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Electro-Oxidation of Ethanol on Pt, Rh, and PtRh Electrodes. A Study Using DEMS and
in-Situ FTIR Techniques
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The electrochemical oxidation of ethanol on platinum, rhodium, and platimtiedium electrodes is studied
using on-line differential electrochemical mass spectrometry (DEMS) and in-situ infrared spectroscopy (FTIR).
The data were normalized using the oxidation of a CO monolayer in order to compare the activity of the
different electrodes. Three products have been detected, namelsir@@cetaldehyde (detected by DEMS)

and acetic acid (detected by in-situ FTIR, since acetic acid is not volatile enough to be detected by DEMS).
It is found that rhodium is the far less active electrocatalyst for ethanol electrochemical oxidation. Pure platinum
and Pg§oRhyo present similar overall normalized current density, bygfth presents a better GQield than

pure platinum. The best CQield is found for the PtRh,; electrodes. The acetaldehyde yield decreases as
rhodium is added to the electrode. The ratiofIH;CH,O increases when rhodium is added to the electrode.
The possible reasons for the different reactivity for the studied electrodes is discussed in terats bdad
activation and €0 bond coupling on the different surfaces.

Introduction catalytic activity of the alloy, related to the excess of unpaired

. . .. ... electrons per atom in the alloy, compared to pure platinum.
The development of fuel cells operating directly with liuid The mogified electronic stru?:/ture ofpa bimeta‘I)Iic capt’al st ma
organic fuels has increased the interest on the electrochemical Y y

oxidation of alcohols and other small organic molecdi€s. also play a rc_)Ie in th_e electrocatalysis of ethanol oxi_dation.
Wang et als using on-line mass spectrometry under fuel cell Therefore, it is the aim of the present work to examine the

operating conditions, have shown that ethanol can be a promis-!cfin?tncs) \(/)vfaf(;RtEeeI;gtcrt?gihcgnr?igglsglzge?tir; ;hgfeéfﬁ;rﬁglaai% tic
ing alternative for direct methanol fuel cells. Y 9

. . differential electrochemical mass spectrometry (DEMS) and in-
Platinum electrocatalysts are well-known to be active for the _. .
. S . i ) . situ Fourier transform IR spectroscopy (FTIRS). These tech-
electrochemical oxidation of organic molecules in acid media.

However, adsorbed CO resulting from the reaction poisons the nique_s are used in or(_jer to foIIow_directIy th_e formation of the
electrode and drastically reduces the activity of pure platinum. reaction products during the applied potential programs.

To improve the electrocatalytic activity of platinum, addition
of a second element has been widely used to form a bimetallic
catalyst. Examples of these materials are PtRuPtSn? 10 The electrodes were obtained by potentiostatic deposition of
PtMO,ll etc. The bimetallic electrodes Composed of PtRu are Pt or Rh or Co-deposition of Pt and Rh onto either a smooth
known to be significantly effective for methanol and ethanol (polished to a mirror finishing) gold disk of 0.38 émeometric
oxidation1213 Particularly, PtRu bimetallic electrodes represent area for the FTIR measurements, or on a Sputtered go|d |ayer
a very promising alternative for the direct methanol fuel cell. (1.13 cn? area, 50 nm thickness) on a PTFE membrane
However, other bimetallic electrodes, such as PtRh electrocata-(SCIMAT thickness 6@m, mean pore size 0.1Zm, 50%
lysts, can also show high activity and were not so widely porosity) for DEMS measurements. All electrodepositions were
investigated. PtRh electrodes have been used in a methanomade for 5 min at 0.2 V vs RHEnia 1 M HCIO, solution
oxidation studyt* but, at least to our knowledege, no investiga- containing the appropriate amount of Pt and Rh salts.

tions have been carried out on ethanol oxidation using such  The atomic bulk compositions of the electrodeposited elec-
electrodes. Although not related to the electrochemical oxidation rodes were determined by EDAX (energy dispersive analysis
reactions, it is interesting to note that supported PtRh catalysts ¢ X-rays).

