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decreasing the concentration of conduction electron by eq.(1)
and (2). If O, adsorption is rate determining then total reac-
tion order must be 0.5. But this order is not agree with kine-
tic data. Therefore we conclude that the adsorption of oxy-
gen should be only the reaction initiation step, and eq.7
should be the rate determining step. From eq.7 production
rate of CO, is

d(CO0,) /dt =k(CO] (0%~ (ads)]) (8)
and by eq.(6)
d(CO,)/dt=k"(CO)(0,)"/? (9)

From this proposed rate law, we could get the partial orders
of CO and O, that are first and 0.5, respectively, consistent
with experimentally observed rate law.
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Transient Absorption Spectra of Phenothiazine Derivative in the
Vesicle System Containing Ru’* Complex as a Sensitizer
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The Photophysical and photochemical properties of Ruthenium bipyridine with two long hydrocarbon chains, [Ru(bipy)s
{dhbipy)]2* and transient phenothiazine derivative cation radical (PTD*) in the cationic vesicle were studied. Transient ab-
sorption spectra of cation radical of phenothiazine derivative in the vesicle system containing the Ru?+ complex, [(Ru(bipy):
(dhbipy))2*, (1) as sensitizer and phenothiazine derivative as electron donor was observed by XeCl excimer laser photolysis
system. Thus the excited ruthenium complex would be quenched by phenothiazine derivative(PTD) reductively in the vesicle
system. The quenching rate constant(Kg) of Ru2+ with two long hydrocarbon chains in the vesicle by PTD was 9.6 x 108M-1
S-1. The absorption decay kinetics showed that lifetime of phencthiazine derivative cation radical is a value in the 4-8m sec

range.

Introduction

Within recent years, substantial research effort has been
extended in photochemical conversion of solar energy. In a
solar energy storage study, a vesicle system of Catvin(1978)"
Tunuli (1981)* and Fendler (1985) is of interest. The
attachment of Ru catalyst on the well of a vesicle containing
sensitizer, electron donor and electron acceptor was devised

by Park (1983).” Hydrogen was produced when the vesicle
solution containing phenothiazine derivative and Ru®* bipy-
ridine complex with two long tails was irradiated with blue
light. However, the reaction mechanism of the vesicle
system was not clear. In a study of the vesicle system con-
taining [Ru(bipy), (dhbipy)]** the transient absorption of
phenothiazine derivative in the sysem was observed. The ab-
sorption decay kinetics was also studied.
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Figure 1. Vesicle system containing [Ru (bipy)z (dhbipy)?+
and PTD., (prepared with didodecy! dimethyl ammonium bromide).
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Materials and Methods

Didodecyl dimethyl ammonium bromide was obtained
from Eastman. 10-phenothiazine ethanol, 2-chloro- « {dime-
thylaminomethyDhydrochloride was obtained from Upjohn.
N,N ’-di-(1-hexadecyl)-2,2 *-bipyridinium-4-4 ' -dicarboxa-
mide -bis{2,2 ‘-bipyridine) ruthenium perchlorate [Ru(bipy),
(dhbipy)P* was provided by Dr. W. Ford, (Univeristy of
California, Berkeley, U.S.A)). Triple distilled water was used
in this experiment. Vesicles were prepared with Ru®* com-
plex, (1) (0.2mg, 1.6 x 102 moles), didodecyldimethyt am-
monium bromide (12.6 mg, 2.7 x 107 moles) and water
{5m{}. (see Fig. 1). The ruthenium complex was not dissolved
in water. The mixture was placed in a test tube, Vortex-
stitred and then heated to boiling until the ruthenium com-
plex dissolved.

Luminescence spectra of Ru(bip); (dhbipy)®* in the
vesicle. The solution-like vesicles (3m/) were placed in a
quartz rectangular cuvette (10mm) and then deaerated with
Ar gas. The 10mm cuvette was irradiated with 308 nm radia-
tion from XeCl excimer laser. Luminescence was detected at
right angle to the path of excitation beam. The luminescence
was focussed onto the slit of a spex double monochromator.
In this experiment, the photocurrent from a Thorn EMI 9739
QB photomultiplier was applied directly to a Nicolet LAS
12170 Signal Averager (0.1 sec/ch). It was possible to digitize
and observe the ‘“‘tail-end’’ of the transient luminescence
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Figure 2, The liminescence spectra of [Ru(bipy); {dhbipy))2+.

Table 1. Lifetime of Ru(bipy)s (dhbipy)2+ Luminescence in
the Cationic Vesicle*

Channel Number (time, t) Channel Number (Intensity, I} Ln

0 2.7 0.99
1 1.9 0.64
2 1.3 0.26
3 0.9 -0.11
4 0.5 -0.6%
5 0.4 -0.92

(a) 200ns/channel, 0.05us delay.

signal from the sample. Digital values from several signal
averager channels were averaged for each wavelength at
which observation were made. The use of a computer gra-
phics program to plot these results vs. wavelength afforded
pictorial representation of the spectrum. (see Fig. 2).

