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Nonradiative Relaxation Processes and Electronically Excited States of Nitrobenzene
Studied by Picosecond Time-Resolved Transient Grating Method
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The exothermic nonradiative relaxation processes from photoexcited nitrobenzene (NB) are studied by the
picosecond time-resolved transient grating method. The decay rate constants and energy of the excited NB
are determined. The lifetime of the lowest excited singlet state is found to be very stidrtps) and a
surprisingly short lifetime of the lowest excited triplet state480 ps) is detected. From quantitative
measurements of the thermal energies released from the excited states of NB, the lowest excited triplet state
is determined to be located at (227) x 10° cm™%. The triplet formation is very efficient and its quantum

yield is found to be grater than 0.80. From the temperature and solvent dependence of the triplet lifetime, it
is suggested that motions of the nitro group may cause the surprisingly rapid relaxation from the lowest
excited triplet state to the ground state. The photophysical properties and excited states of monosubstituted

nitrobenzenes are also discussed.

1. Introduction (TG) methods, which detect the thermal energy from exothermic
Nitrob NB) i fth < fund tal molecul nonradiative transition processes, are suitable for the study of
itrobenzene (NB) is one of the most fundamental molecules energy relaxation processes of excited molecules. In particular,

and it possesses a variety of unique optical properties. FOry,o TG method is highly sensitive and has sufficiently fast time
example, NB is one of the well-known optical Kerr media and resolution

gsggtrgsscéh? e%*séaa%airsdfrzuthnatrcﬁs;%ragzvr\: e?}%?"nzirceoﬁgfal In this study we used the time-resolved TG method for
P pIES. q y 9y ptor, elucidating the photophysical properties, such as lifetimes of

erjlcf; e;f’cgln ﬁgg{tesdoj:iée i?]r ﬂl;l?)ttiziizgtaicqiiﬁcﬁbh%qgtr?:rmal excited states and quantum yields of the triplet formation and
P P p triplet energies, of NB and its derivatives. When the photoex-

o18 e .
spectroscople’sz. .Furthermore, derivatives of NB and nitro cited states relax nonradiatively, the released energy ultimately
substituted aromatic hydrocarbons have attracted the |nterestneats up the matrix, causing the density variation of the matrix

pmrzrr]r)l/irlsgrﬁnct:lr?;gbeei?;rls;eorf E)r;\z;g::g;;fr?npzrgi?: zlfjctnss theand_an acoustic wave is observ_ed. By analy_zing the temporal
fundamental importance of the photophy.sical characters of NB profile, _the dynamics and energies of the excited states can be
the photophysical properties, dynamics, and nature of the excite,ddetermmed' Furthermore, if Fhe presence of the excited stat_e S
’ ’ ~can be detected as a population grating signal, faster dynamics
states of NB have not been well understood. In 1970, Khalil .
. will be observed.

et al. reported phosphorescence at low temperature with a
lifetime 0.1—1 s2® which suggested that the lowest excited triplet
(T,) state is ofzn* character. Repeated experiments, however,
showed that this luminescence was originated from an impurity, 2.1. Experimental Section. The setup for the TG experi-
and it is now known that fluorescence, as well as phosphores-ment has been reported elsewh&reThe laser system for the
cence, has not been detected under any conditfortisis well picosecond time-resolved TG experiment consists of a dye laser
established that the time-resolved electron paramagnetic resosystem (Continuum PD10) pumped by SHG of a Nd:YAG laser
nance (TREPR) technique is a powerful means to detect (Continuum PY61c-10). The wavelength of the dye laser, which
nonphosphorescent short-lived triplet state, but the triplet statewas used as a probe beam, was 640 nm. The third harmonic
of NB and its derivatives could not be detected by TREPR. of the Nd:YAG laser beam was used as a pump beam. The
In addition, steady-state absorption spectra are broad andwidth of each pulse was-30 ps. The pump beam was split
structureless in vapor and solution pha¥e®. Even the energy  into two with a splitter. These pump beams were slightly
of the lowest excited triplet (i state of NB was only estimated  focused by lenses and then crossed at abolind@le a sample
to be larger than 20.6 10° cm™! by using an energy transfer  cell in order to generate an optical interference pattern. The
method®® Transient absorption after the photoexcitation of NB  |laser power was-2 uJ/pulse, and the spot size wad mm
is rather weak® i.d. The probe beam, passed through an optical delay line, was

