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Cyclopentane—deuterium isotopic exchange (CDIE) was performed at — 10°C with a CsH,o/D,
ratio of ~6.4% over an illuminated (300-410 nm) 0.5 wt% Pt/anatase catalyst. A selectivity in
CsH,D of =~90% was found with a total quantum yield of ~1.8%. The photocatalytic nature of
CDIE under these conditions was established from these results: (i) no CDIE in the absence of
photons of wavelengths shorter than the absorption edge of anatase or when TiO, was replaced by
Si0,, whereas the CDIE observed at higher temperatures (from 0°C) without uv light mainly
produced multiply exchanged cyclopentane, (ii) a linear CDIE rate-illumination time relationship
was found, and (iii) an experiment carried out with the same catalyst sample showed that it was
capable of exchanging, in successive runs, without decrease in activity, an amount of CsH,, 78
times greater than that corresponding to a photoinduced stoichiometric surface reaction. By
contrast, CDIE over pure TiO, was limited and was only observed for hydroxylated specimens
pretreated in D, at 300°C. It is concluded that (i) CDIE occurred on anatase between weakly
adsorbed CsH,, and OD~ ions activated by the trapping of photoproduced positive holes, and (ii)
Pt, besides attracting the support-free electrons which decreased the recombination of electron—
hole pairs, regenerated the titania OD~ ions after their isotopic exchange, which involved D,
dissociative adsorption on the metal and subsequent migration of D atoms to the oxide. This

constitutes an example of bifunctional heterogeneous photocatalysis.

INTRODUCTION

Up to now, heterogeneous photocataly-
sis has mainly been concerned with oxida-
tions (/-22) or with oxygen surface reac-
tions (9, 10, 23 -33) carried out mostly on
pure semiconductor oxides. However, a
new field of reactions was recently opened,
owing to the use of metals deposited on
photosensitive supports as catalysts. In ad-
dition to their activity in oxidation of hy-
drocarbons (34) and inorganic ions (35),
these solids photoassist uphill phenomena:
hydrocarbon production via a ‘‘photo-
Kolbe™’ process (36), carbon dioxide meth-
anation (37), amino-acid photosynthesis
(38), and above all water photodecomposi-
tion (39—45). Generally, platinum sup-
ported on titania was used, since Pt is one
of the best metal catalysts for dissociating
or recombining hydrogen or hydrogenated
compounds, while TiO, offers the advan-
tage of possessing an interesting photore-

sponse in the near uv, although SrTiO,
seems preferable because of its electron
affinity when water decomposition without
external bias is sought. On the other hand,
titania has simultaneously appeared in clas-
sical catalysis by metals as a nonconven-
tional support which induced strong inter-
actions with the metal as evidenced for
noble metals (46), such as ruthenium (47¢)
or platinum (48-50), and for nickel
(47a, 47b, 51).

The objective of the present work was to
determine the respective roles of Pt and
TiO, in photocatalytic reactions where H,
participates either as a reactant or as a
product. Cyclopentane—-deuterium isotopic
exchange (CDIE), which has been thor-
oughly studied over supported Pt in the
dark (52-57), was chosen as a probe reac-
tion. Our intention is to apply the know-
ledge thus obtained to investigate uphill re-
actions involving hydrogen for a possible
chemical storage of photonic energy.
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EXPERIMENTAL
1. Apparatus

The cyclopentane—deuterium isotopic
exchange (CDIE) was carried out in the
static cell made of fused silica previously
used for oxygen isotope exchange (30, 31).
After introduction of the catalyst, this
cell was glassblown to the vacuum line
equipped with an oil diffusion pump (Ed-
wards) (p = 107-10"® Torr), metallic
valves (Grandville Phillips), and a quadru-
pole analyzer (Riber QMM 17). A Philips
HPK 125-W uv lamp, coupled with a water-
circulating cuvette and with a 300 to 410-nm
filter (Corning 7.60), was used to illuminate
the thin layer of powder catalyst spread on
the bottom optical window of the cell. The
radiant flux was measured with a power
meter (United Detector Technology, model
21 A) calibrated against a microcalorimeter.

2. Materials

Reactants. Pure-grade (Fluka) cyclopen-
tane was twice vacuum distilled before ad-
mission into the gas line. Deuterium (So-
ciété Air Liquide) was 99.4% isotopically
pure.

