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The Pt-catalyzed reduction of NO by CO exhibits strong elec-
trochemical promotion (EP) by backspillover Na supplied from β ′′

alumina under appropriate conditions of temperature, gas compo-
sition, and catalyst potential. At high CO partial pressures (PCO) the
EP effect is attenuated by CO island formation and limited availabil-
ity of chemisorbed NO. At low PCO, the CO + O reaction is limited
by the low coverage of CO and the EP effect is again relatively small.
In the intermediate PCO regime, Na pumping strongly accelerates
the reaction: rate gains of up to 1300% for N2 production, relative to
the unpromoted rate are observed. This can be understood in terms
of Na-induced dissociation of chemisorbed molecular NO, which is
thought to be the reaction initiating step. The overall kinetic behav-
ior and the dependence of N2/N2O selectivity on catalyst potential
are in good accord with this hypothesis. Thus the EP system also
provides direct information about the nature of the reaction mech-
anism under conditions of elevated pressure. c© 1996 Academic Press, Inc.

INTRODUCTION

Non-Faradaic electrochemical modification of catalytic
activity (NEMCA) or electrochemical promotion (EP) has
been described for many catalytic reactions on Pt, Pd, Rh,
Au, Ag, and IrO2 surfaces and the subject has been exten-
sively reviewed (see Ref. (1) and references therein). The
phenomenon occurs when catalytic reactions take place on
a variety of metal films in contact with a solid electrolyte,
where the latter acts as a source of electrochemically con-
trolled promoter species that directly modify the behav-
ior of the catalyst film (the working electrode). Recently,
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Vayenas and co-workers demonstrated the effect with a
liquid electrolyte where the behavior was entirely analo-
gous to that exhibited by solid electrolyte systems (2). These
EP systems are characterized by a very large value of the
ratio between the change in turnover rate and the rate of
charge transport through the electrolyte (up to 105). Re-
ported gains in reaction rate with respect to the unpromoted
rate lie in the range 2–100 (3).

Vayenas et al. have advanced a theoretical model which
provides a very satisfactory quantitative account of the EP
effect (1). It is proposed that backspillover ions pumped
from the solid electrolyte modify the catalyst surface work
function, as confirmed experimentally (1), with concomi-
tant changes in adsorption enthalpies and reaction activa-
tion energies. This in turn can lead to major changes in
catalytic activity and selectivity. Useful information about
the reacting system can be obtained in either of two
modes: measurements of the steady-state reaction rate un-
der potentiostatic conditions provide information about ki-
netics and mechanism: transient (galvanostatic) measure-
ments show how the time dependence of promoter-induced
changes in catalyst potential correlate with changes in cata-
lytic rate. In the present case, galvanostatic data are also
used to calibrate the Na coverage scale.

Here we describe an EP study of the CO + NO reac-
tion over Pt/β ′′ alumina. The Pt-catalyzed oxidation of CO
by dioxygen is one of the most extensively studied sys-
tems and it is well established that the reaction proceeds
by a Langmuir–Hinshelwood mechanism (4); an EP study
of this reaction over Pt/β ′′ alumina has already been pub-
lished (5). The CO + NO reaction is of importance with
regard to pollution abatement in that it involves simultane-
ous removal of two toxic species. Rh, though costly, is the
preferred catalyst for this reaction because of its superior
ability to dissociatively chemisorb NO, a process for which
Pt is normally a relatively poor catalyst. Although most ear-
lier work indicates that NO dissociation is the rate limiting
step in the Pt-catalyzed reaction (6–8), the authors of a more
recent kinetic study concluded that the reaction occurs by a
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non-dissociative mechanism involving direct interaction
between CO and NO molecules (9). Even though the
CO + NO reaction over Pt has been extensively studied
over a range of conditions and with a variety of catalysts
ranging from single crystals (6, 7, 10–12) to practical dis-
persed materials (8, 13–16) there have been no previous
studies of the effects of alkali promotion, a phenomenon
whose importance is widely recognized in non-EP systems
(17). Electrochemical promotion of a Pt film using an active
(ion conducting) β ′′ alumina support provides a uniquely ef-
fective way of examining the effects of Na promotion in a
controllable and reversible manner. Large changes in cat-
alyst activity and selectivity can be induced and our results
strongly favor the dissociative mechanism for NO reduc-
tion: the variation of activity and selectivity with catalyst
potential both point to NO dissociation as the key reaction
initiating step.

