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During recent studies of the primary photoprocesses
of Fe(CO); we have observed highly efficient vapor phase
isomerization and hydrogenation of 1-pentene photocat-
alyzed by gaseous iron carbonyl.! Our findings remark-
ably show that both of these processes, necessarily in-
volving complex catalytic cyecles, occur homogeneously
at pressures as low as 5 Torr., Under conditions em-
ployed in our experiments, minimum quantum yields
(defined here as number of olefin molecules transformed
divided by number of photons absorbed) approach 400
for isomerization and 20 for hydrogenation, indicating
that the only function of our pulsed laser light source is
to create a catalyst that is highly active at the ambient
temperature of the medium.

The unusual catalytic and photochemical properties of
organotransition metal complexes have been the objects
of widespread investigation.?™* Work in this field has
produced a number of systems that exhibit liquid phase
photocatalytic behavior.® n such systems light is
thought to initiate catalytic activity by photolytically
removing ligands to generate a coordinatively unsatu-
rated active catalyst under mild conditions. The liquid
phase Fe(CO); photocatalyzed isomerization and hydro-
genation of olefins are among the most extensively stud-
ied systems.'3 For this case the repeating catalytic unit
responsible for the binding and transforming of organic
substrates is believed to be Fe(CO)y. In the present
report we show preliminary kinetic evidence which in-
dicates that our gas phase catalytic behavior is entirely
analogous to that found in liquids.

QOur experiments use a Lambhda Physik EMG-101 ex-
cimer laser, operated at one of several available wave-
lengths (351 nm, XeF, 308 nm, XeCl or 337 nm, N,)
all of which are strongly absorbed by Fe(CO);, but not
absorbed by the hydrocarbon component of our systems.
Laser irradiation is allowed to pass unfocussed through
a 10 by 5 cm diam sample cell fitted with quartz win-
dows. Following irradiations of from 5 to 45 min at
fixed repetition rate from 3 to 20 Hz, samples are an-
alyzed by gas chromatography.

Figures 1(a) and 1(b) show typical time dependence
for laser-photocatalyzed isomerization and hydrogena-
tion of 1-pentene under conditions of sustained, pulsed
irradiation. Table I presents the full range of sample
compositions examined.

With or without H,, the isomerization reaction pro-
ceeds rapidly to the equilibrium mixture of the three
pentenes, but in every case the observed rate increases
during the early stages of the reaction.® In the pres-
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ence of H,, hydrogenation apparently competes with
isomerization for the same catalytically active inter-
mediates, as evidenced by the decreasing rate of iso-
merization with increasing H, pressure. The hydro-
genation reaction also shows an induction period,

No reaction is observed in the absence of light, nor
is any reaction observed when mixtures of substrates
without Fe(CO); are irradiated for extended periods.

A gas cell visibly spoiled by prolonged irradiation of
Fe(CO); in the absence of potential ligands and then
filled with 1-pentene and irradiated shows no catalytic
activity. In experiments with substrate: catalyst ratios
greater than 300 we observe no evidence for irrevers-
ible loss of catalyst; through identification of organo-
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FIG. 1. Typical time dependence of gas-phase (a) photocataly-
tic isomerization and (b) photocatalytic hydrogenation under
conditions of sustained, pulsed laser irradiation at 337 nm and
4 Hz, Initial sample compositions: (a) Fe(CO); 1.0 mm Hg, 1-
pentene 340 mm Hg; (b) Fe(CO);, 1. 0 mm Hg; 1-pentene 400
mm Hg; H, 800 mm Hg,
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TABLE 1. Quantum yields for gas-phase photocatalytic isomer-
ization and hydrogenation,?

Substrate pressure (mmHg)® Quantum yields

1-pent2ne Hy ® 1 somertzation PDrydrogenation

75 es 0 69 ooe
120 eoe 106 sean
240 sos 197 see
480 cos 408 coo

75 750 55 2.5
120 720 95 3.5
400 2200 225 18

2N, laser irradiation, A=337 nm, energy/pulse: 1 mJ, repeti-
tion rate: 4 Hz,

YFe(CO)s partial pressure: 1.0 mmHg for all tabulated experi-
ments,

metallic carbonyl compounds by infrared spectroscopy
we are able to account for all the original Fe(CO);.°

In all our experiments we find initial quantum yields
significantly greater than unity, as shown in Table I.
For both hydrogenation and isomerization, the rate of
reaction, and hence the quantum efficiency, is propor-
tional to substrate pressure, indicating that the sub-
strate concentrations used in these experiments are far
below those needed to saturate the catalyst. In all cases
that we have studied, isomerization is the more efficient
process; however, in general, our gas phase photo-
catalytic hydrogenation quantum yields are much higher
than those found in liquid phase photocatalysis, where
quantum yields rarely exceed unity under any condi-
tions, %810

By varying the pulse repetition rate of the laser, we
have been able to estimate the turnover rate of the gas-
phase isomerization catalyst. We find, for a system
with initial Fe(CO); and 1-pentene pressures of 1.0 and
240 mm Hg, respectively, that the quantum efficiency
of gas phase isomerization diminishes with increasing
laser pulse rates above 4 Hz, indicating that at high
repetition rates laser pulses are irradiating catalytic
intermediates. Below 4 Hz the system apparently re-
laxes between pulses because the quantum efficiency
is found to be independent of laser pulse rate. We thus
estimate the lifetime of the catalyst under these con-
ditions to be 0.2 s. Combining this number with the
system’s observed quantum yield (197) we calculate a
turnover rate of about 1000 s}, Considering the pres-
ent 1-pentene density, this turnover rate yields a bi-
molecular rate constant for the reaction of optically
prepared unsaturated iron complexes of 2x107'6 cm?
molec™ s, To confirm this preliminary number,
careful measurement of turnover rates over a range of
substrate pressure are now in progress.

Letters to the Editor

In other gas phase work we have used a PF, scaveng-
ing technique” to determine the initial yields of photo-
iragments produced under the irradiation conditions of
our catalysis experiments.'' Results of these experi-
ments clearly show that the effect of irradiation is to
produce coordinatively unsaturated Fe(CO), and Fe(CO),.
We propose that the latter of these is a catalytic inter-
mediate in our system, and present a mechanistic an-
alysis in support of this view in a separate report on
laser-induced photocatalysis in the liquid phase, 8
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