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We considered the trans- cis photoisomerization dynamics of the-&cited azobenzene derivatives in
terms of the potential energy gap between the*nS;) and themr-7* (S;) state. The photoisomerization
dynamics oftrans-4-aminoazobenzendrgns-4-AAB) which has an energy gap (306@000 cn1?) rather
smaller than that ofrans-azobenzene~10000 cm?) due to an amino-substitution was investigated using
UV —vis transient absorption spectroscopy. The recorded transient absorption spectra-oft{#) excited
trans-4-AAB in ethanol and heptanol indicated that ther* state of thetrans-4-AAB decays to the ng*

state with a time constant of 0.2 ps. Following this process, thé& state decays to the ground state via two
reaction pathways with time constants of 0.6 and 1.9 ps, and finally vibrational cooling of the ground state
occurs with~15 ps. Ther-* state decay dynamics of thes* excitedtrans-4-AAB showed good agreement
with that of thes-7* excited transazobenzene. On the other hand, the*nstate decay dynamics of the
m-* excited trans-4-AAB was apparently different from that of thes* excited transazobenzene, and it
corresponds well to that of th#ansazobenzendalirectly excited to the me* state In addition, in the
photoisomerization of the-7* excited trans4-AAB, we could not observe the solvent dependence of the
n-* state lifetime which has been reported in the photoisomerization ofth excitedtransazobenzene.

On the basis of the potential energy diagram of azobenzene, we considered that the similarity af the n-
state decay dynamics observed for ther* excited trans-4-AAB and the na* excited transazobenzene
originated from the small potential energy gap betweemth and the ns* states of 4-AAB. These results
indicated that not only the photoexcitation conditians* excitation or nsz* excitation), but also the potential
energy gap between thes* and the ns* states is an important factor which determines the transis
photoisomerization dynamics of azobenzene derivatives.

1. Introduction the photoisomerization mechanism of ther* excited trans

Photoisomerization of azobenzene derivatives is one of the azobenzene ynder (.jlsc_ussmn. )

most fundamental photochemical reactions. In addition, azoben- The photoisomerization dynamics of several azobenzene
zene derivatives are expected to provide useful applications for derivatives has also been investigatéd: These studies have
optical switching or image storage® devices, because their ~Shown that when ther-7* transition becomes the lowest in
photoisomerization induces changes of various chemical and€nergy due to substitution, the photoisomerization dynamics of
physical properties such as the absorption spectrum, dielectricthe substituted azobenzene excited toithe state is apparently
constant, and refractive index. Therefore, the photoisomerizationdifferent from that of ther-z* excited trans-azobenzené*?
dynamics of azobenzene and its derivatives has been extensivelyn this study, we focused on the potential energy of #he*

studied® 18 state and investigated the photoisomerization dynamics of the
It is well-known that the mechanism of the trans cis 7-r* excited trans-4-aminoazobenzen&gns-4-AAB) in etha-

photoisomerization of azobenzene depends on the excitationn0l and heptanol by using UWis transient absorption spec-

wavelength The excitation oftrans-azobenzene to the it troscopy. In the case dfans4-AAB, the potential energy of

(Sy) state results in photoisomerization by in-plane inversion at the z-7* state is slightly higher than that of the - state

one N atonf® On the other hand, it is considered that (3000-4000 cnt?), while the former is somewhat higher than
photoisomerization of theans-azobenzene excited to ther* the latter in the case dfans-azobenzene (10000 ct). The

(Sy) state may proceed by rotation around the=Nl double transient absorption spectra indicated that the decay process of
bond378 However, recently it has been reported that the the nsz* state of thes-7* excited trans-4-AAB corresponds
photoisomerization dfrans-azobenzene proceeds via the inver- well to that ofthe trans-azobenzene directly excited to the*n-

sion process even in the case of ther* excitation? leaving state, not to that of ther-7* excited trans-azobenzen&his
agreement of the dynamics between the* excited trans-4-
* Author to whom correspondence should be addressed. F&fl-3- AAB and the nsi* excitedtrans-azobenzene indicated that the
ESgt—Z?%. Fax: +81-3-5841-6037. E-mail: ksawada@mail.ecc.u-to- energy gap between ther* and the ns* state has a great
yr'Th'épUniversity of Tokyo. effect on determining the trans> cis photoisomerization
* Japan Science and Technology Corporation (JST). dynamics of ther-7* excited azobenzene derivatives.
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) Figure 2. Transient absorption spectratadns-4-AAB in ethanol (solid

