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Ultrafast processes in photoexcitBesalicylideneaniline have been investigated with femtosecond
time-resolved resonance-enhanced multiphoton ionization spectroscopy. The ion signals via the
S,(n,7*) state of the enol form as well as the proton-transfediedketo form emerge within a few
hundred femtoseconds after photoexcitation to the fgtr,7*) state of the enol form. This
reveals that two ultrafast processes, excited-state intramolecular proton trdSfer) reaction

and an internal conversiditC) to theS,;(n, 7*) state, occur on a time scale less than a few hundred
femtoseconds from thes,(w,w*) state of the enol form. The rise time of the transient
corresponding to the production of the proton-transfeniedeto form is within 750 fs when near

the red edge of the absorption is excited, indicating that the ESIPT reaction occurs within 750 fs.
The decay time of th&, (7, 7*) state of thecis-keto form is 8.9 ps by exciting the enol form at 370

nm, but it dramatically decreases to be 1.5-1.6 ps for the excitation at 365—-320 nm. The decrease
in the decay time has been attributed to the opening of an efficient nonradiative channel; an IC from
Si(7,7*) to S;(n,7*) of the cis-keto form promotes the production of thansketo form as the

final photochromic products. The two IC processes may provide opposite effect on the quantum
yield of photochromic products: IC in the enol form may substantially reduce the quantum yield, but
IC in the cis-keto form increase it. €2004 American Institute of Physics.

[DOI: 10.1063/1.1801991

I. INTRODUCTION devoted to clarify the mechanism of photochromic reaction
of SA2-3 Different precursors and processes have been pro-
Photochromism is characterized by a light-induced reposed to explain the photochromism of SA. A common fea-
versible reaction of a chemical species. This reaction giveture of the photochromic reaction of SA derived from recent
rise to the formation of photoisomers whose electronic abstudies is summarized as follows.283%31The excited-state
sorption spectra are fairly different from those of the reactantntramolecular proton transf¢ESIPT) followed by photoex-
molecules, resulting in a dramatic color change of a crystatitation of the enol form to its first’(«,#*) state
or solution. A lot of photochromic materials have received[S,(,7*)] produces theS,(,7*) state of thecis-keto
great attention to their applications to optoelectronicform, leading to a metastabkeansketo form as the final
devices!~® Among themN-salicylideneanilindSA) is one of  photoproduct. However, the detailed mechanism of the
the most extensively studied photochromic molecdfés. photochromic reaction of SA is controversial, in particular
Figure 1 displays the change in the geometry of SA aftethe depopulation processes after ESIPT are ambiguous. Pico-
photoexcitation of the enol form. Density functional theory second and nanosecond time-resolved measurement of SA in
calculation at the B3LYP/6-31G level predicts that the |ow-temperature matrices suggests that the precursor of the
relative energy of the enol form is 5520 cfiower than the photochromic species is a vibrationally “hot” proton-
transketo form® Over the past few decades, a considerablaransferrecketoform.2® A similar transient is proposed from
number of experimental and theoretical studies have beefamtosecond and picosecond time-resolved measurements of
SA in various solutions at room temperatdré®=2” Mitra
dAuthor to whom correspondence should be addressed. Electronic maiﬁmd Tamai estimated the time constant for the transition from
hsekiscc@mbox.nc.kyushu-u.ac.jp the vibrationally hot state of theis-keto form to thetrans
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FIG. 1. Stable structures and photochromic reaction of SA.

