.55 V vs. SCE 
for 15 min. The apparent electroreduction charge 
density related to the geometric area of the electrode, 
measured after this pre-treatment, was Q,=7.8 mC/cm*. 

The average thickness (L) of the layer, can be deter- 
mined according to the equation given by Arvia [ 181: 

L=xx Qr, 

where x is a constant determined by Arvia [ 181 as 
4.33 nm/(mCcm-*). 

Thus Q,=7.8 mC/cm* gives an average layer thick- 
ness of about 34 nm. All electrode potentials were 
measured and are quoted vs. the SCE reference 
electrode. 

2.2. IR spectroscopy 

A polycrystalline nickel disc electrode, 12 mm in 
diameter and 2 mm thick was used for the in situ IR 
spectroscopy experiments. This Ni electrode was pre- 
pared by polishing with successive grades of alumina 
powder down to 0.05 urn. Prior to the experiments this 
electrode was pre-treated to develop a nickel hydro- 
xide surface layer. This pre-treatment involved cycling 
the electrode potential twice from -0.25 to +0.55 V. 
It has been previously reported that potential cycling 
in this range leads to formation of a multi-layer 
hydrated Ni oxide layer [ 181. 

In situ FTIR spectroscopy has been used here to 
monitor the reaction products as a function of 
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electrode potential. Potential difference IR spectra 
were obtained using the subtractively normalised 
interfacial Fourier transform spectroscopy technique 
(SNIFTIRS) [19,20]. A three electrode cell with a 
CaFz window (spectral cut-off below 1000 cm-‘) was 
employed for all spectroscopic experiments. After 
preparation and potential cycling pre-treatment the 
solid Ni electrode was aligned against the IR window. 
The thin layer cell thus formed usually has a thickness 
in the order of between a few microns to several tens of 
microns [21]. The potential was controlled with a 
potentiostat and waveform generator (HiTek; UK, 
DT2101 and PPRl); the potentiostat was switched 
between two pre-set potentials and IR reflectance 
spectra collected at each potential. Before spectral 
collection the solutions were purged with nitrogen 
(oxygen free, BOC). A dry air purged FTIR spectro- 
meter (BioRad FIS40) with a liquid nitrogen cooled 
mercury cadmium telluride (MCT) detector was used 
for all the SNIFTIRS experiments. P-polarised radia- 
tion was employed. Normalised spectra were obtained 
by subtracting two spectra (R2-RI) obtained for dif- 
ferent potentials and dividing this difference by RI, the 
reference spectrum. Thus, the normalised change in 
reflectance is given by 

AR/R = (R2 - R,)/R1. 

Consider that a new molecular species is formed at 
potential 2 (E2) which is not present at El and that this 
species gives rise to new IR absorption peaks. These 
peaks will point downwards in the AR/R (SNIFTIRS) 
spectrum, since increased IR absorption at E2 is 
equivalent to decreased reflectivity at E2, i.e. 
(R2-RI)/RI<l. In other words, in simple situations 
negative going bands are related to species which are 
in excess at EZ, while positive going ones correspond 
to species in excess at the reference potential (El). The 
signal-to-noise ratio of the IR spectrum was improved 
by collecting a number of interferograms at each 
potential. 

3. Results and discussion 

3.1. Electrochemical data 

Figs. l-3 show the polarisation curves for metha- 
nol, I-butanol and 2-butanol oxidation obtained at 

different concentrations of alcohols by a potentiostatic 
method, starting from 0.285 V vs. SCE. The potential 
of the electrode was shifted in 25 mV steps after 
waiting 10 min at each potential; during this period 
a steady-state was attained. 

It can be seen that the current plateau is observed for 
these three alcohols, but in the case of methanol and 

l/mA” cm-2 
9s 

0.26 0.28 0.30 0.32 034 0.36 0.38 0.40 042 0.44 046 0.48 

EIVWSCE 

Fig. 1. Steady-state polarisation curves for methanol oxidation in 
1 M KOH at a Ni/NiOOH electrode; the concentration of alcohol: 
1, 0.1 M; 2, 0.2 M; 3, 0.3 M; 4, 0.4 M; 5, 0.5 M. 

t I I I , I, I ,,,I 
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Fig. 2. Steady-state polarisation curves for I-butanol oxidation in 
1 M KOH at a NiiiOOH electrode; the concentration of alcohol: 
1, 0.1 M; 2, 0.2 M; 3, 0.3 M; 4, 0.4 M; 5, 0.5 M. 
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Fig. 3. Steady-state polarisation curves for 2-butanol oxidation in 
1 M KOH at a Ni/NiOOH electrode; the concentration of alcohol: 
1, 0.1 M; 2, 0.2 M; 3, 0.3 M; 4, 0.4 M; 5, 0.5 M. 
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Fig. 4. Dependencies of steady-state limiting current density on 
alcohol concentration; 1, methanol; 2, 1-butanol; 3, 2-butanol. 
Taken for E=0.41 V. 