Very fast nonradiative relaxation processes and nonemissivefocused by a lens and brought into the sample cell by an angle
characters are the main cause of the mysterious photophysicathat satisfied the Bragg condition. The diffracted probe beam,
properties. If we can study the photophysical properties by the TG signal, was separated from other pulse beams by using
directly detecting the nonradiative transitions, such as the a pin hole and a glass filter (Toshiba R-60) and detected by a
internal conversion and the intersystem-crossing processes, theghotomultiplier tube. The detected signal was averaged with a
photodynamics of NB will become clearer and the study should boxcar integrator (EG&G Model 4400 Series) and with an Apple
be more informative. For this reason, photothermal spectro- Macintosh computer (Quadra 950).
scopic methods, such as transient lens (TL) and transient grating For the TG measurement in the nanoseconds time scale, the
experimental setup is similar to that described previotiskhe
€ Abstract published ilAdvance ACS Abstractdpril 15, 1997. third harmonic of a Nd:YAG laser (Spectra-Physics Quanta-

S1089-5639(96)03095-2 CCC: $14.00 © 1997 American Chemical Society

2. Experimental and Analytical Sections
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ray Model GCR-176-10) with a 10 ns pulse width was used 10 —
as an excitation beam and a+H¥de laser beam as a probe beam. —
The diffracted probe beam was isolated from the excitation laser -
beams with a glass filter (Toshiba R-60) and a pinhole, detected
by a photomultiplier tube (Hamamatsu R-928), and fed into a
digital oscilloscope (Tektronix TDS-520). The TG signal was
averaged by a microcomputer to improve a signal to noise (S/
N) ratio.

Nitrobenzene (NB) (guaranteed reagents), m-, and p-

12 .
ITG / arb. units

nitrophenols (NPs) (guaranteed reagents), m-, and p- \’ .
nitrotoluenes (NTs) (guaranteed reagents), m-, and p-ni- ‘ sl ?""M“"iw’”'w'
trobenzoicacids (NBAs) (guaranteed reagentsheptane 0 100 200 300

(spectrophotometric gradeji-decane (guaranteed reagents), time / ns

n-tetradecane (guaranteed reagents), benzene (spectrophotometigyre 1. TG signal of NB in ethanol with the nanosecond Nd:YAG

ric grade), ethanol (spectrophotometric grade), and sodium jaser excitation (pump 355 nm, probe 640 nm) (solid line) and response

dodecyl sulfate (SDS) (extra pure reagent) were obtained from curve (broken line).

Nacalai Tesque Inc. and used without further purification.

Distilled water was used. whereR is a constant that is determined by the refractive index
2.2. Analytical Section. The analysis of the TG method change by the creation of the excited state, &) is the

has been reported previousfi8334 and we only briefly ~ concentration of the excited molecule.

present the key theoretical treatment here. If there is no The third contribution is due to the temperature rise with a

absorption at the probe wavelength, the experimentally observ-constant density (the temperature grating (Temp&¥). This

able signal (diffracted probe beam) is proportional to the square contribution becomes significant in an agueous solution. Since

of the peak-null difference in the refractive index of matrix. ~ Cp is close toC, (specific heat at constant volume) in this

Mainly, there are three sources which change the refractive indexmedium, the acoustic effect is negligibly small in the TempG

after the photoexcitaion. The first source (in this experiment) signal. It rises with a rate constant of the heat-releasing process

is the refractive index change of matrix, which is caused by and then decays by the thermal conduction between the fringes.

thermal expansion (acoustic wave) resulting from photoinduced The time dependeminrempsis described as

heat-releasing relaxation processes (density grating (DensG)).

