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Oxidation of 2-Methyl-2-butyl-alcohol and Isobutane
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Rate equations are presented for the photoassisted catalytic oxidation to acetone of 2-methyl-2-
butyl-aicohol and isobutane over titanium dioxide catalysts. The alcohol oxidation rate can be
described by an expression reflecting a single rate-determining step: the two-site dehydration of
adsorbed alcohol. The rate of isobutane oxidation is presumed to be controlied by two surface steps
in series: (i) formation of and (ii) subsequent dehydration of an alcohol intermediate. The rate
equation derived from these assumptions represents the data satisfactorily when all sites are taken
as identical. These model results indicate that dissociated oxygen participates in the photocatalytic

alkane oxidation.

INTRODUCTION

Of the many reactions claimed to be
photocatalyzed heterogeneously (/), the
partial oxidation of alkanes and alcohols by
titanium dioxide has been studied most
extensively (2-/2). Under illumination of
band-gap (~350 nm) or greater energy, at
near-ambient temperatures, TiO, is a pho-
toassisted catalyst for the reaction of oxy-
gen with alkanes or alcohols to form alde-
hydes and Kketones (4, 8) as well as water
and carbon dioxide:

n-CyHppia + Oe T’o" C,H,,0, C,H,,0
for[2 <m <n] (la)

branched C,Hyp o + O, T"—O> Crn2smO
for[3=m <n] (1b)

n-CyHany 1 OH + O, -%) CH2nO,

C,H,,0 for [2 <m < n} (2a)

! Present address: Mobil Research and Develop-
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branched-C,H,,.,OH + O, -T’—; C,H,,,0
for [3 =m <n] (2b)

Teichner and co-workers (4, 6-8) have
suggested that the oxidation of secondary
and tertiary alkanes involves, as a first step,
the insertion of an (undetected) atomic oxy-
gen into the bond between hydrogen and a
secondary or tertiary carbon to form the
corresponding alcohol. These workers ar-
gued that dehydration of the alcohol to an
olefin intermediate is the only step which
accounts for the lower aldehydes and ke-
tones noted as final oxidation products.

The existence of olefin intermediate is
supported by the work of Carrisoza and
Munuera (I3, 14). They showed that, under
nonoxidizing conditions, thermal dehydra-
tion of aliphatic alcohols on TiO, (anatase)
yields water and the corresponding olefins.
Inhibition of oxygen isotopic exchange by
isobutane oxidation over irradiated TiO,
implied that these reactions involved the
same intermediate. It was therefore in-
ferred that a dissociated oxygen species
participates in the alkane oxidation (15).

The plausibility of the mechanistic
scheme of Teichner et al. is tested in this
paper by comparing experimental rate data
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to appropriate rate expressions, using the
existing data for photoassisted catalytic ox-
idation of isobutane and 2-methyl-2-butyl-
alcohol.

DATA FOR ALCOHOL AND ISOALKANE
OXIDATION, AND PRIOR RATE MODELS

Detailed kinetic data are reported in the
photooxidation study of Formenti et al. (7)
concerning isobutane conversion to ace-
tone, an example of reaction (lb) above. In
a steady-state, fixed bed flow reactor at
30°C, the rate of acetone formation was
measured as a function of oxygen and iso-
butane partial pressures. A subsequent
study at 95°C by Walker et al. (9) yielded
the rate of acetone formation from the
tertiary alcohol 2-methyl-2-butyl-alcohol,
again as a function of both reactant pres-
sures. The alcohol results are summarized
in Figs. 1a and b. The isobutane results are
presented as inverse rate versus inverse
pressure of each reactant in Figs. 2a, b, and
c.

A rate equation for the isobutane data
was derived by Formenti et al., following
earlier arguments of Hinshelwood (/6) and
Downie et al. (17-29), by assuming that

(a) the adsorption rate for oxygen was
given by

= koPo™(1 — 6;) 3

(b) oxygen desorption was negligible (be-
low 300°C), and

(c) the hydrocarbon was physisorbed (no
chemisorption of isobutane was observed)
in a Langmuir fashion with its coverage
given by

T adsorption

0C — KCPC

a 1+ chc (4)

The rate of acetone formation was taken
to be proportional to 6,6,, and oxygen
consumption was assumed to be propor-
tional to acetone formation; hence

¥ consumption = kreooc (&)
Equating rates at steady state,

¥ aasorption = ¥ consumption»

gave the rate expression (6)

_ kKcko PPy
"= kW KPe + koPM(1 + K Po)

(6

This form was the same as that derived by
Mars and van Kevelen (2/) from a surface
oxidation/reduction model for hydrocar-
bon oxidations on oxide catalysts with no
illumination. Inversion gave Eq. (7):

1 1 1
Py TKKP kO

-1-:
r

In our view, this derivation suffers from
three weaknesses:

(a) The resulting Eq. (7) predicts that
plots of 1/r versus 1/P," (where N = 1 or
%) and of 1/r versus 1/ P. should produce
lines of constant slope, independent of the
pressure of the second reactant. These pre-
dictions are in clear disagreement with Fig.
2.

