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The mechanism of CO oxidation on deposited Pt is analyzed by electromotive forces (emf)
measurement for a solid electrolyte concentration cell where the partial pressures, Pg, and Pco, are
between 5 Pa and 50 kPa, and the temperature range is 520 to 680°K. The emf is expressed as a
function of the surface oxygen and CO concentrations adsorbed on Pt, with reasonable assump-
tions. Thus, emf dependence on Po, and P shows surface species concentrations during reaction
as functions of Pg, and Pco. As a result, in the region where CO is scarce compared to oxygen,
surface CO concentration is determined to be proportional to Pg,”Pco?, under the assumption that
the surface oxygen concentration is constant. Here, 8 is found to increase from 1 to about 1.6 with
Pco, v is —1.4 at lower temperatures (about 580°K), and —1 at higher temperatures (about 670°K).
This dependence is considered in terms of residence time and surface mobility for CO on Pt. In the
region where CO is sufficient, the surface CO concentration is almost saturated and that of surface
oxygen is expressed as kPo,'?/Pco"!. Thus, CO oxidation in that case is considered to proceed with
the rate-determining step of surface reaction between adsorbed CO and associatively adsorbed
oxygen. The transient emf observed as Po, or Pco increased or decreased stepwise also reveals that

CO oxidation occurs via a Langmuir-Hinshelwood mechanism.

INTRODUCTION

The importance of measuring adsorption
during surface catalysis has been empha-
sized by Tamaru (7). Adsorption measure-
ment during CO oxidation on a Pt surface
has been carried out by many investigators.
At very low pressures between 107¢ and
1073 Pa, surface oxygen has been deter-
mined by Auger electron spectroscopy (2)
or by transient CO pressure-jump (3, 4),
and surface CO by flash heating (4, 5). At
high pressures of the order of 1 kPa, infra-
red spectroscopy has been employed for
surface CO (6-10), and surface potential
measurement for surface oxygen (6).

While these measurements were very en-
lightening, they did not clarify the amounts
of surface oxygen and CO adsorbed during
reaction as functions of Po, and Pco. Abil-
ity to do this would permit reaction rates
for CO oxidation to be explained in terms of
the amounts of surface species.

The emf of solid electrolyte concentra-
tion cells with Pt electrodes of type

Oy Poy + CO(Pco),
Pt/stabilized ZrO,/Pt,05(Pp,), (1)

has been shown to indicate surface adsorp-
tion states on Pt at low temperatures (about
600°K) (8, 11, 12). That is, the emf is gener-
ated by a mixed electrode potential involv-
ing electrochemical reactions of O~ in sta-
bilized ZrO, with the oxygen and CO
adsorbed on Pt. Thus, it is known that if the
progress of these electrochemical reactions
is smaller than that of chemical oxidation
on a Pt surface, the emf measurement is a
high impedance probe into the surface ad-
sorption states. ’

This paper clarifies the dependences of
surface oxygen and CO concentrations ad-
sorbed on Pt during reaction as functions of
Po, and Pco. To achieve this, emf measure-
ment is employed along with some reason-
able assumptions.
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METHODS

This section draws basic equations for
the relations between emf and surface con-
centrations of adsorbed species, as well as
between emf and partial pressures for reac-
tant gases.

a. Assumptions

The emf, E, of solid electrolyte concen-
tration cells (type (1)) deviates significantly
at low temperatures around 600°K from
that calculated using

E = (RT/AF)In (PbJPY,),  (2)

as shown in Fig. 1. Here, R is the molar gas
constant, T the absolute temperature, F the
Faraday constant, and Po, the equilibrium
O, partial pressure for the mixed gas of the
reaction,

2CO + 0, = 2CO0,. 3)

This is because reaction (3) on a mixed gas
electrode is not in equilibrium but is station-
ary at low temperatures. Though oscilla-
tions in CO oxidation are often observed,
they can also be thought of as multiple
steady states (13-15).

The following assumptions are made to
obtain relations between E and partial pres-
sures or between E and surface concentra-
tions of oxygen and CO on Pt, during reac-
tion under steady states.

Fi16. 1. E (emf) for a solid electrolyte concentration
cell over the whole Pco range with a fixed Po,. O2(Po,)
+ CO(Py,), Pt/stabilized ZrO,/Pt, Oy Po,), solid curve:
observed emf, dashed curve: emf calculated from the
Nernst Eq. (2}, temperature: 613°K, Po,: SkPa, Pp;: 21
kPa.
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(i) Surface oxygen on Pt during CO oxi-
dation is either dissociatively or associa-
tively adsorbed. Surface CO is associa-
tively adsorbed.