Catalysts. The Pt/TiO, catalyst was pre-
pared by impregnating a nonporous anatase
sample (Degussa, P 25; specific area 50 m?
g™ with a 10% chloroplatinic acid solution
to obtain a 0.5 wt% content in platinum.
The impregnated sample was evacuated at
80°C for 2 hin an inclined rotating flask and
dried in an oven at 120°C for 2 h. The result-
ing batch was then placed in a Pyrex tube
flushed with N, while raising the tempera-
ture and reduced in a H, flow (35 cm® min™)
at 480°C for 15 h. It was again flushed with
nitrogen while being cooled to room tem-
perature, and subsequently conserved in a
glass vial until further use.

The platinum dispersion—or percentage
exposed—corresponding to the ratio of sur-
face Pt atoms to the total number of Pt
atoms measured by chemical analysis, was
determined by H, and O, chemisorptions
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and H,-O, titrations. When the catalyst
was reduced in H, at 200°C, all these
methods were in good agreement and indi-
cated a dispersion of 54%. This value was
confirmed by electron microscopy which
showed homodispersed platinum particles
of ca. 20 A. When the reduction tempera-
ture Ty was raised, a strong metal-support
interaction was observed, the irreversible
hydrogen uptake at room temperature de-
creasing from 6.5 umol H, per gram of cata-
lyst (Tg = 200°C) to 3.0 umol ( Ty = 300°C)
and finally to zero ( Ty = 500°C). Neverthe-
less, by varying the pretreatment tempera-
ture in deuterium from 100 to 300°C, we
found no substantial difference in the CDIE
results. However, a definitive conclusion
on the effects of metal-support interactions
on CDIE requires further experiments fo-
cusing on this point.

3. Procedures

For each CDIE experiment, the Pt/TiO,
catalyst which had been exposed to air after
its initial reduction was first evacuated in
situ at room temperature for 3 h, then re-
duced and deuterated in 100 Torr of D, at
300°C for 1 h. After outgassing at 300°C
(1077 Torr) for 30 min, it was cooled to
room temperature and the cell was placed
in a bath whose temperature was monitored
within +0.1°C by a HS 60 Huber cryostat.
The photocatalytic runs were performed at
—10°C, since this temperature is insufficient
for CDIE to occur in the dark. The surface
was covered with pure D, (10~ Torr) and
then the reacting mixture was admitted
onto the nonilluminated catalyst at a pres-
sure of 20 Torr with a great excess of deute-
rium (94% D, vs 6% CsH,() to limit (i) the
deactivation of the catalyst which might
arise from the accumulation of carbona-
ceous deposits on the metal for hydrocar-
bon-rich gaseous mixtures (54), and (ii) the
isotopic dilution due to HD or H, molecules
formed by the reaction, since these mole-
cules can react in competition with deute-
rium so that the measured rate of exchange
would be smaller than the real one. Before
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each reaction run, a mass pattern of pure
cyclopentane was recorded in the dark to
determine the fragmentation corrections of
the peaks. The mass spectra were scanned
in situ during continuous illumination of the
catalyst, a calibrated leak valve connecting
the cell to the gas analyzer. Ionizing elec-
trons at 70 eV were used. The exchange
product distributions were corrected for
natural ®C content and equal ionization
efficiencies were assumed for all C;H,o_D;
isomers. The fragmentation peaks of deu-
terated molecules were corrected by affect-
ing a coeflicient of 0.85 to each C-D bond
instead of 1 for C-H as in Refs. (54, 55).

RESULTS

The different CsH,,-Dexchanged mole-
cules will be denoted D; throughout the
text. In particular, D, will designate
CsHgD,, except in the unambiguous case of
the different equations where D, will be the

normal formula for deuterium molecules.

1. CDIE over llluminated Pt-TiO,
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FiG. 1. Kinetics of D, formation (in percent) over
Pt/TiO, illuminated at —10°C.
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FiG. 2. Patterns of cyclopentane exchanged over
Pt/TiO,. (A) After 15 min of uv illumination at — 10°C.
(B) Inthe dark at 0, 21, and 70°C. The shorter time (2.5
min) for 70°C was chosen to get the smallest conver-
sion possible to be compared with the other ones.

tained at —10°C, was illuminated, the ex-
change of cyclopentane to D, species be-
gan. Figures 1and 2A show that only traces
of D, to D; were detected, but no Dg to D,
which excludes any rollover of the cyclo-
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activated catalysts (53 -57). Moreover, D,-
Dy molecules seemed to appear after an
induction period (Fig. 1) which tends to
show that they are not primary products
They probably correspond to subsequent
adsorption periods of already-exchanged
cyclopentane molecules as observed in Ref.
(58). No cyclopentane and cyclopentadiene
were obtained in contrast with CDIE car-
ried out on pure titania at 700 K (58). The
selectivity to D, ((d[D,1/dD/(dZ{D]/dp)
was =90% after illuminating for 1 h (21.5%
exchange).