RGA

keto form to be 300-400 8727 Zgierski and Grabowska
carried out theoretical calculations on $Ref. 30 and re-
lated molecule¥ 34 to investigate the geometries of tau-
tomers, the transition energies, the rate for ESIPT, and the
precursor of the photochromic species. They proposed th&tG. 2. Schematic diagram of the femtosecond time-resolved REMPI spec-

- . . oscopy. Nd:YVQ, diode-pumped cw Nd:YV@Ilaser; Ti:Sapphire, fem-
the common precursor of the final photochromlc SPECIes anﬁ)second mode-locked Ti:sapphire laser; YI-switched cw Nd:YLF la-

the fluorescent species is the vibrationally exctir, 7*) ser; RGA, femtosecond regenerative amplifier; OPA, optical parametric
state of the enol form, and the formation of thransketo  amplifier; SHG, second harmonic generator; VD variable optical delay line;

form as the final photochromic products can be explained!SP, microsphere plate; PC, personal computer.
without considering the vibrational héetoform as a reac-
tion intermediate.

oscilloscope
YLF

Ti:Sapphire [ Nd:yvo, |

We apply the femtosecond time-resolved REMPI tech-

th n t?e pzresefn t Wgrk kWte f?CUS on ultlrla fastthprocgsster-ls "?1ique to investigate the real-time dynamics after photoexci-
€ proton-transierrediskelo torm as well as those In 1€ 54 of the enol form under the jet-cooled conditions. The

enol f(()[ﬂl‘) Rege;_tly, Wedreﬂported the Iaser-l?duc;e_d tﬂuorfs'lectronic excited states of the enol acig-keto forms are
cence and dispersed fiuorescence spectra of jet-coole electively ionized by choosing the pump and probe wave-

31 " )
SA.” The onset of thes, (m, ™) «—S, absorption has been oo T rapid internal conversidtC) processes have
found to lie below 400 nm, and no vibrationally resolved been observed for the first time: one is IC from the

structure was observed. A very broad feature in the LIF specS (7,7%) state to theS,(n,=*) state of the enol form and
trum suggests that an ultrafast nonradiative process occurs g c;ther is IC from tﬁés,(w ) state to theS(n, 7*)
addition to the ESIPT reaction after photoexcitation to they, ' proton-transferr&c;s-kéto form. The role éf the two
S,(m,7*) state. This ultrafast process may significantly in- i

. . ; IC processes in the photochromic reaction of SA has been
fluence the excited-state dynamics and the quantum vyield isgussed P

the photochromic products, but this process has not been
observed.

As described above conclusive results have not been otl)l-' EXPERIMENT
tained to elucidate the photochromic reaction of SA. Femto- The experimental setup for femtosecond time-resolved
second real-time probing of the excited states in a moleculaREMPI spectroscopy is drawn in Fig. 2. A femtosecond Ti-
beam is crucial for complete understanding of the ultrafastsapphire lasetSpectra Physics, Tsunamvas pumped by a
processes in SA. Numerous studies have been carried out tiode laser(Spectra Physics, MillennjiaThe output pulses
reveal the photoexcited dynamics of SA in the condensedrom the Ti:sapphire laser were used to seed a regenerative
phase’~202223.25-24gever, the solvent effect may signifi- amplifier (Spectra Physics, Spitfirgpumped by a frequency-
cantly influence the excited-state dynamics of SA in the condoubled Nd:YLF lase(Spectra Physics, Merljirto generate
densed phase, because a large change in the geometry occansplified pulses with~1 mJ/pulse at a repetition rate of 1
during the photochromic reaction of SA. The ESIPT rate andkHz. The amplified output was split into two beams. A part
the quantum yield for the photochromic products substanef the amplified output bearf0.85 mJ/pulsgwas used to
tially depend on the nature of the solvent molecdf€.  excite an optical parametric amplifiE@PA) system(Spectra
Spectral changes due to intermolecular vibrational relaxatio®hysics, OPA-800 The fourth harmonic of the signal wave
as well as solvation make it difficult to determine the time (320—-373 nm was used as a pump beam. Two different
constants in solution by ultrafast optical spectroscdpy. wavelengths, the fundament@90 nm and the second har-
Therefore, the investigation of the ultrafast processes undanonic (395 nm of the remainder of the amplified output
the gas phase condition, where the solvent effect is absent, {6.15 mJ/pulsg were used as a probe beam. The power den-
desired to obtain inherent nature of the electronic states diities used for the pump and probe lasers weréd
SA. Ultrafast intramolecular processes proceed on the femx 10" 1°W/cn? and ~1x 10 *W/cn?, respectively. The
tosecond to picosecond time sc&le?’**~**Since the quan- probe beam was optically delayed with respect to the pump
tum yield of photochromic reaction is defined as the ratio ofboeam using a computer-controlled delay stage. The pump
the rate for the photochromic process to that for the otheand probe beams were superimposed by a dichroic mirror,
processes, the femtosecond time resolution is crucial tand loosely focused into a vacuum chamber with a 350 mm
clarify the excited state dynamics of the photochromic com{ocal lens. Both of the pump- and probe-pulse energies were
pounds. Resonance-enhanced multiphoton ionizatiostrongly reduced to avoid saturation and interference from
(REMPI) technique is very useful to investigate nonradiativehigher order multiphoton excitation. The average pulse en-
processes’ 3943 ergy at the entrance of the chamber waS00 nJ for the
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transition of thecis-keto form. Resonant wavelength for tBg-S; transition Delay time /ps