(ii) Surface oxygen and CO concentra-
tions adsorbed near a triple contact Pt-sta-
bilized ZrO,-gas, No (or No,), and Ncg, re-
spectively, are the same as those elsewhere
on Pt.

(ii1) No (or No,) and N¢o are expressed as
relations of the type:

No = goPo,"Pco’s (4)
No, = g0,Po," Pco” (5)
Nco = geoPo, Peo®. (6)

Here, go, go,, and gco are constants, while
a, b, a’,b',c,and d are parameters that are
functions of Pco and Po,.

(iv) Electrochemical reactions occur near
a triple contact simultaneously with CO
chemical oxidation on the whole Pt surface.
The former do not disturb the latter.

(v) Electrochemical reactions involve
two-electron reactions of surface oxygen
and CO directly with O?~ ion in stabilized
Zr0Q,. These reactions bring about a mixed
electrode potential, generating the ob-
served emf.

Assumption (i) concerns oxygen and CO
adsorption states during oxidation on Pt.
Oxygen and CO adsorption species have
been studied individually by many investi-
gators (4, 16—18). In general, there is agree-
ment that oxygen is dissociatively and CO
is associatively adsorbed on Pt in the tem-
perature region where oxidation occurs. In-
frared spectroscopy has also established
that CO is associatively adsorbed during
oxidation (6, 9, 12). However, the oxygen
adsorption state during oxidation is rather
obscure. At very low pressures of the order
of 107* Pa, dissociative adsorption has been
assumed (4, 13). On the other hand, at high
pressures of the order of 1 kPa, associative
adsorption has often been assumed to ex-
plain rate equations (7). This paper treats
the two adsorption states for oxygen sepa-
rately.
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Assumption (ii) is connected with as-
sumption (iv). From these two assumptions
No (or No,) and N¢o represent the surface
concentrations during oxidation regardless
of the progress of electrochemical reac-
tions. That is, the emf measurement is a
high impedance probe into the surface ad-
sorption states during chemical oxidation.

Assumption (v) is based on the results
obtained by Okamoto et al. (8, 12). Al-
though other electrochemical reactions
may be possible, the two-electron reactions
are postulated as operative. This assump-
tion, together with assumptions (ii) and (iv),
are now under investigation, though the lat-
ter two assumptions were indirectly
checked previously (12).

Under these assumptions, F will be ex-
pressed as a function of surface oxygen
and CO concentrations. If oxygen is ad-
sorbed dissociatively, electrochemical re-
actions near a triple contact occur as:

Ooc +2e 20" + ¢ @
COo+ 0 2CO,+0+2 (8

Here, Og, etc., denote oxygen, etc., ad-
sorbed on Pt; e~ is an electron in Pt; and o
is a vacant site on Pt. If oxygen is adsorbed
associatively, reaction (7) follows an addi-
tional electrochemical reaction:

0, o+2e 20" + Og 9)

b. Basic Equations for Dissociative
Oxygen Adsorption

An expression for E will first be obtained
for the case of dissociative oxygen adsorp-
tion. Because current is not taken from the
cell system, the rate differences between
forward and backward reactions for reac-
tions (7) and (8) are the same:

kiNo exp Qay,FEq,/—RT)
— k7N, exp (20, FE/RT)
= ksNco €Xp (2o FEL/RT)

- k“SN(TPCOZ eXp (2ak8FEm/—RT). (10)

Here, k7, k7, kg, and k_g are forward and
backward rate constants for reactions (7)
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and (8), ay, «, are cathodic and anodic
charge transfer coefficients, E, is a mixed
electrode potential relative to the potential
in the absence of CO.

