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Two modes of excitation (5— S; and $ — S;) of benzophenone (BP) anEiodobenzophenong{BP) in
acetonitrile have been examined by ultrafast putpmbe experiments. The States fmax ~ 575580 nm)
of BP andp-IBP were observed to be generated with lifetimes of 0.53 and 0.59 ps, respectively, following
excitation at 267 nm, and this has been attributed to the-S; internal conversion. The rates of the-S
T, ISC have been observed to be similar following either 267 or 335 nm excitation for botk BR (L0

s 1) andp-IBP (~2.3 x 101 s™).

Introduction

Although a wide variety of excited reaction intermediates

have been characterized spectroscopically, the same cannot b

said of upper excited states of stable organic moleculess

generally believed that the lifetimes of upper excited states are

too short to allow direct detection, even with modern spectro-

scopic techniques. The short lifetime of upper excited states
may be due to intramolecular chemical processes that take plac
as a consequence of the high energies possessed by these stat

as well as ultrafast radiationless deactivation processes such
internal conversion that result from large Franr¢kondon
factors.

Since Hammond and co-workers elucidated the mechanism
of the photoreduction of benzophenone (BP), its photophysical
and photochemical properties have become familiar to photo-

chemists® The molecular photophysics and photochemistry of
benzophenone and its derivatives in fluid organic solvents

o — qr* transition produces the,State, which can then undergo
internal conversion to populate thg State. It may also be
ossible that the Sstate directly intersystem crosses into the
iplet statef@ However, the effects of excitation wavelengths
on the initial population of either the,®r S state have not
been addressed so far.
This investigation details the relaxation kinetics of BP and

é)—iodobenzophenonqa(l BP) obtained by ultrafast pumfprobe

experiments (instrument response functielb0 fs). Excitation

Bt BP andp-IBP at 267 and 335 nm in acetonitrile yielded
Aifferent results in terms of the population of the Sate of

these compounds. Experimental data on the rate of the §;
internal conversion are presented. The effects of the excitation
wavelengths on the;S—~ T; ISC are discussed.

Results and Discussion

The transient spectra obtained from BP in acetonitrile at room

represent a keystone in the development and history of temperature following excitation at 267 and 335 nm are shown

mechanistic organic photochemistrizhotoexcitation of BP to
the S state is followed by rapid intersystem crossing (ISC) with
unit quantum yield to the triplet staté.Formation of the triplet
state absorptiomfax = 530 nm) can be observed spectroscopi-

in Figures 1 and 2, respectively. The spectra are similar in that
a broad early absorptioifax = 570 nm) was observed during
either 267 or 335 nm excitation and can be assigned to the S
— G, transition”° The initial changes in the spectra are attributed

cally. Several transient spectroscopic studies have revealed thato the § — T1 ISC, resulting at longer delay times in the well-
the growth of the triplet state takes places in a range of 6 to 30 known absorption corresponding to the-F T, transition fmax

ps depending on the solveht.

= 530 nm). The absorption of the triplet state persisted up to

Although there is an abundance of data available on the triplet the maximum delay of 1.6 ns.

state of BP$, 8 there are limited reports on the spectroscopic
observation of the Sstate’® The S state of BP absorbs with
a Amax Of 575 nm? at a higher wavelength than that at which
the triplet state absorbs. This is also true for substituted
benzophenones such &st-butyl 4-(4-methylbenzoyl)perben-
zoate andert-butyl 4-(4-bromomethylbenzoyl)perbenzoate, in
which cases the kinetics of the decay of thestate have been
clearly shown to be within the experimental error of the growth
of the triplet staté®

In fact, BP undergoes the— x* (So — ;) and n— z* (Sp
— $;) electronic transitions upon excitation at 23810 and
310-400 nm, respectively. Irrespective of the excitation

The spectra of the primary transients were similar at both
excitation wavelengths, but formation of thg State was
observed to be instantaneous after 335 nm excitation, whereas
it was not so after 267 nm excitation (vide infra). Similar spectra
corresponding to the;S— S, transition §max ~ 580 nm) and
the T, — Ty transition §max~ 540 nm) were recorded @fIBP
under similar experimental conditions (not shown). It is clear
from Figures 1 and 2 that the absorption spectrum of the S
state overlaps with that of the triplet state. The time profiles
pictured in Figure 3 show interesting dynamic differences. The
early rise times observed during 335 nm excitation were within
or close to the instrument response function (IRB.15 ps)

wavelength, it has always been the population of the triplet state for both BP andb-IBP and are listed in Table 1 as IRF.
that has been observed and recognized spectroscopically. The The shorter rise times obtained from 267 nm excitation (S

— S, transition) experiments are, however, considerably longer

* To whom correspondence should be addressed. Telephone: (419) 372-than the IRF for both compounds, indicating that formation of
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the S state is not instantaneous. Thus, the rise tim@s53
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Figure 1. Transient absorption spectra obtained from ultrafast pump (b) 0.028 -
probe experiments of BP (6.1 10°* M) in acetonitrile, recorded
1.43 ps (blue) and 29.0 ps (pink) after the laser pulse (excitation at