of the enol form may be longer than 700 nm.

FIG. 4. Decay profiles of SA excited at 320 nm and probeaa790 nm
and (b) 395 nm. The solid circles are experimental data, while the solid

pump pulse, 4uJ and 40uJ for the 395 and 790 nm probe curves are the best-fitted curves obtained by two or three decay components.
. . The dotted curves represent the components used to decompose the decay

pulses, respectively. The FWHM of the response funct|orbr0files

was ~240 fs. The product ions were mass analyzed in a

time-of-flight mass spectrometer and detected using a micro-
sphere plate. The ion signals were fed into a digital storagg; 790 nm, respectively. In Figs(@ and 5b) the ion inten-
oscilloscope. The integrated intensity of the parent ion signaj;ity increases linearly with the square of the power density
was recorded as a function of the delay time between thgng the cube of the power density, respectively. These data
pump and probe pulses. SA vapor at 350 K was seeded in Hgyoy that the photoionization of SA takes place by absorbing
gas at 1 atm, and the mixture was expanded into the vacuug,e pump photon and three probe photons, {let,3') pro-
chamber through a cw nozzle. SA was purchased from Tokygess’ for the pump wavelength at 320 nm and the probe
Kasei and used as received. The OH-deuterated derivatiVgayelength at 790 nm. However, the photoionization occurs
was obtained by introducing D into the nozzle housing.  yia the(1+2') process with the probe wavelength at 395 nm.
The time dependence of the ion intensity markedly de-
Ill. RESULTS pends on the probe wavelength ugsde Fig. 4 The decay

A. Two different photoionization processes in SA

Figure 3 shows an ionization scheme for the enol and -
cisketo forms of SA. The enol form is excited to the @
S,(m,7*) state with the pump pulse, and subsequently ion-
ized with the probe pulse. The time evolution of photoex-
cited molecules can be obtained by monitoring the ion sig-
nals as a function of the delay time between the pump and
probe pulses. Since the ion intensity largely depends on the
resonance condition, the selective ionization of the enol or i T T J T J
cis-keto form in the excited state can be achieved by choos- 0o 05 10 1'f 2;3 2'53 , 3.0
ing the wavelength of the probe beam. In solution the enol (Power density)” /(10 'W/cm’)
form shows a broa&,<S; absorption in the range of 400—
500 nm, while thecis-keto form shows a sharp and strong
S, S, absorption with a maximum at around 420 Atn?’
Thus, the second harmonic of Ti:sapphire laser is useful to
ionize thecis-keto form in theS,; state selectively.

