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The luminescence decay curves of Ru(bpy)32+ in Langmuir-Blodgett (I.B) films
were often fitted by multiexponential functions whereas those in homogeneous solutions
by a single exponential one. Responsible conditions in the LB film preparation for the
luminescence decay kinetics were examined. The single exponential decay was observed

when the film was prepared in a clean atmosphere and photooxidation of the LB films

was avoided.

In connection with photosynthesis and molecular devices, Langmuir-Blodgett (LB) films containing
redoxactive and photoactive amphiphiles have been used to study photochemical reactions and photoinduced
electron and energy transfer in well organized molecular assemblies. 1-3) The transient state of the reaction has
been discussed to describe the kinetics of photoinduced electron transfer reaction in organic molecules mimicking
the natural system. The luminescent decay curves of the dye molecules without quenchers as a control experiment
for the decay curves of the systems containing the quenchers, should be simple and preferably be presented by a
single exponential curve. In last two decades since the first report by Demas and Adamson in 1971 on the
possible use of Ru(bpy)32+ as a photosensitizer, the ruthenium complex and its derivatives have established
themselves as superior sensitizers for photoredox processes.5 ) However, in the LB films of Ru(bpy)32+
derivatives®™® or the adsorbed submonolayers of the complex on powders,lo) the luminescent decay curves
have never been approximated by a single exponential function, while the complexes gave the single exponential
decay curves in solutions.>)

We have used a long alkylchain derivative of Ru(bpy)32+ (RuC19) as a photosensitizer6'9) for
photoinduced electron transfer in LB films. However, we found that luminescence decay curves for LB films of
Ru(bpy)?,2+ without quenchers could be fitted well as a sum of two or three exponential functions, although the
reason for the fast quenching component has not been clarfied yet. 1L12) Other than our results, the most of

decay curves of Ru(bpy)?,2+ adsorbed on solids also could be rarely fitted as a single exponential function. 10)

14)

Although the concentration quenching, 13) the triplet-triplet annihilation, ~ ™ and the photooxidation 1) have been

considered as one of the mechanisms for the fast quenching, the final definite conclusion has not been obtained.
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Previously, we reported that photooxidative products, which were formed during the monolayer.
preparation and/or during the luminescence decay measurement, acted as the quenchers.ll’lz) In the present
work, we studied other factors than the photooxidation that cause the fast decay component. Especially, the effect
of cleanliness of the atmosphere for the film preparation was studied carefully to obtain the films giving a single.

exponential curve.
By using the LB technique, samples containing 1-4 layers of sensitizer/spacer heterogeneous structures on

each side of a quartz plate were prepared in the dark as shown in Fig. 1, where the quartz plate was precoated
with 5 layers of the pure arachidic acid (AA) monolayers on each side. The sensitizer layer was a 1: 2 mixed
monolayer of RuC19 and AA or the same mixture with a methyl arachidate (MA) diluent with molar ratios of
1:2:2, 1:2:7, and 1:2:17. Dioctadecyldimethylammonium chloride (DODAC) and MA as well as AA were used as

non-luminescent spacers. The luminescence decay curves for the LB films were recorded using the equipment as
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Fig. 1. The structure of the multilayered LB film consisting of an amphiphilic RuC19 used as the sensitizer and

non-luminescent amphiphiles used as diluents and/or spacers.

We examined i) dilution ratios of non-luminescent molecules, ii) laser power used for irradiation of
Ru(bpy):,,2+ LB films, iii) atmosphere during the preparations and the decay measurements, iv) pH of the
subphase, and v) counter ions added in the subphase as factors affecting the decay curves. Lifetimes () and
relative weights of pre-exponential factors (I5) for the slow decay component observed for the LB films, which
seems to be an inherent luminescence decay of Ru(bpy)4 2+ without suffering from any quenching, increased
with increasing dilution ratios. With an increase in the laser power, T and, in particular, I decreased in
atmospheres such as air, N5, and N, + water vapor 12) and decreased slightly even in vacuo. The similar
decrease in T and I ) was also observed with an increase in time of irradiation. Both 7 and I ; decreased with
increasing pH in the pH range of 6.8 - 10.8. It seems that Ru(bpy)3 in excited state was quenched by OH"
incorporated into the LB films. 15) Although two anions of AA carboxylate were added in order to neutralize a
divalent cation of the Ru(bpy)32+ moiety in the sensitizer monolayer, the shape of surface pressure - area
isotherms of the mixed monolayer was affected by the anions in the subphase. But, the luminescent
characteristics were not changed by the anions. From these experiments, the above factors were found to affect
somewhat the decay characteristics, none of them were the definite solution to obtain a single exponential decay

curve. An example of the decay curves was shown in Fig. 2(a).
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Fig. 2. Luminescence decay curves of the heterogeneous S/AA LB films. S = the mixed Ru(bpy)32+ monolayer
with AA molecules (1:2); (a) prepared in an open atmosphere, (b) prepared in the closed box in the clean room.

On the abscissa, 1024 channels correspond to 5 ps.

Therefore, we studied finally the effect of cleanliness of the atmosphere for the monolayer preparation as another
possible factor. For this purpose, the trough was placed inside a closed box made of aluminum and the box was
used in a clean room of class 10°. In addition, to avoid the dust from our clothes, clothes specialized for a clean
room were also used. A typical decay curve observed for the LB films thus prepared is shown in Fig. 2(b).
Surprisingly, all curves for the RuC19 LB films without quenchers and with the various inactive spacers
described above became a single exponential one and their t, and Iy were found to be ca. 1 us and 1.0,
respectively, when the photooxidation of the LB films was avoided by the use of appropriate atmosphere and
irradiation conditions. It is a very trivial solution for the present problem, but it was found that the dust from the
atmosphere was the main factor which gave the multiexponential decay. It has not been clarified yet what kinds
of chemical species in the dust act as the quenchers, but it is very likely that some redox active compounds and
some colored materials included in the dust act as the electron transfer and the energy transfer quenchers,
respectively. Previously, we reported t; and I increased with increasing dilution ratios. 12) However, since T
for 1:2 mixed films with AA, prepared in the clean atmosphere, was consistent with that for the mixed films with
the high dilution ratios, prepared in the open atmosphere, it is concluded that the values of 7, in the previous 1:2

mixed films were made shorter by the dust.
In conclusion, we first reported here the single exponential decay curve of Ru(bpy)32+ LB films by the

careful preparation of the LB films in a clean atmosphere and by taking precautions against the photooxidation

during the decay measurement.
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