METHODS

The catalyst (working electrode) consisted of a porous
but continuous thin Pt film deposited on the a 20-mm-
diameter disc of β ′′-Al2O3 as described in detail elsewhere
(18), i.e., by using a thin coating of Engelhard Pt A1121
paste followed by calcination in air first at 723 K for 1 h
and then at 1023 K for 30 min. O2, CO surface titration
(19) at 620 K gave a value of 1.15 × 10−6 mol of Pt for
the active metal area of the resulting film. Au reference
and counterelectrodes were attached to the other face of
the β ′′-Al2O3 wafer using an Au paste prepared by mix-
ing Aldrich Au powder (99.9%+) in a slurry of polyvinyl
acetate binder in ethyl acetate, followed by calcination at
1023 K. The β ′′-Al2O3 disc was suspended in a quartz well-
mixed reactor with all three electrodes exposed to the re-
actant gas mixture (Fig. 1). The quartz reactor volume was
25 cm3 and the performance of this type of single pellet
CST reactor has been described and discussed elsewhere
(20). On-line gas chromatography was used for analysis of
reactants and products (N2O, NO, CO, and CO2), as previ-
ously described (5). CO2 was also continuously monitored
with an IR analyzer (ANARAD AR-500 CO2 Analyzer).
The carbon mass balance was found to close within 2%.
Quoted N2 rates (rN2 , were computed from the measured
CO2 and N2O rates (rN2 = (rCO2 − rN2O)/2) according to
the following stoichiometric equations:

NO + CO → CO2 + 1
2 N2 [1]

2NO + CO → CO2 + N2O. [2]

Catalytic rate measurements under potentiostatic or
galvanostatic conditions were carried out using a galvanos-
tat potentiostat (Amel type 553), the galvanostatic transient
behavior of VWR being used to calibrate the Na coverage
scale. Most experiments were carried out in the potentio-

FIG. 1. Single pellet catalytic reactor and electrodes configuration.

static mode by following the effect of the potential dif-
ference between the catalyst and the reference electrode
(VWR) on the reaction rate. The reactant gas mixture was de-
livered at total flowrates of 1–2 × 10−4 mol s−1, with partial
pressures PNO and PCO varied between 0 and 1.5 and 0 and
1.5 kPa, respectively, and with PHe, giving a total pressure
of 1 atm in every case. Conversion of the reactants was typi-
cally ∼15%. CO was passed through a heated quartz trap at
570 K to eliminate possible contamination by Fe carbonyl.
Control experiments confirmed that the Au reference and
counterelectrodes were catalytically inert under all condi-
tions. It is worth noting that with the single pellet reactor
(1, 5, 20, 21) the “reference” electrode is, strictly speak-
ing, a pseudoreference electrode—since its potential is not
pinned to a thermodynamically well-defined value. How-
ever, this is not a serious drawback since it is knowledge
of changes in potential (and thus work function (1)) that
is required for a description of the observed promotional
phenomena. The potential of the Au pseudoreference elec-
trode does not change appreciably with changing gaseous
composition, as can be inferred by comparing EP results
for ethylene oxidation over Pt/β ′′ alumina obtained with
the single pellet design (21) and with the fuel cell type de-
sign, i.e., with the reference electrode exposed to ambient
air (22). In the two cases, a sharp decrease in rate occurred
over essentially the same (±0.2 V) range of VWR.
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RESULTS