The standard reversible potential for re-
action (8) is about 1.2 V, so the backward
reaction can be ignored. If experiments are
carried out with FE_/RT less than —1, the
backward reaction for reaction (7) can also
be ignored. Since o) and a, are generally
about 0.5, Eq. (10) is simplified approxi-
mately as:

k:No exp (FE/—RT)

= kgNco exp (FE/RT). (11)
Thus,
En = (RT2F)In (k;No/ksNco).  (12)
Using:
E=-E, +E, (13)

where E. is a reference electrode potential
relative to the mixed gas electrode potential
in the absence of CO, E is expressed as:

E = (RT/2F)In (ksNco/ksNo) + E.. (14)

This is the basic E and N¢o/Ng equation for
dissociative adsorption of oxygen.

c¢. Equations for Constant No or Nco
If No is independent of Po, and Pco, Eq.
(14) can be reduced to:

E = (RT2F)In Nco + Gy, (15)

where G is a constant. Using Eq. (6),
E = (RT2F)In (POZCPCO“') + G, (16)

where Gi is a constant. Parameters ¢ and d
are determined by experiments using the
following:

¢ = (2F12.3RT)IEI0g Po, lpey  (17)
d = (2F12.3RT)3EI810g Pco |, (18)

With parameters ¢ and d, N¢o can be ex-
pressed as a function of Po, and Pco.

On the other hand, if N¢g is independent
of Po, and Pco, the same process can be
applied, yielding:
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E = (=RT2F)In Ng + G, (19)
a = (-2F2.3RT)3E/dlog Po, |pe,  (20)
b = (~2F/2.3RT)IE/NI0g Pco |py,.  (21)

Here, again, G, is a constant. With parame-
ters a and b, No can be expressed as a func-
tion of Po, and Pco. It should be pointed out
that the difference in E is more important
than the absolute value of E in determin-
ing parameters a, b, ¢, and d.

d. Equations for Associative Oxygen
Adsorption

Now, E will be expressed for the case of
associative oxygen adsorption. In this case,
the equations are somewhat complex. At
the steady state the following equations can
be approximately written, ignoring back-
ward reactions:

koNo, exp (QayoFEw/—RT)
+ k7No eXp (2ak7FEm/—RT)

= 2ksNco exp Qo FEL/RT), (22)
koNo, exp (2ayF En/—RT)
= k2No exp (2ak7FEm/—RT). (23)

Since charge transfer coefficients are near
0.5, E,, is expressed as:

En = (RT2F)n (keNoyksNco).  (24)

Taking relation (13) into consideration, FE is
described as:

E = (RT2F)In (ksNco/keNo,) + E;.  (25)

This relation is the same as Eq. (14), except
for constants. Thus, No, and N¢o can be
determined in the same way as described
above. If reaction (7) is slower than reac-
tion (9), at the steady state,

Np > Noz. (26)

As No is negligible relative to No, on the Pt
surface from the assumption, this relation
near a triple contact may disturb chemical
oxidation. Therefore, reaction (7) is not
considered slower than reaction (9).

335

e. Experimental Methods

Preparations for solid electrolyte concen-
tration cells and experimental apparatus
were the same as described previously (/2),
so only a brief description will be presented
here.

A Y-0; (8 mol%)-stabilized ZrO, sintered
pellet was used as a solid electrolyte, with a
diameter and thickness of about 20 and 1|
mm, respectively. Pt electrodes were de-
posited by electron-beam evaporation with
a 0.1-pum thickness, and 12 mm diameter.

A block diagram of the emf measurement
is shown in Fig. 2. All gases were commer-
cially available types. These gases were ap-
propriately mixed with the aid of a thermal
mass flow control system. The emf was re-
corded via an impedance converter by re-
corder in parallel with Pt surface tempera-
ture.

RESULTS
a. E Over the Whole Pco Range

E over a wide Pco range has been de-
scribed elsewhere (12), so only a brief de-
scription will be presented here. Over a cer-
tain Pco range at a fixed Po,, E oscillates as
shown in Fig. 1. This region is called region
II, and those for lower and higher Pco, re-
gion 1 and region III, respectively. The
boundary between regions I and II is la-
beled B,, that between regions 1I and III,
B.s.

b. Transient E

The E change against time when Pcg is
increased stepwise with a fixed Po, = 10

F16. 2. Block diagram for emf measurements. a, Gas
cylinders; b, thermal mass-flow control system; ¢, ox-
ygen sensor setup; d, impedance converter; e, re-
corder.
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kPa at T, (surface temperature in the ab-
sence of CO) = 568°K in regions I and II is
shown in Fig. 3. Stepwise increase in Pcg
from 0.05 to 0.1 kPa results in a slow E
increase. However, when Pcq is increased
from 0.1 to 0.2 kPa, E increases rapidly and
sharply. A further increase from 0.2 to 0.3
kPa causes E to overshoot, i.e., to be tem-
porarily more than the stationary value. Af-
ter several tens of seconds E settles to the
stationary value. This tendency becomes
significant with further increases in Pcg.
Moreover, E begins to oscillate. For Pcg =
0.4 kPa, the oscillation amplitude is very
small and its regularity is low. However, a
further increase in Pcg from 0.4 to 0.6 kPa
brings about a clear oscillation in E accom-
panied with overshooting.