(commonly known as three-way catalysts) are largely employed g yoference electrode was a reversible hydrogen electrode
in the exhaust system of automotive engines forN&luction (RHE) in the electrolyte solution, and a platinized Pt foil was

N
and CO oxidatiort . . ) used as the auxiliary electrode.
Supported PtRh bimetallic electrodes were used in the past Solutions were prepared with Millipore-MilliQ water and

for molecular H oxidation as a CO-tolerant electrodédt was . :

o analytical grade HCI@acid (Merck), ethanol (99.5%, Merck),
alsp found that the add.ltlon of 24 at. % Rh presented the best -+ (99.5%, Merck), #PtCk-6H,0 (Aldrich), and RhGy-
activity for CO-contaminated Hfuel and that the enhanced 3H,0 (Aldrich). High purity CO and N gases were used
activity was not due to tolerance to CO, but to an intrinsic higher éTIR Measu.rements FTIR spectra were obtained Wi.th a

- BOMEM DA-8 spectrometer equipped with a liquid nitrogen
* Corresponding author. .
*On leave from the Universidade Federal do ‘Pdepartamento de ~ cooled MCT detector. A PTFE spectroelectrochemical cell
Quimica, Rua Augusto Correa, s/n, Campus do Gydeiam, PA, Brazil. coupled to a Cafprismatic window was used. Each spectrum
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TABLE 1: Normalization Factors Calculated from
CO-Stripping Experiments (see text)

DEMS

FTIR

normalization
factors for

normalizationnormalization

electrodes factors factors electrodes integrated band

(EDAX for CVs for MSCVs (EDAX intensities
composition)  (Qux/C)  (Qw/10711C) composition) (in-situ FTIR)

Pt 0.0121 3.639 Pt 1.289

Rh 0.0263 5.586 Rh 3.750

PtooRhio 0.0205 11.106 BtRhio 4.007

PtyaRhy7 0.0359 18.323 RERMa 2.213

PtssRhus 0.0274 16.911 RiRhss 4.426

corresponds to 256 interferometer scans taken at 8lcm
resolution at different potentials in the range 6351 V for

ethanol oxidation reaction. The spectra are presented in the form

of the reflectance ratidR/R, of a single beam spectrurR
obtained at a given potential and a reference spectRgm
obtained at 0.05 or 0.3 V, for ethanol. Only p-polarized light
was used.

DEMS Measurements.A computer-controlled quadrupole

mass spectrometer, MKS Instruments, was used for the DEMS

measurements. Details on this method were given elsewh&re.
Briefly, the method allows the on-line detection of volatile and
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gaseous products of electrochemical reactions during the ap_Figure 1. Anodic normalized scans of voltammograms (CVs) in 0.1

plication of a potential scan. The electrochemical cell was
constructed according to the principles described elsewfere.
In a typical DEMS experiment the current vs potential curves

M EtOH + 0.1 M HCIO,. Scan rate 10 mV 3. (-oeee* ) Pt;
(v * ) RigoRhyg; (—) Pt3Rhy7; (- - -) PsRhys; (——) Rh.

m/z = 44 has to be corrected by subtracting the contribution of

(cyclic voltammograms (CVs)) are recorded simultaneously with ¢ interfering fragment of acetaldehyde. This can be achieved
the mass intensity vs potential curves (mass spectrometric cycliy, o4 the experimental determination of the relative intensity

voltammograms (MSCVSs)), for selected valuesngz (mass/
charge) ion signals. The potential was cycled in the range-0.05
1.1 V and the scan rate was 0.01 ¥'s

Normalization Procedure. To compare the intrinsic activities
of different catalysts it is indispensable to normalize their

response with respect to the number of active surface sites. A

normalization method for the signals obtained from cyclic
voltammetry (electrochemical currents), DEMS (mass/charge

intensities), and FTIR techniques (integrated band intensities)

was presented in a previous paptBriefly, the oxidative

stripping of a saturated CO monolayer was used to calculate
the normalization factors for each of the measured parameters,

of the [CHCHO]" fragment (Wz = 44) with respect to the
main acetaldehyde peak [CHO](m/z 29) using pure
acetaldehyde. The value obtained under the present experimental
conditiong! was 17.4%. Hence, from thavz = 44 mass
intensity signal was subtracted 17.4% of tim&z = 29 mass
intensity signal to obtain aorrected nfz = 44 signal (related
only to CG, production).

The normalized CVs obtained in 0.1 M EtGHO0.1 M HCIO,
are shown in Figure 1. The normalized electric currents due to
ethanol oxidation on the different electrode compositions show
a very similar electrocatalytic activity between Pt anghRIy o

electrodes and, with lower currents, betweenft,7 and Ps-

For this purpose the CO saturation coverage on the catalyst WaRh,: electrodes. Rh has the worst response.

achieved by bubbling CO for 5 min at 0.2 V followed by
bubbling N, for 10 min in order to eliminate dissolved CO.