{(b) The form of the adsorption rate ex-
pression is incorrect if N = 4, indicating
dissociative oxygen adsorption. The form
should include Po(1 — 6,)2, not
Po'®(1 ~ 6o).

(c) The original rate expression for irre-
versible oxygen adsorption (Eq. 3) was
proposed because no subsequent desorp-
tion of molecular oxygen was observed.
However, this latter experimental result
might be expected if the total oxygen up-
take is small. Such could be the case if

(1) the number of active sites were small,
and/or

(2) oxygen adsorption involved depletive
chemisorption on n-type TiO, (22), that is,
Ox(8) = Oszads)

An empirical rate expression for isobu-
tane oxidation was recently suggested (/0)
as

Facetone = kPOmPCn (8)

where m = 0 and n = 0.35 for oxygen and
isobutane partial pressures from 100 to 500
Torr.

Such empirical reaction orders may vary
with intensity of uv illumination as well as
partial pressure of reactants: the apparent
values of n for isobutane are 0.45 and 0.68
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FiG. 1. Partial pressures of 2-methy}-2-butyl-alcohol oxidation products vs alcohol partial pressure

(Ref. 9). (a) P, = 380 Torr: (b) P, = 608 Torr.

t the two (unspecified) intensities of Ref.
7). Also, the rate of acetone production is
learly dependent on oxygen pressures
elow 100 Torr (7). A smaller positive
fluence of oxygen on acetone rate is noted
1 the data of Fig. 1, Ref. (/0). Different
atalyst preparations and pretreatment may
Iso account for some of the differences in
Xxygen pressure dependencies reported in
efs. (7) and (10).

Suitable rate expressions, either mecha-

nistically or empirically based, are obvi-
ously lacking. Hence it is reasonable to
examine rate expressions which are derived
from plausible adsorption functions and
existing mechanistic information. Recent
simultaneous measurements of acetone
production and catalyst conductivity indi-
cate that uv-generated holes and electrons
react with adsorbed oxygen to form an
atomic oxygen species (/0). In the follow-
ing discussion, we will assume that the
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TABLE 1

Presumed Reaction Schemes®

Alcohol

Isoalkane

KUH
() R,COHR’(g) + S=2(R,COHR' - §)
K,
2 28S+0,220-5)

k.
(3) (R;COHR' - S) + S = ((R,C = R") - §)
+ (H,0-9S)

(3') (R,COHR' - 8) + § —li (R=C(RR" - 8)
+ (H,0 - S)

K
() R.,CHR'(g) + S (R,CHR' - §)
ko
(2) 285+ 0,=20-9)
ky
(3a) (R;CHR'+S) + (O -S) 2 (R,COHR' - S) + S

-3

(3b) (R;,COHR’ - S) + S — [(R,C = R') - §] + (H,0-95)

ky

further reactions (rapid)

4 RC=R +0;,-RL=0+0=FN

(5) O = R’ — desorbed product (if R” > CH,)

CO, + H,O (if R = CHyp)

¢ R = CH;: R’ = C,H; (alcohol), = CH; (isoalkane).

coverage of this presumed active species
can be described by a **pseudoequilibrium”’
“‘isotherm’’, i.e., that hole/electron trans-
port is rapid compared with adsorption
and reaction.

DERIVATION OF NEW MODEL AND
COMPARISON WITH EXPERIMENTS

Teichner and co-workers have shown
experimentally that the rates of acetone
formation from isobutane or isobutanol are
comparable, while the rate from the pre-
sumed but undetected intermediate isobu-
tene is higher (5). Thus the kinetically slow
step in oxidation of either the hydrocarbon
or the alcohol involves the same reaction,
presumably the surface dehydration of the
observed alcohol species (5, 7, 8). The low
selectivity of isobutane to t-butyl-alcohol
(9%) in the gas phase relative to acetone
(61%) implies that the rate of formation of
the alcohol intermediate is similar to the

rate of conversion to acetone via dehydra-
tion and subsequent olefin oxidation (5).