This overshooting phenomenon in E was
observed even when P was increased as
slowly as possible. Experiments under op-
posite conditions where Po, was decreased
with a fixed Pco showed a similar tendency.

The change of E against time when Pcg is
decreased stepwise with a fixed Py, = 10
kPa at Ty = 571°K in regions III and II is
shown in Fig. 4. When P is decreased
from 2.8 to 2.0 kPa, E decreases sharply
and rapidly. A further decrease in Pco from
2.0 to 1.15 kPa induces E to be temporarily
less than the stationary value. After several

E/mv

0 2 4 6 8 10 17 14 16 16 20 22 2
t/min
F1G. 3. Transient E in regions I and II with a fixed

Py,. Po,: 10 kPa, T, (surface temperature in absence of
CO): 568°K, values in the figure: Pco (kPa).
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26 8 0 17 1 16 1% 20 22 %
t/r‘nin
F1G. 4. Transient E in regions III and II with a fixed
Py,. Po,: 10 kPa, Ty: 571°K, values in the figure: Pco
(kPa).

minutes E.approaches the stationary value.
This tendency becomes significant with a
decrease from 1.15 to 1.0 kPa. The surface
temperature increase was less than 2°K for
Pco higher than 1 kPa.

However, a decrease from 1.0 to 0.9 kPa
brings about a great decrease in E and an
oscillation with overshooting. At the same
time, an abrupt surface temperature in-
crease was observed up to 7°K which then
dropped slowly to 5°K. Further decreases
in Pco induce oscillations with smaller am-
plitudes, accompanied by overshooting
phenomena.

c. E versus log P

The relation between E and log Pco in
region I with a fixed Po, = 0.5 kPa at T; =
578°K is shown in Fig. 5. In this run, the

180 -
180 -1
140

£
120 -

™~

w100+
80
60 |
40 . L .

0 05 1 15 2

log(Pco/Pa)

F1G. 5. Relation between E and log P in region 1
with a fixed Po,. Po,: 0.5 kPa, Ty; 578 K(RT/F = 50
mV), E, (E in absence of CO): 20 mV.
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]&Jr_\—r——*‘l__r*

log( POZ/RPQ)

F1G. 6. Relation between E and log Py, in region I
with a fixed Pco. Pco: 20 Pa, T,: 578°K.

surface temperature increase was less than
0.5°K, so these plots were isothermal. The
value of RT/F is 50 mV, and E, (E in the
absence of CO) was 20 mV. Therefore for E
above 70 mV, Eq. (18) is operative, if Ny
(or No,) is constant in region I. The slope of
E against log Pco, 2.3dRT/2F, shows a grad-
ual increase. That is, d increases from 1 to
about 1.6.

The relation between E and Py, in region
I with a fixed Pco = 20 Pa at T, = 578°K is
shown in Fig. 6. No surface temperature
increase was observed in this run. All E
values in this figure were RT/F (50 mV)
greater than E;. Therefore, if Ng (or No,) is
constant, Eq. (17) is operative. The slope of
E against log Po, is about 81 mV, i.e., ¢
equals —1.4 at Py, above 0.5 kPa. In the
absence of CO, the slope was 29 mV, which
equals the calculated value, 2.3RT/4F (Eq.
(2)). At higher temperatures, such as
670°K, ¢ was about one.

The relation between E and log Pco in
region I1I with a fixed Po, = 4.6 kPaat T, =
574°K is shown in Fig. 7. All E values in
this figure are RT/F (49 mV) greater than E,.
As Nco is almost constant in region III (8,
12), Eq. (21) is operative. The slope of E
against log Pco is about 53 mV, showing
that b (or »’) is —1.1 for Pco above 1 kPa.
For Pcg less than 1 kPa, the slope increases
and oscillation occurs as Pgg is decreased.
The Pt surface temperature was almost
constant for Pcq above 1 kPa.