Behaviour under a Galvanostatic Transient

In order to obtain an estimate of the Na coverage cor-
responding to any given value of VWR, galvanostatic tran-
sients were obtained and analyzed as described previously
by Vayenas et al. (22). First, the surface was electrochem-
ically cleaned of Na by application of a positive potential
(VWR) in the order of 400 mV until the current between
the catalyst and counterelectrode vanished. Then, the gal-
vanostat was used to impose a constant current i = −50 µA
at t = 0; this pumped Na to the catalyst surface at a rate
I /F = 5.18 × 10−10 mol Na/s. The corresponding Na cover-
age on the Pt surface (θNa) can be computed from Faraday’s
Law; i.e.,

dθNa

dt
= − I

F N
, [3]

where N(= 1.15 × 10−6 mol Pt) is the number of available
Pt sites independently measured by surface titration.

FIG. 2. (a) Typical galvanostatic transient showing the effect of a step change of the applied current on the CO2 formation rate (solid line) and
on the catalyst potential VWR (dotted line) as a function of time. Conditions: T = 621 K, P0

NO = P0
CO = 0.75 kPa. (b) Typical galvanostatic transient at

different gas composition in the reactor cell, showing the effect of the applied current (−50 µA) on the catalyst potential (top) and CO2 formation rate
(bottom) as a function of time. Conditions: P0

NO = 0.75 kPa, T = 621 K; (1) P0
CO = 0.37 kPa, (2) P0

CO = 0.55 kPa, (3) P0
CO = 0.62 kPa, (4) P0

CO = 0.75
kPa, (5) P0

CO = 1.0 kPa, (6) P0
CO = 1.2 kPa.

Galvanostatic measurements also provide a rapid
method for assessing the response of the reaction rate to
Na pumping over a range of conditions. Figure 2a shows
the behavior of the CO2 rate and corresponding changes
in catalyst potential under a galvanostatic transient for a
1 : 1 CO : NO mixture. Under these conditions, Na pump-
ing to the catalyst leads to a large step change in reaction
rate (r) which is complete at a sodium coverage (θNa) of
∼0.03 at which point the catalyst potential (i.e., the work
function (1)) has decreased by ∼0.6 eV. This rapid initial
response of the rate to Na pumping may be conveniently
specified in terms of the promotion index defined (5) as
PNa = (1r/r0)/1θNa. In this initial regime the promotion
index is near 200 (Fig. 2a) which is the largest value ob-
served so far, though of the same order as that observed in
the Na-induced electrochemical promotion of the CO + O2

reaction (5). Thereafter the rate and potential remain es-
sentially constant over a substantial range of Na coverage.
Figure 2b shows a family of galvanostatic transients ob-
tained for a range of CO partial pressures at fixed NO inlet
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pressure P0
NO = 0.75 kPa. It is apparent that both the in-

tensity and the persistence of the EP effect as a function of
increasing Na coverage are strongly dependent on the com-
position of the reactant gas mixture. Close to stoichiome-
try one observes pronounced “S”-type rate behavior with
respect to Na coverage; CO-rich mixtures give rise to “vol-
cano” rate curves and NO-rich mixtures produce S-type be-
havior and only a weak EP effect. As will be shown below,
this trend in behavior is mirrored exactly by the potentio-
static steady-state data.

Effect of VWR on Reaction Rate under
Potentiostatic Conditions

Steady-state measurements of NO decomposition in the
absence of CO under potentiostatic conditions gave the ex-
pected result, namely rapid self-poisoning of the system
by chemisorbed oxygen: addition of CO resulted immedi-
ately in a finite reaction rate which varied reversibly and
reproducibly with changes in catalyst potential (VWR) and
reactant partial pressures. Figure 3 shows steady-state (po-
tentiostatic) rate data for CO2, N2, and N2O production as
a function of the VWR at 621 K for a constant inlet pressures
(P0

NO, P0
CO) of NO and CO of 0.75 kPa. Also shown in Fig. 3

is the VWR dependence of N2 selectivity where the latter
quantity is defined as

SN2 = rN2

rN2 + rN2O
. [4]

