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The high temperature solid electrolyte cell 

air, M lZrOz(8% YzO~) IM, air-SOrSOI, 

where M is Pt, Ag, or Au, was used to monitor the oxygen activity on Pt, Ag, or Au catalyst 
films exposed to mixtures of 02, Son, and SO, at temperatures above 400°C and 1 atm total 
pressure. One electrode functioned simultaneously a~ both electrode and catalyst. The open- 
circuit EMF of the cell reflected the oxygen activity on the working catalyst and simultaneously 
the steady-state chemical kinetics were observed. For Pt it was found that the surface oxygen 
activity generally does not equal the gas phase PO,, but is determined by Pso, or the Pso,/Pso, 
ratio, depending on the temperature and gas phase composition. These observations suggest 
that the rate-limiting step in the SO, oxidation on Pt is not generally the reaction between 
chemisorbed oxygen and gaseous SOz, except at high temperatures and very low Pso~, but 
rather the desorption of a chemisorbed phase of SO3 or the adsorption of oxygen, depending 
upon the temperature, Pso,, Pso,, and PO,. 

The results with Au and Ag films show that chemisorbed SO, is also formed on these metals 
exposed to S02, O2 mixtures. The values of surface oxygen activity compared to those obtained 
for Pt, provide an explanation for the weakly catalytic and noncatalytic properties of Au and 
Ag, respectively, for the SO2 oxidation. 

INTRODUCTION 

A better understanding of het,erogeneoua 
cat’alytic reactions would be possible if the 
concentrations or the activities of the 
chemical species present on t,he cat,alyst 
surface during the reaction were known. 
Although various spectroscopic techniques 
have been employed to this end, limita- 
tions of either interpretation or applica- 
bilit,y (e.g., inappropriate pressure ranges) 
have hampered progress. Bonding of ele- 
mental species is particularly difficult to 
assess ; yet in the class of catalysts used 
for oxidat,ion of organic or inorganic com- 
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pounds, t’he role of chemisorbed oxygen 
must be of crucial importance. A tech- 
nique utilizing an oxygen-ion-conducting 
solid electrolyte has been proposed (1) for 
the measurement of the thermodynamic 
oxygen activity on oxidation catalysts 
during reaction. 

Accordingly, an investigation of the 
oxygen activity on a variety of oxidation 
catalysts has been undertaken with em- 
phasis on those suitable for the oxidat’ion 
of SOZ. The results of the study of SO2 
oxidation on noble metal catalyst films 
are described in the present communication. 

Previous studies of the kinetics of the 
Pt-catalyzed SO2 oxidation (2-14) are 
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generally in agreement, concerning t,he 
fir&order dependence of t,he reaction rate 
with respect to SO?. However, various 
order numbers between 0 and 1 have been 
reported for 0,. The effect of SO3 as a 
poison has been regularly observed, but 
various functional forms have been pro- 
posed to describe the rate dependence on 
P soa. RIost, of t,he reported values of the 
activat’ion energy fall bet’ween 11 and 15 
kcal/mole. However, values as high as 
23 kcal/mole or as low as 7 kcal/mole 
have been also reported (7, 12) under 
cert,ain condit’ions. These results have been 
int,erpret)ed in terms of an equilibrium 
est~ablished bet,ween surface and gaseous 
oxygen coupled with gaseous or chemi- 
sorbed SOS attack on chemisorhed oxygen 
as the rate limiting step (6, 8, 10). Other 
workers have shown, however, that SOa 
is formed on the surface even at, room 
temperature when SO2 and oxygen coad- 
sorb on 1% (11, 15) and have, therefore, 
suggested that, desorption of SO, is rate 
limiting (11). 

These interpretations can be examined 
more closely in light of the newly measured 
thermodynamic oxygen act,ivity on the 13 
surface during the reaction. In particular 
it will be shown that’ for I’lat,inum: 
(1) Oxygen in the gas phase is not. gen- 
erally in equilibrium with chemisorbed 
oxygen, though there are conditions where 
equilibrium is reached; (2) there exists a 
form of SOa chemisorbed on Pt denot,ed 
by SOa (1%) which acts as if it were a pure 
condensed phase, i.e., its chemical poten- 
t,ial depends on temperat’ure only ; (3) the 
temperature and gas phase composition 
range of existence of SO,(l’t) is limited 
and t’he limits can be defined ; (4) in t’he 
region where SO1(Pt) exists its desorption 
is the rate-limit,ing process and t,he rate 
of SO2 oxidation is zero order wit,11 respect, 
to 02 and first, order with respect, t,o SO2 
changing to zero order for high Pso2 ; 
(5) at high temperat)ures and very low 
P SO*, the reaction between gaseous SO2 

and chemisorbed oxygen becomes rate 
limiting; therefore, the nat’ure of t,he rate 
limiting step of the SO2 oxidat’ion on I’t 
is a function of both the temperature and 
the gas phase composition. 

Since gold has been also reported t’o 
catalyze the SO2 oxidat’ion (16, 17), while 
Ag is inact,ive (16), it was of interest to 
extend these oxygen activit,y and kinetic 
measurements to these met,als. It will be 
shown that the difference in the cat,alytic 
activity of 13, Au, and Ag for the SO2 
oxidation is due to the different heats of 
chemisorpt.ion of SO, on t>hese metals. 

The basic technique for the measure- 
ment of oxygen activity in solids was first 
described by Wagner and Kiukkola (18). 
It utilizes a high temperature solid elec- 
t#rolyte cell with st#abilized zirconia as t#he 
electrolyte. Ytt,ria-stabilized zirconia ex- 
hibits essentially anionic conductivit’y over 
a very wide range of temperatures and 
part’ial pressures of oxygen (19). A similar 
cell haA been used as an oxygen gauge in 
gas mixt,ures (20, 21) and high tempera- 
ture stabilized zirconia fuel cells have also 
been investigated (22, 22). Stabilized zir- 
conia cells have been also used as oxygen 
“pumps” to dissociat’e CO, and Hz0 (24) 
and, more recently, NO (25). In t,he 
present, study, at’tention was focused on 
the open-circuit’ ERIE’ generated during 
the catalytic reaction when one of the 
elect’rodes serves as the catalyst, and the 
other is exposed to a reference gas. 
C. Wagner had in fact proposed the use 
of st’abilized zirconia cells to study t,he 
SOZ oxidation on 1% in order to determine 
whet,her or not, 0, gas is in equilibrium 
with oxygen adsorbed on I+ during the 
react’ion (1). 