For the voltammetric currents of cyclic voltammograms the
normalization factor is the charg@.,x necessary to oxidize a
CO monolayer. For the mass spectrometry signals it is the
integrated corresponding sign&) for the CQ (m/z = 44)
produced during CO stripping. For the FTIR spectra it is the
integrated band intensity for the CO-saturated catalyst. The
values of the normalization factors are listed in Table 1.

Results

DEMS Study. DEMS was used to follow only the formation
of the volatile reaction products: G@nd acetaldehyde. Acetic

Since in fuel cell applications it is desirable to fully oxidize
the fuel, it is important to check for the best electrocatalytic
activity for CO, production. The corresponding normalized mass
signals for CQ (correctedn/z = 44) are presented in Figure 2
and show that the activity of the bimetallic PtRh electrodes
compared to pure platinum electrodes depends on the electrode
composition. The RtRhy7 electrode has the highest activity for
potentials up to 0.8 V. The RRhys electrode has a slightly
higher activity than Pt until 0.7 V, while RRho and pure
rhodium present an electrocatalytic activity poorer than the pure
platinum electrode. From these results an approximate order of
activities for CQ production, in the range 0.7 V, can be
established: RtRhy7 > PisRhys > Pt > PiggRhip = Rh.

acid that has been detected as a third product in ethanol oxidation The onset of C@mass signal, related to the catalytic activity

cannot be detected in low concentrations due to its low volatility
and because weak acids are more strongly ionized in dilute
solution. Acetaldehyde can be followed by the mass sigial

= 29 corresponding to the fragment [CHQ]The mass signal

for m/z = 44 is the main peak of true GOragmentation,
corresponding to [C@™. However, the acetaldehyde molecular
species [CHCHO]" also contributes to thevz = 44 mass
signal. To estimate the true G@roduction, the ion current for

of the material, also changes with the electrode composition.
On a P#3Rhy7 electrode the onset for GOproduction is
displaced about 0.05 V to less positive potentials in relation to
the pure platinum electrode.

The comparison of the activity for acetaldehyde production
shows a completely different behavior, as can be seen in Figure
3. The pure platinum electrode presents the highest mass signal
intensity, in agreement with the fact that the highest electro-
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TABLE 2: DEMS Signal Ratio of the (m/z = 44)/(m/z = 29)
for the Different Electrode Compositions

; electrode Vz=44)/(mz=29)E=0.7V
m/z = 44 (CO,)
0.03 Pt 0.17
PRy 0.17
K PtsRhy7 0.49
-4 PssRhus 0.67
N Rh 18

0.02

followed by CO-0 bond coupling. Thus, a better activity for
total ethanol oxidation does not mean a better electrode catalytic
activity, since pure platinum and theyfRhyo electrodes present

] the highest electric currents, meaning that the turnover frequency
is governed by the partial oxidation. Indeed, the mass signal
intensity for them/z = 29 fragment is much higher than the
mass signal intensityVz = 44 for CQ in all electrodes.

In-Situ FTIR Study. The vibrational bands associated with
ethanol electro-oxidation products, gQcetic acid, and ac-
T T U — etaldehyde, on smooth Pt electrodes have already been as-
’ ’ ' ’ signed?? The band at 2344 cm is due to CQ formation. The
. ) N lized intensities f el a4 bands at 1277, 1391, and 1715 Tmindicate acetic acid
igure 2. Normalized mass intensities for correctedz = ; :
(corrected CQ signal, see text). -¢~)Pt ¢ - - RisoRh production. The main acetaldehyde bands are located at 1113,
- L NP 1352, and 1713 cmi. Unfortunately, the acetaldehyde bands
(=) PRy (- - -) PlsRhus, (——) Rh. X . . .
overlap with acetic acid and perchlorate ions (1100 9rbands.

Two sets of spectrain 0.1 M EtO# 0.1 M HCIO;, solution

Mass intensity / a.u.

