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LETTER TO THE EDITORS 

Kinetics of Oxygen Exchange 

In a rcccnt paper Avetisov et al. (1) pre- 
sented calculations and arguments which, 
they claim, show that the experimental 
procedure used by me (2) in studying t,he 
oxygen-exchange characterist,ics of oxides 
is unsatisfactory. They suggest that the 
unreliability is because: (a) variations in 
the amount of oxygen dcsorbed during the 
3-min pumping period employed by me 
immediately before adding 180-enriched 
oxygen at the commencement of the ex- 
change react.ion could seriously affect’ the 
extent of the “exchangeable surface,” cal- 
culated by 180-balance at the end of the 
reaction ; and (b) the 3-min pumping could 
alter the thermodynamic equilibrium be- 
tween the oxide surface and the gas phase 
and so int’roduce errors into the determina- 
tion of the pressure dependence of the 
reaction. 

In making these comments Avetisov 
et al. ignore evidence to the contrary 
presented in Ref. (2). The procedure 
adopted involved, essentially, leaving the 
oxide in cont.act wit’h 1602 gas at 1.5 cm 
pressure for 18 hr at the reaction tem- 
perature, pumping for exactly 3 min, and 
then commencing t’he reaction by adding 
immediately and rapidly the enriched gas ; 
most exchange runs were performed at 
l-2 cm, and the pressure dependence was 
measured over the range l-10 cm. Tables 
2 and 3 of my paper (2) show that gen- 
erally speaking the kinetic parameters are 
not seriously affected by the procedure 
used, comparison being made with a sub- 

stantial number of experiments in which 
the oxide was outgassed for 18 hr in high 
vacuum at a temperat’ure greater than the 
reaction tcmperat,ure, and cooled in vacua 
to the latter before adding the enriched 
gas: Table 1 of the paper also shows that 
the quantity of readily desorbable oxygen 
left on the surface after 3 min pumping 
did not introduce serious error in the de- 
termination of the extent of the ex- 
changeable surface ; this is also evident 
from Tables 2 and 3 in Ref. (2). 

A few comment’s upon the paper of 
Avetisov et al. (1) seem pertinent : Eq. (6) 
should read 

d In (R) 
Eo2=i&--= 

a(-- Cl/T)) 
etc. ; 

Eq. (33) is wrongly printed-the denomi- 
nator should be squared (cf. Fig. 4); 
Eq. (34) is incorrect and should read 

(kJ’o,)~Ed + @diEa 
Eo2 = __-__ ----, 

(h)+ + (kaPo,)i 

so that the subsequent discussion in the 
text as to the condit,ions under which, on 
the model used, Eo, is independent of 
PO, reduces simply to the condition that 
Ed must equal E, when kd = k,Po, (and 
then it follows that Eo, = E. = Ed); al- 
ternatively, if kd << k,Po, then Eo2 is again 
independent of Po2 and equal to Ed. 

The latter situation is the one which 
I have demonstrated to be the most likely 
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in the case of many oxides (2), assuming 
the homogeneous surface model. [This 
conclusion is independent of the detailed 
mechanism of the exchange reaction; for 
example, it can apply whether the reaction 
proceeds via dissociative adsorption of 
wvn, followed by at.om-by-atom cx- 
change (rate R1 in my notation) or whether 
the reaction proceeds by the exchange of 
whole molecules (rate R2).] Thus, if 
E 02 = E,j = E,, the maximum possiblr 
rate of reaction at, temperature T and 
pressure P (mm) is for oxygen 

3 51 x 1022Pa 
R zz L--p 

(32T): 

X exp 

where u is t’he accommodation coefficient 
and Eo, is t,he observed activation energy 
of the exchange reaction. Even assuming 
u = 1 t’his equation gives rates which arc 
much lower than those observed. Hence 
E, < Eo, and therefore desorption or some 
reaction located in the solid surface or in 
the bulk solid must be the rate-deter- 
mining step (2). [This conclusion may also 
be drawn in the case of V205 studied by 
Avetisov et al. (1); thus from values of R 
and kobso in their Table 1, and assuming 
u = 1, the maximum possible values of E, 
at the three pressures used arc 38, 43, 
and 43 kcal mol-l, compared wit,h the 
quoted values of Eobs of 44, 51, and 60 
kcal mol-‘. Incidentally, using the values 
of R and lc,bSo given in t,his table, the 
values of Eobs appear to be 50, 53, and 
59 kcal mol-l.] 

The result’s of Avetisov et al. thus do 
not justify rejection of the homogeneous 
surface model. The subsequent discussion 
(1, pp. 10-13) of the reasonableness of 
their heterogeneous surface model (which 
leads to fairly complex formulas) involves 
so many assumptions and approximations 
as to be of no practical value in deciding 

between the two models. Additionally, the 
data presented upon pressure dependence 
may be affected by transport problems; 
wc have found (S) (as did Avetisov et al.) 
that,, when using a capillary to transfer 
continuously a fraction of the reactant gas 
phase to the mass spcctromctcr, transport 
t.hrough the capillary becomes rato dc- 
termining in the region 200-300 mm PO,; 
this is just the prcssurc range over which 
t,he data in Fig. 2 (1) show an inflection. 

The choice of V20j as the material with 
which to attempt to dcmonstrato the 
prcscncc of a hcterogencous surface is also 
curious. This is one of a small number of 
materials, all possessing similar structures, 
which rapidly exchange tht: oxygen in the 
whole bulk of t,hc solid-not just, tho 
surface layer-with gaseous oxygen. Such 
an cxt,remc degree of lability-almost, 
fluidity-in the solid lat’tice would suggest, 
an cvcn greater lability in t,hc surface so 
that statistically an energetically uniform 
surface would bc expect’cd. 

Finally, although the one test of mecha- 
nism [using presumably a highly cnrichcd 
nonequilibriated mixturr of ‘“02 and lsO1 
(4, 2)] showed that only the wholc-molc- 
cule exchange mechanism (my R2) was 
present, there is substant,ial evidence for 
the simultaneous presence of bot,h t,hat 
and the dissociativt: mechanism (my R’) 
on V20s (2, 5). The two mechanisms have 
differing pressure dependencies, POzn (II = 
1.0 % 0.2 and 0.32 f O.l), and activat,ion 
energies (80 f 10 and 20 f 5 kcal mol-I) 
(2). The possibility of the occurrence of 
the two reactions introduces further uncer- 
tainty into the int,erpretation of the ki- 
netics, as the procedure adopted by 
Avetisov et al. measures lCobso which is 
proportional to (2R2 + RI) (2); t)he pres- 
ence of the two reactions could well ac- 
count for the significant increase of Eobs 
with pressure shown in their Table 1, 
although, as noted above, the situation 
may be complicated because of possible 
transport difficulties. 
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