XXPERIMENTAL 

The reactor cell used in t,hc present 
st,udy is shown in E’ig. 1. The central part 
of the apparatus is a high-t)emperature 
stabilized zirconia cell consisting of the 
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solid electrolyte and two electrodes, one 
of them serving simultaneously as the 
cat’alyst under study. The Sry Y20s sta- 
bilized ZrOz tube, closed flat, at one end, 
was sealed with a stainless steel cap/teflon 
gasket assembly at the other end. The 
cap had provision for int,roducing feed gas 
and removing effluent t,hrough +-in. stain- 
less steel tubing, as well as provision for 
the introduction of a 19, Ag, or Au wire, 
partly enclosed in a quartz tube, to make 
contact, with the elect>rode on the inner 
base of the tube. 

The base was platinized on both sides 
by painting with Engelhard Pt. No. 05 
and baking at, 700°C in air. This resulted 
in adherent, mechanically strong 1% elec- 
trodes. Similarly polycrystalline gold or 
silver film elect,rodes were deposited on 
both sides of the base of st)abilized zirconia 
tubes using Engelhard ilu No. 5154 and 
GC electronics Ag, respectively. Each cell 
was tested electrochemically at’ tempera- 
tures above 400°C using oxygen-inert, gas 
mixtures of known PO, to insure its cor- 
rect performance as an oxygen concentra- 
tion cell before introduction of react,ant, 
SO,. The out,side film was exposed t,o 
ambient air and served as a reference 
electrode. An appropriahely machined 
quart#z base allowed for easy air access to 
the reference electrode and t’he top cap 
was clamped t,o the tube and the quartz 
base. A stainless steel baffle could be at- 
t,ached t,o the end of the inlet and outlet 
tubes inside the elect,rolyte tube in order 
to constrain the reactor volume to a prac- 
tically isothermal region. The ent,ire cell 
assembly was placed in a vertical tube 
furnace and t,he temperat,ure was measured 
by means of an external t,hermocouple 
touching the outside wall of t,he electrolyte 
2 mm from t,he reference ele&ode. The 
temperature of the cell was maint’ained 
by a controller following another thermo- 
couple. At, st,eady st)ate the observed t,em- 
perature differences were less than 3°C. 

The dc potential difference across the 

EMF 

c 
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FIG. 1. Reactor cell configuration 

cell was measured by a differential volt- 
meter having infinit’e input resistance at 
null. The maximum resistance of the elec- 
trolyte during measurements was of the 
order of a few hundred ohms. 

The analysis of the products was carried 
out by leaking a portion of the at,mo- 
spheric pressure effluent stream through 
a differentially pumped syst,em of orifices 
terminat,ing in tIhe high vacuum chamber 
of a mass spectrometer (Aerovac Noni- 
t,or 712). During sampling the intermediate 
chamber pressure was typically 0.1 mm Hg 
and the spect,rometer chamber pressure 
was 5 X lo-” Torr (1 Torr = 133.3 IN mP2). 
Due to t,he lengt>h of connect,ions t,he re- 
sponse of the mass spectrometer to a 
change in gas composition in the reactor 
was approximately 5 sec. Feed gases were 
prepared by premixing SO2 and air or 
oxygen. The composit,ion was determined 
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by controlling the flow rate of each gas 
but was also checked by direct mass 
spectrometric analysis of the feed stream 
utilizing a cell bypass system. Calibration 
was made using a SOtair mixture of 
known composition. The sensitivit,y of the 
mass spect,rometric system permitted con- 

versions at the 0.5% level t,o be det’ect,ed. 
In some experiments it, was necessary 

to supply SOS in the feed gas. Accordingly, 
when needed, a preconverter consist,ing of 
a t-in. stainless steel tube containing 2 g 
of a commercial (Jlonsanto) promoted 
VZOj catalyst, was inserted in the flow 
system upstream of the electrolyte cell. 

RESULTS 

?‘he SOS cracking pattern. In order to 
utilize the mass spectrometer, it was neces- 
sary to determine the cracking patt)ern of 
SO;:. Sulfur trioxide was produced catalyti- 
cally using the preconvert’er and condensed 
in a brine-cooled loop that was inserted in 
the line bet#ween the reactor and the sam- 
pling system. The following relative inten- 
&es were observed for ,41’IU 
and 4s: 

so, 64, 

SO :64 :4S = 1 :3.23 :S.X 

This is in rough agreement wit#h recemly 
published data (5%). These ratios together 
with the SOa-cracking pat,tern, formed the 
basis for the determination of t’he SO&W, 
ratio in the products. 

Platinum: The open-circuit EMF and the 
oxygen activity. The open-circuit EM17 of 
a solid electrolyte cell of the type utilized 
here is given by: 

where P’ is the Faraday constant, and 
pon(pt) is the chemical potential of oxygen 
adsorbed on the Pt electrodes. This ex- 
pression is derived on the assumption that 
the elect,rolyte conducts by means of O*- 
only and that the dominant exchange 
current reaction involves 02- and adsorbed 
oxygen. The possibility of another domi- 

nant exchange current react’ion will be 
discussed in the next, section. Equation (1) 
includes as a limiting case the usual 
Kern& equation 

RT P’<je 
E = -- ln ---- ) 

4F Z’Ou 
(2) 

which is valid only when no chemical 
react’ion involving the gas phase proceeds 
at, t’he elect,rode surface (27). In the gen- 
eral case it, is t,he activity of oxygen ad- 
sorbed on the electrodes rather than the 
gas phase oxygen activit,y which deter- 
mines the open-circuit, EnIF (28). 

The chemical potential of oxygen at t)he 
reference electrode which is in contact 
with air (PO, = 0.21 atm) is given by 

/b(Pt) reference = /.L”()~(~) + RT 111 (OX), (3) 

where ~‘o~(~) the st)andard chemical poten- 
tial of 02(g) at the t’emperature of interest,. 

The oxygen activit,y on the catalyst 
ao,(p+) is defined by a similar equation 

I*(~~(P~) CatslyYt = P~O~M + RT In ao2(R). (4) 

Therefore, ao,(pt) expresses the partial 
pressure of gaseous oxygen that would be 
in equilibrium wit’h oxygen on the I? sur- 
face, if such an equilibrium were est,ab- 
lished. At, temperatures of catalytic interest 
oxygen is well known to chemisorb dis- 
sociatively on platinum (29). The not#ation 
ana does not imply molecular chemi- 
sorpt,ion but is simply a measure of the 
chemical poteruial of oxygen atoms chemi- 
sorbed (XI the surface if t’he partial pres- 
sure of oxygen in the gas phase were equal 
to ao,(pt) and no other gases were present 
in the gas phase. Combining (l), (2), 
and (4), ao,(pt) (atm) is given by 

4FE 
m,(Pt, = 0.21 expxy . (5) 

If equilibrium is est,ablished between 02(g) 
and oxygen on the catalyst, then 

Uoz(Pt) = PC,,. 
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This was verified experimentally over the 
temperature range 400 to 900°C by intro- 
ducing into the reactor various 02-He 
and Os-Ar mixtures with PO, varying 
from 0.01 to 1 atm. Below 350°C signifi- 
cant delay was observed in obtaining 
steady state ENF values and no data 
were taken in this region. 