The relation between E and log Po, in
region III with a fixed Pco =2 kPaat T, =
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£/ mv

leg( Peg,/ kPa)

F1G. 7. Relation between E and log Pco in region I11
with a fixed Po,, Po,: 4.6 kPa, Ty: 574°K.

571°K is shown in Fig. 8. As with Fig. 7, all
E values in this figure are RT/F greater than
E: and Eq. (20) is operative. The slope of
E against log Po, is 62 mV, meaning that g
(or a') is 1.2, for Po, below 4 kPa. For Po,
above 4 kPa, the slope increases and oscil-
lations begin as Po, is increased. The sur-
face temperature increase was almost linear
with Po, within 1°K, until oscillations oc-
curred.

Parameters a, b (or a’, b’), ¢, and d deter-
mined as above at about 580°K, with esti-
mated values in region II where stationary
E could not be obtained, are shown in Fig.
9. In region I, it is postulated that Ng (or
No,) is constant, expressed as:

No (or No () « Po,"Pco’. (27}
Nco can be written as:
Neo(l) x Peo®lPo,'4, (28)

where & increases from 1 to about 1.6 as
Pco is increased. The order of Py, ap-

05 ] 15
log( Poz/ kPa)

"
-05 0

F16. 8. Relation between E and log Pg, in region III
with a fixed Pcg. Peo: 2 kPa, Ty S71°K.
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F1G. 9. Parameters a, b (or a’, b'), ¢, and d for each
region. No = goPo,"Pco’, No, = 20,P0," Pco®, Nco =
gcoPo,’Pco?, No, etc.: surface oxygen, etc., concen-
trations on Pt, go, etc.: constants, Ty,: about 580°K.

proached 1 as temperature increased to
about 670°K. In region III, Ncq is constant,
indicating:

Neo(Il) = Po,’Pco®.
No (or No,) has the form:
No (OI' Noz)(III) x Pozl‘z/Pco]'l. (30)

29)

Near B,; in region III, the expression Ng
(or No;) was somewhat ambiguous because
isothermal plots were not obtained. How-
ever, it seemed that b became smaller than
—1.1 and a greater than +1.2.

DISCUSSION

Surface adsorption states on Pt during
CO oxidation will be discussed in connec-
tion with the kinetics.

a. No (or No,) and N¢co Over the Whole
Range of Gas Compositions

First, Ny (or No,) and N¢o will be looked
at roughly, then discussed for regions I and
I1I in detail. The Ng (or No,) and N¢o varia-
tion over the whole gas composition range
is shown in Fig. 10. This figure is based on
results obtained here as well as those re-
ported in the literature (8, 9, 12).

In region I, the surface oxygen concen-
tration is assumed to be almost constant.
Surface CO is also present but the amount
is very small (8, 12). In region II, most sur-
face oxygen is replaced by surface CO. The
N¢o increase is steeper than the Ny de-
crease indicated by Fig. 9. In region III,
surface CO is saturated (8, 12), and Ng (or
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No,) is very small. The Nco there is larger
than Ng in region I (9). This illustration is
consistent with results obtained by Golchet
and White (4) and Matsushima (5). Over
the whole gas composition range, the reac-
tion is thought to proceed via a Langmuir-
Hinshelwood mechanism including the sur-
face reaction of the adsorbed species (5,
12, 20); this will be confirmed below.

b. Region 1

The value of N¢o is given by Eq. (28)
where the order of Py, was 1.4 at 578°K
under the assumption that Ng is constant.
This value is not easy to explain in terms of
the simple Langmuir-Hinshelwood mecha-
nism. If the reaction proceeds via the sim-
ple Langmuir-Hinshelwood mechanism,

CO + 0 — COg, (31)
0, + 20 — 200, (32)
COog + O — CO; + 20, 33)

then the reaction rate, v(I) is expressed by
U(I) x NcoNo. (34)

Here, oxygen adsorption is considered to
be dissociative. This is because in region I
the surface CO concentration is so small
that the reaction system can be approxi-
mately regarded as that of oxygen-Pt,
where it is established that oxygen adsorbs
dissociatively (4, 16-18). Since v(I) is de-
termined experimentally (12) as

v(D) « Pco, (35)
No can be calculated using Eq. (28),
NO x P021'4/PCO871. (36)

arb. unit

F1G. 10. Schematic diagram for Ng (or No,) and
Nco. Ty: about 580°K.
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This Np expression is in conflict with the
assumption that Np is constant. Therefore,
Eq. (28) should be explained in terms of a
modified Langmuir-Hinshelwood mecha-
nism.