To examine the selectivity of the ionization for the enol
and keto forms, we have measured the time profiles of the
ion signal intensity of photoexcited SA with several probe T T I T Y
wavelengths. Figures(d and 4b) show the time profile of 0 1 2 3 4 5 6
the ion signal of SA by using the probe wavelengths of 790 (Power density)3 I(1€)"chm‘.’)3
and 395 nm, respectively. The pump wavelength is 320 nm

; ; B FIG. 5. Probe power dependence of the ion intensities of SA exciting at 320
!n bOth .the cases. Flg.ure{;aﬁ and 3b) show the relative ion ..nm. The relative ion intensities probed at 395 nm are plotted as a function of
intensities as a function of the square of the power density,e square of the power density {g8), while those probed at 790 nm are

probed at 390 nm and the cube of the power density probeplotted as a function of the cube of the power densitybin

Intensity

(b)

Intensity
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Wavelength /nm TABLE |. Best-fit time constants of SA in units of ps obtained from fem-
250 300 350 400 tosecond time-resolved measurementand 7, are time constants obtained
U DAL LA IMAMLELE AN from the decay profiles d&, (7, 7*) andS,(n,#*) of the enol form, while
73 and 7, are time constants obtained from the decay profileS,¢fr, 7*)
Q. (@ of the keto form
3 .
c
g Mpump? Nprobe? T Ty T3 T4
§ 320 790 <0.3 3.3:0.5
< 320 395 <0.3 1.5£0.3 >100
360 395 <0.3 1.6£0.3
e 365 395 <0.3 1.6+0.5
40000 35000 30000 25000 370 395 <0.3 8.9-0.7
373 395 <0.3 8.5:1.5

Wavenumber /cm™

AVavelength of the pump and probe pulses in units of nm.

(b)
360 nance with the optical absorption and the probe wavelength
3 =15ps of 395 nm. All the experimental traces are fitted by a convo-

lution of the response function with a biexponential decay.

No rise component is necessary to reproduce the time profile
within the experimental accuracy; all the observed species
appear within time constants of 750 fs. The decay is com-
posed of a femtosecond component with a time constgit (

of <300 fs and a picosecond one with a time constag} (

of 1.5—8.9 ps. The time constants obtained from the decay
profiles in Figs. 4 and 6 are summarized in Table I. The fast
component decays within 300 fs and this time constant
hardly depends on the pump wavelength in the range from
360 to 373 nm, while the time dependence of the slower
component is sufficiently affected by the pump wavelength

used.

The rise time of the slow component is almost indepen-
dent of both the pump wavelength and the deuteration of the
hydroxy proton within the present experimental accuracy.
The rise time of the second component with the pump wave-

FIG. 6. (a) Electronic absorption spectrum of SA mhexane solution(b) length of 370 nm is within 750 fs in deuterated SA.
Decay profiles of SA measured by varying the pump wavelength from 360

to 373 nm, while probing at 395 nm. The pump wavelength is given on the

right-hand side of each time profile. The solid circles are experimental datal,V- DISCUSSION

while the solid curves are the best-fitted curves obtained by biexponentiaA ESIPT and IC from S, (ar,#*) of enol form
. 1 (7,

decay components.
The femtosecondl1+3’) and (1+2') REMPI measure-
ments in this study provide new information about the ul-

E;gglc?ng]e':;gﬁft(’iiz): \\/,vvﬁrlwl r:pgg(l:g‘;:l%j %%I::\;(;/Iug?vri]ncg tt?nietrafast dynamics of photoexcited SA. In Figas two time
' constants £; <300 fs andr,= 3.3 ps) are estimated from the
constants ofr;<300fs andr,=3.3ps. On the other hand t 2 Ps) I

I . i . ' time profile observed with the pump and probe wavelengths
the Selcfy ptr_oflle%?] F'dg'@) canr]lcln pe Ii'.tted Wlth a"t}{(tatxr()jo- of 320 nm and 790 nm, respectively. On the other hand, in
nentia ‘tjf‘c lon. t? | decay pfro ' ?. n '%ﬁlbz.'s we Itet tFig. 4(b), three time constantsr{<300fs, r3=1.5ps, and
usggoa(l) frlexpo_nin5|a eca;c/j UT 1'88 Wi Al\me con? an ZO 7,>100 ps) are necessary to reproduce the decay profile re-
;i)ove thsé d??f;re.ncgsi,n tine dTécay prgm‘siies iSn FT;;; Z:g corded with the pump and probe wavelengths of 320 and 395
4(b) is attributable to the difference in the ionization effi- nm, respectively. A very fast decay componeni 3001s)

