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ABSTRACT: Photoinduced electrontransfer process of
1,8-naphthalimide-linker-trimethylsilane (NI-FO3-TMS, O3 =
3,6,9rioxaundecyl) and NI-O3 has been investigated
using the transient absorption measurements in CH3;CN
and CH3;CN/H20. The excitation of NIFO3-TMS in CH3CN
produced the NI radical anion (NI") with a transient
absorption band around 413 nm, via the intermolecular
electron-transfer between NI moieties in the excited
singlet state. In contrast, in a protic polar solvent
mixture of CH3;CN/H.O, a proton abstraction process
occurred from NI to generate the NI ketyl radical (NIH'),
which showed a transient absorption band around 405
nm. The decay time constants of NIH were quite long
compared to those of NI in CHzCN.

1,8Naphthalimides (NI) have attracted considerable
interest because of their photophysical properties and
potential applications in various scientific fields, such as
photobiology.l’4 In many studies, NIs as an electron
acceptor have been used for the investigation of
photoinduced electron transfer (PET) from DNA as an
electron donor. The PET mechanisms in DNA or
biomaterial systems are of intrinsic interest because the
reactions take place in aqueous or partially aqueous
environments. Therefore, we have been studying the
role of protons in the PET mechanism for NI dyads and
bisNI Systerrls.5’6 In protic polar solvent, the NI radical
anions (NI7) generated from the PET process
undergoproton abstraction to produce the ketyl radical
species (NIH) of NI in CHsCN/HzO. On the other
hand,the covalently linked NI dyads with electron donor
sites are often used to mimic PET processes in natural
systems.”® Several electron donors can be introduced
into NI-dyads. Among these, an organosilane is a unique
electron donor in photocyclization reactions.’
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In this study, we examine the dynamic properties for
photoreduced intermediates of NIs in aprotic as well as
protic polar solvents. For the study, it was prepared a
NI molecule (NIFO3-TMS) that have a linker (O3, where
03 is 3,6,9trioxaundecyl and TMS is trimethylsilane)
(Chart 1). We also synthesized NI-O3 as a reference,
which were not trimethylsilylated (Chart 1). Nanosecond
transient absorption measurements were carried out by
employing the technique of laser flash photolysis.lo Femtosecond
timeresolved absorption spectra were collected by a pump-
probe transient absorption spectroscopy Systern.10
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The transient absorption spectra of NI derivatives
were obtained by nanosecondlaser flash photolysis
measurement with 355-nm laser excitation. The
transient absorption spectra of NFO3-TMS (3 x 10°
M) measured in CH3CN and CH3CN/H:O as shown in
Figure 1.
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Figure 1. Transient absorption spectra of NIFO3-TMS in
(@ CH3CN, and (b) CH3CN/H:O. Inserts show the decay
profiles monitored at 470 and 410 nm (or 405 nm),
respectively. Excitation wavelength was 355 nm.
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The transient absorption spectra of NIFO3-TMS in
CHsCN showed a characteristic band around 470 nm,
which might correspond to the T1-T, absorption of NI in
the triplet excited state (°NI").””® The transient band at
413 nm can be attributed to NI", according to previous
reports.”®!" The transient absorption of NIFO3-TMS
decayed with first-order kinetics as illustrated in the
inset of Figure la; the decay lifetime of SNI-03-TMS
was estimated to be 0.14 ps at the 470-nm wavelength.
At the 410mm wavelength, the decay lifetime of NI-FO3-
TMS was 3.0 us, which was attributed to the
intermolecular charge recombination (CR) process between
NI" and the cation radical moiety (NI'*). There is no rise
component corresponding to the decay of SNI* at 470 nm.
These observations mean that the intermolecular PET
process takes place from the excited singlet state in
CHiCN.

In HoO/CHsCN (v/v = 9:1), the Ti-T, absorption of NI
-O3-TMS was observed at 470 nm, with weak transient
absorption bands at 413 and 405 nm (Figure 1b). In
addition, the transient absorption bands showed different
kinetic traces, as shown in the inset of Figure 2b. The
T,—T, absorption at 470 nm decayed with a lifetime of
4.4 ps. On the other hand, the transient absorption at
405 nm showed an initial formation and then a very
slow decay with a lifetime of 50 us. The growth at 405
nm occurred concomitantly with the decay of the T1-Ty
absorption at 470 nm. The quenching mechanism of *NI
by using another NI was previously suggested.>®!'%!3

Figure 2a shows the femtosecond timeresolved
transient absorption spectra of NI-FO3-TMS in CHsCN.
Upon excitation of 130 fs pulse at 330 nm, a transient
absorption bands were observed around 465 nm. This
band can be assigned to S-S, absorption band of NL'
On the other hand, a transient absorption band at 415
nm increased gradually according to time delay as
shown in inset decay profiles of Figure 2a. It is
noteworthy that the growth of NI” transient bands for NI
-O3-"TMS at 415 nm occurs concomitantly with the decay
of the S-S, absorption at 480 nm (inset in Figure 2a).
This indicates that the NI~ species produced after
formation of 'NI' which is precursor of NI" species
having an absorption at 415 nm.

Figure 2b shows the femtosecond timeresolved transient
absorption spectra of NFO3TMS in CHsCN/H:O. Overall
spectral changes of NIFO3-TMS in CH3CN/H:O are similar
with those in CHsCN except only longer dynamics.
Actually, the fluorescence lifetimes in the singlet excited
state were measured to be 0.31 ns in CHsCN, and 0.55 ns
in CHsCN/H:0. Consequently, the fluorescence quantum
yields of NIFO3-TMS increase in protic polar solvent: 0.024
in CHsCN and 0.054 in CHsCN/H:O. This result indicates
that the protic polar solvent forms a hydrogen bonding
with the excited molecule.”

The transient absorption band at 405 nm in protic polar
solvent can be attributed to NIH', according to previous
works.”®1® The ketyl radical species of naphthalimide or

phthalimides have been suggested as intermediates in
photocyclization reactions with a lack of direct evidence.”
The ketyl radical is electrically neutral and not a charged
species, therefore, the regeneration process of NI
derivatives is slow. Thus, the transient absorption band
at 405 nm shows a longer decay time of a few tens of
microseconds. The long lifetime of the ketyl radical is
beneficial for the photocyclization reaction.
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Figure 2. Femtosecond timeresolved transient absorption
spectra of NIFO3-TMS in CH3CN (a) and CHsCN/H:O.
Inset figures show the decay profiles monitored at 480
and 415 nm, respectively. Excitation wavelength is 330
nm.

Table 1. Decay Time Constants of Triplet-state(tr),
Anion Radical(za) and Ketyl Radical(tx)
CH3CN and CH3CN/H.O

Species in

in CH;CN in CH;CN/H,O
T (us) TA (us) 1r (ps) 1k (us)
NI-O3-TMS 0.14 3.0 0.10 35

However, the quantum efficiency of the intermolecular
PET process of NI-O3 in both solvents is quite small,
because the anion radical species of NI was not
detected in the ns-transient absorption spectrum.

In conclusion, the intermolecular PET process was
observed. In CH3CN/H:0, the PET process occurred in
addition to the formation of NIH', which exhibited a long
lifetime. The intermolecular PET process for NI-FO3-TMS
may take place in both the excited singlet and triplet
states. The results, observed by the transient absorption
spectroscopic technique, showed that NI™ is converted to
the NI ketyl radical (NIH') species in protic polar
solvent as following mechanism.
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