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Abstract

The photochemical reaction of 2-(bromomethyl)naphthalene (2-BMN) in acetonitrile solution was studied with nanosecond laser flasl
photolysis. There appeared two peaks at 380 and 415 nm in the transient absorption spectrum obtained at a 248 nm excitation, while
308 nm excitation gave only one peak (380 nm), which is due to naphthylmethyl radical. The absorption at 415 nm is attributed to the T—
absorption of 2-BMN by means of triplet photosensitization with benzophenone. The excitation energy effect on the reaction reveals th
different relaxation and reaction dynamics of thead®d $ states, which are discussed in terms of a dissociative and non-dissociative
triplet state. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction dissociative ¢,0*) triplet state that leads to homolysis of
C-X bond.

Photoexcitation of haloaromatic compounds is known to  Kawai et al. [2] measured the time resolved ESR spec-
give rise to carbon—halogen (C—X) bond dissociation gen- trum of 1-naphthylmethyl radical produced by 1-(chloro-
erating the aryl radical and a halogen atom. The radical is methyl)naphthalene (1-CMN) with 308 nm excitation. They
considered to be important on organic chemical synthesis.proposed the following photodissociation mechanisms of
The dynamics of the dissociation processes has been ex1-CMN:
tensively studied with flash photolytic techniques, ultrafast 1. Upon the excitation into the;Sstate, the main dissocia-
spectroscopy, mass spectroscopy, and magnetic resonance tion channel opens in the triplet state.
spectroscopy [1-5]. 2. Direct evidence for the dissociation from the triplet state

Photoexcited halomethylnaphthalene is also known to  was obtained by the sensitization.
produce naphthylmethyl radical. Hilinski et al. [1] reported 3. Low vibrational levels in the Tstate dissociate.
on the photodissociation of 1- and 2-(halomethyl)naphtha- ~ Slocum and Schuster [3] reported on the photolyzes of
lenes in room-temperature hexane solutions studied by1-CMN and 1-(bromomethyl)naphthalene (1-BMN) with
means of picosecond emission and absorption spectroscopy266 nm excitation. They observed similar transient absorp-
Emission spectra resulting from 1- and 2-naphthylmethyl tion bands at 422 and 426 nm, both of which were assigned
radicals were observed with the 355 nm laser excitation. A to T-T absorption based on triplet quenching experiments
broad absorption was observed for the 1-naphthylmethyl with tetramethyldiazetidine dioxide. Tokumura et al. [4]
radical with a maximum near 365nm and for the reported on the photolysis of 2-(chloromethyl)naphthalene
2-naphthylmethyl radical with a maximum near 380nm. (2-CMN) with 248 nm excitation by means of transient ab-
Excitation of the (halomethyl)naphthalene at 266 or 299 nm sorption spectroscopy. This spectrum had two peaks at 380
into the S(m,m*) state results in dissipation through two and 415nm. On the other hand, Weir et al. [5] also mea-
channels: (1) internal conversion to the(fs,7*) state fol- sured the spectrum with 308 nm excitation. The transient
lowed by fluorescence and (2) intersystem crossing (ISC) absorption spectrum had only one peak at around 380 nm.
to an upper triplet state which is itself, or crosses to, a There is a discrepancy between these spectra. The reaction