Note that there is a sharp increase in activity as VWR

is reduced below ∼0.2 V (Na pumping toward the Pt
catalyst) with a concomitant threefold enhancement in
the selectivity to N2. The N2O rate actually goes through
a maximum at VWR = −0.2 V. Control experiments were

FIG. 3. Effect of catalyst potential (VWR) on the CO2, N2, N2O for-
mation rates and the selectivity of NO reduction to nitrogen. Conditions:
T = 621 K, P0

NO = P0
CO = 0.75 kPa.

carried out in which the total flow rate was varied by a
factor of 2 in order to check that the observed step change
in activity is due to a true increase in catalyst activity and is
not influenced by mass transfer limitations or by multiple
steady states in the reactor.

Figures 4a–4d show (621 K) potentiostatic rate data for
the rates of formation of CO2, N2, N2O and for the N2

selectivity, SN2 , as a function of inlet pressure of CO, for
a fixed NO inlet pressure of 0.75 kPa. Rates are also ex-
pressed as turnover frequency (TOF), i.e., moles of prod-
uct per Pt surface atom per second. In every case the sys-
tem was perfectly reversible and exhibited no hysteresis
when switching between negative (high rates) to positive
(low rates) potentials. It is apparent that the EP effect is
pronounced at intermediate CO partial pressures and at-
tenuated at high and low CO partial pressures. Note also
that this steady-state dependence of the system response
on the gas composition mirrors exactly the transient be-
havior observed under galvanostatic conditions (Fig. 2b).
The corresponding selectivity data are shown in Fig. 5d
which demonstrates that high levels of Na always increase
the selectivity toward N2. The maximum obtained ρ val-
ues are 13 and 1.5 for N2 and N2O, respectively, at a gas
composition of P0

NO = P0
CO = 0.75 kPa. For P0

CO = 0.75 kPa,
Na pumping to the catalyst leads to an increase in SN2 by
up to a factor of three. Note that for low PCO values, in-
creasing Na coverage suppresses the rate of N2O formation
(Fig. 4c).

Effect of PCO and PNO on Promoted and Unpromoted
Steady-State Rates

The dependence of the CO2, N2, and N2O rates on PCO at
fixed PNO for three different values of the catalyst potential
is illustrated in Figs. 5a–5c. VWR = +1000 mV corresponds
to the clean Pt surface (unpromoted rate) and VWR = −200
mV corresponds to a sodium promoted surface. Figure 5d
shows the corresponding SN2 data: it is apparent that the
highest selectivities to nitrogen production always occur in
the presence of the highest Na loading (most negative po-
tential). From Figs. 5a and 5b it can be seen that the CO2

and N2 rates exhibit Langmuir-Hinshelwood behavior and
that increased levels of Na result in a systematic increase in
the CO partial pressure (P∗

CO) necessary for inhibition. That
is, Na pumping favors the chemisorption of NO relative to
CO. The N2O rate also exhibits Langmuir–Hinshelwood ki-
netics, but the effect of increased Na is somewhat different:
in particular, high levels of Na tend to suppress the N2O rate
and there is no systematic shift in P∗

CO. Figures 6a–6d show
corresponding results for the dependence of rCO2 , rN2 , rN2O,
and SN2 on PNO at fixed PCO for three different values of
catalyst potential. The higher the Na coverage, the lower
the NO pressure at which the activity shows a step increase,
and no rate maximum is observed within the accessible PNO

range.
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FIG. 4. Effect of catalyst potential (VWR) on the rate of CO2 (a), N2 (b), and N2O (c) formation and on the selectivity of NO reduction to nitrogen
(d). Note: Conditions are shown in the figures.

Figure 7a shows Arrhenius plots of the CO2 rate for
stochiometric CO : NO at five different values of catalyst
potential over the temperature interval 560–675 K. Three
features are apparent: (i) there is a marked change in
the apparent activation energy at ∼600 K; (ii) the higher
the Na loading, the lower the temperature at which this
change occurs; (iii) the activation energy associated with
the low temperature regime increases monotonically with
the Na coverage; the activation energy associated with the
high temperature regime is independent of Na coverage.
For purposes of comparison, we obtained similar data for
the CO + O2 reaction. Figure 7b shows the dependence of
the apparent activation energy for CO2 formation for both
reactions (CO + NO and CO + O2) as a function of cata-
lyst potential. It can be seen that these two systems be-
have similarly in both the high and low activation energy
regimes.