0.014

Potential / V

014+ for electrodeposited Pt and ongfRhyo electrodes are shown
miz = 29 ([COH]") Pt/ in Figure 4, parts a and b, respectively. It is possible to observe
042 the development of the GOband in both sets of spectra.
However, the band at 1274 ¢ due to acetic acid, is clearly
0.0 PLRA seen to start at 0.9 V and slightly increases with the increase of
;TR the potential for the Pt electrode (Figure 4a) while for the PtRh
0,084 electrode no features characteristic of acetic acid or acetaldehyde

formation could be detected. It important to point out that the
strong upward band (centered at 1643 énFigure 4) due to
water leaving the thin layer cavity can overlap the carbonyl band
(1715 cn1l) of the acetaldehyde. The same spectral features
presented for the RRh electrode composition were also found
with the other PtRh electrode compositions and for electrode-
posited Rh, that is, Cwas the only detected product. Tacconi

. et alZ® reported similar FTIR results for a smooth Rh electrode,
- using the same ethanol concentration as in this work.

To rationalize the different results for the different techniques,
that is the detection of acetaldehyde by DEMS and not by in-

0.06 |

Mass intensity / a. u.

0.04 4

0.02

Potential / V

Figure 3. Normalized mass intensities for m#z 29 (acetaldehyde . - S
signal). e ) Pt ( * *) RtaoRhg (—) PtaRhy (---) PlsRhus situ FTIR, it is assumed that the procedure used for the in-situ

(=) Rr(]. FTIR experiments allows the further oxidation of the partially
oxidized products. Indeed, carbon dioxide produced at each

chemical current is observed for the pure platinum electrode. POtential in the in-situ FTIR experiment is trapped in the cavity
of the thin layer, thus producing an accumulation effect on

For the bimetallic electrodes the mass signal intensity for : . .
acetaldehyde production decreases as the amount of rhodiun?peCtIra taken in a sequence of potential steps as in the present
case. On the contrary, DEMS is an on-line experiment, the

increases in the alloy. The onset of acetaldehyde production as - . .
observed in Figure 3 is ca. 0.4 V and does not depend on theIOrOOIUCtS are continually pumped away quickly, preventing

further oxidation.
electrode. . .
] ) Another source of discrepancies between DEMS and FTIR

The ratio between thevz = 44 and them/z = 29 signals  reqyits can be related to a difference in electrode surface
can give a clue on the effect of rhodium on the relative properties. Ethanol oxidation to form G@s actually a very
selectivity toward C@production. These results do not represent complex reaction involving adsorption steps, which are known
an absolute measure of the selectivity, sincentfie= 29 signal to be highly dependent on the structure of the surfAc®.
is not an absolute measure of the total acetaldehyde productionConsidering that the DEMS and FTIR electrodeposited elec-
Clearly the ratio of thewz = 44 over them/z = 29 signals  trodes have different textures (see Experimental Section), due
increases from pure platinum to pure rhodium electrodes (seeto the different Au substrates used in the preparation, some
Table 2), showing that the addition of rhodium to platinum differences in the nature and in the number of surface defects
increases the complete oxidation of ethanol taC@tal ethanol can play a role in the overall ethanol electro-oxidation reac-
oxidation entails both €H and C-C bond dissociation tion.
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(a to 700 K. This temperature-dependent segregation was assigned
to a vibrational entropy effe@® Indeed, Langeveld and Ni-
04v emanstsverdriét show that including the vibrational entropy
term they could reproduce the surface segregation of platinum
05V at 1000 K. In another study, Legrand and dlia2° using the

tight-biding Ising model (TBIM) showed that the temperature-
dependent segregation could be explained by an energy- and
not entropy-dependent term (the entropic term is negligible in
the TBIM model). Independent of the divergences in interpreta-
tion, it is clear that segregation in PtRh alloys is expected to be
very small at room temperatures.

A complication that can arise is the segregation induced by
electrochemical electrode activation by oxidatioeduction
cycles. In the present case we used always a freshly prepared
surface and did not polarize the electrode at potentials higher
than 1.0 V to avoid surface oxidation. Another possibility would
be adsorbate-induced surface segregation. In this case the
RIR_=3% reaction intermediates could induce surface segregation, mainly
OH adsorbates which are needed to accomplish the full
oxidation. However, we are not aware of data on possible
adsorbate-induced surface segregation for PtRh alloys. Even for
1500 1000 the well studied PtRu alloy electrodés%-32 there is only data
for surface composition before the reaction and no information
on reaction-induced surface segregation is known so far.