We have assumed, for simplicity, that the
rates of alcohol formation and dehydration
are equal, and that the dehydration step
requires an adjacent vacant site so that
both products, olefin and water, may be
accommodated on the surface. The pro-
posed surface reaction scheme is shown in
Table 1.

The specific nature of the adsorption
sites for hydrocarbon and oxygen will not
be considered in depth. Interaction with
anion vacancies on the titania surface is
certainly involved, as it is in thermally
induced oxidation reactions (23). The pho-
toproduced holes and electrons react with
surface oxygen (or hydroxyl) species,
rather than with hydrocarbon, as shown by
photoconductivity measurements (10, 24).
As regards adsorption, however, the anion
vacancy sites for oxygen and hydrocarbon
adsorption may be identical. We shall as-

F1G. 2. The inverse rate of acetone formation from isobutane vs the inverse partial pressure of
independent variable, for constant partial pressure of the second reactant. (a) Higher intensity case vs
(P,) "' (Fig. 7, Ref. 7). (b) Higher intensity case vs (P,;) "' (Fig. 8, Ref. 7). (¢} Lower intensity case vs
(P:)7'. This figure contains all data in Fig. 4 of Ref. (7). The curves have been relabeled in the
corrected order of oxygen partial pressure. P, = 7(O), 50(4), 250(x), and 310(<) Torr.
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sume such identity in the subsequent deri-
vation; an analysis assuming separate ad-
sorption sites will later be shown to be
inconsistent with the data available.

The vacant site requirement for dehydra-
tion and the equality of steps 3a and 3b are
characteristic of the reaction sequence we

isobutane and 2-methyl-2-butyl-alcohol
which agree with the published experimen-
tal data.

For the reactants in question, only ong
route to acetone exists, although oxygen
insertion and alcohol dehydration do lead
to other partial oxidation products. For

consider. Below we show that these kinetic isobutane, without indicating detailed
features lead to rate expressions for both mechanism(s),
CH, CH, CH,
| 1/20, ' -H,0 I
CHs—(ll——CH3 -~—~5% CH,—C—CH, — CH;—C=CH;, (9a)
H OH H
(isoalkane) (alcohol) (olefin)
W
+0,
CH;—C=CH; —— CH,—C=0 + O=C—H (aldehyde) (9b)
(ketone) +0,
CO, + H;0
For 2-methyl-2-butyl-alcohol,
CH, CH, CH, H

B} | -0, | (
CH3—-(IJ—CH2—CH3 2, CH—C=CH—CH, —> CH,—C=0 + 0=C—CH,

OH

(alcohol) (olefin)

Assuming that dehydration is irreversible
and rate determining, all subsequent steps
are kinetically insignificant (25). At the
conditions of these studies, acetone itself is
not oxidized (I, 8). Therefore, the mea-
sured rate of acetone production is equal to
the dehydration rate.
This rate is given by

Facetone = Fdehydration = krGOHov an
where 6y is the surface alcohol concentra-
tion and 6, is the concentration of vacant
sites. An explicit form of Eq. (11) may be
derived for two cases, alcohol feed or al-

kane feed. In both cases, all sites are as-
sumed to be indistinguishable.

(aldehyde)
(10)

(ketone)

Case I—Alcohol Feed

When alcohol is fed directly, the alcohol
formation step is eliminated. Water was
shown not to inhibit the reaction (9). As-
suming both Langmuir adsorption of alco-
hol and oxygen and no product inhibition,
the rate becomes

r — kr[ KOHPOH ]
acetone 1 + KouPou + (KoPo)¥

1
[1 + KouPoyu + (KOPO)N]. (12)

The conversions for the alcohol oxida-
tion range from ~3 to ~100%, requiring an
integral analysis of the data. The low alco-
hol pressure points of Fig. 1b, at an oxygen
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pressure of 608 Torr, represent essentially
complete conversion, and consequently are
useless for kinetic analysis. Only the data
of Fig. 1a, for conversions of ~3 to ~79%,
are suitable for an integral test of the
model. As a result, the effect of oxygen
pressure in Eq. (12) cannot be determined.
As a first approximation, we assume the
oxygen dependence to be weak, and ne-
glect the term ( Ko P,)Y with respect to unity
in the denominator of Eq. (12). We return
to this point later in the discussion. The rate
expression becomes

erOHPOH

Facetone = (] + KOHPOH)E' (123)