The time dependenin is described &8 an

p DensG AnTempez (a_T) 4 ZQiBi[exp(—bt) —exp(tir)] (4)

4 ]

on IAQ (b .
ANpensc= |— | Sin@t) exp(=dy — whereB; = 1/oCy(1 — bz;). The TempG component is much

Pl T | b+ w|® weaker than DensG in organic solvents. The sum of these

ZA,-Q- I 1 modulations (DensG, PG, and TempG) contribute to the TG
cosft) exp(dt) + expbt)| — . : . — sin(t) x signal®® The time dependent TG signbls is described as
7, *+ o hL®

) It U (ANpensg+ ANpg + AnTempG)2 %)

exp(-dj — cosfut) exp(~de) + exp(-tz)( (1) When the pulse width of the excitation beam is not negligible
compared with the acoustic period, the time dependent TG signal
whereq is the wave vector of the grating| & 27/A, A is the is described by the convolution of these contributions with the
fringe spacing of the gratingyy = vq (v, the sound velocity), ~ Pulse shape.
d is the acoustic attenuation rate consténts 1,0%0Cp (Aw is
the thermal conductivity, an@, is the specific heat at constant ~ 3- Results

pressurey; is the lifetime of the excited stateA; = 3o/ypCp- 3.1. Nitrobenzene. In order to examine rather slow
(1 — br) (o is a density of the solvenix is the thermal  relaxation processes, the TG signal was measured with the
expansion coefficient, ang is the compressibility), an@®; is nanosecond Nd:YAG laser system. The observed temporal

the thermal energy in the relaxation process from the excited profile of the TG signal after the photoexcitation of NB in
statei. On the nanosecond TG experiment, the acoustic ethanol is shown in Figure 1. It was fitted with eq (2)
oscillation period A/v) is shorter than the pulse width of the  convoluted with the response function. It was found that this
excitation pulse, and eq (1) convoluted with the excitation pulse profile can be reproduced by a very fast rise5(ns) and a
shape can be reduced’?o single-exponential decay by the thermal conduction process

between laser-induced fringes in ethanol. In the other solvents,

ANpense™ 20AQClexp(—bt) — exp(-t/z)]  (2) similar results were obtained. Thus, photoexcited NB does not

show any relaxation processes in tens nanoseconds or a longer
whereC = (b? + (vg)d) L time scale.

The second source to the pealull refractive index differ- The time profile of the picosecond time-resolved TG signal
ence is due to the change of the ground and excited statesafter the photoexcitation of NB in ethanol at room temperature
populations (the population grating (PG)). These modulations (rt, 25 °C) is shown in Figure 2. This temporal profile was
decay and/or buildup following the dynamics of the excited fitted by eq (5) with two different decay times, < 50 ps and

states. The time dependefipg is described as 7, = 480+ 50 ps. The best-fitted value of the parametes
~6 x 107 Np cnm! &2 and close to the literature valdgThe
Anpg= ZRiCi(t) 3) ratio of the deposited thermal energies by these relaxation
I

processes i§::Q; = 0.18+ 0.04:0.82+ 0.04. The contribution
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Figure 2. Picosecond time-resolved TG signal of NB in ethanol at rt

with the picosecond pulsed laser system (pump 355 nm, probe 640
nm), (circles) and fitted curve (solid line).

3000

TABLE 1: Decay Times and Thermal Energies Released in 2

Nonradiative Decay Processes of Excited Nitrobenzene g .
solvent 7i/ps Q Tlps Q2 Anpg %

ethanol <50 0.184+0.04 480+ 50 0.82+ 0.04 <0.12 2

benzene <50 0.21+ 0.04 750+ 50 0.79+ 0.04 <0.12 -

heptane <50 0.21+ 0.04 400+ 50 0.79+ 0.04 <0.12 |

decane <50 0.21+0.04 600+ 50 0.79+0.04 0.15+:0.12

tetradecane<50 0.21+ 0.04 900+ 50 0.79+ 0.04 <0.12 0 ‘ ‘ ‘ ‘ ]

0 500 1000 1500 2000
TABLE 2: Temperature Dependence of the Decay Time and time / ps

the Released Heats of Excited Nitrobenzene in Ethanol

temp. 7w/ps Q T2Ips Q2 Anpg
rt <50 0.18+0.04 480+50 0.82+0.04 <0.12
0°C <50 0.18+0.04 550+50 0.82+0.04 =<0.12
—10°C <50 0.21+0.04 75050 0.79+0.04 <0.12
—20°C <50 0.21+0.04 800+50 0.79+0.04 <0.12

of the PG,Anpg, was found to be<0.12 of the total refractive
index change. The contribution of TempG is much weaker than
DensG and negligible in organic solvents, #§d8 The time
profiles in other solvents were also fitted with two different
rate constants, and the results in these solvents are listed in Table ‘ ‘
1.