-0.04 * * * * line) and in heptanol (dotted line) at several delay times after the
300 400 500 600 700 800 excitation.
Wavelength [nm] absorption spectrum of tHeans-4-AAB in heptanol is the same

Figure 1. (a) UV—vis absorption spectra dfans-4-AAB in ethanol as that in ethanol.
and in heﬁta“?': (b) Change of the abﬁorp.t'on spectrurtrants-4- To estimate the energy gap between the* and the ns*
AAB in ethanol induced by trans- cis photoisomerization. absorption bands dfans4-AAB, we measured the change of

the absorption spectrum induced by transcis photoisomer-

. . ization. Figure 1b shows the absorption spectruntrans-4-
4-AAB (Aldrich), ethano_l, and heptanol (Kanto Chem. special Aag in ethanol solution after irradiation by 390 nm light for
grade) were used as-received. All measurements were performed, min with a Xe lamp. The absorbance of 4-AAB decreased

at 296 K and fresh sample solutions (1 mM) were used for each;,, e 356-460 nm region and increased in the 4&50 nm
measurement. Static absorption spectra were measured by ay i These changes of the spectrum were attributed to the
UV—vis spectrometer (‘]ASC.O’ V'5.70)' In transient absorptl_on decrease of the-sz* absorption and the increase of theh-
measurements, a Ti:Sapphire oscillator with a regenerative- absorption, respectively, on the basis of an analysis using
amplifier (Clark, ORC-1000 seeded by Coherent, Mira Basic; ggection rules for the symmetry differences between trans and
centered at 800 nm, 1 kHz repetition) was used as a light source..;s isomera From the change of the absorption spectrum, we
A part of the laser output was frequency doubled by a BBO qqiimate the energy gap between the* and the na* states
crystal and used as a pump beam (400 nm). The rest of the ¢ {rans4-AAB as 3000-4000 cnrl.

beam was passed through an optical delay line and focused into - 3 5 Transient Absorption Spectra of 4-AAB.The excitation

a 1-cm DO cell to generate a white light continuum (350 3 elength in the transient absorption measurements (400 nm)
750 nm), which Wa_s.used as a probe beam. A small part of the corresponds to the-* (S, — ) excitation oftrans4-AAB
probe beam was divided for use as a reference bean. The puMpgee Section 3.1). Figure 2 shows the transient absorption spectra
and probe beams were crossed at a small angle and focused o 6 (rans 4-AAB in ethanol at several delay times after the

a quartz flow cell (0.5-mm path length). The power of the pump g, citation to ther-7* state. Just after the excitation, a broad
beam was less than 2@Q/pulse and it was confirmed that no absorption band of the excited state of thens4-AAB was
nonlinear process such as multiphoton absorption was takingspgerved at 416750 nm. This band decayed within several
place. The experiments were performed with both parallel and picoseconds and the decay was faster at the long wavelength
perpendicular polarization conditions. The intensities of the range (608750 nm). We also observed a long-lived bleaching
probe and reference beams were measured by a multichanne) ;4 of the ground state at 37810 nm. At the wavelength
CCD spectrometer (Hamamatsu, PMA-11) and the absorptionrange where these bands are overlapped 470 nm), the
spectra were calculated by a personal computer. The responsgniica density increased for several picoseconds and then