To determine, in particular, if the reac-

tharmally
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tion might be due to nonrenewable active
surface species a prolonged CDIE experi-
ment was carried out over the same
Pt/TiO, sample. However, to avoid too
high an isotopic dilution of D, into HD and
H, due to the exchange, the experiment
was divided into several uv-illumination pe-
riods of 1.5 h each, separated by an evacua-
tion to 10~ Torr for 15 min, followed by an
introduction of a fresh reacting mixture.
For these irradiation sequences, a linear
photocatalytic activity—-time relationship
was found. This demonstrates that the pho-
tocatalytic reaction was not inhibited by a
self-poisoning process. This absence of cat-
alyst deactivation can be correlated to the
experimental conditions based on a large
excess in deuterium and a very low temper-
ature. It also underlines that uv irradiation
did not cause poisoning by a possible pho-
tocatalytic cracking of the hydrocarbon.

On the other hand, no substantial change
in activity and selectivity was observed by
changing the reduction pretreatment tem-
perature in deuterium from 300 to 100°C.

Quantum yield. We define the quantum
yield as the ratio of r, the number of cyclo-
pentane molecules exchanged per unit of
time and per unit of surface section of irra-
diated catalytic bed to the effective—i.e.,
absorbable by the anatase sample—pho-
tonic flux ®, relative to the same units. @,
was calculated by taking into account the
spectral distribution of the lamp, the uv
filter transmittance, the catalyst absorb-
ance, and the radiant flux measured with
the radiometer.

If we designate by
N, the initial number of cyclopentane
molecules;
7  the conversion;
a the efficiency of absorbed photons for
generating electron—hole pairs; it was
assumed to be equal to 1;
the incident light power (=3.0 mW
cm™?);
@ the flux of effective photons per milli-

watt of incident light power (with the

P,
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optical system used, it was determined
as equal to 1.20 x 10** photons mW™)
for our sample;

S the section area of the catalytic bed
(9.6 cm?);

n the ratio (P, — Py)/P,, which was
found equal to 0.7, Py being the trans-
mitted light power;

R the reflectivity of the solid, equal to
0.15 from Refs. (59, 60); the reflec-
tivity of the Pt crystallites was ne-
glected;

i the fraction of TiO, surface occulted
by the metal deposit (for a loading of
0.5 wt% of Pt and a dispersion of 0.54,
u corresponded to 3 x 10~% and was
therefore ignored),

the quantum yield p is given by

_r _ Noldr/dt)
P=3,” aP®Sn(1 - R (1 - p)

It was found to be equal to 1.6% for D,
formation, while the global quantum for
D,-D; was close to 1.8%, referring to the
first hour of illumination.

2. Comparison of Catalytic and
Photocatalytic CDIE over Pt/TiO,

In the absence of illumination, the rate of
exchange was negligible at —10°C. It in-
creased with increasing temperatures and
multiply exchanged molecules were formed
starting from 0°C, even for low exchange
yields (Fig. 2B), as in the case of Pt/SiO,
(54) and Pt/Al,O, (55, 57) catalysts. In par-
ticular; it can be seen that the rollover of
the cyclopentane molecule started at a tem-
perature between 21 and 70°C (Fig. 2B).

These results show that the illumination
employed did not heat the catalyst, other-
wise a multiple exchange would have been
observed, even for a 10°C rise. This ab-
sence of thermal effect is in agreement with
experiments on the photocatalytic dehydro-
genation of alcohols carried out with illumi-
nated suspensions of Pt/TiO, in alcoholic
solutions where no temperature increase
caused by illumination was found (617).
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F16. 3. Kinetics of CDIE on differently pretreated
TiO, compared with (A) Pt/TiO,; (B) sample pre-
treated in D, at 300°C; (C) sample pretreated in H, at
300°C; (D) dehydroxylated sample.

3. CDIE over TiO,

To elucidate the respective roles of the
metal and its support, CDIE experiments
under illumination were performed at
—10°C with the bare support which had un-
dergone various pretreatments.

Pretreatment in D, as for Pt/TiO,. A
photoinduced exchange did occur and also
produced mostly D,, but at a smaller rate
which additionally diminished as a function
of time (Fig. 3, curve B) and tended to zero,
whereas the reaction rate remained con-
stant in the curve of the Pt/TiO, sample
(compare curves B and A in Fig. 3).

