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Unusual behavior in the 308 nm flash photolysis of Vaska’s complex
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Abstract

Time-resolved IR absorption spectroscopy was used to investigate the photolysis of Vaska’s Complex (VC), trans-
(PPh;3),Ir(CO)(CI). Upon 308 nm photolysis, an intermediate was formed that regenerated VC on a millisecond timescale. This
intermediate was not formed at the laser flash, but was generated over the course of ~ 10 pus. Most unusually, there was no evidence
for prompt bleach of the C—O stretch of VC upon photolysis. Evidence was presented that the intermediate from which regeneration
of VC occurred was a dimeric species. Possible pathways for the generation of the dimeric intermediate are discussed.
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1. Introduction

Vaska’s complex, trans-(PPh;),Ir(CO)(CI) [1], (VC) is
the textbook example [2] of an organometallic complex
that readily reacts via oxidative addition. While the
thermal oxidative addition reactions of VC are well-
known, considerably less attention has been paid to its
photochemistry. Initial studies reported that UV irra-
diation of VC led to increased activity as a catalyst for
alkene isomerization [3] and hydrogenation [4], presum-
ably due to formation of coordinatively unsaturated
species via ligand dissociation. Shortly thereafter, how-
ever, it was reported that 366 nm photolysis of VC does
not lead to any net reaction [5]. The only experiments to
appear in the literature to observe the short-lived species
present following photolysis of VC were performed by
Wink and Ford (WF) in the 1980’s [6]. WF used a Xe
flashlamp (4;,. > 295 nm) to photolyze a solution of VC,
and probed the subsequent behavior of the system by
using time-resolved UV-—vis absorption spectroscopy
(TRUVVIS). They observed that within 20 ps of the
photolysis, a new species appeared, the electronic
spectrum of which returned to that of the parent over
the course of several ms. From the observation that the
rate of recovery of parent increases with increasing CO
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pressure, WF concluded that photolysis produces a
three-coordinate ‘IrCI(PPh;),’ complex that reacts with
dissolved CO to regenerate VC.

Several factors motivated the present reexamination
of the ‘fast’ photochemistry of VC. First, the photolysis
system in our laboratory has a response time < 100 ns,
enabling us to observe reactions that might occur during
the first 20 ps following photolysis. In addition, we use a
laser rather than a flashlamp as our photolysis source.
Since VC has four electronic absorption bands between
270 and 400 nm [7], the use of a monochromatic
photolysis source can eliminate complications from the
possibility that the photochemistry of VC might vary
depending on which electronic transition is excited. For
example, changing the photolysis wavelength appears to
alter the intermediates formed by photolysis of trans-
RhCI(PMe;),(CO) both in solution [8,9] and in low-
temperature glasses [10].

In the present experiment, time-resolved infrared
spectroscopy (TRIR) rather than TRUVVIS is used to
monitor the kinetics. The primary advantage of TRIR
over TRUVVIS in the present case is its greater ability
to tell whether or not a given intermediate contains a
carbonyl ligand, which can be useful for structure
determination. In typical fast kinetics experiments, the
parent complex is a homoleptic carbonyl, so there
cannot be any question of which ligand has dissociated.
In the case of a compound such as VC, photolysis could
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in principle remove either the CO ligand or one of the
PPh; ligands—or none of them.

2. Experimental

The TRIR apparatus used in these experiments has
been described in detail elsewhere [11]. Reaction takes
place in a CaF, cell (0.5-1.0 mm pathlength), where it is
initiated by the pulsed output (ca. 20 ns) of a XeCl
excimer laser (308 nm, typically 110—150 mlJ/pulse,
repetition rate 3—6 Hz). The experiments discussed in
this report were performed at room temperature (ca.
20 °C) under an Ar atmosphere. Time-dependent IR
spectra following the photolysis are obtained by using a
Bruker Equinox 55 S?FTIR spectrometer, typically at
200 ns time resolution; additional TRIR information is
obtained by measuring the time dependence of the
absorption of the output of a CW diode laser tuned to
1966 cm ~'. Because of the expense of the C¢Dg solvent,
and because VC is regenerated following photolysis, the
solution is recirculated through the system.