Next, to study the temperature dependence of the photo- 100 =500 timseo/ pSIOO
physical dynamics of NB, we measured the TG signal _at various Figure 3. Picosecond time-resolved TG signal of NB in an SDS
temperatures from-20 °C to rt. These temporal profiles are  aqueous solution, (a) at rt (circles), (b) at 3G (circles), and (c) at
similar to that at rt and can be reproduced with two different 4.5°C (circles) and response curve (dotted line). The fitted curves are
decay times (egs 1, 3, and 5). For examples 50 ps andr; shown by the solid lines.
= 800+ 50 ps are obtained for the decay times-&0 °C and
the ratio of the heat energies from these relaxation processes iiqueous solution. The TG signal of NB in the aqueous solution
Q1:Q2=0.21+4+ 0.04:0.79+ 0.04. Anpgat—20°C in ethanol measured at rt is shown in Figure 3a. This temporal profile of
was also found to be0.12 of the total refractive index change. NB in the aqueous solution was fitted by eq 5 with two different
The decay times and the thermal energies determined at variouslecay timesz; < 50 ps andr, = 400+ 50 ps, for the DensG
temperatures are shown in Table 2. Itis apparent that the decaycomponent. The ratio of the deposited heats by these relaxation
time of the slow component becomes longer with decreasing processes iQ1:Q, = 0.214+ 0.04:0.79+ 0.04. The contribution
the temperature. of PG with a rise timer; (<10 ps) and a decay timg was

In organic solvent, refractive index change after photoexci- necessary for the fitting, anfinpg at rt in the aqueous solution
tation is primary caused by the density variation due to the was as large as 0.2B 0.10 of the total refractive index change.
heating (DensG). As a result, the acoustic oscillation, which The TempG contribution was negligibly weak compared with
is described by eq 1, is dominant in the TG signal. Because of the other contributions.
the oscillating character of the DensG component, the dynamics The time profile at 5.5C (Figure 3b) was fitted by eq (5),
of the excited state faster than the oscillation period becomeswith the same rise and decay times a@gdQ, obtained at rt.
obscure. This is the main cause of the low time resolutieb)( The contribution of DensG is reduced at this temperature and
ps). For observing faster dynamics, the contribution of DensG that of PG is relatively increased. The temporal profile of PG
should be reduced, and for that propose, we used water as thés the same as that at rt; it rises with a rise timerafand
solvent. Sincedp/dT is very small for water (everdp/oT decays withr,. Anpg was as large as 0.58 0.09 of the total
becomes zero at 4C), the DensG component can be reduced, refractive index changeAnrempcWith a rise timer; (<10 ps)
and under such a condition, TempG and/or PG components,and a decay time; and the ratio 0fQ,:Q- resulting from the
both of which possess much faster time response, will be radiationless transitions is used for the fitting. The rise part of
observed. In order to dissolve NB in water, we used an SDS the TG signal at 4.5C is shown in Figure 3c in a fast time

ITG / arb. units

150 200
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TABLE 3: Decay Times and Thermal Energies Released in
Nonradiative Decay Processes of Excited Nitrobenzene
Derivatives

Nitrotoluene
T/ps Q T2Ips Q: Anpg

in Ethanol
orthoo <50 0.21+0.04 350+50 0.79+0.04 0.19+0.12
meta <50 0.214+0.04 8004+&50 0.794+0.04 0.19+:0.12
paraa <50 0.21+0.04 600+50 0.79+0.04 0.25+0.11

in Heptane
orthoo <50 0.21+0.04 450+50 0.79+0.04 0.29+0.10
meta <50 0.14+0.04 800+50 0.86+0.04 0.25+0.11