2-butanol the plateau is followed by an increase in 
current density indicating the occurrence of a second 
oxidation step. The steady-state current-concentration 
plots, measured at potentials in the current plateau 
region are presented in Fig. 4. The rate constant k for 
the oxidation of the investigated alcohols at the Ni/ 

Table 1 
Rate constants for the electrochemical oxidation of the investigated 
alcohols at Ni/NiOOH electrodes 

Alcohol k (cm s-‘)x lo6 E (V) vs. SCE 

Methanol 7.5 0.41 
I-Butanol 6.8 0.41 
2.Butanol 3.6 0.41 
t-Butanol 0 0.41 

NiOOH electrode are calculated according to Eq. (9) 
and are summarised in Table 1. As discussed in Sec- 
tion 1 the measured rate constant k is a mixed rate 
constant having contributions from the equilibrium 
constant for alcohol adsorption, the electrode rough- 
ness and the rate of hydrogen-abstraction from the 
adsorbed alcohol. 

It can be concluded that the rate constant for the 
reaction between nickel electrodes and the primary 
alcohols methanol and 1-butanol is about two times 
larger than that for the secondary butanol. It can be 
also deduced that the electrochemical oxidation of 
methanol and 2-butanol is more complex than in the 
case of I-butanol. The subsequent oxidation of these 
two alcohols is observed at higher potentials 
(E>O.44 V). 

4. In situ FTIR results 

4.1. Electrooxidation of methanol 

Fig. 5 shows in situ FTIR spectra recorded for a 
polycrystalline nickel electrode in 1 M NaOH with 
0.5 M methanol. Prior to the spectroscopic measure- 
ments the electrode potential was cycled twice 
between -0.25 and 0.55 V (vs. SCE), to develop 
the nickel hydroxide layer. The reference spectrum 
was recorded at -0.25 V, a potential at which no 
electrooxidation occurs. Spectra were recorded at this 
reference potential and then the potential was 
switched to the second (more positive) potential limit, 
where spectra were also recorded. The potential dif- 
ference spectrum was calculated from the respective 
spectra at these two potential limits. Bands pointing 
upwards correspond to species in excess at the refer- 
ence potential, while downwards pointing bands cor- 
respond to species in excess at the positive potential 
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Fig. 5. In situ potential difference IR spectra (SNIFTIRS) of the 
polycrystalline Ni electrode in 1 M NaOH with 0.5 M methanol. 
The reference potential was -0.25 V and the other potential limit 
of the difference spectra is shown next to each spectrum. 
Downward pointing bands correspond to IR absorbance by species 
in excess at the positive potential limit. Prior to recording the 
spectra the electrode potential was cycled between -0.25 and 
+0.55 V to develop the hydrated nickel oxide layer. 

limit. The positive potential limit is marked for each of 
the difference spectra in Fig. 5. 

In the spectral series shown in Fig. 5 there is only 
one pronounced positive band at 1017 cm-‘. From 
Table 2, methanol in aqueous NaOH shows a similar 
strong band at 1017 cm-‘. This corresponds to the 
C-O stretch of methanol [22]. The positive sign of 
the band implies that methanol is in excess at the 
reference potential, in other words it reacts to form 
another species at the positive potential limit. The 
intensity of this band gives an indication of the 
potential dependence of the reaction. Thus, there is 
no apparent band when the positive potential limit is 
+0.3 V, but a small one appears when the positive 
limit is increased to 0.35 V. The potential of +0.35 V 
lies just at the foot of the current peak corresponding 
to oxide formation in the cyclic voltammogram of Ni 
in 1 M NaOH. 
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The downwards pointing bands appear at 1650, 
1582, approx. 1400 (broad shoulder), 1384 and 
1352 cm-‘. The band at 1650 cm-’ can be assigned 
to water deformation, and it arises from changes in the 
water structure in the thin layer. The bands at 1582, 
1384 and 1352cm-’ correlate very well with three 
characteristic bands of formate, seen in transmission 
spectra of formate in aqueous NaOH. The 1582 cm-’ 
band is assigned to v,(COO), the 1384 cm-’ band to 
S(CH) or p,(COO) and the 1352 band to v,(COO) of 
formate [23]. The broad shoulder at about 1400 cm-’ 
is most pronounced for higher positive potential lim- 
its. It is also interesting to compare the relative 
intensities of the three characteristic formate bands 
with this shoulder, for the spectra with the positive 
limits of 0.40, 0.45, 0.50 and 0.55 V, respectively. As 
the positive limit is increased the 1400 cm-’ shoulder 
becomes more dominant. Carbonate (in 1 M NaOH) 
has a predominant band at about 1400 cm-‘. Hence, a 
realistic assignment of this band is to carbonate which 
is formed by further oxidation of formate. The fact that 
the relative intensity of the carbonate band increases 
from 0.4 to 0.55 V implies that the selectivity of the 
nickel hydroxide electrocatalyst with respect to for- 
mate formation decreases at the higher potentials. 