Platinum: the open-circuit E:MF under 
reaction conditions; the efect of SOz. Intro- 
duction of a mixture of SO2 and air into 
the previously air-equilibrated cell (E&IF 
= 0 f 1 mV) resulted in an immediate 
decrease in the open-circuit EMF by 
several hundred millivolts. This indicates 
that ao,(pt) has decreased from 0.21 atm 
t’o a value in the range of 10pfi, i.e., five 
orders of magnit’ude lower than P,,, in the 
gas phase in cont)act with t>he catalyst. 
At the same time the analysis of the 
effluent stream showed that conversion 
to SOS was occurring but the conversion 
was not nearly enough to measurably 
deplete the gaseous oxygen in the cell. 
Upon removal of the SO2 component, 
equilibrium between gaseous 02 and oxy- 
gen on Pt was rapidly reestablished indi- 
cating the reversibility of the process. 

The value of aoz(pt) was measured over 

-24C 

-26C 

FIG. 2. Open-circuit EMF during reaction. 
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FIG. 3. Reciprocal relationship between Pso, and 
U02(F#. 

the temperature range 400~8SO”C with the 
gas phase partial pressure of SO2 varying 
in the feed stream between 0.015 and 
0.6 atm. It was found that over a wide 
temperature and composition range, aoz(Pt) 
is a function of P,o, and T only. Typical 
examples are illustrated in Fig. 2. Analysis 
of the data in this range revealed the 
existence of a reciprocal relationship be- 
tween Pso2 and uo,(Pt) (Fig. 3) and fur- 
t’her that 

P soz X uo,(ptj”z = Kpt(T), (6) 

where KPt is a function of T only (Fig. 4), 

1nKpt = 13.6 (f1.0) 

-17,600 (&1000)(1/T). (7) 

Equations (6) and (7) suggest that in- 
creasing the temperature, at constant Pso~, 
will result in an increase in ao*(pt). It was 
found that when the temperature is 
reached where uoz(pt) = PO, Ohen with 
further increase in temperature, uol(pt) fol- 
lows the PO, value and does not satisfy 
Eq. (6) any longer (Fig. 5). Therefore, 
t’he range where Eq. (6) is satisfied is, in 
part, limited to a range defined by 

Pso, X Po~“~ > Kpt. w 

It was also found that as long as Eq. (6) 
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FIG. 4. Temperature dependence of Kpt. 

was satisfied, the value of Psos in the cell 
operating as a CSTR react,or would not, 
exceed a value defined by KpKpt at t,his 
temperat’ure : 

Psos < KPKP~, (9) 

where Kp is the equilibrium co&ant for 
the gas phase equilibrium 

SO2(g> + ao2(g) = m(g). (10) 

This was valid (within t,he error limits 
of KpKpJ even for Psoz = 0.6 atm (Fig. 6). 

By using t’he V20j catalyt,ic precon- 
verter in order to int’roduce SOS into t,he 
feed stream of the CSTR cell reactor, it 
was found that as long as PsoI in the 

CSTR is below KpKpt, Eq. (6) is satisfied. 
However, when PSoa > KpKp, t’hen a 

new equilibrium is established : 

PSO) 
= Kp. 

P 802 x uo,(Pt)“2 
(11) 

This is shown in Fig. 7. It should be 
noted that aon is still well below PO2 
and hence gas phase equilibrium is not 
est’ablished. 

So dependence of ao2(Iat) on the total 
flow rat)e (varying bet’ween 20 and 160 
ml/min) or on t#he thickness of the Pt film 
(roughly between 3 and S pm) was ob- 
served. The surface oxygen activity was 
a funct’ion of the gas phase partial pres- 
sures and the temperature only. 

Oxidation kinetics. Perfect mixing was 
assumed to occur in the gas phase in the 
reactor cell and the rate was calculated 
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FIG. 5. Temperature dependence of Pso, X ao,(~t~“~ with three different SOz-air 
1 atm total pressure including range where ao,(pt) = PO, 

mixtures at 

from the appropriate mass balance 

r = F’[XSOs(effluent) - XSOs(feed)], 

(12) 

where F’ is the total molar flow rate and 
X the mole fraction of SOS. Most of the 
kinetic data were taken between 400 and 
600°C and without the use of the pre- 
converter, therefore, under conditions 
where Eq. (6) was satisfied. The zirconia 
tube itself was not capable of catalyzing 
the oxidation reaction to any detectable 
degree in this temperature range. The feed 
stream impinged on the Pt film with 
velocities of the order 20 cm/set to avoid 
mass transfer limitations. No dependence 
of the rate on the toOa flow rate was 

observed, and this, in conjunction with the 
flow rate independent surface oxygen ac- 
t’ivity, shows that the low values of the 
surface oxygen activity are not the result 
of a diffusion limited reaction process. 
Very low surface oxygen activities were 
also observed on other metals (SO), in- 
cluding Ag which was inactive for the SOz 
oxidation, again ruling out a transport 
limited process. 

The observed rate is exhibited in Fig. 8 
as a function of Pso2 for two temperatures. 
The rate is first order with respect to SO2 
for PSO, below approximately 0.3 atm, but 
above that the rate tends to become almost 
independent of Pso2. No detectable de- 
pendence of the rate on PO, was found 
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Fra. G. Comprtrisorl of maximum measured Pso, values (without a precunverter) with t,he 
electrochemically predicted maximum PSO, (solid line). Dayhrd lines are error limits of predicted 
maximum P 80~. 

mithin the limits O.OS at,m < PO, < 0.2 to bc 11 kcal/mol (Fig. 9). However, 

at,m. The activation energy obtained from practically the same value was obtained 
t#he lmear rate vs I’,,,, region was found from the values r~f the rate coefficient at, 

t 

T= 593°C 

FIG. 7. Tram&ion of surface eqlliiihrinm from 
Pso3 < K&PI to Psoa > K,&t. 

FIG. 8. Rate of oxidation as function of Pa0 at 
?’ = 470 and 518°C. No prcconverter. Solid ll?nes 
from Eq. (29). 



high I’su2, where the rate is indcpendcrlt 
of pso2. 