0 1000 2900 3000 4000 para <50 0.14+0.04 600+50 0.86+0.04 0.18+0.11
time /ps

ITG / arb. units

Nitrobenzoic Acid in Ethanol

—_

T1/ps Q1 T2lps Q2 Anpg
o8 ortho <50 0.25£0.04 300£50 0.75+0.04 <0.12
= meta <50 0.18+:0.04 450+50 0.82+0.04 <0.12
= 06 para- <50 0.79+£0.04 800+50 0.81+0.04 <0.12
=
= 04t Nitrophenol in Benzene
.—42 Tl/pS Q1 'L’z/pS Qz Anpg
0.2
orthoo <50 0.4+0.04 900+50 0.6+0.04 0.40+0.10
ol e meta <50 0.11+0.04 600+50 0.89+0.04 0.33£0.10
‘ - : ‘ para <50 0.13+0.04 600+50 0.87+£0.04 0.25+0.11
0 1000 2000 3000 4000
time / ps 4. Discussion
| First, two different lifetimes observed in the TG signal are
examined. After the photoexcitation by our laser light, NB is
0.8 excited to the vibrationally hot excited singlet;State. The

vibrationally excited state relaxes to the vibrationless level of

the S state by the vibrational relaxation. The Sate should

be deactivated to the; Btate (intersystem crossing, isc) and/or

the ground state (internal conversion, ic). ThesTate relaxes

to the ground state by the, 7 S isc process. Photochemical

reaction is negligible from any excited states of R8¢ If the

shorter ¢1, < 50 ps) and longerzg, 480 ps) decay times were

‘ ‘ ‘ assigned to the relaxation times of thes¥te to the Sstate

0 1000 2000 3000 4000 and of the % state, respectively, no further slow dynamics
time / ps observable in the TG signal indicates that the photophysical

Figure 4. Picosecond time-resolved TG signal of @hitrotoluene/ processes complete after the decay of thetate; that is, the
ethanol, (bjo-nitrobenzoicacid/benzene, and ¢ehitrophenol/benzene. i€ process from the Sstate to the ground state is the only
The fitted curves are shown by solid line. relaxation path. However, under this assumptiorQ./(Q; +
Q2) should represent the energy of the Sate, which is
scale. This temporal profile was fitted by eq (5), using the rise calculated to be (2223) x 10® cm™L. This value seriously
and decay times and the ratio of the deposited heats similar todisagrees with the;Snergy ((26-27) x 10° cm™1) estimated
those at 5.5C and slightly different contributions of the three  from the absorption spectrut2® Therefore, we have to assign

/ arb. units
<
N

TG
@
IS

I

e
™

TG sources. The DensG component contributed to &.2309 the longer relaxation timer$) to the lifetime of the T state.
of the total refractive index.Anpg with the rise timer’; (<10 The shorter decay time4) should represent the relaxation time
ps) and decay time; was as large as 0.5¢ 0.09 of the total from the S*to the § states and also from the States. The
refractive index. The temporal profile &nrempcat 4.5°C in shortest limit of the faster relaxation time (50 ps) was determined
aqueous solution is expressed by eq (4) with two rise tithes by the acoustic oscillation and can be much shorter, if the
(=10 ps) andr,, andQ1:Q, which was determined at rt. relaxation dynamics in the;Snanifold and the Srelaxation

3.2. Monosubstituted Nitrobenzenes (NBs).It is known are similar in organic solvents and in an aqueous solution. The

that many monosubstituted nitrobenzenes do not emit afterrise time of PG and TempG signals in water at Z5ndicates
photoexcitation under any conditio?s3” In order to study the that the relaxation from the;3% the S states and from the;S
photophysical dynamics of such nonluminescent NB derivatives, state complete within 10 ps.