Equation (35) shows that CO-supply is a
rate-determining step. Therefore, Nc¢o
should be interpreted in terms of residence
time for CO on the Pt surface. Oxygen ad-
sorption on Pt is almost saturated in region
I, while many vacant sites remain for CO
(9). Once CO is adsorbed on the Pt surface,
it will either react readily with neighboring
oxygen or move until it encounters an ad-
sorbed oxygen where it reacts if CO is ad-
sorbed in the midst of vacant sites. The res-
idence time for CO on the Pt surface for the
former case is near zero and that for the
latter case has some positive value.

If adsorbed CO mobility is sufficiently
high on Pt, then N should be nearly zero
and independent of Pg,, because of the near
saturation adsorption of oxygen. If ad-
sorbed CO mobility is low, N¢o depends on
Py, for the following reason. Oxygen is in
dynamic adsorption-desorption equilib-
rium and gaseous oxygen can be adsorbed
to the adjacent adsorbed CO, accompanied
with oxygen desorption from another site.
Then, the adjacent adsorbed CO and oxy-
gen readily react and the CO residence time
reduces. This possibility increases as Po,
increases.

Thus, the order of Po, in N¢o can be in-
terpreted in terms of adsorbed CO mobility.
This interpretation is consistent with the
fact that the Py, dependence of Nco de-
creased as temperature increased. On the
other hand, the order of Pco in N¢g In-
creased from 1 to 1.6 as Pco was increased.
This result seems to be related to E oscilla-
tion because No varied substantially when
Pco was varied a little near B,.

As gas composition approached that for
region II, E overshot when Pco was in-
creased stepwise (Fig. 3). This indicates
that Nco was temporarily greater or Ng was
temporarily less than that for a following
stationary state. That is, the surface reac-
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tion cannot keep up with the gaseous com-
position change. This implies that the distri-
bution of oxygen and CO adsorbed on Pt
changes. Therefore, the rate-determining
step moves from CO-supply to surface re-
action between adsorbed species, with ex-
perimental conditions approaching those in
region II. These phenomena are evidence
of a Langmuir—Hinshelwood mechanism.

¢. Region HI

Although the discussion of the surface
adsorption states in region 1 was rather
speculative, that for region 111 is lucid. The
No (or No,) in region III was expressed by
Eq. (30). This equation implies two things.
One is that the Pt surface is almost covered
with CO, since the order of Pcq is close to
—1. This is consistent with N¢o being con-
stant.

The other is that oxygen is associatively
adsorbed, i.e., N, is a more appropriate
expression than Ng. This is because, other-
wise, No should be proportional to Po,*%/
Pco in view of the competitive adsorption
equilibrium where CO is almost saturated.
This adsorption equilibrium is established
in region I11I, or in the presence of sufficient
oxygen and CO with low oxidation rates.
Although oxygen is often thought to be dis-
sociatively adsorbed even during reaction
(16), Eq. (30) shows that oxygen adsorbed
on Pt is actually molecular under working
conditions in region III.

The reaction rate in region I1I, v(II1), was
given as (8, 12):

v(Ill) = k(1D Po,/ Pco. 37

This equation combined with Egs. (29) and
(30) reveals elementary steps for CO oxida-
tion in the following manner:

0, +o20;, (38)

CO + o2 COs (39

0, + CO, —» CO; + O, + o (40)
CO, + O — CO; + 0. 4D

These steps were proposed earlier by Coch-
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ran et al. (7), and are confirmed here by
determining No (or No,) and N¢o during re-
action. If reaction (40) is a rate-determining
step and reaction (41) is fast, then the reac-
tion rate is expressed as:

v(II) & No,Nco. 42)
Using Eqgs. (29) and (30),
U(HI) o POZI'Z/PCOH. (43)

This is almost the same as Eq. (37).

CONCLUSIONS

It has been shown that emf is very useful in the
study of surface adsorption states under working con-
ditions. The method has been applied to CO oxidation
on Pt and has revealed that the surface oxygen and CO
concentrations can be determined as functions of Py,
and P¢o with suitable assumptions. With these results,
the mechanism of CO oxidation on Pt has been clari-
fied and specifically discussed in terms of surface ad-
sorption states.
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