2. Experiment

function of the whole system was about 200 fs fwhm. decreased, becoming negative. The absorption spectrum finally
3 Results corresponded to the spectrum which_re_flects the difference in
' the absorbance between trans and cis isomers of 4-AAB.
3.1. Absorption Spectra of 4-AAB.In the static absorption Next, we analyzed the time evolution of the transient

spectrum oftransazobenzene, there are two characteristic absorption spectra. First, the absorption band at-#BD nm
absorption bands: a strongsz* absorption at 320 nm and a  was considered. At 660725 nm, the time evolution of the
weak ns* absorption at 440 né The wavelengths of these  absorbance was well fitted by a triple-exponential function
two absorption bands are well separatedrans-azobenzene  convoluted with the response function of the apparatus (Figure
(~10000 cn1l). On the other hand, substitution dfans 3a). The time constants of each decay component were 0.2, 0.6,
azobenzene by am or p-amino group induces a large shift of and 1.9 ps, and they were independent of the wavelength (Table
thez-* absorption band to longer wavelengtm the case of 1). On the other hand, at 56800 nm, the 0.2 ps-decay
trans-4-AAB dissolved in ethanol, tha-z* band was shifted component was not observed and the time evolution of the
to ~390 nm, and its long wavelength wing overlapped with absorbance was fitted using only the slower two (0.6 ps and
the ns* band which shifted little by substitution (Figure 1a). 1.9 ps) decay components (Figure 3b and Table 1). At425
Figure 1la also shows the static absorption spectrumnaois- 475 nm, these two decay components were overlapped with the
4-AAB dissolved in heptanol and it was observed that the bleaching band (as for the recovery process of the bleaching
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0.05 —————— ——————— TABLE 1: Kinetic Parameters Determined by a
Least-Square Fitting of the Transient Absorption Spectra of
0.04 4-AAB in Ethanol and Heptanol?
003 | Ac[-1° talpsk Ao [—]° to[ps]t As[—]? ta[ps]®  Ao[—]
0.02 in ethanol
725nm 0.1 1.7 04 06 11 02 002
- 001 699 nm 0.1 1.8 0.5 0.5 0.9 0.2 0.04
< 676 nm 0.1 1.9 05 05 09 02 004
< 0 650nm 0.1 1.8 0.5 0.5 0.9 0.2 0.04
g o 626nm 0.1 18 05 06 10 02 003
5 v ' ' ’ ’ ’ ’ 599 nm 0.2 2.0 0.7 0.6 0.5 0.2 0.03
w
< 006 } 576 nm 0.2 1.8 1.0 06 0.06
< 550nm 0.4 1.8 09 05 0.08
004 } 526 nm 0.4 1.8 0.9 0.5 0.10
500nm 0.4 1.8 1.0 0.4 0.10
0.02 } 391nm—0.2+0.1 11+5 —0.6+0.2
. in heptanol
0 725nm 0.2 18 04 05 10 02 005
699nm 0.2 2.0 04 06 10 02 004
-0.02 — 676 nm 0.2 20 04 06 10 02 004
-2 0 2 4 6 650 nm 0.2 2.0 0.4 0.6 11 0.2 0.03
. 626 nm 0.2 1.9 0.4 0.6 1.0 0.2 0.03
Delay time [ps] 599 nm 0.2 19 07 06 06 02 005
0.01 ' r T r T 576 nm 0.3 1.8 09 06 0.07
0 550nm 04 1.9 0.9 0.5 0.10
- 526 nm 0.4 2.0 0.8 0.5 0.11
g -0.01 500nm 0.5 1.8 08 04 0.12
g -002 391nm —0.3+0.1 13+5 ~0.9+0.2
[
§ -0.03 aThe model function i, f(t — ) x R(S) - ds, f(t) = A, exp—
< 004 thty) + A exp(—t/ty) + As exp(—tits) + Ao, andR(t) is the response
< 4 © function of the apparatu8.4-0.05.©4-0.1 ps.940.1.€4+0.05 ps.
-0.05 ! ] f40.01 (except for 391 nm).
-0.06 2 2 ' M )
210 0 10 20 30 40 50 0.07 y A —
. A ke
Delay time [ps] 0.06 | AL T Q |
Figure 3. Time evolution of the transient absorption spectrérafs o K "-O
4-AAB in ethanol at several wavelengths: (a) 706 nm, (b) 551 nm, (c) § 0.05 } Lo .
391 nm. The dotted lines are results of the least-squares fittings. 5 A ".o
= 004} o
band, see below). The peak positions of these three decay g (ORY A "0
components were estimated by the preexponential facte8§0 g 003 ¢ oo A A 1
nm for the 0.2 ps-decay component ar850 nm for the 0.6 Ee" D.,' A
ps- and 1.9 ps-decay components (Figure 4). The time evolutions ¢ 0.02 | '-.D o
of the transient absorption spectra in both parallel and perpen- B 001 L . A
dicular polarization conditions were almost the same in this time ' x-..x..,x. O-0n.
scale (~10 ps), which indicated that the contribution of 0 , ; xxxxeE
reorientational dynamics was negligible. Next, the recovery of 450 500 550 600 650 700 750