The change in number of moles due to
reaction is neglected, since the highest con-
versions yield a volume change of only
about 1% in this atmospheric reactor. The
performance equation for a flow reactor,
Eq. (13), may be integrated to yield Eq.
(13a).

catalyst mass _Ww
volumetric flow rate v,

__1 Pout dP
A

Pin Facetone
k -1/ 1 P
L2, — Loty xp,, - Py
Vo T {KOH In Py (Pou )

+ k—(z’“‘—(Pom2 - sz)}. (13a)

The values of W and v, were reported as
0.008 g of TiO, and 40 ml/min, respec-
tively. The outlet alcohol pressure is found
by a mass balance on the reactants and
products (see Table 1 reactions):

Pyy(in) — Pyy(converted) = Pyylout) (14a)

POH(COIIVCI'ted) = Pacetone produced
(14b)

From the inlet! and outlet pressures cal-
culated in this manner, the constants of Eq.

+ Pbutanone produced-

! Adjusting the inlet alcohol pressures from a room
temperature (20°C) basis to a reaction temperature
(95°C) basis assigns the conversion of the lowest inlet
alcohol pressure to essentially 100%.

41

(13a) were evaluated by a nonlinear least-
squares analysis. A trial and error solution
of Eq. (13a) with those constants yielded
calculated values of the outlet alcohol pres-
sure. The average experimental ratio of
acetone to butanone was used to convert
the alcohol reacted to acetone produced,

Pacetone = (0897) (Pin - Pout)- (]5)

The outlet acetone pressure computed in
this manner is compared to the experimen-
tal data of Fig. la in Fig. 3. The agreement
is satisfactory: the curve calculated from
this simple model retains the essential fea-
ture of the experimental data, i.e., the
alcohol inhibition arising, according to our
model, from inhibition of the dehydration
step as the vacant site concentration is
decreased.

The agreement of this model with experi-
ment supports the hypothesis that two sites
are needed for dehydration; we now extend
the model to account for isobutane oxida-
tion in Case IL

Case II—Alkane Feed

Formation of an alcohol from isobutane
requires the early addition of a monotomic
oxygen species. The alcohol coverage thus
depends on two surface reactions in series:
the formation and dehydration of alcohol.
Again the assumption that all steps are fast
compared to these two leads to a Langmuir
adsorption term for the isobutane, and a
pseudoequilibrium expression of similar
form for the oxygen. Thus, assuming no
product inhibition,

0c = KcPe - 6, (16)
6y = (KoPo)¥ - 6, (17)

and
0, =1— 6p — 6c — bon. (18)

We emphasize that the oxygen coverage
is not due to a simple chemisorption equi-
librium, but represents a ‘‘pseudoequilib-
rium’’ which depends upon oxygen pres-
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Fi16. 3. Comparison of integral model calculation (Eq. 13a) and experiment for 2-methyl-2-butyl-
alcohol oxidation (Case I). Solid lines are calculated with constants of Table 2.

sure, illumination intensity, quantum
efficiency, and electron-hole recombination
in the catalyst. The constant K, should
properly be considered as a ‘‘kinetic pho-
toadsorption coefficient,”” to adapt Car-
berry’s terminology (26) to photocatalytic
reactions.

Following the alkane scheme in Table 1,
a steady-state approximation on the alcohol
coverage gives Eq. (19). (The back reaction
rate constant, k_,, is probably quite small
since an alcohol may dehydrate or dehy-

[k
Bon = [k_a T

]KONchoNPC * 0\;

drogenate but is not expected easily to
deoxygenate.)

dé
—f = 0 = k3000c

= (kg + kJBpub.. (19)

Here we again assume for simplicity that
the predominant fate of the surface alcohol
is dehydration, allowing neglect of the
slower parallel path of desorption.

Solving Eqgs. (16)—(19) simultaneously
yields the surface coverages of interest:

(20)

1

by

Letting o = ky/(k_3 + k4 and B =
K,"K., the rate of reaction becomes
Eq. (22):

Facetone = krOOHov
— kra&PONPC
T (1 + (KoPo)¥ + KcPc + aBPy"Pc)?