VC was obtained from Pressure Chemicals Inc. and
used without further purification except for overnight
heating at ~ 110 °C in a vacuum oven to drive off any
complexed O,. Prior to each experiment, the IR
spectrum of the complex was checked to make sure
that the O, adduct, which has a distinctive C—O stretch
at veo 22000 cm~' [12], was absent. C¢Dg was
obtained from Cambridge Isotopes Laboratories, and
distilled from Na and degassed with Ar prior to use.

3. Results and discussion

Fig. 1 shows results for photolysis of C¢Dg solutions
of VC. Following the laser flash, a new C—O stretch at
veo = 1924 cm ! grows in over the course of ~ 10 ps,
Fig. 1a. On a timescale of several ms, we observe
regeneration of VC, Fig. 1b, consistent with the results
of WF [13]. Kinetic measurements made at several VC
concentrations over the range of 1.1-4.3 x 10> mol
17! revealed a linear [VC] dependence for the rate of
formation of the intermediate that absorbs at 1924
cm !, Preliminary measurements imply a second-order
rate constant for its formation of ~6 x 10’ 1 mol !
s~ !, of similar magnitude to those determined by WF
for reaction of CO and PPh; with the intermediate
formed in their experiment, (2.7 +0.7) x 10® and (1.3 +
0.4)x 10" 1 mol™' s—! respectively. Attempts to
determine whether or not the rate of formation of the
intermediate that absorbs 1924 cm ~' depends on [CO]
were unsuccessful because VC reacts thermally with CO
to form IrCI(PPhs),(CO),, photolysis of which regener-
ates VC.

0.008

o 'J.o.. .
e

L B
o 0004 1924 ¢cm
Q
g L i
el
s .
e 0“4
<
<
-0.004
(a)
; “
iy C 7
0.005 1924 ¢m’™
S .
g
©° .
‘é P
2 0. |
<
-0.005 ' L
b 0 100 200 300 400 500
®) Time, ps

Fig. 1. Time-dependent changes in the absorbance at 1966 cm ™!
(open circles) and 1924 cm ™' (closed circles) of C¢Dg solutions of
Vaska’s complex. Part a shows the absorbance changes of a 3.8 mmol
1~ ! solution during the first 60 ps following photolysis; the solid lines
are single-exponential fits to the data with kyps = 1.6 X 10°s~'. Part b
shows the absorbance changes of a 2.3 mmol 1! solution during the
first 0.5 ms following photolysis.

A bleach of the parent absorbance at vco = 1966
cm ! occurs with a single exponential time dependence
that is the same to within experimental error of that of
the growth of the intermediate. This result is most
unexpected, since in flash photolysis experiments invol-
ving transition metal carbonyl compounds, photolysis
typically leads to the formation of an intermediate (e.g.
via carbonyl loss and solvation of the resulting coordi-
natively unsaturated fragment) on the timescale of tens
of ps [14]. In the present experiment, no evidence was
found for a ‘rapid’ bleach of the parent C—O stretch or
for the presence of any other species with an IR
absorption between 1820 cm ' and 2200 cm .

Although some ambiguities remain in the details of
the mechanism of the reaction, we can reach some
definite conclusions based the present results (Fig. 1).
Any mechanism for the reaction observed here must
account for the following observations: (1) the rate of
formation of the absorption at 1924 cm ! depends on
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[VC]; (2) the rate of the formation of the intermediate is
identical to that of disappearance of the absorption
corresponding to VC; (3) the intermediate from which
VC is regenerated contains a CO ligand; and (4) the
parent absorption at 1966 cm ~ ! does not show any kind
of ‘instantaneous’ bleach at the flash.

The most likely explanation for the first three
observations is that the intermediate from which VC is
regenerated is a dimer, Ir,(PPh;),,Cl,(CO),. The pre-
sence of a single CO stretch implies that n =1, but the
possibilities of bridging CO ligands with lower than
usual vco, or of a symmetrical dimer with a particularly
weak symmetric CO stretch, are not excluded.