the time profiles of the TG signal after photoexcitation were  The energy of the Sstate of NB is estimated to be (287)
measured. We confirm again that radiationless transitions of x 10® cm™! from the absorption spectruf#t2° Because NB
those molecules are completed within tens nanoseconds afteneither fluoresces nor phosphoresces at any temperatures in any
the photoexcitation by the TG measurement with the nanosecondsolvents?’ the quantum yields of fluorescence and phospho-
YAG laser system. The time profiles of the TG signaleMT, rescenced; anddy, are negligible. If we separate the thermal
0-NBA, and o-NP in the picosecond time scale are shown in energies involved in the relaxation processes from the excited
Figures 4a,b,c. These temporal profiles were fitted with two St state into two;Qi, the heat released by the vibrational
different time constants similar to the case of NB. The relaxation $* S; process and the relaxation from thestate,
parameters are summarized in Table 3. andQ,, the heat released by the isc process from thetate,
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the ratio between them is expressed@yQ, = (hv — Eg) + TABLE 4: Quantum Yields of Triplet Formation and
[Es®ic + (Es — Er)®isd: Er®isc, WhereEs is the energy of the  Triplet Energies of Nitrobenzenes

S, state,hv is the excitation photon energy (28 10° cm™?), triplet energy/&10° cm?) Disc
and @i and i are the quantum yields of the ic process and nitrotoluene/ethanol 2208 ~0.79
the isc process, respectively. Using the relative thermal energies nitrobenzoic acid/ethanol 2908 >0.70
from the two processes and the fact that the quantum yield nitrophenol/benzene 2498 >0.86
cannot be larger than unity ariek cannot be lager thaks,

®js., andEr are found to be=0.80 and (2227) x 10° cmr L. the T, state of NT is estimated as (228) x 10° cm~! and the
In the temperature range from20 °C to rt, the variation oEr quantum yield of the triplet formation to be0.79. The
was not detected. variation of the quantum yield betweentho, metg andpara

derivatives could not be detected. The triplet energies and
guantum yields of the triplet formation of NBs are summarized
in Table 4.

The triplet lifetimes ofo- NT and NBA are 1.52 times
shorter than those aft or p- NT and NBA. This position
dependent substitution effect on the triplet lifetimes could be
explained by the structural deformation in their ffates. As
described later, our preliminary MO calculation shows that the
NO; group is strongly bent from the phenyl plane in the excited
state and the structure in the excited state is not Ghe
symmetry, but theCs symmetry}? and this could be the cause
of the short triplet lifetime. If a bulky group is attached to the
ortho position of the nitro group, the deformation could be much
Fasier and, then, it enhances the decay rate from ihstate.

On the other hand, the triplet lifetime ofNP is longer than
those ofm- or p-NP. This longer lifetime can be explained by
K an intramolecular hydrogen bond betwee®H and —NO,
groups. Although there has been no report on the existence of
such an intramolecular hydrogen bond in the excited states, a
theoretical calculatioi and results of the electron diffractit
and the microwave spectroscdpiPindicate the intramolecular
hydrogen bond in the ground state. Probably the hydrogen bond
f 0o-NP makes the N@group a little more planar than NB in
the T; state and it slows down the nonradiative transition to the
ground state.

The most striking result in this study is the ultrashort lifetime
of the triplet state. Generally the triplet lifetimes of most
; o . aromatic compounds are in a range of millisecond to tens of
All of the trlp_let lifetimes of NB in alkane, benz_ene, ethan_ol, seconds in the absence of any external quenching processes or
and water are in a range of 46000 ps. No drastic change in  yhotgchemical reactions. The observed several hundred pico-
the lifetime on going from a nonpolar solvent to a polar solvent geconds are about 7 orders of magnitude shorter than these
suggests that the triplet character is not sensitive 10 the ormg triplet lifetimes. Undoubtedly this short lifetime, very
environment. Sometimes, the characters of the excited state ofast nonradiative transition, is the cause of the nonphosphores-
NB are discussed with relation to the intramolecular charge cont character of NB and NB derivatives. This ultrafast
transfer process. In particular, when electron donating group ponradiative transition from the; Etate suggests a very peculiar
is substituted to the para position, the low-lying twisted featyure in the excited states. We think this fast transition comes
intramolecular charge transfer (TICT) state has been suggestedom very large structural changes in the excited states, and the
_However, for NB, if the T state possesses conS|de_rabIe change should be related to the Ngvoup. Since the Tstate
intramolecular charge transfer (CT) character, the f_ractlon of of nitronaphthalene phosphoresces with a lifetime of 48 ms in
the CT character may be easily changed depending on thegther-isopentaneethanol at 77 R® and the triplet character
dielectric constant of the matrix and the triplet lifetime should g very close to thérs* state of naphthalent,the T; state of
be sensitive to the matrix. Since we do not observe this NB cannot be dzz* state, but the nonbonding or tlaeorbital
dependence, we think that the CT character is not important in ghgyid participate in the Tstate; that is, the structure of the T
the nature of the Tstate. This experimental result is theoreti- gtate is considerably deformed from that of the ground state by
cally confirmed by a molecular orbital (MO) calculation as  the participation of these electrons from the Ngdoup. The
described below? large structural change is consistent with the very broad feature