Pretreatment in H,. When deuterium was
replaced by hydrogen as reducing agent in
the above pretreatment, almost no CDIE
was observed after introduction of the re-
acting mixture at —10°C over the sample
carefully evacuated at 300°C (Fig. 3, curve
C). On the contrary, this replacement of D,
by H, for pretreating the Pt/TiO, catalyst
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had no significant effect on the subsequent
CDIE.

Dehydroxylating pretreatment. CDIE
was also cancelled if the anatase sample
was previously dehydroxylated (calcination
in 100 Torr O, at 450°C for 4 h, followed by
an evacuation at the same temperature for
15 h) (Fig. 3, curve D).

4. CDIE over Pt/SiO,

As metals were claimed to exhibit a pho-
tocatalytic activity (62—64) titania was re-
placed by silica. A Pt/SiO, catalyst (1.5
wt% of platinum with a dispersion of 40%
on an aerosil (Degussa) of 200 m? g=1) de-
scribed in Ref. (65) was used and no
significant exchange was observed at
—10°C, either in the dark or under illumina-
tion (300-410 nm as for the Pt/TiO, sam-
ple).

DISCUSSION

1. Photocatalytic Nature of CDIE over
Pt/TiO, at —10°C

As in our other studies dealing with the
oxidation of isobutane (/8) and ammonia
(19) or with the dehydrogenation of alco-
hols (6/), experiments were undertaken to
establish the real photocatalytic nature of
the phenomena reported. In particular,
they were conceived to show that (i) homo-
geneous photochemical reactions, due to
the use of wavelengths capable of exciting
the reactants or products, were negligible,
and (ii) photoinduced stoichiometric reac-
tions arising from surface or preadsorbed
species could not account for the results as
recently emphasized (66, 67).

In the present case, C;H,, and D, do not
absorb the wavelengths used and a blank
experiment without catalyst corroborated
the absence of CDIE.

As observed by using several optical
filters, CDIE did not take place at —10°C in
the absence of photons at least as energetic
as the band gap of anatase (=3 eV). The
unsignificant activity at the same tempera-
ture of Pt supported on SiO,, whose band
gap is much wider than that of anatase,
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confirmed that the CDIE observed in the
case of the Pt/TiQ, catalyst originated from
the interaction of TiO, with photons of suit-
able energy.

It should also be noted that an increase in
temperature due to the conversion of light
energy into heat by the platinum crystal-
lites, acting as blackbodies and being con-
sequently thermoactivated, would have led
to multiply exchanged molecules in con-
formity with the results obtained for Pt de-
posited on titania starting from 0°C (Fig.
2B) in this study and on silica (54) or on
alumina (55-57) for temperatures >55°C.

The key role of illuminated TiO, in the
bicomponent Pt/TiO, catalyst was also
demonstrated by a certain conversion in
CDIE found for titania alone pretreated in
D, at 300°C (Fig. 3, curve B). However, this
activity tended to zero as a function of time
and the exchange level reached probably
corresponded to the exhaustion of surface
species as discussed in the next section (an
initial coverage of 0.6 species per square
nanometer can be calculated if each species
is assumed to exchange one molecule of
cyclopentane).

On the contrary, CDIE over illuminated
Pt/TiO, is not only more rapid (Fig. 3),
but catalytic since (i) the rate of exchange
against time is constant (Fig. 3, curve A),
and (ii) the amount of cyclopentane mole-
cules exchanged during repeated runs over
the same sample (see under Results) was 78
times greater than the limit attained with
TiO, alone pretreated under the same
conditions (Fig. 3, curve B), which may
be considered as corresponding to the
achievement of a photoinduced stoichiome-
tric exchange at the anatase surface.

2. Mechanism

As indicated above, the basic phenome-
non is the absorption by TiO, of photons
with an energy at least equal to the band
gap energy, which creates electron-hole
pairs near the surface:

(TiO,) + hv — p* + e~ §))]
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Since anatase already possesses an excess
of free electrons which is still increased by
the ionization of anionic vacancies arising
from the reducing pretreatment at 300°C
under deuterium (68), the minority charge
carriers, i.e., the photoproduced holes p*,
are the limiting species involved in the pho-
tocatalytic process.