Silver: EMF under reaction conditions. 
The predicted performance of the oxygen 
concentration cell was verified by intro- 
ducing various Oz-He and 02-Ar mixtures 
of known Paz in t,he reactor and obtaining 
open-circuit EMF values in agreement 
with Eq. (2) within 1 mV. 

Introduction of SOz-air mixtures in the 
previously air-equilibrated reactor cell 
(E = 0 f 1 mV) resulted in the appear- 
ance of large negative voltages (E - -350 
mV), corresponding to ao,(A,) - lo-lo atm. 
As wihh Pt films, aoz(AK) varies only wit,h 
Psoz and T and aOp(Ag) << PO,. The removal 
of SOz from the feed stream restored the 
system to the oxygen equilibrium value 
but the process was slower than the cor- 
responding on Pt’. 

There was no indication of any catalytic 
conversion of SO2 over the t’emperature 
range 400 to 550°C within the limit’s of 
detection ( > 0.5y0 conversion). 

The open-circuit EMF was measured 
simultaneously with Psoz varying from 
0.015 atm to 0.6 atm, the balance being 
air. The functional dependence of surface 
oxygen act’ivity on Psos and T was similar 
to that found with Pt : 

PS02.aOz(Ag)1’2 = KAdn (13) 

In KAs(T) = 18.4 - 24,000/T. (14) 

At t,emperatures of catalytic interest 
KAg(T) is significantly lower than the cor- 
responding parameter KPt (T) obtained 
with Pt catalyst’s. 

Gold: EMF under reaction conditions and 
oxidation kinetics. The correct performance 
of the cell at temperatures above 400°C 
was verified exactly as in the case of silver 
electrodes. However, establishment of 
steady state open-circuit EMF values 
satisfying Eq. (2) was slower with gold 
electrodes (a few minutes at 400°C) than 
with silver or platinum electrodes. UPOI~ 

103/T 

FIG. 9. Temperature dependence of the rate for 
linear range of rate vs PSO, (KR = rate/Pso,). 

introduction of SOz-air mixtures in the 
cell reactor, the EMF of the previously 
air-equilibrated cell again dropped to a 
large negative value (m -2250 mV), im- 
plying &MA~) - 10e7 atm. Conversion to 
SOS was observed but to a lesser extent 
than with Pt under the same conditions. 
A limited st’udy of the kinetics indicated 
a practically first-order dependence of t’he 
rate on Pso~. Removal of the SO, com- 
ponent restored the oxygen equilibrium. 

The surface oxygen activity was studied 
at temperatures between 400 and 600°C. 
It was found that aoz(Au) is a function of 
PSO~ and T. However, the simple reciprocal 
relat’ionship between PSO~ and aoz observed 
with Ag and I’t was not valid at the 
lower temperatures studied ; the decrease 
in aOz(Au) with increasing P,,, at constant 
T is more pronounced than the one de- 
scribed by an expression of the form 
P ~~2~aOz(Au)1’z = KA”. At these lower tem- 
peratures the product P~~~.ao~(A~jl’~ is not 
const’ant for const*ant T, although the 
values of Kp.Psoz.ao,(Au)1’2 (KP is the gas 
phase equilibrium constant) fall between 
the corresponding values for Pt and Ag 
at the same t’emperature (Pigs. 10, 11). 
The surface oxygen activity was found to 
be better approximated by an expression 
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FIG. 10. Surface oxygen activity on gold vs 
Pso,. Solid lines obtained from Eqs. (15)-(17). 

of the form 

P SOz'~O~(Au) 112 

= I<*“[1 + Kouoz(Au~*‘2-J, (1.5) 

with 

and 

In KA” = 17.1 - 21,000/Z’ (16) 

In Ko = -23.S + 24,000/T, (17) 

with a great,er uncertainty for Ko. At the 
higher t’emperatures studied the product 
P Soz.~02(AU~112 becomes pra&ically con- 
stant, and equal t,o KAu. 

DISCUSSION 

SO:! oxidation on Pt: the equilibrium 
constant KPt. The very low values of 
uo,(pt) compared t)o Paz during the reaction 
in the region where Eq. (6) is satisfied 
show t’hat gaseous and chemisorbed oxygen 
are not in equilibrium. Equation (6), how- 
ever, is suggestive of another equilibrium 
between SO,(g) and chemisorbed oxygen. 

The simplest such equilibrium which satis- 
fied the stoichiometry represented by 
Eq. (6) is 

SO,(g) + o(Pt) s Sos(Pt). (1s) 

The product of t#his equilibrium step could 
not be SO,(g), since a constant Psoz 
x aos(Pt,"z value would imply a constant 
psos, which is not what was observed. 
However, when equilibrium (18) obtains, 
it implies, in view of Eq. (6) that SO,(R) 
has an activity which is a function only 
of t,emperature, independent of concent,ra- 
tion of surface SO,. Such a property is 
charact,eristic of a pure “condensed” phase. 
This discussion can be made quantitative 
and the chemical potential of SOs( 13) 
relative to SO,(g) can be computed. 

When equilibrium (18) obtains, then 

lIsop + h.4Jq(Pt) = C(SOa(r3). 

Taking int,o account Eq. (4) and using 
gaseous standard states one obtains 

P’SO?C~) + $P’o~(~) + RT In PscJ~uo,~P~)~~~ 
= Ilsoa(Pt). 

Combining wit’h Eq. (6), 

11mncPt) = ~"soz~!2) + +POO*(al 

+ RT In Kpt. (19) 

1.0 I 2 1.4 16 

103/T 

FIG. 11. Measured values of KP. Pso, . CLO~(A~)~‘~ 
compared to KpKpt and KPKA~. 
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Since all the terms on t,he right, of Eq. (19) 

are functions only of T, ~so~(i,,) is only 
a funct’ion of T, and since 

AGo~ = -RTIn Kp 
0 0 1 0 = P SO,(o) -P SOzk) - tzP O*(g)1 (20) 

one can compute pso3(rt) relat)ive tjo the 
gaseous SO, standard stat,e 

PSOdPL) = ~‘OSO~(.) + RT In KPKpt. (21) 

1nsert)ing the appropriate numerical values 

PSWW - P0S03(P) = (2.S f l.)R?’ 

- (6200 f lOOO)R, (22) 

where R = S.31 J Ii-’ mol-’ and T in I<. 
The last equation permits calculation of 
the “vapor pressure” of chemisorbed 
SO,(Pt), i.e., of the partial pressure of 
SO,(g) that would be in equilibrium with 
SO,@%) if such an equilibrium were 
established : 

In PsoI (atm) = In Kp,Kp = 2.8(&l.) 
- [6200(*1000)/T]. (23) 

Therefore, the heat of chemisorption of 
S03(Pt) can be calculated and is found 
to be 12.3 (&a.) kcal/mol in very good 
agreement with the value of 12.1 kcal/mol 
reported by Hurt (8). This is also very 
close to the value of the activat’ion energy 
(11 kcal/mol) observed in the region of 
existence of SOs(Pt). The origin of this 
agreement is discussed below. 