ciency for the enol and keto forms. The assignment of thes;faS atributed to a decay of th8,(m, ) state of the enol
. . . L s orm. A componentrz=1.5ps in Fig. arises from the
time components will be discussed in detail in Sec. IV. P 3 ps in Fig. 4b) ari

cis-keto form produced via the ESIPT reaction, because the
probe wavelength at400 nm is in resonance with ti&-S;
transition of thecis-keto form?°~2” A componentr,= 3.3 ps
in Fig. 4(a) is attributed to the decay of an excited state of
Figure 8a) shows the absorption spectrum of SA inthe enol form. This state must be populated via the
n-hexane. The absorption onset of SA is located at 380—408, (7, 7*) state of the enol form, suggesting that an ultrafast
nm, and two absorption maxima are seen at 270 and 340 nmonradiative process occurs in addition to the ESIPT reac-
Figure 6b) shows the femtosecond time-resolved REMPItion. The rise time of the transient corresponding to the pro-
intensities observed with several pump wavelengths in resaduction of theS;(n,#*) is estimated to be within 500 fs.

lon intensity

Frrrjprrryrr1rrrrrrrrrr

0 5 10: 15
Delay time /ps

B. Excitation wavelength dependence of decay
processes
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FIG. 7. Photoexcited processes of SA
drawn on the basis of the femtosecond
time-resolved REMPI spectroscopy in
gas phase. Two ultrafast processes ES-
IPT and IC occur by photoexcitation
of a high vibronic state of the enol

form. When the pump wavelength is
shrorter than~365 nm, an IC occurs
from thel(w, 7*) to thel(n,=*) state
of the proton-transferredis-keto form
in addition to the radiativeh(vg) and
nonradiative decay to th&, state. The
7 IC efficiently produces théransketo

form as the final photochromic prod-
ucts. Thetrans-keto form may be pro-
e \ O A

duced as a minor channel when the
4
H (0]
Gro™ Cro H

'(n, n*)
365 nm hve

TS

enol form is excited at wavelength
longer than 370 nm. TS indicates a
transition state.

The existence of the two ultrafast decay processes frorfrom the S;(n,#*) state in Fig. 4a) cannot be explained
the S;(m,7*) state of the enol form is consistent with the only by the difference in population between t8gn,w*)
results of our previous study.A very broad feature in the andS;(w,7*) states.

LIF spectrum was attributed to the existence of a very rapid
nonradiative process other than the ESIPT reaction. The LIE .
. . S B. IC from cis-keto form
spectrum of SA in a free jet expansion indicates that the
energy difference between the fit§tr, 7*) state and thé&, The deactivation processes following the photoexcitation
state is smaller than 25000 ¢ Ab initio calculation at the of the enol form are drawn in Fig. 7 on the basis of the
HF/6-31G" level indicates that the stable ground state geomyesults of the femtosecond time-resolved REMPI measure-
etry of the enol form is achieved by twisting the anilino ring ment together with the theoretical studi@s: The diagram
by ~44° at the HF/6-31& level 2° The excitation of the enol in Fig. 7 obtained from the experimental studies in the gas
form in a higher vibronic state if(w,7*) may generate a phase is in good agreement with a picture predicted fabm
planar molecule €;) that can undergo the ESIPT reaction. initio calculations(Fig. 4 in Ref. 30. The S;(n,7*) state of
Zgierski and Grabowska predicted that the fitéh,7*) the enol form and the proton-transferred-keto form are
state with C; symmetry is located slightly above the generated after the photoexcitation of the enol form to the
S,(m,7*) state, but theS;(n,7*) state withC,; geometry  S;(w,7*) state. We have found that the decay timeof the
produced by IC from thé&,(w,7*) state may be stabilized S;(w,#*) state of thecis-keto form dramatically changes
by twisting the two carbon rings by 94° and theS;(n, #*) from 1.5 to 8.9 ps with the excitation wavelength from 373
state withC,; geometry is predicted to be lower than the to 360 nm. The remarkable change in the decay time is rea-
S,(,7*) state>® The observation of a second ultrafast pro- sonably explained by the existence of a threshold for the
cess is consistent with the broad feature in the LlIFultrafast nonradiative process from t8g(w,7*) state of the
spectrum® and the results of theoretical calculatiofig’hus,  cis-keto form when the enol form is excited between 370 and
7,=3.3ps in Fig. 4a) is attributed to the decay & (n,7*) 365 nm.
of the enol form. The electronic state of the proton transferrad-keto