They are attracted to the surface because
of the potential gradient in the depletion
region. Because of coulombic forces, they
probably react with negative surface or ad-
sorbed species to which they transfer an
activation energy symbolized by the aster-
isk:

A+ pt— AL (2

The subscript s refers to surface entities. If
CDIE is assumed to originate directly from
this activation process, A;~ should be deu-
terated. Two kinds of deuterated negative
species can exist at the surface of TiO,. In
addition to deuterated hydroxyl anions
OD™, the existence of deuteride ions D~
might be considered since the reaction of a
hydrogen atom with a Ti®* surface cation to
yield a Ti**-H~ configuration has been pro-
posed from an electron-stimulated desorp-
tion study (69). However, the absence of
CDIE over dehydroxylated TiO, indicates
the importance of OD~ groups, formed dur-
ing the deuterium pretreatment, as hole
traps in the present case. Hole trapping by
OH~ ions has been suggested in several

articles (3-8, 23, 24, 28, 33, 66). Hence
the equation
OD,~ + p* — OD{ (3)

should be considered as essential for CDIE
over illuminated TiO, or Pt/TiO,. A mecha-
nism with D~ ions would proceed by hole
neutralization as in Eq. (3). In the tempera-
ture range chosen cyclopentane is physi-
cally adsorbed on uv-irradiated titania as
shown for alkanes (for example, a photo-
gravimetric study of isobutane adsorption
on uv-illuminated TiO, evidenced a weak
reversibie adsorption of the Langmuir type
(70))
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CsHio g @ CsHyg ags- (4

In the following paragraphs, the subscript
ads refers exclusively to titania and not to
platinum. Consequently, because of the re-
sulting coverage in cyclopentane, the prob-
ability of collision between CzH,, .qs and
activated OD* species is high enough to
allow an isotopic exchange to take place,

ODg + CsHyg ags —

OH; + CsHyDyys —» CsHgD,.  (5)

The monodeuterocyclopentane then de-
sorbs in the gas phase, while the hydroxyl
radicals can restore their charge by captur-
ing surface free electrons (3),

OH; + ¢~ — OH;. (6)
This reaction accounts for the cyclic behav-
ior of the process and the consumption of
free electrons, thus decreasing the recombi-
nation rate with holes,

e” +pt—oe @)

The energy produced, ¢, can be dissipated
either by reemission (e = hv' with v’ < v) or
by excitation of the solid.

The OH™ ions produced on pure TiO,
cannot exchange with gaseous deuterium at
—10°C in the dark: infrared absorption
bands of surface OD groups appear only
after heating above 100°C and the detection
of HD molecules in the gas phase requires
an exchange temperature of at least 150°C
(71). Moreover, we checked that illumina-
tion of TiO, in deuterium at —10°C did not
affect the weak HD peak at m/e = 3. This
explains (i) the inactivity of the TiO, sample
pretreated in hydrogen at 300°C (Fig. 3,
curve C), and (ii) the limited exchange ob-
tained with that pretreated in deuterium
(Fig. 3, curve B); after exchange of its OD
groups formed during this initial pretreat-
ment the bare anatase support could not
regenerate them at the reaction tempera-
ture and therefore CDIE stopped. By con-
trast, in the presence of deposited Pt, OD
groups can be produced at —10°C or even
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below, because of deuterium dissociative
adsorption on platinum,

D (or H)

D, (or Hy), + 2Pt=22 Pt . (8)

and of subsequent migration of D atoms

from the metal to the support which enables
isotopic exchange (72-74),

H D

D b u b

Pt + Ti 2Pt + Ti. 9

The rates of the forward and reverse reac-
tions indicated by Eq. (8) are very fast on
platinum group metals even at —78C (53).
Therefore, the presence of platinum on uv-
irradiated TiO, makes the system work
photocatalytically at — 10°C by regenerating
titania OD™ species (Eq. (9)) and by evolv-
ing, according to reaction (8), HD or H,
molecules resulting from CDIE. On the
other hand, the behavior of Pt is not mark-
edly influenced by the temperature of the
pretreatment in deuterium at least between
100 and 300°C. As this temperature change
modifies the metal-support interaction (46 —
51) as shown by the H, irreversible uptakes
(see under Experimental) and thence can
affect the deuterium migration (spillover)
between the metal and TiQ,, it may be in-
ferred that this migration does not consti-
tute the rate-limiting step of the photocata-
lytic CDIE. However, as already pointed
out, a definitive conclusion on the effect of
strong metal-support interactions requires
a more complete experimentation.