The stability of SO,(Pt). Examination of 
the “vapor pressure” expression for SOS (Pt) 
shows that unless aoz(rt) = Paz the gaseous 
equilibrium value of PsoI will not be 
achieved at any of the low temperatures 
of catalytic interest. The phase SO,(Pt) 
must therefore have limited stability and 
at least one of the stability limits must be 
reached on the approach to gas phase 
equilibrium. This is in nice agreement wit’h 
the experiment,al results since SO3 (Pt) 
exists only in the region where Eq. (6) is 
satisfied. This region is defined by the two 
inequalities (8) and (9), i.e., PSO% X Pozl’* 

REGION OF EXISTENCE 
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FIG. 12. Region of stability of SOI in SO?-air 
n~bdAm?s at 1 atm; Pso, < KPKl,t. 

> Kpt and PSO~ < KPKpt. Both inequali- 
ties must be sat,isfied for SOs(Pt) to exist. 
The region of exist#ence of SO,(Pt) in 
SOz-air mixtures at 1 atm t,ot’al pressure 
is shown in Fig. 12. As little as 100 ppm 
SOZ in air are sufficient to form SO,(Pt) 
at 500°C. 

When equilibrium in the gas phase is 
established, i.e., 

PSOB 
_-___ = Kp, 
PSOI x rot+ 

(24) 

then SO,(Pt) does not generally exist, 
because if PSO~ > KpKpt then Eq. (9) is 
not satisfied, and if Pso8 < KpKPt, it fol- 
lows that Psoz X PO 21/2 < KPt and Eq. (8) 
is not satisfied. In a closed system con- 
taining SOZ, SO,, and 02 in contact with Pt 
and held at constant temperature and total 
pressure, when equilibrium in the gas 
phase is ultimately established, SO,(Pt) 
will exist only in the exceptional case 
where PSO~ = KpKpt. 

That SOn(Pt) cannot be formed when 
PSO~ X Po~~‘~ < KPt can be easily under- 
stood since in this case ~LSO~(~) + $~o~(~) 
< pSo3(rt). The reason SOs(Pt) is destroyed 
and aoz(pt) is determined by the Psor/Psoz 
ratio as soon as PSO, exceeds KpKpt is 
not so obvious from a thermodynamic 



point of view. However, if PSO~ > KFKP~ originally formed, provided Pso2 X Pozliz 
and Pso3 X aoZ1’* = Krt, then ~so~(~) > > Krt, but’ once the saturation “vapor 
pso3(rt) and bob > po2(Pt), and therefore pressure” is reached (i.e., PaoB = K~KPJ 

there would be a tendency for addit’ional the process will come to a temporary halt>. 
adsorption of both SOS and oxygen on t’he However, any fluctuat,ion in temperature 
finite surface area of the catalyst. It) is or concentratlion will produce a “super- 
probable that this accumulation of SOa saturated” SOS vapor which in turn de- 
on the surface, which occurs as soon as strays SOa( allowing t,he reaction to 
Psos > KPKP~, results in a st,ructural proceed until PsoI reaches t,he value char- 
change of chemisorbed SO1 and in the act’eristic of the gas phase Kp. If t’he 
dest,ruction of SO, (I?). original SOZ, O2 mixture is such that 

Consequently, to the above discussion Paos X PoZ1’z < KR, t’hen SO,(I%) will not 
if a mixture of pure SOZ and 02 is intro- be formed during the approach t,o gas 
duced in a closed vessel comaining Pt and phase equilibrium. 
held at a uniform temperat,ure T and One can summarize the st,ability limit,s 
constant total pressure P, SOa(I’tB) will be for SO, (Pt) as follows : 

Region 1. Pso? X Po21ie < KR SO,(Pt,) is not, formed, 
ms(Pt) = PO,. 

Region 2. Psor X Po,1’2 > KP$ SO,(Pt) is stable, 
Psos < KPKR P sop X a~,~‘~ = KF~, 

ao,(Pt) < PO,. 

Region 3. Pso, X Popliz > KPt SOI(Pt,) is not, formed, 
Pso, > KpKPt Pm/P see x aoz(Pt) l/2 = KP, aoP(Pt) < POT. 

-. 

The nature of XOn(Pt). Since t’he avail- 
able information is strictly thermodynamic, 
one cannot describe the st#ructure of this 
phase in detail, other than speculatively, 
but comparison with the propert’ies of bulk 
condensed phase SOS is interesting. There 
are three different phases of solid SOa, all 
polymeric (31). These include t#wo- and 
three-dimensional linear polymers (a and /3) 
stabilized by impurities and a ring struc- 
ture S809 (31). 

The liquid appears to be a mixture of 
SOS and S309 rings. The heat of vaporiza- 
tion of liquid SOS is 10.2 kcal/mol and 
t,he heat,s of sublimation of solid SOI are 
13.2, 13.8, and lG.1 kcal/mol, respectively, 
for y, @, and (Y forms, close t,o the derived 
value of 12.3 kcal/mol for the heat of 
adsorption of SOS (Pt,). The calculated 
ent,ropy of desorpt’ion of SOa is 5.4 
f 2. cal/mol I< [Eq. (23)]. Such low val- 

ues are possible only if a large configura- 
tional entropy is associated with the ad- 
sorbed phase. The ability of SOS t,o form 
linear polymers suggests that SOx(Pt) may 
he just) such a set of polymeric chains 
formed by bonding along t,he surface. Such 
structures may he the high pressure analog 
of the islands of chemisorhed species ob- 
served in LEED st,udies of chemisorpt’ion 
(32) and also invoked to explain t’he 
details of t’he formic acid decomposit,ion 
on Si (33). Due to the difficulties of 
forming and mairnaining SO, (Pt) under 
vacuum conditions [Eq. (X)], electron 
spectroscopic and diffract’ion techniques 
may not prove useful to examine this 
structure. Infrared st,udies, however, should 
be capable of providing useful additional 
information. 