The geometry of the enol form may change from planarform must be &(,7*) state, since the nature of the elec-
to nonplanar accompanying with the IC process fromtronic state of thecis-keto form produced via the ESIPT
S,(m,7*) to S;(n,7*). When theS;(n,#*) potential sur- reaction should be very similar to that of the enol form.
face crosses th&, (s, m*) potential surfac® the conical Theoretical calculations predicted that the lowest#*)
intersections may significantly promote a rapid*c? state of thecis-keto form with C5 symmetry lies somewhat

In Fig. 4(a) the ion signal from thé&, (n,7*) state of the higher in energy than th§,(#,#*) state. However, theis-
enol form is weaker than that from ti8(,7*) state of the keto form in the (,#*) state is significantly stabilized by a
enol form. Since thg1+3') process is employed for the twist of the phenyl ring that becomes almost perpendicular to
observation of the ultrafast dynamics of the enol form, thethe anilino ring*
difference in resonance condition as well as that in popula- The S;(n,#*) state of thecisketo form having a
tion should be considered to discuss the intensity differencéwisted structure plays an important role as an effective de-
between the two components in Figay We have measured population channel leading to theansketo form. The re-
the decay profile of SA using the pump and probe wavemarkable shortening of; with increasing the excitation en-
lengths of 320 and 810 nm, respectively, and found that thergy is ascribed to the opening of an IC channel from the
ion intensity from theS;(n,7*) state relative to that from S,(w,#*) state to theS;(n,#*) state of thecis-keto form.
the S,(m,7*) state becomes weaker with the use of theThe quantum yield of the photochromic products is known to
longer probe wavelength. This indicates that the weak signdbe inversely proportional to the fluorescence quantum yield
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of SA; the photochromic quantum yield at 334 nm excitationobserved a biexponential decay from the proton transferred
wavelength is three times larger than that at 365 nm, whereass-keto form in protic solvents; a short-lived component and
the fluorescence quantum yield in solution decreases with long-lived component were assigned to vibrational excited
increasing excitation enerdy. fluorescence from hot stat®A*) and fluorescence from the

A long-lived decay componentr{>100 ps) is detected vibrationally relaxed stat€QB*), respectively. QA has
by using the pump and probe wavelengths of 320 and 396een proposed as a precursor of trens-keto form that is
nm, respectively. A candidate for the species responsible faresponsible for the photochromism. Picosecond and femto-
the long-lived component is &, 7*) state of a second second studies on SA in various solutions by Mitra and
cis-keto form that has a nonplanar structdte high vibra-  Tamai obtained similar results=?’ They observed the vibra-
tionally excited state of théransketo form, and a triplet tional relaxation process of the proton transfermsiketo
state of the proton-transferragis-keto form. The existence form in theS,(w,*) state with a time constant of 300—400
of a secondcis-keto isomer has been suggested both fronfs and suggested that the transition to the electronic ground
experiment and theoretical calculatiorfi$®3%!t is difficult ~ state of thetrans-keto form also occurs with a similar time

to assignr, from the present measurement. constant. The observation of the hot state in the condensed
phase does not contradict the present study, but the decay
C. HID isotope effect on ESIPT process in this state is not clear from the time-resolved mea-

. . . surements in the condensed ph&&e:?In contrast, the for-
~ We have investigated whether the potential energy barmation process of theransketo form has been reasonably
rier exists or not in the ESIPT reaction by varying the PUMPexplained by measuring the excitation wavelength depen-

wavelength between 360—373 nm with ttiet2') REMPI  gence of the decay profile of the proton-transfercesketo
technique. The rise time of the transient corresponding to thgyrm in the gas phase.