Lifetime measurement of [Ru(bipy), (dhbipy 2*in the
vesicle. The optical arrangement is identical to that for
luminescence spectra experiment. However, for this experi-
ment the photomultiplier current was applied to a 50 £ load.
The voltage across the load was monitored with a Tektronix
2465 oscilloscope. Values for the amplitude of the decaying
signal were visually estimated at various values of the oscil-
loscope time-base(see table 1). A log plot of these results and
subsequent least squares analysis yielded the lifetime of the
excited Ru(bipy), (dh bipy).?*

Transient absorption spectra of Phenothiazine deri-
vative in the vesicle system. To get the transient absorp-
tion spectra of PTD in the vesicles the following experiment
has been done. The mixture containing ruthenium complex
with two long hydrocarbon chains, [Ru (bipy), (dhbipy)}®*
0.6 mg), PTD (2.5mg), dodecy dimethyl ammonium bromide
{13.4mg), and water (5m/{} was stirred with Vortex mixer and
then heated to boiling for 2 sec. For this experiment, excita-
tion of the vesicle was provided by the 308 nm radiation from
an excimer laser. Probing of the optical absorption of in-
termediate produced by excitation was provided by a D.C.
powered tungsten lamp. The beam of the tungsten lamp was
focussed on the slit of monochromator and the resulting
photocurrent applied to a Nicolet 12/70 Signal Averager,
after being passed through a preamplifier. Probe and excita-
tion beams propagated through the sample cell at right angle.
The signal averager is used to observe the relaxation of the
probe beam to its initial intensity as the transient absorbing
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Figure 3, Transient absorption spectirum of phenothiazine deriva-
tive. (PTD) in the vesicles.
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Figure 4. Decay curve measured at 525 nm for PTD cation radical

in the vesicle. 1 channel = 200 usec from channel 0 to channel 400. 1
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Figute 5. Log plot of the decay curves shown in Figure 4 for the

early portion of the curves. 1 channel = 200 usec.

species decay. An observation of probe beam intensity at
some time after excitation and for a long time after excitation
where all absorption has decayed allows computation of the
transient optical absorption. When these absorption are plot-
ted vs. wavelength, a transient absorption spectrum results
{Fig. 3).

Absorption decay kinetics of PTD catlon radical.
The method of the absorption decay kinetics of PTD cation
redical in the cationic vesicle was similar to the transient ab-
sorption experiment. Now, we tried to accurately obtain
decay of the absorption signal at 525 nm. The dual time-base
feature of the LAS 12/70 averager was used to accurately
digitize the relatively quickly decaying early portion of the

Yong Tae Park et al.

Table 2. Photophysical properties of Ru?* complexes

Sensitizer A jaax(nn} Life time (us)

Ru (bipv)3* 605(H,015) 600(H,010
625 (micete)y®

Rulbipy)s{dhbipyp+ 620(vesicle)* 502 (vesicle)*

*; this work

signal while being able to capture the late part of the signal
where I(t) approaches Io. The memory size used was 512
channels. From channel 0 to channel 400 was 200 usec/chan-
nel, 5 msec/channe! up to channel 511. The electronic filter
was 2 KHZ. A delay of 50usec (after laser pulse) was set by
the +B gate of the oscilloscope used to trigger the signal
averager. 200 scans of the decay were averaged {maximum
absorbance turned out to be only about 10°° absorbance
units). The data were transferred through an interface to a
CYBER 830 computer. The scale of the + 0.25V data was
corrected for the offset current by using a computer program
to add a number corresponding to the offset current to the
digital voltage values; i.e., the data were corrected in such a
way that the value for channels at the end, near ch. 512, was
near the digitally encoded value corresponding to 4.00V. A
plot of absorbance vs. channel number was prepared. Also,
the absorbance decay was examined for logarithmic decay.
Since AeCy, Cris a transient concentration, if Cr has a st
order decay, then A ¢ e~*. A computer program that opti-
mizes the value of k (actually 7 =1/k) by a least squares
routine was used to “‘fit" the data. see Fig. 4 and 5.