(b) Another factor that could affect the electrode composition
and likely also the surface composition is the texture of the
electrodes. Indeed, using the same solutions for the PtRh

2344

N —
3000 2500 2000
wavenumber / cm™

04v electrodeposition there are deviations of the bulk composition
as detected by EDAX when the smooth or porous gold was
05V _ used (see Table 1). This effect is more pronounced for higher

rhodium content. However, it is interesting to point out that no
significant differences in surface segregation at defects on PtRh
alloys have been detected for samples annealed up to 1600 K.
Therefore we believe that, although the bulk composition can
differ in electrodeposits due to the differences in the electrode
texture, surface segregation should not be strongly affected by
the different textures of the electrode.

A remarkable result of this study is the observation that the
addition of rhodium to platinum electrodes improves the
selectivity toward complete electrochemical oxidation of ethanol
to CO,. At the same time, a pure rhodium electrode presents
the lowest reaction rate. The best bimetallic electrode presents
RIR =5% an overall reaction rate (or turnover frequency), as measured

J34 | by the total normalized current, of the same orde.r of the pure
-— platinum electrode, the worst G@cetaldehyde ratio. In fact,
3000 2500 2000 1500 1000 in a previous study Tacconi et &l.identified that the major
wavenumber / cm” product for smooth polycrystalline rhodium electrodes is,CO

but the results were not compared with those for pure platinum

Figure 4. Two collections of spectra during ethanol oxidation on (a) or bimetallic electrodes

electrodeposited Pt and (b) electrodeposited_Pio. 0.1 M EtOH +

0.1 M HCIQ,, 256 scans, 8 cni resolution. However, the increased activity for-€€ bond dissociation
) ) is not followed by a higher overall reaction rate, as can be seen
Discussion from the much lower normalized current for the pure rhodium

The composition of the bimetallic electrode given in this study €lectrode compared to pure platinum. There are many possible
is the bulk composition and not the surface composition. reasons for the slower reaction rate of ethanol electrochemical
Bimetallic phases may have different bulk and surface composi- 0xidation on rhodium electrodes.
tions. Differences in surface and bulk composition are caused The first possibility is that pure rhodium electrodes are much
by surface segregation of one component. It has been recognizedess efficient than platinum for the dehydrogenation reaction.
that the driving force to surface segregation is the difference in A very high barrier to dehydrogenation can hinder the@
the enthalpy of sublimation of the two elements. Pt and Rh have bond dissociation to form CO, thus causing a slower overall
very close enthalpy of vaporization and surface segregation reaction rate. The reaction to produce acetaldehyde is a typical
should not occur for this alloy, but experimentally surface reaction involving only the abstraction of one hydrogen per
segregation with platinum enrichment has been found when themolecule by the surface. Indeed, analyzing the normalized mass
alloy is submitted to temperatures above 100& Klowever, signal intensity for acetaldehydeVz = 29) it is clear that the
no segregation has been found when the crystal was submittecacetaldehyde yield decreases from pure platinum to rhodium
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in a continuous way. This is an indication that the hydrogen dissociation, which is not observed for the PtRu electrocatalysts.
capture by the surface decreases as rhodium is added tdOn the other hand, Ru really produces a significant decrease
platinum. Therefore the CO coverage during the reaction must for the onset potential for the overall reaction.
be lower on rhodium and rhodium-containing surfaces. Unfor-  The reason for the differences observed for PtRh and PtRu
tunately rough surfaces are not appropriate to acquire quantita-himetallic electrodes rely on the possible different action of the
tive data for adsorbed species, since there are many opticalsecond element. It has been largely accepted that on PtRu
artifacts that hinder the acquisition of confident d&a. electrodes predominates the so-called bifunctional mechanism,
Although for pure rhodium a slower dehydrogenation reaction where the platinum sites act to dehydrogenate the molecule and
can be the reason for the lower overall reaction rate, this doesto accommodate the adsorbed CO, while the ruthenium sites

not seem to be the case for thedRiy7 bimetallic electrode, act to provide the necessary oxygen at lower potentials than
where the normalized mass signal intensity for,G©higher platinum, thus causing a decrease in the onset potential for CO
than that for the pure platinum electrode. oxidation. Curiously, on bimetallic PtRu alloys also the i@