The mechanism proposed accounts for
the high selectivity in D, observed since
cyclopentane is only weakly adsorbed on
TiO, and consequently will not stay on the
surface long enough to undergo a multiple
exchange. This monodeuteroexchange is
typical for saturated hydrocarbon exchange
over thermally activated oxide catalysts
such as chromia (75), titania (58) or acti-
vated Mo(CO)e/Al,O, (76). In the case of
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titania (58), monodeuteroalkanes were the
only initial products, but the high selectiv-
ity in D, presently observed (=90%) could
not be reached because of concurrent dehy-
drogenation reactions due to the higher
temperature. This mechanism corresponds
to a monophotonic process since the ab-
sorption of one quantum gives rise to one
activated OD* group which reacts with one
adsorbed Cz;H,, molecule.

In addition to its associative adsorption
on titania (Eq. (4)), cyclopentane can ad-
sorb dissociatively on platinum in the dark
at —10°C:

CH, H
CsHyog + 2Pt— | + |. (10
Pt Pt

But the temperature is too low to make the
reverse reaction which would produce D,
without illumination possible. The occur-
rence of reaction (10) is corroborated by the
production at —10°C before illumination of
a small amount of HD molecules arising
from Eq. (8), while the formation of D,
species was not observed.

An alternative for Egs. (3) and (5) could
be proposed by suggesting the formation of
atomic hydrogen (deuterium) from OH
(OD) groups on uv-irradiated titania ac-
cording to Ref. (77). No clear evidence for
such a mechanism can be presented. In
fact, the breaking of OD bonds is involved
in reaction (5) but isotopic exchange can
proceed through an associative mechanism.
One may also consider the formation of
hydrogen (or deuterium) peroxide which
can decompose through a Fenton-like
process and oxidize cyclopentane into cy-
clopentanol:

2 ODjgs = D;0; 0gs ——2

Dzo ads + C5H9OHads‘

From this last intermediate, deuterated cy-
clopentane might be formed either by direct
hydrogenation,

CsHyOH, 4, = CsHyD, 445 + HOD,g,
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or via a cyclopentanone intermediate:

- H

H + 202
CSHQOHads e Doads

CeHgDoads * D20ads
by analogy with the photocatalytic dehy-
drogenation of aliphatic primary and sec-
ondary alcohols on Pt/TiO, (6/). On the
basis of the following arguments, these re-
actions should be rejected: (i) although
their detection is not easy because of the
possibilities of adsorption on anatase, we
found no evidence for the formation of
C;:H,OH, C;H;O, HOD, and D,O in the
mass spectra of the gas phase, (ii) the
amount of CsHgD, formed was small and
Fig. 1 shows that this compound probably
resulted from the exchange of D,, (iii) the
regeneration of OD groups necessitates a
rehydroxylation from HOD or D,O which is
not a truly reproducible process according
to Refs. (66, 71), and (iv) it is difficult to
envisage that the exchange occurred
through an oxygenated compound in a re-
ducing atmosphere.

CONCLUSIONS

Illuminated Pt/TiO, behaves as a dual-
functional catalyst for CDIE. This ex-
change reaction does not take place on the
metal but on its support activated by the
photons. It involves weakly adsorbed
CsH,, molecules whose residence time at
the surface is short, which accounts for the
high selectivity in monodeuterated cyclo-
pentane contrary to what is observed when
CDIE occurs on the metal. Surface OD~
ions activated by photoproduced minority
carriers (holes) are presumed to be respon-
sible for the exchange. Owing to its disso-
ciative properties toward deuterium, plati-
num renders CDIE catalytic by supplying
deuterium atoms to anatase in order to re-
place those consumed by the reaction. This
implies a deuterium migration (spillover)
between the metal and its support, proba-
bly via hydroxyl groups. In addition, it
should be emphasized that platinum is ca-
pable of removing electrons from the semi-
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conductor as indicated in recent spectro-
scopic surface studies (78). This should
favor the photocatalytic process by reduc-
ing the recombination between electrons
and holes. Nevertheless the quantum yield
p.is much smaller than unity. We think that
the main determining factor for p in these
photocatalytic reactions is the reactivity
between the reactant to transform and the
photoactivated species. In the present case,
the weak reactivity of physisorbed cyclo-
pentane toward OD* groups (Eq. (5)) would
explain the value obtained (=1.8%), as well
as the experimental conditions which have
not been optimized.

Work is in progress to investigate the
possibilities of such catalysts, constituted
by a metal (or an alloy) exhibiting toward
hydrogen the same properties as Pt and
by a photosensitive semiconductor, in
endoergonic dehydrogenation reactions
which are of interest in the framework of
chemical storage of light energy.
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