formation of thecis-keto form is less than 750 fs for the The decay time of the planais-keto form is 1.5-1.6 ps

pump wavelength at 373 nm. In addition, no significantor the excitation of the enol form at365 nm and 8.5 ps at
OH/OD isotope effect on the rise time is detected. These.370 nm. It should be noted that the initial state of the enol
results indicate that the ESIPT reaction occurs within 750 f§orm excited at 370 nm wavelength is substantially high vi-
and the wavelengths shorter than 373 nm excite the energyonic state where the excess energy from the zero-point
region where there is no potential barrier to proton transfefiayg| of theS, (1, 7*) state is larger than 2000 crh There-
The ESIPT time in cyclohexane is 210 fs, and it becomeggre, the proton transferreds-keto form must be populated
longer (245-380 f$ in polar solvent$>*"The ESIPT time i 4 high vibronic state. Since the two carbon rings of the
measured in this study is consistent with those obtained frorgis keto form are predicted to be perpendicular in the
the femtosecond study in solution. S(n,7*) state of thecis-keto form® the twisting of the
The potential barrier height to proton transfer is pre-ponplanars,(n, 7*) state may efficiently produce thens
dicted to be 3.2-7.2 kcal/mol from B3LYP/6-31Gand  |eto form. Thus, the formation of thansketo form has
CIS/6-31C calculations:” The calculated barrier heights do peen consistently elucidated with a simple picture based on
not contradict our experimental result. However, the LIFihe gas-phase femtosecond time-resolved study.
spectrum of SA in a supersonic jet expansion shows that the
onset of theS,(m,7*)-S, absorption lies a& 25000 cm'*
(400 nm. Owing to very small magnitude of the Franck- V. CONCLUSION
Condon factors for th&, (7, 7*)-S, transition, the ion in- . ,
tensity enough for the analysis of the ESIPT rate was not /e have applied femtosecond time-resolved REMPI
obtained with the pump wavelength longer than 373 nmtechnlque for_the |nvest|_gat|on of the_ gltrafast dynfimlc_s of
(26800 cm?) in the present study. Therefore, we cannotSA under th_e jet-cooled |splated conditions for th(_e first time.
immediately conclude that the potential barrier is small or ng>"n the basis of the experimental data the following conclu-
barrier in the ESIPT reaction. sions have be_en derivedt) the electronic gxcne(_j st.ates of
the enol andcis-keto forms can be selectively ionized by
choosing the probe wavelength at 790 nm for the enol form
and at 395 nm for theis-keto form.(2) Three decay com-
ponents(<300 fs, 1.5 ps, and 3.3 pare obtained by using
The S;(n,#*) state of the enol form had not been ob- the pump wavelength of 320 nm and the probe wavelength
served before this study. The present study demonstrated thaft 395 nm. The obtained time constants of 3.3 ps and 1.5 ps
the femtosecond REMPI spectroscopy is more sensitive thaare attributed to the decay of the enol form in &én, 7*)
the transient absorption spectroscopy to detecSilta, 7*) state and that of theis-keto form in theS,(w,#*) state
state of SA. generated via the ESIPT reaction, respectively. The very fast
The depopulation processes of this-keto form have decay component<300 f9 is due to the two ultrafast pro-
been  extensively investigated both  experimen-cesses, IC fron$;(,7*) to S;(n,7*) of the enol form and
tally®-1517.182022-273hq theoretically'?#?5°°A common  ESIPT. The IC time is estimated to be within 500 (). The
subject of spectroscopic studies on SA has bé#érich spe- ESIPT reaction occurs within 750 f§&4) The decay time of
cies is the precursor of the photochromic produdtsr ex-  the proton-transferredis-keto form strongly depends on the
ample, Barbara, Rentzepis, and Brus studied photochemicakcitation wavelength for the enol form in the range from
kinetics of SA in a low temperature matrices at 4KThey 365 to 370 nm. This indicates that a threshold exists as an

D. Comparison with time-resolved studies
of SA in condensed phase
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