Another possible reason for the slower reaction rate can bebond activation seems to be affected by the presence of
related to the apparently strong €&h bonding, as revealed ruthenium, as attested by a decrease in the onset potential for
by the difficulty of totally removing a CO monolayer from a  acetaldehyde productid¢ On the other hand, the role of
Rh(111) electrodé& It is found that more than 20 voltammetric ~ rhodium on bimetallic PtRh electrodes, seems to be related to
cycles are required to oxidize the adsorbed CO monolayer in @ more intrinsic electrocatalytic property and not as a site to
order to recover the clean Rh(111) surface. This result is in promote more readily the oxygen necessary for the CO
agreement with the values obtained for the CO bonding energy ©xidation. Working with bimetallic PtRh electrodes as CO
in gas-phase conditions. The bonding energy for CO adsorbedtolerant electrodes for fbxidation, Ross et dP conclude that
on polycrystalline platinum is 25 kJ mdl, while for CO the enhancement of the reaction rate by adding rhodium to the
adsorbed on polycrystalline rhodium is 134 kJ mdP Probably electrode is not due to a CO tolerant effect, but to an increase
a larger difference must be expected in the electrochemical Of the catalytic activity associated to the changes in the electronic
environment. To our knowledge, no direct data of bonding Properties caused by the addition of rhodium to platinum.
energy in the electrochemical environment are available. All these results suggest that for ethanol oxidation the
Alternatively, the stronger oxygeirthodium bonding (293 kJ presence of rhodium in the electrode composition seems to be
mol~1)36 compared to platinumoxygen 167 kJ mot1)3” may important to improve the €C bond dissociation, but it is not
be the reason of the difficulty for the electrochemical oxidation enough to produce a good electrocatalyst, since rhodium does
of CO on rhodium. The strong-©Rh bond energy may produce not help in decreasing significantly the barrier for the CO
a high activation energy for the CE&D coupling hindering the oxidation. On the other hand, addition of ruthenium helps in
CO oxidation reaction. A direct consequence is the lower decreasing the energy for G& coupling and possibly also
oxidation rate, associated with an increased poisoning of the the activation energy for the dehydrogenation process. Possibly,
surface by adsorbed CO. Unfortunately, we are not aware of a good electrocatalyst for this reaction needs the presence of
data for the activation energy for the CO oxidation on Pt and rhodium and ruthenium to improve both the dehydrogenation
Rh electrodes. The activation energy for £&- Oads— COx(gas) process, the €C bond dissociation, and the GO coupling.
on a polycrystalline Pt foil has been reported to be 100 kJfol  Such study is under way in our laboratory.
while for the same reaction on a polycrystalline Rh foil is 105
kJ mol .35 This is a quite small difference to account for the conclusion
large difference in the reaction rate observed for the electro-
chemical reaction. It is likely that the difference in activation The combination of platinum and rhodium in bimetallic
energy is larger for the electrode reaction. In the electrochemical electrodes for ethanol oxidation shows that rhodium produces
environment there are other components that can alter thea strong decrease in the acetaldehyde yield, compared to pure
adsorption energy of CO and O and therefore the activation platinum electrodes. The G@ield is improved relative to pure

energy for the CO and O coupling. platinum on P#Rhp7 and PsRhys, the best being the RRhy7
In a qualitative analysis, the shift in the onset for £O composition. Although the selectivity for G@ver acetaldehyde
production to lower overpotentials for the bimetallic4Rthys production increases, only theofRhio presents an overall

clearly shows that the activation energy for the €@ reaction reaction current similar to that of a platinum electrode. However,

is lower than on pure platinum and pure rhodium. No such effect the increase in the selectivity toward g@rmation over
was observed for the acetaldehyde production. acetaldehyde shows that PtRh bimetallic electrodes are promis-

ing candidates for ethanol oxidation if a third element is added
to improve the overall reaction rate. Probably ruthenium is a
0.6 V for pure platinum to 0.38 V for BRus at 25°C7 in a 1 good candidatg to add to the electrocatalyst to supply sites to
M ethanol solution, or from 0.5 to 0.25 V in a 0.1 M ethanol form more active oxygen and to improve the €0 bond

solution38 This is a remarkable decrease of more than 0.2 V coupling to increase the rate of g@roduction.

when compared to a decrease of ca. 0.05 V for the best PtRh
bimetallic electrode. On PtRu bimetallic electrodes it has been Acknowledgment. The authors thank the CAPES, CNPq,

observed also a decrease in the onset potential for acetaldehyd@nd FAPESP Brazilian agencies for the financial support and
i Prof. Vielstich for the valuable discussions.
production.

The same reaction on PtRu bimetallic electrodes shows that
the onset potential for the GQproduction is decreased from
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