Inversion and rearrangement of Eq. (22)
leads to expressions linear in P. and P,":

N 1/2
[PO P_C] = I(Po™ + S P Pc (23)

r acetone

- (22)

T 1+ (KoPo)™ + KcPe + (ks/(k_y + k) Ko"KoPo Pe’

2D

and

p.Ap. i
[—O__C] = Ion(Pe) + Son(Po)Po®.  (24)

Facetone

The predicted dependence of these inter-
cept (1) and slope (S) functions on reactant
pressures is summarized in Table 3.

The isobutane conversions range from
~1 to ~8%, justifying a differential rate
treatment of the data and neglect of the
volume change due to reaction. Plots of
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TABLE 2

Parameters for Eq. (12a) from Integral Analysis

r one = erUHPOH
acetone (1 + KouPou)?®
Conditions
Feed: 2-methyl-2-butyl-alcohol
T:95°C
P,: 308 Torre

P 0.76-51 Torr

Parameter values
k. = 67.4 umol/g - sec
Koy = 0.133 Torr ™!

41 Torr = 1.33.3 N m™2,

higher intensity isobutane oxidation data
according to Eq. (24) are shown in Figs. 4a

TABLE 3
Slope and Intercept Functions for the Rate Eqs. (23)
and (24)
K. B\,
S¢ = Tap® (ZB> By
> Eq. (23
. S .KL”)”Z N
I(' - (kraﬁ)l/Z + (kraB })ﬂ
2N\ 172 12 )
s = (gg) + )
1 12 K.
Iox = <—k,aB) + Faf™ P, f Eq. (24)
= k3 = Rj
a—k‘3+ y B=K,"K.

As N = ; provides linear plots, only the
case for dissociative oxygen adsorption

and b for N = ; and N = [, respectively. will be considered further. The corre-
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FiG. 4. Linearity test for isobutane oxidation with Eq. (24). Higher intensity. £, = 7(1), 23(x),
36(V), 60(+), 140(<), 250(0), and 260(A) Torr. (a) N = &; (b) N = 1.
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sponding plots of Eq. (23) at both higher
and lower intensity are shown in Figs. 5a
and b. Except for data below 40 Torr, the
agreement is good.

The slopes (S.) and intercepts (I.) from a
least-squares fit to the linear portions of
Figs. S5a and b are plotted versus (P,)!*
in Fig. 6. The corresponding values of
So12 and Iy,, from Fig. 4a are plotted
versus FP; in Fig. 7. Again the agreement
with the linear behavior predicted by the
model is satisfactory.

The constants of Eq. (22) were evaluated
from the relationships in Table 3; their
values appear in Table 4. The resulting Eq.
(22) calculated with these constants is com-
pared to the experimental data in Fig. 8.
The agreement is satisfactory for the high

intensity data, and less so for the data at a
somewhat lower (unspecified) intensity.

Other simple models did not agree with
the data. Assuming the sites in steps 3a and
3b to be distinguishable with separate site
adsorption for oxygen and isobutane,
yielded a rate expression which, in inverted
form, had slope and intercept functions
independent of the pressure of the second
reactant, contrary to the data (27). Simi-
larly, consideration of the alcohol forma-
tion step as the rate-determining process
led to obviously incorrect predictions for
either competitive or separate site adsorp-
tion.

The constants evaluated from our anal-
ysis are listed in Tables 2 and 4. Their
relative values are informative. The 2-
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FiG. 5. Linearity test for isobutane oxidation model with Eq. (23). N = 3. (a) Higher intensity—
Py = 26(0), 50(x), 100(0), 201(A), 300(+) Torr; (b) Lower intensity—P, = 7(0), 50(4), 260(x),
310(<Q) Torr.



PHOTOASSISTED HETEROGENEOUS CATALYSIS 45

.10
X LOW INTENSITY
0 HIGH INTENSITY
08}

Se [Torr pmol"-s.g] V2 Table 3

02t o

1 s ]

8 2
a +/ OXYGEN PRESSURE , P, [Torr"/2]

25[‘-— —

201

I, [Torr”' pmol"-s.g] V2 Table 3
\

1 1

0= HIGH INTENSITY

1 !

Q
[¢] 4 8

12 16 20

b / OXYGEN PRESSURE , P, [Torr'’2]

F1G. 6. Linearity test for slope and intercept functions from Eq. (23). Higher intensity (O). Lower

intensity (x). (a) Sc vs (Po)'%; (b) I vs (Py)'™.