DISCUSSION

In the discussion that follows use is made of the term “Na
overage.” This does not imply that the promoter is thought
to be present in the form of chemisorbed metallic sodium
as it would be in vacuum; the reactive gas atmosphere is
expected to lead to the formation of surface compounds of
Na, and single crystal data indicate that stable Na–CO com-
plexes (23) or Na carbonates (24) are formed, depending on
the composition of the ambient gas. In the presence of NO,
formation of nitroxy surface species is also a plausible pos-
sibility. However, our recent work on Pt{111}/NO, O2, NO2,
CO2 (25) shows that although alkali nitrite formation is pos-
sible under certain conditions, the presence of CO2(g) leads
to formation of the thermodynamically favored carbonate.
Adsorbed polar alkali compounds lead to large decreases
in work function, of the same order as those produced by
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FIG. 5. Effect of partial pressure of CO (PCO) on the rates of CO2 (a), N2 (b), and N2O (c), formation, and on the selectivity of NO reduction to
nitrogen (d), at three different fixed catalyst potentials. T = 621 K, PNO = 0.52 kPa.

the alkali metal itself, so that the general theory of electro-
chemical promotion (1) is applicable.

The kinetic response of the CO + NO reaction to electro-
chemical promotion by Na pumping exhibits several differ-
ences from the simpler CO + O2 reaction (5). In the latter
case, depending on the conditions, the system exhibits ei-
ther poisoning alone (S-type behavior) or both promotion
and poisoning (volcano-type behavior) as Na is progres-
sively supplied to the catalyst. Promotion is associated with
strengthening of the Pt–O bond in the CO-inhibited regime,
whereas poisoning is ascribed to site blocking by Na–CO
complexes (5).

In the present case rCO2 exhibits both “inverse” S-type
and volcano behavior (Figs. 3 and 4a) depending on the gas
composition. It is apparent from Fig. 4a that the EP effect is
small at low PCO. In this regime the reaction rate is first or-
der in CO and oxygen scavenging from the surface by CO,

rather than the extent of NO dissociation, is the dominant
factor: Na pumping therefore has little effect as was also the
case in CO oxidation for low PCO (5). At high PCO the EP
effect is again attenuated: at first, Na pumping induces some
promotion, higher Na coverages lead to poisoning. The ori-
gin of the relatively weak promotion has been discussed
above; the poisoning that characterises the high PCO data
we ascribe to site blocking by large CO islands and Na–CO
surface complexes, as discussed extensively in our earlier
work on the Na-promoted CO + O2 reaction over Pt (5).

The VWR dependence of rN2O may be rationalized as fol-
lows. N2O is produced by the surface reaction

N(a) + NO(a) → N2O. [5]

The proposed role of Na is as follows. It enhances
the adsorption of NO versus CO and promotes NO
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FIG. 6. Effect of partial pressure of NO (PNO) on rates of CO2 (a), N2 (b), and N2O (c) formation, and on the selectivity of NO reduction to N2

(d), at three different fixed catalyst potentials. T = 621 K, PCO = 0.96 kPa.

dissociation (24). For high θNa values (i.e., high Na cov-
erages, VWR < −0.5 V Fig. 4c) NO dissociation is extensive
and the rate of reaction (5) is diminished for all PCO values
due to the limited availability of molecular NO on the sur-
face. This is the dominant effect for low PCO values (Fig. 4c)
since in this case the surface is already covered predomi-
nantly with NO (versus CO) even for positive potentials.
For high PCO values, however, the effect of enhanced NO
chemisorption is manifested for intermediate VWR values,
due to the low coverage of NO. Consequently, the volcano
type behavior (Fig. 4c) of rN2O, which quantity is propor-
tional to θNO · θN, is due to the low values of θNO and θN to
the left and right of the volcano, respectively.