What is more difficult to explain is the observation
that the absorbance at 1966 cm ~' does not decrease
immediately upon photolysis. We can imagine several
plausible pathways to a dimeric intermediate. The most
intuitive ones are those in which photolysis causes
prompt loss of a ligand (CO or PPhj) to form a formally
three-coordinate intermediate that reacts with unphoto-
lyzed VC to form a dimer. Such pathways are difficult to
reconcile with the experimental results shown in Fig. 1.
While ‘IrCI(PPhj),” would be invisible in our experi-
ment, if it were formed promptly, its presence would be
revealed by a decrease at the laser flash of the
absorbance at 1966 cm ! equal to half of the total
bleach. The exponential decrease in the absorbance at
1966 cm~' appears to begin from the initial baseline
without any prompt absorbance changes, however. This
result implies that the laser flash does not cause prompt
ligand loss. Similar considerations appear to rule out
elimination of PPhj to yield ‘IrCI(PPh;3)(CO)’ as well.
Not only is there no prompt decrease of absorption at
1966 cm !, but there is no evidence for IrCI(PPhs)(CO),
which should be observable in our experiment and
whose rate of formation should be independent of the
original concentration of VC. Nor do we see any
evidence for a second C—O stretching absorption
expected from an Ir,Cl,(PPhs);(CO), intermediate.
Furthermore, an intermediate formed by loss of phos-
phine would not be expected to regenerate VC upon
reaction with CO as was observed by WF. Neither does
it seem likely that the intermediate absorbing at 1924
cm~ ! is an unstable oxidative addition product of
orthometallation or solvent C—D bond activation, since
such an intermediate would be expected to have a vcg at
a higher frequency than that of VC. Our results do not
exclude the possibility that WF did observe a three-
coordinate intermediate; their broadband photolysis
included excitation of electronic bands that have been
attributed to MLCT transitions [7], which can plausibly
be expected to lead to loss of a ligand.

Thus, the lack of a prompt decrease in the absorbance
at 1966 cm ' seems to indicate that the dimeric
intermediate from which VC is regenerated is itself
formed from a species that has not yet lost any ligands.

It is true that upon excitation of MLCT states in
transition metal carbonyls, which are the ones typically
involved in UV photolysis experiments, vco are nor-
mally shifted significantly (10-90 cm ™ ') from their
frequencies in the ground state because formal oxidation
of the metal atom lessens its back donation ability
[15,16]. Other transitions need not affect vco signifi-
cantly, however. For example, the dppz ligand-based
nn* transition in fac-[Re(dppz)(CO)s(PPhs)]* (dppz =
dipyrido[3,2-a:2’,2’-c]phenazine) hardly shifts vco from
those found in the ground state [17]. In the case of VC,
bands in the electronic spectrum of VC at 4 =339, 387,
and 439 nm have been assigned to MLCT transitions [7],
but to our knowledge, the origin of the electronic
absorption by VC at ~ 300 nm has not been identified.
If this band, into which 308 nm irradiation excites VC, is
not an MLCT transition, but rather a ligand-based or
perhaps an Ir d—p transition, then its excitation would
not be expected to affect vco very much. Furthermore,
the failure to observe ligand dissociation following the
photolysis is also consistent with this electronic absorp-
tion not being an MLCT transition. Another possibility
is that this absorption is to a relatively long-lived excited
triplet state of VC [18]. Excited triplet states of the
coordinatively unsaturated complexes CpCo(CO) [19]
and Fe(CO),4 [20] do not appear to solvate, and the IR
spectrum of solvated singlet Fe(CO)4 has C—O stretches
that are coincident or near-coincident with those of the
unsolvated triplet [20].

While we cannot yet definitively identify the precise
nature of the electronic state involved, it seems that the
most reasonable explanation for the present results is
that 308 nm photolysis of VC leads to formation of an
electronically excited state with vco similar to that of the
ground state. This excited complex then reacts with an
unphotolyzed molecule of VC, losing CO to form a
dimeric species, presumably Ir,Cl,(PPh3)4(CO). It is this
dimer, and not a formally tricoordinate species formed
upon ligand dissociation, that reacts with CO to
regenerate VC. These results are to our knowledge the
first example of solution photochemistry of a transition
metal carbonyl complex in which the parent bleach
occurs on a timescale of microseconds.
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