the bleaching band was investigated. The time evolution of the
bleaching band was fitted well by a single-exponential function

convoluted with the response function and the time constant Figure 4. Preexponential factors of the three decay components of
was ~15 ps (Figure 3c and Table 1). the transient absorption spectra of ther* excited trans4-AAB in

We also measured and analyzed the transient absorptionShanol: ©) 0.2 ps-decay componenia] 0.6 ps-decay component;

. (O) 1.9 ps-decay componentx ) constant. The dotted lines are guides
spectrum of thérans-4-AAB in heptanol. Both the shape and ¢, eyes.
the time evolution of the transient absorption spectrum in

heptanol were almost the same as those in ethanol (Figure 2)thez-z* state at 508-750 nm with a lifetime 0#-0.25 p .
We considered that the wavelength difference of the absorption

band originates from the substitution of an amino gr&up.

Following the decay of the absorption band of the* state,

We first assigned the 0.2 ps-decay component observed atwe observed a transient absorption band at42%D nm which
600-750 nm in the transient absorption spectrum to an decays double-exponentially with time constants of 0.6 and 1.9
absorption band of the-* (S,) state oftrans-4-AAB. Similar ps. As stated in Section 3.2, the spectral shapes of these two
decay processes of thex* state have also been observed in decay components were almost the same (Figure 4), so we
photoisomerization of other azobenzene derivatives:13in considered that these two decay components originate from the
the case of ther-7* excited trans-azobenzene, an absorption decay processes of the ai- (S;) state via two different
band of ther-7* state emerges at 45(600 nm and it decays  pathways. Interestingly, this time evolution of the absorption
within 0.2 ps>” An azobenzene derivativérans-4-butyl-4- band of the nz* state corresponded well tihat of the trans-
methoxyazobenzen&rgnsBMAB), has an absorption band of azobenzene directly excited to therhstate, not to that of the

Wavelength [nm]

sl1.13

4. Discussion
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$=90° 6=0° lifetime of the ns* state strongly depends on the solvent
/ viscosity;~1 ps in hexane (0.26 cP) andl2.5 ps in ethylene

Sy(r-n*) glycol (18.5 cP}¥ Similar solvent dependence of the lifetime
of the nst* state has been observed in the photoisomerization
of transBMAB.11130n the other hand, in the photoisomeriza-

S,(n-7%) tion of trans-4-AAB, such solvent dependence was not observed
hv despite the relatively large difference of solvent viscosity
N between ethanol (1.17 cP) and heptanol (6.65 gPar(dt; in
N Table 1). In trans— cis photoisomerization of the-7* excited
74 azobenzene derivatives, the reaction pathway after the decay
Sy of thezr-t* state may include both the rotation and the inversion
process (Figure 5), although any contribution of the rotation
cis cis process is smaller than that of the inversion proée$3hen,
rotation ) inversion we considered that the solvent_ de_pendence of tr_le lifetime of
trans the nst* state reflects the contribution of the rotation process
Figure 5. Schematic representation of the potential energy diagram to the ph‘?to'so_m‘?“zat'on- Itis reaS(_)nabIe_ that the effect of the
of azobenzene. solvent viscosity is weaker on the inversion process than the
rotation process because the change of the volume is smaller

z-* excited trans-azobenzefeWhen trans-azobenzene is  in the inversion process than that in the rotation process. For
directly excited to the me* state with a relatively large excess ~€xample, solvent viscosity has a strong effect on the rate of the

energy (4000 cntl), the transient absorption of thewrt-state photoisomerization oftransstilbene, which proceeds with
at 370-620 nm decays double-exponentially with lifetimes of ~rotation!® Therefore the solvent independence of the transient
0.6 and 2.5 pg.0n the other hand, in the case afx* absorption spectra of ther-7* excited trans4-AAB also
excitation, the n¥* state oftrans-azobenzene shows a transient supports the fact that the reaction pathway ofthe* excited
absorption at 408450 nm following the decay of tha-z* trans4-AAB is similar to that of the nz* excited trans
state, which decays double-exponentially with lifetimes of 0.9 azobenzene, that is, the in-plane inversion process.