For intermediate values of PCO (CO : NO ∼ 1) where the
amounts of NO and CO adsorbed are comparable (as con-
firmed by the kinetic data in Fig. 5a) the extent of NO

dissociation is the key factor in determining the overall rate
and so Na supply induces a large EP effect. The rN2 results
(Fig. 4b) qualitatively resemble the rCO2 data; rN2O shows
either volcano or inverse S-type behavior as the Na cov-
erage is increased (Fig. 4c). This latter effect is of course
responsible for the large step increase in SN2 that occurs
at high Na coverages (Fig. 4d); it is also significant from a
mechanistic point of view (see below).

The progressive increase in P∗
CO with decreasing catalyst

potential (increasing Na; Figs. 5a, 5b) is consistent with the
view that sodium increases the strength of NO adsorption
relative to CO; as noted above, this also implies an increased
degree of NO dissociation due to weakening of the N–O
bond (26). In line with this, single crystal data demonstrate
directly that Na induces NO dissociation on Pt(111) (24, 25).
The rN2O data (Fig. 5c) differ from the rCO2 and rN2 data in
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FIG. 7. Arrhenius plots for the CO2 formation rate at several fixed catalyst potentials (a) and dependence of the apparent activation energy for
the formation of CO2 on the catalyst potential (VWR). PCO = PNO = 0.6 kPa. (b) Comparison with previous results referring to the CO oxidation on
Pt-β ′′ alumina (Ref. 5) (see text for discussion).

that the clean Pt surface exhibits higher activity than the Na
promoted surface, reflecting the fact that high levels of NO
dissociation actually inhibit N2O formation from N + NO.

This Na-induced increase in binding and dissociation
of NO are responsible for the step increase in N2 and
CO2 activity (Figs. 6a, 6b). The effect is both large
(ρ(max)CO2 ∼ 4.8; ρ(max)N2 ∼ 13) and significant, because
unpromoted low index planes of Pt are relatively inert to-
ward NO dissociation (27–31) which process we propose as
the key reaction-initiating step in the present case, i.e.,

NO(a) → N(a) + O(a), [6]

followed by

CO(a) + O(a) → CO2 [7]

N(a) + N(a) → N2 [8]

N(a) + NO(a) → N2O. [5]

In this connection we note that low pressure kinetic stud-
ies of the CO + NO reaction over Pt by Bonzel and Pirug
(6) and by Lorimer and Bell (7) support this dissociative
mechanism which was previously generally accepted. How-
ever, a recent study by Klein et al. (9) over a wide pres-
sure range (10−8–1 Torr) led to the conclusion that the ki-
netic data could only be rationalized in terms of the non-
dissociative process CO(a) + NO(a) as the rate determining
step, although transient (low pressure) studies by Banse
et al. (8) appear to rule out this non-dissociative mechanism.
A particular difficulty with the nondissociative mechanism
is that it cannot readily account for the lack of reactivity
of low index planes of Pt. These disagreements regarding
reaction mechanism are principally found in the high pres-
sure regime: under low pressure conditions most available

data are consistent with the dissociative mechanism. Our re-
sults strongly suggest that the dissociative mechanism holds,
even in the high pressure regime. The catalyst film consists
of large polycrystalline Pt particles (1) whose surfaces are
dominated by (inactive) low index planes; the low rates ob-
served in the Na-free system may be ascribed to the high
index planes that are inevitably present. Na supplied to the
Pt surface should strongly enhance the overall activity by
inducing NO dissociation on all crystal planes. The relative
effect of the Na promoter should be most pronounced on
the otherwise ineffective low index planes, which of course
are also the preferred adsorption sites for electropositive
species. In addition to providing a rationalization for the
activity data, this hypothesis is also consistent with the ob-
served variations in selectivity. High levels of Na increase
SN2 because they favor reaction [6] and hence [7] and [8]
as well. However, when NO dissociation proceeds to a suf-
ficiently high degree, reaction [5] should be suppressed, as
observed.