The energy level diagrams of the monosubstituted nitroben- in the absorption spectruti?® Furthermore, the triplet lifetime
zenes, such as NPs, NTs and so on, are similar to the energyf NB increases with decreasing the temperatures. This
level diagram of NBY’ Considering the nonfluorescent and temperature dependence suggests that the nonradiative transition
nonphosphorescent character of these NB derivatives and similatis also enhanced by the thermally activated vibrations or
TG signals to those of NB, we can apply a similar argument to structural deformation.
these NBs. Two different decay times of NBs in the TG signal A semiemprical calculation was carried out for NB and the
were assigned similarly to those of NB, the shorter decay time results predicted very different structures in the ground and
is determined by the relaxation from the vibrationally hgt S* excited state&’ Their calculated structures showed that the nitro
state to the Sstate and from the ;Sstate to the Tstate. The group is orthogonal to the phenyl ring in the ground state.
longer decay time is the lifetime of the $tate. The energy of  However, it is now known that NB has a planar structure in the

From the energy transfer from the; ©f NB to trans
piperylene, E was estimated to be larger than 20x6 10°
cm~ 130 E; determined in this work is consistent with their
estimation. Hurley and Testa performed energy transfer experi-
ments from the triplet state of NB tois-1,3-pentadiene in
solution®® They observed that the quantum yield of this—
transisomerization increased with increasing the concentration
of cis-1,3-pentadiene, which suggested that the triplet lifetime
of NB is very short. Even though it was very rough and crude,
they have estimated a lifetime 6f10~° s from the yield of the
products®® which is rather close to the lifetime directly
determined in this study. The very short lifetime is also
consistent with the relative low quantum yield for the disap-
pearance of NB by photochemical reactions in degassed alcoho
solvents reported earli€?. ®sc was also measured by the
energy transfer experiment, but the reported value (@67
0.10¥° is somewhat lower than that measured here. We thin
that the lower value ofsc in the measurement was caused by
two reasons. First, they assumed that the fraction of 1,3-
pentadiene triplets which produce thans isomer is 0.559
However, this value could be smaller than 0.55 as suggested
by Anderson et at! Second, since they observed phosphores-
cence from the sample, the sample should be contaminated b
an impurity. The impurity could make their measurement
uncertain. The triplet lifetime in this study agrees well with
that reported from the transient absorption study by Yip et al.
(7(S1) =< 5 ps,7(T1) = 690 ps in THF)SO
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ground state on the basis of some experimental ré&§titand
also theoretical ab initio calculatio%5! A more sophisticated

MO calculation is needed for the geometries of the ground state
and excited states, and we are now carrying out such a
calculation. Preliminary results (CAS-SCF calculation) show

that, while the geometry in the ground state is planar, the nitro

group is bent from the phenyl plane in the&d T, states by
as large as~39°,*2 and thesz*, nz*, and ng* states are
completely mixed. The excitations of the &1d T, states are
almost localized on the NQOgroup.

5. Conclusion
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derivatives, which have been unclear for a long time, are
investigated. From the thermal energies released by the

radiationless relaxation processesgdad®,sc of nitrobenzene
are found to be (2227) x 10° cm™! and greater than 0.80,
respectively. The lifetimes of the;Sand the T states of
nitrobenzene are determined to kel0 ps and~480 ps,
respectively. The T — S isc relaxation process with a
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tion in the T; state, and it could be attributed to the rotational
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