and 15 pg® Finally, we should mention the recovery of the bleaching band

On the basis of the potential energy diagram of azoben- at 376-410 nm. The~15 ps recovery process of the bleaching
zené*15 (Figure 5), we interpreted the similarity of the time band was attributed to the vibrational cooling process in the
evolution of the absorption band of themi-state between the  ground-state rather than the decay of a bottleneck &tate,
m-t* excitedtrans4-AAB and the na* excited trans-azoben- because the decay component with a lifetime>df0 ps was
zene as follows. When an azobenzene derivative in the transnot observed in the transient absorptior-d60 nm. In addition,
form is excited to ther-* state, it decays to the n* state via the rate of the vibrational cooling in the ground electronic state
rotational motion on ther-7* energy surface. In the case of was~20 ps according to time-resolved infrared spectroséépy,
trans-4-AAB, the energy gap between thes* state and the which was reasonably consistent with our result.

n-* state (3006-4000 cnt?; see Section 3.1) is rather smaller
than that oftrans-azobenzene~10000 cn!) because of the

I . 5. Summary

substitution of an amino gro@p Therefore the molecular
structure of the 4-AAB at the crossing region of ther* and The photoisomerization dynamics of ther* excitedtrans
the nst* energy surfaces is close to the trans form. As a result, 4-AAB in ethanol and heptanol was investigated by using-UV
the reaction pathway of the-7* excited trans4-AAB after vis transient absorption spectroscopy. The transient absorption
the internal conversion to the a state corresponds well to  spectra of ther-n* excited trans4-AAB showed that the
that of thetrans-azobenzene directly excited to therh-state. internal conversion process from therf-state to the ground

The above interpretation means that in ther* excitation state corresponded well to that of tihens-azobenzendirectly
condition, the energy gap between ther* and n«* states excited to the n#* state, not to that of ther-7* excitedtrans

has a great effect on the photoisomerization dynamics of azobenzene. This result suggested that the photoisomerization
azobenzene derivatives, especially on the reaction pathway afteof 7-7* excitedtrans-4-AAB proceeded with different pathways

the internal conversion from the-7* state to the naz* state. from thesz-r* excitedtrans-azobenzene, at least for the decay
This proposal is supported by the photoisomerization dynamics process of the me* state. The solvent independence of the
of another azobenzene derivativeansBMAB.'13 trans: lifetime of the nsr* state of thes-7* excited trans-4-AAB
BMAB has~6700 cnt* energy gap between thez* and nvr* supported this proposal, because the lifetime of the state
states;! which is smaller than that dfans-azobenzene~10000 strongly depends on solvent viscosity in photoisomerization of
cm 1), but larger than that dfans-4-AAB (3000-4000 cn1?). the 7—a* excited trans-azobenzene. Although past studies on
The decay process of thesit-state of thesr-7* excitedtrans: the photoisomerization dynamics of azobenzene derivatives
BMAB is similar to neither that of ther-7* excited trans mainly focused on the excitation conditiom-r* excitation or
azobenzerfenor that of ther-* excitedtrans-4-AAB; the n+* n-T* excitation), our experimental results indicated that the
state of thetransBMAB decays single-exponentially with a  potential energy gap between ther* and the ns* state should
lifetime of 2.3 ps following the 0.3 ps-decay of thes* be considered as an important factor determining the photoi-
state!! 13 somerization dynamics of ther* excited azobenzene deriva-
The difference of the reaction pathway between the* tives.

excitedtrans-4-AAB and the other two azobenzene derivatives
(transazobenzene anmansBMAB) was also reflected in the
solvent dependence of the photoisomerization dynamics. In
photoisomerization of the-7* excited trans-azobenzene, the (1) Ikeda, T.; Tsutsumi, OSciencel995 268 1873.
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