The reaction “mechanism” on platinum. 
Alost previous studies of this reaction had 



assumed equilibration between gaseous and on oxygen-covered Pt black is approxi- 
chemisorbed oxygen (6, 8) with a rate mately 0.5 (15). 
limiting step involving the reaction of The proposed mechanism utilizing t’he 
gaseous or adsorbed SO2 with chemisorbed existence and stability limits of SO,(Pt,) 
oxygen. The direct measurement of the also provides an alternative explanation 
surface oxygen activity shows that the for the SO, poisoning effect in Region 2. 
oxygen equilibrium is not established in In contrast to the usual discussion of site 
the presence of SOZ, except in Region 1. blocking, the existence of SOs(Pt) implies 
In Region 2 Eq. (6) implies that the the development of a reversible poisoning, 
interaction between SO,(g) and chemi- the rate of the forward reaction being 
sorbed oxygen is an equilibrium process limited by the approach of the system 
and, therefore, cannot be rate limiting. to the saturation vapor pressure of SO3 (Pt). 
Similarly in Region 3, Eq. (11) implies As f’s03 approaches KPKP~, the net rat,e 
that equilibrium is established for the will tend to be zero as long as S03(Pt,) 
reaction still exists, since the rate of SO, readsorp- 

SO,(g) + o(pt) + SO,(g), (25) 
tion will approach the rate of SO,(Pt) 
desorption. In a typical CSTR reactor 

which again rules out the reaction step with a feed of only SO2 and air, PSO~ 
between SO,(g) and chemisorbed oxygen cannot build up except at very low tlow 
as a rate limiting step. rates. The upper limit of PSO, observed 

In Region 2, equilibrium (18) is estab- in the present study (without the use of 
lished and the kinet,ic data must be ex- the preconverter) satisfies this vapor pres- 
plained, taking into account the existence sure requirement (Fig. 6). 
of SOI( These data include the form In Region 3, since equilibrium is estab- 
of the rate dependence on PSQ (Fig. 8), lished for the step 
the rate independence on PO,, and an 
activation energy of 11 kcal/mol. These SO,(g) + o(pt> *S%(g), (25) 
observations are consistent with a mecha- 
nism involving t,he desorption of SO,(Pt) 

the remaining step 

as a rate-limiting process by means of the 302(g) -+ o(Pt> 
following steps : 

must control the rate. Under such condi- 
SO,(g) + opt) G so,(Pt,), tions chemisorbed SO3 hinders the rate- 

SOs(pt) + SO3(g), R.L.S., limiting oxygen chemisorption and gives 

$02(g) + om. 
rise again to SOS self-poisoning. It seems 
therefore that the nature of the SO3 

That SOS desorption is rate limiting has poisoning effect is different depending 
been concluded by several previous in- upon whether PSO~ < KpKpt or PSO, > 
vestigators who showed that the rate of KPKP~. Although sufficient kinetic data 
SOZ oxidation parallels the rate of SO3 were not available to confirm this point, 
desorption from several catalysts, including it seems likely that the vapor pressure 
Pt on silica and Pt on alumina, and that curve of SOe(Pt) represents a boundary 

SOS is formed on the surface even at’ room for the reaction mechanism. 

temperature when SO2 and 02 coadsorb In a tubular flow reactor and particularly 
on Pt (11). It has been shown also that under nonisothermal conditions PsoI can 
at room temperature the ratio of the easily exceed KpKpt. When this happens, 
amount of oxygen chemisorbed on Pt one part of the reactor close to the en- 
black to the amount of SO, chemisorbed trance, operates under t.he conditions of 
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Comparing (28) and (6) it follows that Region 2 while the rest of the reactor 
operates under the conditions of Region 3. 

@o KPL 
a0? fPt) I/? = - -X--. 

1 - 00 K’/K 
(29) The present’ study also suggests t’hat a 

UHV study of the oxidation of SO2 on I? 
at the temperatures of catalytic interest 
would not reveal the relevant kinetics and 
st,ructures appropriate to at#mospheric pres- 
sure conditions, since the inequality Pso, 
X 1’0,~‘~ > Krt would not be satisfied (Fig. 
12). Under such conditions (Region 1) the 
reaction bet8ween SO, and chemisorbed 
oxygen would be rate controlling. In light 
of the different kinetic behavior (i.e., dif- 
ferent rate limiting st)eps) in each of the 
three regions, it, is not surprising t’hat, a 
variety of complex rate expressions have 
been proposed to describe the kinetics of 
the SOZ oxidatjion on Pt. 

Quantitative oxidation liineiics on plati- 
WLT?Z. An interpretation of Eq. (6) in terms 
of surface coverages as well as its im- 
plications for t,he kinetics of the react,ion 
in Region 2 can be provided by the fol- 
lowing model. 

Considering t,he equilibrium step 

SOz(g) + O(h) Ft S03(I?) (1% 

and assuming mass action kinetics one 
obtains 

K x Pso, x 00 = KOSO,, (26) 

where 00, Oaoa are the surface coverages of 
oxygen and SOS, respectively, and K, K’ 
are temperature-dependent coefficients that 
satisfy 

K’ AG OR 
- = CXP---- 9 
K RT 

(27) 

where AGoR refers to the equilibrium re- 
action step. By further assuming Oao, 
+ @o ‘v 1, which is quite reasonable at 
these relat,ively high pressures, one obtains 
from (26) 

Since aop(pt) expresses the partial pressure 
of gaseous oxygen that would be in equi- 
librium with chemisorbed oxygen if such 
an equilibrium were established, Eq. (29) 
shows that oxygen chemisorption can be 
described at, least approximately by a 
simple Langmuir expression : 

00 
a0,pt) 112 = - 

(1 - Oo)Ko ’ 
(30) 

where KO is the adsorption coefficient of 
oxygen on platinum, since clearly from 
(19) and (27) 

K’ 
Ko = - Kpt. 

K 

Alternatively, from (28) one could have 
predicted that for constant T the product 
P so2 X ao,l’z(pt) would be constant, assum- 
ing t,hat oxygen chemisorption on platinum 
at these temperat’ures and pressures can be 
treated approximately by a Langmuir 
model. This does not imply that this is 
the only model that, can explain Eq. (6) 
but it is the simplest. 

Since SO, desorption is rate limiting 
and assuming the SO, readsorption term 
to be negligible, the rat,e of t’he overall 
reaction can be written as 

r = c x @so, = c x (1 - 00) (32) 

and using (28), 

1’ zz c- 
l’s02 

KptKo + I’m 
(33) 

On the assumption that SOS adsorption is 
nonact’ivat,ed, C can be written as C*KpKp,, 
where C* is temperature independent, 
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therefore t 
P 

I 

r = C*KpKpt X ~ 
SO? IF/- 

. (34) \ ; IO,- 
KptKo + I’s02 

g 8.. 