Time (ps)

267 nm). 0.021 -

0.030 ;

AA 0.014] # 7,=0.12+0.01 ps
0.024 - T2= 11.01 10.13ps
00073
0.018 4
AA
| 0.000 - . . . . .
IS 0 10 20 30 40 50 60 70 80
Time (ps
0.006 - (ps)
Figure 3. Time profiles monitored at 530 nm following ultrafast
1 pump-probe experiments of BP (a) 1.58 10™* M in acetonitrile,
0.000 +-¥ T T T T T 1 excitation at 267 nm and (b) 1.38 1072 M in acetonitrile, excitation
450 500 550 600 650 700 750 at 335 nm.
Wavelength (nm) TABLE 1: Lifetimes of the S; (zs;) and S, (rs1) States of BP
Figure 2. Transient absorption spectra obtained from ultrafast pump ~ and p-IBP in Acetonitrile
probe experiments of BP (5.52 1072 M) in acetonitrile, recorded excitation
1.26 ps (blue) and 34.2 ps (pink) after the laser pulse (excitation at wavelength BP p-1BP
335 nm). (nm) 752 (PS) 7s1(pS) 7s2(pS) 751 (PS)
. 267 0.53+0.05 9.82+0.24 0.59+0.07 4.29+1.81

and~0.59 ps observed for BP an@EIBP, respectively, could 335 012 11.01+ 0.18 007 4385010

represent internal conversion of S- S; type or vibrational

relaxation on the Ssurface'! Nevertheless, it has been proposed ~ *Within instrument response function (IRF).

that relaxation within the vibronic levels of the State is a

slow process in benzophenones4(x 101 s71).12 Vibrational results obtained by both 267 and 335 nm excitation. Contribution
relaxation would also cause spectral changes. Because thef the triplet growth is little if not negligible at 580 nm during
spectra of the Sstate was independent of wavelength and the initial delay times €10 ps). The kinetics monitored at this
remained the same at different delay times (see Supportingwavelength for BP, which represents the growth of only the S
Information, Figure S2), it is concluded that these measured state, was monoexponential (Figure 4). The lifetime obtained

rise times are the lifetimes of the precursor of thestate, viz. (0.51 ps) was within the experimental error of the shorter rise
the S states. The observed rate of the S S internal time observed at 530 nm, which assured us that this rise time
conversion of BPKs,~s, = 1.9 x 102 s7) andp-IBP (ks,—s, is indeed the lifetime of the SSstate.

= 1.7 x 102 s71) is close to the quoted value of the S S; The rate of the §— T, ISC of BP observed in acetonitrile
internal conversion of BPk(c ~ 1 x 10%2 s 1) 413 is similar to previously reported values in the same solVét.

There have been reports of formation of a ground-state There is a decrease in the time of the-S T, ISC from BP
oxygen-BP compleX* and a triplet-triplet dimer excited state ~ (~10 ps) top-IBP (~4.29 ps). This can be attributed to the
of BP15 It has been suggested that the doubly excited dimer heavy atom induced rate of ISClt is also noted that changing
state relaxes efficiently to the lowest excited singlet dimer state, the excitation wavelength does not significantly affect the
which is expected to dissociate into an excited singlet monomer lifetime of the g state ¢s,) of either BP op-IBP; thets, values
(S1) and a ground-state monoméinterference of the triplet obtained using either 335 or 267 nm excitation are similar for
triplet dimeric state, if formed, can be ruled out in our kinetic each compound (Table 1). This is consistent with the previous
measurements on the basis of the observed time of formationreports in which no effect of excitation wavelengths on the rate
of the S state. The oxygenBP complex has been reported to  of the § — T; ISC of BP has been observéd Even when
not affect the 530 nm absorption of the triplet stt®dloreover, BP is excited at the onset of its absorption spectrum (400 nm),
the effects of these complexes would have been similar to thethe time of the $— T, ISC has been observed to bd 0-11
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AA the accumulated spectral data. Sample solutions were prepared
to have an absorbance of 6.:8.1 at the excitation wavelength

in the 2 mm flow cell and were used without deaeration. All
measurements were conducted at room temperature,22C.

0.009

0.0086 - Conclusions

In ultrafast pump-probe experiments photoexcitation of BP
and p-IBP at 267 nm ($— S) and 335 nm (§— ) in
acetonitrile yielded different results in terms of the population
of the § state. Following the growth of the absorption of the

1 S, state during 267 nm excitation, the rates of theSS;
0.000 ed@éj internal conversion of these compounds have been obtained
) : : : : . (ks,-s, ~ 1.7-1.9 x 10 s™Y). The rates of the S— T, ISC
0 1 2 3 4 5 have been observed to be similar following either 267 or 335
Time (ps) nm excitation for both BPKsc ~ 1 x 10" s7%) and p-IBP
(kisc ~ 2.3 x 10 s™1). The observed data indicate that a direct

Figure 4. Time profile monitored at 580 nm during ultrafast pump S, — T1 type of relaxation pathway may not be available for
probe experiments of BP (6.22 10~ M) in acetonitrile (excitation at BP or p-IBP in solution

267 nm).
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