mechanism was not clearly understood.
* Corresponding author. There would be the effect of excitation energy on reac-
E-mail addresstichimur@chem.titech.ac.jp (T. Ichimura). tion and relaxation processes of 2-(halomethyl)naphthalene,
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which are different from 1-(halomethyl)naphthalene. In this tronix TDS380P; 2 GS/s) and analyzed by computer. The
work, in order to elucidate the effect of excitation energy on signals were averaged over 100 laser shots. The sample
the reaction and relaxation processes of 2-BMN, we carried solution was flowed through a cuvette of 40 mm optical
out nanosecond laser photolysis at 308 and 248 nm as wellpath length in order to remove the influence of photoprod-
as triplet photosensitization by benzophenone. uct. Absorption spectra were measured with a double beam
spectrometer (Jasco Ubest V-550).
2-BMN (Aldrich, GR grade) was used from a freshly
2. Experimental opened bottle. Benzophenone (Tokyo Kasei, GR grade) was
recrystallized from methanol. Acetonitrile (Kanto Chemical,
Transient absorption spectra were measured with a con-GR grade) was used without further purification. All samples
ventional laser flash photolysis system consisting of a XeCl were deaerated by bubbling with Ar gas (purity 99.95%) that
excimer laser (Lumonics TE-860-4; 308 nm, 110 mJ/pulse, was saturated by acetonitrile vapor for half-an-hour before
10ns pulse duration) or a KrF excimer laser (COMPex use. All measurements were carried out at room temperature.
102; 248 nm, 350 mJ/pulse, 50ns pulse duration) and a
steady-state Xe lamp (Ushio UXL-300DO; 300W) as a
monitoring light source. The monitoring light was passed 3. Results and discussion
through a monochromator (Nikon P-250) and was detected
with a photomultiplier tube (Hamamatsu R928). The tran-  Figs. la and 2a show transient absorption spectra of
sient signals were fed to a digital oscilloscope (Sony Tek- 2-BMN in acetonitrile with laser excitation wavelength
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Fig. 1. (a) Transient absorption spectra of 2-BMN in acetonitrile aj.$.9®), 16.1us (x) and 89.9.s (A), after the 308 nm excitation. The peak is
observed at 380 nm. (b) The time profile of the absorption monitored at 380 nm. The reciprocal plots of the absorbance against time are shown in the ins
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Fig. 2. (a) Transient absorption spectra of 2-BMN in acetonitrile ap.$.(®), 13.1us (x) and 89.9.s (A), after the 248 nm excitation. Two peaks are
observed at 380 and 415nm. The time profiles of the absorption were monitored at (b) 380 and (c) 415nm.

of 308 and 248 nm, respectively. The structured band at When 2-BMN was excited at 248 nm, another absorp-
around 380 nm appeared immediately after the laser excita-tion peak was observed at 415 nm in the transient spectra
tion, and decayed with a second-order rate (described be-{Fig. 2c). 1-BMN was reported to have a T-T absorption
low). The spectral feature was identical with that reported band at 426 nm [3]. In the case of 2-CMN, transient absorp-
for 2-naphthylmetyl radical, which was produced by the tion observed at 415 nm was postulated to be a T-T absorp-
photolysis of 2-CMN [5]. tion [4]. Triplet photosensitization with benzophenone was
The inset of Fig. 1b shows plots of reciprocal absorbance carried out in order to determine the T-T absorption spec-
against time. The plots were well fitted with the least trum of 2-BMN. Fig. 3 shows the time profile of the tran-
squares’ method, and the slope was determined tabg& 1  sient absorption spectra of a mixture of benzophenone and
10°s1. Therefore, naphthylmethyl radical will dissipate 2-BMN excited at 308 nm and monitored at (a) 525 or (b)
with a bimolecular reaction. The reaction rate constant 415nm. The decay at 525 nm is mainly due to the T-T ab-
was estimated to be.Bx 10°M~1s~1 with an extinction  sorption of benzophenone [7], while that at 415 nm is due to
coefficient of 5006+ 300 M~ cm~1 at 380 nm [6]. not only to triplet benzophenone but also to triplet 2-BMN.
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a) 525 nm should result from 2-naphthylmethyl radical, formed via the
triplet 2-BMN, which should be produced by sensitization
of the triplet benzophenone. The risetime of the absorp-
tion agreed well with the lifetime of triplet benzophenone.
Consequently, the absorption band appearing at 415nm
with 248 nm excitation results from the T—T absorption of
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o 2-BMN. The result agrees with the earlier report at the T-T
0.0 ey T . | absorption of 2-CMN [4]. It reveals that the reaction and
0.0 05 1.0 15 relaxation processes are affected by the excitation energy.
Time (us) The decay time was estimated to be several microsecond,
which agrees within experimental error to the value of
0.10 b) 415 4.3 s observed when only 2-BMN was excited at 248 nm.
. nm . . .
The question arises why the T-T absorption can be ob-
g 0.08 served only upon excitation with the 248 nm laser. 2-BMN
£ 0.06 _ that is formed a vibrationally excited; Gr,w*) state by the
5 0.04- ‘ 308-nm laser pulse fluoresces, relaxes to the ground state
0024 - \\_____ through internal conversion, or undergoes ISC to the disso-
e ciative Tm(o,0*) state to yield a 2-naphthylmethyl radical

0.00 ~—x—y T ' ' rapidly. On the other hand, with the 248 nm excitation,
2-BMN reaches a vibrationally excited@r,m*) state.