4.2. I-Butanol 

Spectra for a polycrystalline Ni electrode in 1 M 
NaOH with 0.5 M 1-butanol are shown in Fig. 6. As 
for the methanol experiments, the electrode was 
cycled two times between -0.25 and 0.55 V to 
develop the nickel hydroxide surface film. A reference 
potential of -0.25 V was also chosen. Upwards point- 
ing peaks are seen at 1069 and 1026 cm- ‘. These 
correspond well with bands observed in the transmis- 
sion spectra of 1-butanol (see Table 2). Downwards 
pointing bands were seen to develop as the positive 
limit was increased from +0.35 to +0.5 V. The two 
most pronounced bands at 1544 and 1410 cm-’ fall at 
frequencies characteristic of the asymmetrical and 
symmetrical (COO) stretches of carboxylate anions 
[23]. These spectra are consistent with butanoate 
being formed by electrooxidation of l-butanol. As 
for methanol, the lowest positive potential limit where 
bands for oxidation products appear is about +0.35 V. 
Bands characteristic of either aldehydes or formate 
cannot be seen in the spectra, even at the highest 
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Fig. 6. In situ potential difference IR spectra of the polycrystalline 
Ni electrode in 1 M NaOH with 0.5 M butan-l-01. All other 
conditions are the same as Fig. 5. 

positive potential limit, indicating that there is a good 
selectivity towards formation of the organic acid anion 
from 1-butanol. 

4.3. 2-Butanol 

Spectra for a polycrystalline Ni electrode in 1 M 
NaOH with 0.5 M 2-butanol are shown in Fig. 7. The 
electrode was prepared in the same fashion as for the 
methanol and 1-butanol experiments. The upwards 
pointing bands, at 1105, 103 1 and 994, are also seen 
in the transmission spectra of 2-butanol (see Table 2), 
and this points to 2-butanol being in excess at the 
reference potential of -0.25 V. The downwards point- 
ing bands are seen at 1698, 1635, 1555, 1414, 1371 
and 1185 cm-‘. These bands correspond to oxidation 
products of 2-butanol. The band at 1698 cm-’ is the 
most characteristic and it can be assigned to the first 
oxidation product of 2-butanol, which is butan-2-one. 
Notice that hydrogen bonding in aqueous solution 
shifts this C=O stretching vibration from 1713 cm-’ 
for the neat solution of butan-2-one, to 1702 cm-’ in 
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Fig. 7. In situ potential difference IR spectra of the polycrystalline 
Ni electrode in 1 M NaOH with 0.5 M butan-2-01. All other 
conditions are the same as Fig. 5. 

aqueous NaOH solution. By comparison with trans- 
mission spectra for 2-butanone in aqueous NaOH 
(Table 2) the other strong bands in the in situ FTIR 
spectra which can be assigned to this ketone are at 
1371 and 1185 cm-’ . All these ketone bands decrease 
in intensity as the positive potential limit is increased 
from 0.40 to 0.45 V and then further to 0.50 V. By 
0.50 V the ketone bands have fallen to a fraction of 
their maximum intensity at 0.40 V and new bands are 
clearly seen, at 1555 and 1414 cm-‘. These new bands 
arise from the further oxidation of the ketone. Butan- 
2-one can be oxidatively cleaved to form either acetate 
(a) or propanoate and formate (b): 

CH3- CH2 + C f CH3 
a b 

The two new bands at 1555 and 1414 cm-’ occur at 
frequencies observed for the asymmetric and sym- 
metric stretches of organic acid anions. Therefore, the 
spectra are consistent with the formation of carbox- 
ylate species at the higher positive potentials. How- 
ever, we cannot distinguish whether the major product 
is either acetate or a mixture of propanoate and 
formate (or carbonate formed by further oxidation 
of formate). 