This expression would explain the ob- 
served kinetic behavior and also the ob- 
served activation energy of 11 kcal/mol 
if the product Kp,Ko is a weak function of 
T. If one assumes a value of 68 kcal/mol for 
the heat of chemisorption of 0, on Pt (d9), 
then KO = K”o exp(+34,000/RT), where 
K*o is temperature independent. Since 
Kpt = 7.7 X lo5 X exp( -34,50O/RT), it 

follows that the product Kp,Ko is essen- 
tially temperature independent:. This also 
implies that’ @soa depends very little on 

temperature for given PSQ. From t)he 
kinetic data obtained in this study the 
value of KP,Ko is approximat,ely 0.4 atm 
in the region between 400 and 600°C. 
Alternatively, the surface reaction step is 
pract,ically athermal ( - 600 cal/mol exo- 

FIG. 13. Rate vs Pso, for PSO, + Pgot = 0.068 
atm at 480°C (34) compared with Eq. (37). 
KP~ X K, = 0.4 atm and KpKpt = 4.6 X 10-a atm 
at 480°C. 

inclusion of t,he equilibrium between gas 
phase and chemisorbed SOS. One has 

K OUoz(Pt) 
112 

00 = ____.- 
1 + Koaoz(~t,l:~ + KsoJ’soz ’ 

@so, = -__ 
KsoJ’sos 

-, (35) 
1 + Koaozwt,‘i2 + Kso,Pso~ 

thermic), which could have been directly 
derived on the basis of t’he values of 6s where Ko, Kso, are adsorption coefficients 

and 12.1 kcal/mol for the heat of chemi- of 02 and SOS, respectively. Substituting 

sorption of O2 and SOS on Pt., respectively. 
into (26) and using (31) 

Equation (34) describes the kinetic data 
shown in Fig. 8 as well as those of Lewis 
and Ries (9) which were obtained at such 
low PSO~ and Pso3 that the first-order 
P sop dependence was observed and KpKpt 
> Psoa was satisfied. The preceding anal- 
ysis is valid as long as PsoD is not very 
close to KpKpt in which case the SO3 
readsorption term should be included. 

For Pso3 exceeding KpKpt (Region 3), 
in which case equilibrium is established 
for the step 

SO,(g) + ow> * SO3k), 

psos Ko 1 
__~ __ = 
P 1/Z KsoQ (K’/K) 

. (36) 
so4aoz K&so3 

Comparing with (11) one obtains Ksos-’ 
= KpKpt. This implies that the heat of 
chemisorption of SOS is 12.3 kcal/mol in 
this region, t,oo. Since in this region oxygen 
chemisorption is rate limiting, the rate of 
the forward react,ion can be written as 

r = C’Po21’2(1 - O. - OS,,,) = C’KpKpt 

psog x Po2112 
X __~ 

KpKptPso,+Pso,(Pso,+KptKo) 

equilibrium must also be established be- (37) 
tGeen surface and gaseous SOS. The ex- 
perimentally observed relationship 

This expression describes the kinetic data 
of Olson et al. (34) which were obtained 

Pm, 
= Kp (11) 

in a differential reactor and under condi- 

Psoz x uo,(PtJ1i2 
tions where PSO~ > KpKpt (Fig. 13). Only 
C’ was fitted. 

is accounted for by the previous model by To summarize, the experimental equa- 



tions (6) and (11) are consist’ent with a 
Langmuir model for the dependence of 
surface oxygen activity on surface oxygen 
coverage. In Region 2 desorption of 
So,(Pt) is rate limiting and PSO, has no 
direct effect o11 the rate which is given 
by (34) as long as Pso, is riot8 very close 
to KPKIDt. When it, is, t#he reverse reac- 
t,ion (adsorption) gives the appearance of 
poisoning. In Region 3 equilibrium is 
established between surface and gaseous 
SOS, oxygen chemisorption becomes rate 
limiting, and SOS has a poisoning effect. 
OII the forward reaction [Eq. (37)]. 

Silver rind gold. The reciprocal relat,ion- 
ship between Pso, and Q()~(P+~~/~ observed 
during the SO2 oxidation on l’t was inter- 
preted in terms of establishment of the 
equilibrium described by IQ. (1X). 

By an identical argument Eq. (13) sug- 
g&s establishment of the equilibrium 

S02(g) + O(Ag) F1 SO,(Ag), (3) 

where again the chemical pot’ential of 
chemisorbed SO, is a function of tempera- 
ture only. Silver sulfate formation is ruled 
out since t,he AH for the reaction 

-4g20 + SO2 + 302 F? Ag&), 

is -92.23 kcal/mol compared witjh a AH 
of -47.5 kcal/mol derived from t,he tem- 
perat#ure dependence of KAY [Eq. (13)]. 
By arguments similar to t’hose used to 
derive Eq. (21) one obtains 

/1SO3(Ad - lJ0S03(,j = 7.63IZT - 12,560Ez. (39) 

It, follows from Eq. (39) that’ AH and AS 
for SOS chemisorpt8ion 011 silver are given 
b AHsow = - 24.9 kcal/mol and ASsOaCArj 
= - 15.1 cal/mol I\. The AS value satis- 
fies all the criteria established by Boudart, 
et al. (35) for entropy changes associated 
with chemisorption. The AH value, corn- 
pared with the AH value of - 12.3 kcal/ 
mol for SOa chemisorption on l’t, provides 
an explanat’ion for t,he noncatalytic nature 
of Ag for the SO2 oxidation. Since desorp- 
tion of SO;{ was found to be the rate- 

limiting step of the SO1 oxidation on 1% 
when equilibrium (18) is est’ablished, SOI 
desorption from Ag must also be rate 
limiting when equilibrium (35) is estab- 
lished. The failure of Ag to act as a cat’a- 
lyst, must result then from the high 
activation energy for SOS desorption 
(-24.9 kcal/mol) relative t’o that for SOS 
desorption from I’t, (- 12.3 kcal/mol). 

Since within t,he temperature and gas 
phase composit’ion range investigated t#he 
surface oxygen activity on gold is a func- 
tion of I-‘so, and T only and does not 
depend on Psoa, it can be concluded that, 
as in the case of l’t and -4g, equilibrat,ion 
bet#ween surface and gas phase SOS is not 
established and SOS desorption is rate 
limiting. If one represents the surface 
equilibrium b? 

where @SO,, @SO,, and 00 are surface 
coverages and K, is the surface react)ion 
equilibrium constant, then Eq. (15) can 
be int,erpret,ed in terms of a Langmuir- 
Hinshelwood model. Within t,hat frame- 
work the functional dependence of O. on 
aU2(AU) when equilibrium between surface 
and gas phase oxygen is not est’ablished 
is the same as t’he functjional dependence 
of 00 011 P,, when equilibrium is estab- 
lished. E’urtJher, assuming t,hat (a) the 
activity of chemisorbed SOS is a function 
of temperature and is represented by 
KPKAu (aiiahgws to the expressions for 
I’t and Ag) so that, 

I*S03(Au) - /L~so:~(~) = BT 111 K&Au; (41) 

and (b) that oxygen chemisorption is 
stronger than the chemisorption of SO2 
and SOa, One obtains from Eq. (40) : 

Ksc,ZKoPso~‘ao,(.su,“2 

(1 + Koaoi”2(4”))2 

1 ~s,,,~,h’*, = --.- -------- ) 
KS 1 + h’oao,!(*“)1’2 

(42) 
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where Ksoz, KC,, and KSoI are the cor- 
responding adsorption coefficients. Since 
Kso~.K,,.Kso~-~.K,-~ = KP, one obtains 
Eq. (15). From Eqs. (16) and (41) it fol- 
lows that AH and AS for SOa chemisorp- 
tion on Au are -19.0 kcal/mol and 
- 12.5 cal/mol K, respectively. 