Hilinski et al. [1] proposed the following relaxation
mechanism for many (halomethyl)naphthalenes. The ex-
cited molecule in the fm,m*) state returns to thegSstate
by internal conversion or undergoes ISC to thgwlw*)
state. The T state crosses to the dissociative,(&,0*)
state that leads to homolysis of C—X bond. In the case of
excitation to the &(w,m*) state with the 266-nm light, some
molecules relax to the jSstate followed by fluorescence,
others undergo ISC to an upper dissociatiydd,c*) state,

0.00 = ' ' ' also inducing the C—X bond dissociation. Therefore, the

0.0 0.5 Time G )1'0 15 efficiency of the dissociation reaction should be larger for
s the 266 nm than the 308 nm excitation.
Fig. 3. Time profiles of transient absorption of 2-BMN and benzophenone ~ However, observation of the T—T absorption in this study
monitored at (a) 525 and (b) 415nm. (c) Time profile of only triplet suggests the formation of 2-BMN in the; Tstate upon
2-BMN, which was obtained by subtracting appropriate proportion of 248 nm excitation. Furthermore, a guantitative array of
absprption at 525nm from one of 415nm. The inset shows longer time radical formation was carried out with naphthalene as a
regon. standard for laser intensity. The yield of 2-naphthylmethyl
radical by 248 nm excitation was surprisingly less by ap-
proximately 30% than that of 308 nm excitation, as deter-
The influence of the direct excitation of 2-BMN on the mined by comparing the naphthylmethyl radical absorption
absorption at 415 nm should be ignored because the concenmonitored at 380 nm with the triplet naphthalene absorption
tration of 2-BMN was quite low (0.18 mM). Therefore, the monitored at 420 nm. This fact will also explain the effect
time profile of triplet 2-BMN may be obtained by removing of excitation energy on relaxation process of 2-BMN in the
contribution of the T—T absorption of benzophenone at the triplet manifolds. As described in a previous paragraph, the
observed wavelength of 415 nm. Fig. 3c shows the absorp-266 nm excitation should produce 2-BMN in a low vibra-
tion time profile of triplet 2-BMN, which was obtained by tionally excited $ state, which gives rise to the dissociative
subtracting on appropriate proportion of the absorption at Ty, state [1]. The 248 nm excitation, however, provides a
525nm from that at 415nm. The time profile shows rise higher vibrationally excited Sstate that undergoes ISC to
and decay components. Furthermore, some residual portioran upper F state. The energy level of the, Ftate should be
was observed in longer time window (the inset of Fig. 3c). higher than that of ;. The Ty state should transfer to the
Kawai et al. [2] reported the production of 1-naphthylmethyl metastable T(w,7*) state in competition with dissociation.
radical with the triplet benzophenone sensitization method This mechanism is illustrated in Fig. 4.
by detecting the ESR signal. In general the dissociative Application of photothermal techniques to the present
Tm state of not only 1-(halomethyl)naphthalene but also study is now underway. The photothermal techniques are
2-(halomethyl)naphthalene should lie near thestate [1]. powerful for studying not only non-radiative processes
The residual one observed in the absorption time profile but also reaction processes. The information on reaction
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Fig. 4. A schematic diagram for reaction processes of 2-BMN after laser excitations at 308 nm (32400286 nm (37 600cm!) and 248nm
(40300cnT?). The energies for T, S; and $ states are 21300, 30800 and 35000 ¢mrespectively. Energy levels foryl T,, and T, state are
tentatively drawn. See text for detail.

guantum vyield and energetics of the reaction state will be Sy(w,m*) state that undergoes ISC to an uppgistate. The
obtained. Tn state is transferred to the metastablgd,=*) state in
competition with the dissociation yielding the radical.
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