The dissociative mechanism is also firmly established by
the activation energy behavior vs catalyst potential (Fig. 7b)
and its one-to-one correspondence with that of the CO ox-
idation reaction both on the Na-promoted and on the Na-
free Pt catalyst. It should be noted that, due to mass balance
considerations, the sum of the rates of reactions [8] and [5],
i.e., 2rN2 + rN2O, has to equal the rate of reaction [7]. Thus
Fig. 7b shows conclusively that chemisorbed oxygen is an
intermediate in the production of CO2, i.e., it confirms the
dissociative reaction mechanism.

Figures 5a–5c show that at intermediate values of PCO,
where the extent of NO dissociation is most likely to control
the rate by controlling the surface O coverage, Na supply to
the catalyst greatly increases the activity. At sufficiently low
PCO the CO + O step is limited by the restricted availability



             

ELECTROCHEMICAL PROMOTION OF THE Pt/CO + NO REACTION 479

of CO(a) and the EP effect should be small, as is indeed
observed. At high PCO the EP effect is also attenuated.

The sharp changes in activity (Fig. 6a) which occur as
a function of PNO at fixed potentials of −200 mV and
+200 mV resemble the behavior observed for the CO + O2

reaction over Pt/β ′′ alumina (5) and we propose an anal-
ogous explanation. At low PNO the surface is dominated
by islands of CO; reaction occurs only at the peripheries
of these islands, resulting in a low rate. At sufficiently high
PNO the CO islands are disrupted by NO chemisorption, in
effect a 2D phase transition, and the rate rises sharply as
intermixing of the reactants occurs. This model is strongly
supported by the observed effects of Na promotion. The
higher the Na coverage (more negative catalyst potentials)
the lower the value of PNO at which the phase transition oc-
curs, reflecting the increased strength of NO chemisorption
relative to that of CO. On the electrochemically cleaned
surface (VWR = +1000 mV) the transition value of PNO lies
outside the experimentally accessible range. The rN2 and
rN2O results in Figs. 6b and 6c are similarly understandable.
However, the N2O data do exhibit an interesting difference.
Although the step change in rate occur at the same values
of PNO for each of the products, rCO2 and rN2 are systemat-
ically higher as the Na coverage becomes more negative in
the sequence VWR = +1000 mV, +200 mV, −200 mV. How-
ever, the N2O curve for VWR = −200 mV lies in between
the +1000 mV and +200 mV curves. This reflects the fact
that increasing NO dissociation must always increase the
rates of the O + CO and N + N reactions, whereas at a suf-
ficiently high level of NO dissociation the N + NO rate will
be retarded.

CONCLUSIONS

1. The CO + NO reaction exhibits strong electrochemi-
cal promotion under Na pumping to the catalyst when the
coverages of the two reactants are comparable. In the most
favorable case the rates of CO2 and N2 formation are en-
hanced over the clean surface rate by ∼480% and ∼1300%,
respectively. This corresponds to a significant improvement
in the activity of Pt toward this reaction.

2. Under all conditions, the selectivity toward N2 forma-
tion versus N2O production increases with decreasing cat-
alyst potential (increasing Na coverage).

3. The above observations strongly support the view that
the promoting role of Na for the CO + NO reaction is due
to (a) enhanced NO vs CO chemisorption on Pt and (b) Na-
induced dissociation of chemisorbed NO. The latter factor
is primarily responsible for the observed very high rate en-
hancement ratio (ρ) and promotion index (PNa) values; a
corollary is that at elevated pressure the reaction proceeds
by a dissociative mechanism in agreement with conclusions
of UHV studies.

4. The ability of solid electrolytes, such as β-′′Al2O3, to
act as reversible promoter donors under the influence of

the applied potential and to precisely tune the promoter
coverage on catalyst surfaces allows for a systematic study
of the role of promoters in heterogeneous catalysis.
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