The values of KPKA" which express the 
activity of SOS chemisorbed on gold fall 
between the values of KpKpt and KpKAg 
(Fig. 14), and since SO3 desorption is rate 
limiting in all three cases, this provides 
an explanation for the weak catalytic 
properties of gold for the SOZ oxidation. 
Thus the surface oxygen activity is an 
appropriate measure of catalytic activity 
of Pt, Au, and Ag for this reaction. 

The oxygen activity and the exchange cur- 
rent reaction. The use of aoz as a measure 
of the catalytic activity of these metals 
is based on the assumption t’hat ZrOs 
itself p!ays no ro!e in the reaction. It is 
not a catalyst for the SOZ oxidation (SO) 
but does exhibit SO2 adsorption at room 
temperature (36). If SO2 can attack 02- 
ions, the measured oxygen act’ivity would 
differ from that of the gas phase but 
would be the same for all met’als. This is 
not observed, strongly supporting the cur- 
rent interpreta Con that the measurement 
does not reflect the electrolyte charac- 
teristics and the react’ion between gaseous 
SO2 and O*- cannot be the dominant, ex- 
change current reaction. If, however, the 
attack occurs at the three-phase bound- 
ary, a metal-specific oxygen activity would 
be observed which might not correspond 
to the true oxygen activity on t’he met’al. 
This can be ruled out by the close cor- 
relation between the electrochemically mea- 
sured oxygen activity and the observed 
global reaction kinetics on Pt. 

That gaseous oxygen/electrode equili- 
bration may not occur when a chemical 
reaction involving the gas phase proceeds 
at the electrode surface is a phenomenon 
known to electrochemists (27). It is usually 
described in terms of nonideal potential 

-2 

t 

FIG. 14. Activity (uses = KPKM) of SO3 
chemisorbed on Pt, Au, and Ag under conditions 
where SO8 desorption is rate limiting. 

behavior, the implication of nonideal being 
that the cell EMF does not satisfy Eq. (2), 
but is determined by intermediate products 
adsorbed at t’he electrode surface rather 
than by the primary gaseous species. In 
addition to this mechanism, which is the 
one adopted here, direct electrochemical 
processes between gas and elect’rolyt’e ions 
can also lead to nonideal behavior. Such 
processes lead to an alterahion of the 
dominant exchange current react,ion and 
have been partly invoked by Fleming (21) 
to describe the behavior of zirconia-based 
oxygen sensors used in t,he exhaust line 
of motor vehicles. No such processes need 
be invoked for the SOZ oxidation, particu- 
larly since, as was noticed earlier, the 
attack of 02- by gaseous SO2 is very 
unlikely to be a dominant exchange cur- 
rent reaction. 

The present results also establish the 
temperature and gas phase composition 
limits for the use of stabilized zirconia 
cells with Pt electrodes as an electro- 
chemical sensor for the determination of 
PQ (Region l), PSO, (Region 2), and Dhe 
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Pso3IPso2 ratio (Region 3) in SO.2, SO3, 
oxygen, inert gas mixt’ures. 

SUMJlSRY 

An electrochemical oxygen concentration 
cell ut,ilizing a solid elect,rolyte (ZrOz, Y,Os) 
with R, Ag, and Au electrodes, one of 
which funct,ioned simultaneously as a cat’a- 
lyst, was used to measure the activity of 
oxygen on the metal during t#he catalytic 
oxidation of SOZ. It was observed t’hat 
the equilibrium between gaseous and ad- 
sorbed oxygen could not be maintained 
and new equilibrium processes involving 
S&(g) were found with 1% films. For 
sufficiently low Pso3, an equilibrium cm- 

stant of the form P,o, X u~~,(~~J”~ = Kpt 

indicated the presence of a chemisorbed 
SO, phase with a chemical potential de- 
pending only on t,emperature. The stability 
of t,his phase, SOa( is limited. When 
Pso, exceeds some crit,ical value, this equi- 
librium is replaced by another of the 

,- 
form (Pso~IPso~) = k~ X uoz(Pt) 1’2. OIllJ 

for PSO, X Paz U2 < Kpt was O2 equilibrium 
with the surface observed. These t,hree sta- 
bility regions result in three different, kinetic 
regions. In the very low SO2 pressure 
region where SOI does not exist, 11o 

kinetic data were taken, but, where SO:s(Pt) 
exists, t,he kinetics appear to be dominat,ed 
by t,he desorpGon of S03(Pt). The poi- 
soning by SO, in this region is the result 
of a vapor saturation effect. When PSO, 

exceeds the critical value defined by the 
vapor pressure of SOS (I?,), SO,(R) is de- 
stroyed and the kinetics appear t’o be 
dominated by the rate of Oa chemisorp- 
tion. Poisoning by SO3 in this region is a 
usual site-blocking process. With no as- 
sumpt,ions other than global rate scaling 
the paramet*ers deduced from this study 
describe precisely t)he data of Smit,h et al. 
(34) and represent a viable alternative 
to the oxygen equilibration model which 
had been employed t,o interpret them. 

F’or L4g and Au films the format’ion of 

a chemisorbed SO3 phase similar to 1% is 
observed and over the limited range of 
parameters investigated, SO, desorption 
appears to be rate-limiting step. The 
present results show that t’he difference 
in the catalytic activity of Pt’, Au, and Ag 
for the SO2 oxidation is not due to a 
qualitat,ive difference in the ability of 
t,hese metals to form an appropriate inter- 
mediate species, but, result,s from a quanti- 
tative difference in t!he binding strength 
of product SO, to the surface. 

The catalytic surface processes described 
above have complicated the understanding 
of elect,rochemical oxygen gas sensors but 
make possible a significant, opportunit’y 
for a bet,ter understanding of hetero- 
geneous catalyt,ic oxidations on met,als at 
the molecular level. 
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