4.4. Tertiary butanol 

In situ FIIR spectra have been recorded 
under similar conditions for the nickel electrode 
in 1 M NaOH with 0.5 M tertiary butanol. Neither 
bands corresponding to loss of the alcohol nor 
bands corresponding to the formation of oxidation 
products were seen. This resilience of tertiary 
butanol to electrooxidation is not surprising since, 
in contrast to the other alcohols, it lacks an a-hydro- 
gen. 

5. Conclusions 

The electrooxidation of four alcohols was studied 
on polycrystalline Ni/NiOOH electrodes in alkaline 
media using electrochemical and IR spectroscopic 
methods. The following conclusions can be made 
about the electrooxidation of the investigated 
alcohols: 

(a) Electrooxidation of methanol, 1-butanol and 
2-butanol commences at about 0.364.38 V vs. 
SCE in 1 M KOH. This is in the region where it is 
reported that multi-layer NiOOH films develop on the 
electrode surface [16]. Tertiary butanol is resistant to 
oxidation. 

(b) The steady-state polarisation curves for 
methanol, 1-butanol and 2-butanol show a sharply 
rising current between about 0.36 and 0.41 V. 
This is followed by a plateau region between about 
0.41 and 0.44 V. This is assigned to a kinetically 
controlled limiting current region. Polarisation 
curves have been recorded at a range of 
alcohol concentrations from 0.1 to 0.5 M. The 
steady current measured at 0.41 V has been 
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plotted against alcohol concentration for the 
investigated alcohols. Using the expression for 
the plateau current derived by Fleischmann 
et al. [1,2] rate constants k for the oxidation of 
the alcohols were calculated. The rate constants 
derived are 7.5 (methanol), 6.8 (1-butanol), 3.6 
(2-butanol) and 0 (tertiary butanol) x 10m6 ems-’ 
(all measured at 0.41 V vs. SCE). The measured 
rate constant, k, is a mixed rate constant having 
contributions from the equilibrium constant for 
alcohol adsorption, the electrode roughness and 
the rate of hydrogen-abstraction from the adsorbed 
alcohol. 

(c) Both methanol and 2-butanol show a sharply 
rising current following (>0.44 V) the current plateau. 
This is related to subsequent electrooxidation of these 
two alcohols. 1-Butanol does not show this feature, 
indicating that the electrochemical oxidation of the 
methanol and 2-butanol is more complex than the case 
of 1 -butanol. 

(d) In 1 M aqueous NaOH the major product of 
methanol oxidation at Ni electrodes, as identified by 
FTIR, is formate. However, on increasing the elec- 
trode potential above about 0.45 V (vs. the saturated 
calomel reference electrode, SCE), selectivity 
decreases with formate being further oxidised to 
form carbonate. This is consistent with the 
polarisation curves which indicate two stages to the 
oxidation. 

(e) Under similar conditions the only product 
detected by FTIR spectroscopy for 1-butanol oxida- 
tion was butanoate, while not surprisingly tertiary 
butanol is resilient to oxidation to potentials of at 
least 0.55 V (vs. SCE). 

(f) FTIR spectroscopy shows that the behaviour 
of 2-butanol is somewhat more complex. At lower 
electrode potentials (approx. 0.3-0.4 V) butanone is 
the major product. At more positive potentials 
(approx. 0.4-0.55 V) carboxylate species are detected 
by IR spectroscopy, indicating oxidative cleavage 
of one (or both) of the C-C bonds adjacent to the 
ketone. In this case the IR spectroscopic data could not 
enable us to discern whether either acetate or a 
mixture of propanoate and formate (and carbonate) 
are formed. 

Summarising the results for the electrooxidation of 
the investigated alcohols at Ni/NiOOH in 1 M alkaline 
electrolytes: 

E=0.36-044V E>0,45V 

CH,OH . HCOO- ’ CO,‘. 

k= 7.5 * 104 Ld’(@O.41 V) 

E=0.36-0.5V 

CH,CH,CHSH,OH ’ CH,CH,CH,COO 

k = 6.8 * 10d ani’ (@ 0.41 V) 

CH,CHzCOC- 

/ 
+ co,’ 

(CHGW \ E = 0.36 - 0.44 V (CH&Hz)\ 
/E>o.45v 

CHOH 
/ 

, c=o 

(CW k = 3 6 * IO4 cnd(@ 0.41 V) (CHj) 

I 
ZCH&OO 

(CHs)sCOH no reaction. 
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