TABLE 4

Parameters for Eq. (22) from Differential Analysis®

k.o BP,P,
[1 + (KoPo)'? + KoPe + aBP, 2P ]2

Facetone =

Conditions: feed: isobutane

illumination: higher? lower
TCC): 30 30
Py(Torr): 7-300 7-310
PTorr): 7-260 7-300
Parameter values:
k(umol/g - sec): 172 34
Ko(Torr): 1.9 x 1073 5.1 x 1078
K(Torr™): 1.15 x 10738 3.2 x 1073
a 0.71 1.1
af(Torr=%/2): 3.5 x 107® 2.6 x 1074

Ca=ky/lkg + k), B= KoK
b Parameter values determined from Eqs. (23) and
(24), then averaged.

methyl-2-butyl-alcohol adsorption con-
stant, Koy, at 95°C is =100 times larger
than K; and K, at 30°C. Thus K,P, at
95°C is expected to be small, as we as-
sumed in the Case 1 (alcohol oxidation)
analysis. Similarly, K,y for isobutyl-alco-
hol should be very large at 30°C, indicat-
ing that the presumed alcohol intermedi-
ate in Case II (isobutane oxidation)
should be very strongly bound.

Inhibition by one alcohol at 95°C and lack
thereof by the other at 30°C can be ex-
plained by calculating the coverages for
typical experimental conditions. For alco-
hol oxidation, consider Py, = 10 Torr, and
for hydrocarbon oxidation, P, = P. = 100
Torr. At 95°C,

__KewPow 133
I+ KouPon 233

= 0.57;

Bon
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at 30°C, from Egs. (17), (18), (20), and (21),

6o~ 0.27, 6. =~ 0.07,
6, = 0.63, and 6, =~ 0.02.

Inspection of Eq. (12a) shows that in-
hibition  becomes  apparent  when
KouPoy > 0.5, i.e., when 6, > 0.5.

For the isobutane oxidation, the strongly
bound alcohol intermediate never accumu-
lates to an inhibitory level. The values of &
for the two isobutane experiments are near
unity. If, as we earlier suggested, the value
of k_; is very small, then the forward rate
constants for the two sequential bimolecu-
lar surface reactions, k; and k,, are approxi-
mately equal. The alcohol coverage is

maintained at a low level, 6,4 = 0.02, since
the rate of its formation from oxygen and
isobutane is very close to the rate of its
dehydration.

The rate constants, k., depend on inten-
sity, as expected in light-consuming reac-
tions. Although the present paper appears
to improve the kinetic analysis of these
photoassisted oxidations, it does not fur-
nish new information about the light-in-
duced step(s). Much research remains to be
done before the dependence of the rate
equation parameters on intensity, wave-
length, and solid properties are determined
experimentally in sufficient detail that theo-
ries for the connections between solid pho-
toexcitation and surface catalysis can be
seriously tested.
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FiG. 8. Comparison of model calculations (Eq. 22) and experiment for isobutane oxidation (Case 11).
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not included in evaluation of the constants. (a) Rate of acetone production vs P,—higher intensity. (b)

Rate of acetone production vs P-—lower intensity.

CONCLUSION

Rate equations for the photoassisted cat-
alytic oxidation of 2-methyl-2-butyl-al-
cohol and isobutane are proposed. For the
alcohol oxidation, the kinetics can be de-
scribed by assuming that the rate-determin-
ing step is the two-site dehydration of the
alcohol. For the isobutane oxidation, two
surface reactions in series are assumed to
control the overall rate of acetone produc-
tion. The first step involves formation of a
surface alcohol intermediate from reaction
of an adsorbed monatomic oxygen species
and adsorbed alkane. The second step is
assumed to be the two-site dehydration of
adsorbed alcohol. The derivation presumes

competition between the oxygen, hydrocar-
bon, and alcohol moieties for the vacant
site required for dehydration.

The resultant expressions are consistent
with reported dependencies of rate on pres-
sures of all reactants (alcohol, alkane, and
oxygen, as appropriate). The model equa-
tions are the first rate expressions devel-
oped for the photoassisted catalytic oxida-
tion of hydrocarbons which account for
intermediate formation. The oxygen depen-
dency obtained herein supports the view
that the oxygen participation is dissocia-
tive.
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A very recent paper (/0) claimed that oxygen and
isobutane do not competitively adsorb, based on
some experiments in which these reactants were
varied simultaneously. Since K, and K in Table 4
are of the same order of magnitude, the experi-
ments cited would provide a poor test for competi-
tion. The plots of inverse rate vs inverse pressure,
to which we subjected the data of Ref. (6),
provide a clear indication that a rate equation
based on separate sites is inconsistent with the
extensive rate data in Ref. (6).