Results and Discussion
The luminescence of [Ru(bipy), (dhbipyN?* in the vesicles
is shown in Fig. 2. The maximum luminescence of the spec-
tra is 620 nm(E = 46 Kcal/mole). The doubling line of laser
light (308nm) was eliminated in the spectra. The emission
maximum of (Ru(bipy);)° * 2C1” was reported to vary from 605
nm in water to 625 nm in aquous micellar sodium dodecyl
sulfate by Infelta ¢/ al (1980 (see Table 2). The
luminescence spectra of Ru(bipy), (dhbipy)z' in the vesicles
is similar to that Ru(bipy)}* in the micelles. This indicates
that the environment of Ru(bipy), (dhbipy)** in the vesicle
was obviously hydrophobic. The life time of the lumine-
scence of the complex with two long hydrocarbon chains in
the vesicle solution was 502 ns. This is a quite similar value
to that of {Ru(bipy)** (0.6 us) measured by Lytle ef af®
Lifetime of the ruthenium complex with and/or without
guencher, phenothiazine derivative in the vesicle was also
observed by oscilloscope. When 100u! of PTD, 10-pheno-
thiazineethanol, 2-chloro-e-(dimethylaminomethyl) hy-
drochloride solution (11 mg of PTD was dissolved in 1m/
of water) was introduced in 3m/ of the vesicles, the lifetime
was 371ns. Thus the quenching constant by Stern Volmer
equation is 9.6 x 10° M~18,”' The transient absorption spec-
trum of vesicle system containing ruthenium bipyridine with
two lonyg hydrocarbon chain and phenothiazine derivative
was shown m Fig. 3. The spectra mainly consists of two
bands with maxima located 45¢ nm and 530 nm. Kiwi and
Graetzel (1978)" reported that methylphenothiazine cation
radical absorbs at 515 nm band light and the tripiet state of
methylphenothiazine absorbs 460 nm band in microemulsion
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system containing N-methylphenothiazine and methyl vio-
logen. The transient absorption at 530 nm probably is a com-
posite of the absorption due to PTD cation radical and
Ru(bipy), {(dhbipy),* and that at 450 nm prebably is due to
PTD triplet state.® No such absorption was observed with-
out PTD or Ru(bipy), (dhbipy)** in the vesicle. Thus the ex-
cited state of ruthenium complex with two long hydrocarbon
chains was quenched reductively by PTD in the vesicle
system. The PTD cation radical is involved in the hydrogen
generation vesicle system. The data of absorption decay
kinetics were too poor to give consistent fits, but using dif-
ferent portions of the data, estimates for life time could be
obtained. That indicates a value in the 4-8 msec range. (see
Figure 4 and Figure 5) Aiso, we saw what appeared to be very
weak slow component in the logarithmic plot of the decay.
An estimate of the life time of this decay might be of order
20-40 msec. Probably the life of the PTD cation radical is
longer in aquous portion than hydrophobic portion. The ox-
idized PTD cation radical escapes into aquous portion of the
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The substitution reaction of Fe(CO)s by ethylene has been studied for plausible intermediates by means of extended Huckel
calculations. Among various reaction mechanisms the favorable reaction pathway is via a dissociative mechanism in which
ethylene approaches to Fe(CO)4 unit. For Fe(CO), fragment, the square planar conformation is found to be the most stable
form by the extended Huckel calculations. Our calculations show that ethylene attacks square planar intermediate formed by
removing one carbony] from Fe(CO)s; and then the unstable species thus formed is distored to the most stable trigonal bipyra-

mid with the ethylene lying in the equatorial plane.

Introduction

Process in which complexes undergo ligand substitution
reaction is the most important step in organometallic mech-
anisms. A delineation of the mechanisms by whichthese pro-
cesses occur is vital to a full understanding of the chemistry
of complexes.’ The majority of proposed mechanisms re-
quire at least one ligand substitution steps via D, I, I, or A
mechanism.” It is well documented® that 18 electron MLgand
16 electron ML, complexes in the organometallic ligand sub-
stitution reactions proceed with a dissociative (D or 1) and an
associative mechanism (A or 1a), respectively, albeit conside-
rable ambiguity. Recent reports* on the ligand substitution
reaction indicate that while 18 electron MLs, and ML, com-
plexes proceed with a dissociative mechanism via a 16 elec-
tron intermediate, there still be considerable conflict. There-
fore, we chose the system which treats the reaction of
Fe(CO)s with C.H, because first, we are interested in mecha-
nistic studies on 18 electron MLs complexes in order to
check whether the system proceeds with a dissociative or as-
sociative mechanism, and secondly, little theoretical work
has been brought to bear on this subject, and finally, com-
piexses of type Fe(CO), (7 %“hydrocarbon) are easily accessi-
ble.

The principal substitution process is the replacement of
CO by C,H; to form the stable monoethylene complex:

FC{CO){, + C2H4 - FE{CO)4(C2H4) +C0C

As likely mechanisms for this overall reactions, five mech-
anisms can be proposed as shown below (la-e). The first
three mechanism is the transient intermediate of reduced
coordination number, giving rise to a D mechanism. The last
two (1d-e) mechanism is a fully formed intermediate com-
plex, so-called A mechanism. Therefore, computational cal-
culations on each intermediate will help clarify the energetics
of this reaction type as well as provide data for transition

—Fe:" 1% I .
I\ — -Fle"; (1a)
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