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Pump—probe spectroscopic studies were made for a one-dimensidial platinum
dimethylglyoxime complex (Rdmg),) under excitation in the exciton absorption band using 40 fs
pulses. Oscillation with a period of 0.11 ps which is superimposed on the rise of the induced
absorption due to the self-trapped excit@TE) was found for the first time in this system. The
oscillation damped with a time constant of 0.1 ps. In a previous work in which 150 fs pulses were
used for excitation at various wavelengths, we found that the spectral shape of the induced
absorption changed with time in 0.1-0.3 ps after instantaneous rise up. These results were
reasonably explained by the formation and the thermalization of the STE. In the framework of the
interpretation we have presented, the oscillation superimposed on the induced absorption is
considered to originate from the wave packet motion of the STE during thermalizatio199®
American Institute of PhysicS0021-960609)00936-9

I. INTRODUCTION ogy from the case of polydiacetylei@DA).” The formation

Low-dimensional molecular acaregates have attractegnd thermalization times of the STE were estimated to be
gareg <0.05 ps and 0.1-0.3 ps, respectively. This suggests that an

much attention because of their characteristic electronic . .

. . . intramolecular mode with a frequency higher than that of the

structures which are quite different from those of a bulk or. . BT

. . . . intermolecular stretching mod@0 cm ) drives the self-

an isolated molecule. They give us various features to inves-_~ . ! ) . L -

. . . . rapping process. So, the configurational distortion in the ini-
tigate interesting photoinduced phenomena such as energ.

; . : . Rl self-trapping process is considered to occur within the
transfer and various photochemical reactions which strongl 2 T

. . : ; olecules. This is quite different from the case of other 1D
depend on the dimensionality and the size of the systems.

The 1D molecular aggregatesa transition metal dim- electronic systems with strong interaction between electron

ethylglyoxime complexes (Mimg),:M denotes a metalare and phonon such as PD(Ref. 7) or MX (Refs. 8 and pin

known as the 1D electronic syste®The molecules of the yvh|ch st_ructural change of the chain in 1D direction occurs
in the primary process.

complex with square planar configuration are stacked face to Our model consistently explained the results of the tran-

face to form a linear metal chain in the thin film and the in _. ; : . .
) : ient absorption. However, the time resolution-af80 fs in
the crystal. The central chain of the metal has a simpler 1 ; o
he previous work was not enough to reveal the initial relax-

backbone compared with the main chains of other 1D sys-

tems such as polydiacetylef@DA) and 1D halogen bridged ation processes and to confirm the presented model, since the
mixed valence metal complexéMX). (It does not have a period of the vibrations related to the formation and the ther-

zig—zag configuration or contain different atojriEhe mea- malization of STE in Rtimg), is considered to be=100 s,

. . So, measurements with higher time resolution is needed. As
surements of photoconductivitPG), and electroabsorption the first step of this course, 40 fs pulses were used in this
(EA) showed that the 1D exciton delocalized along the 1D b ! P

chain gives a strong absorption in the visible regldmarge study to measure the transient absorption. The pump—probe

optical nonlinear susceptibilities were found around the ex_(tran5|ent absorptignexperiment was made by exciting the

citon absorption band, 1D excition absorption.

Recently, we made femtosecond spectroscopic studies 5
reveal the relaxation dynamics of the 1D exciton under ex-
citation of the exciton and of the MLCT excited statés. The sample of the thin film of RImg), (bis(dimethyl-
Transient absorption studies using 150 fs pulses at variouglyoximato platinun(ll)) we used in this study is same as
wavelengths showed that the relaxation to the self-trappethat used in a previous workThe thickness of the film pre-
exciton(STE) occurs within a very short time. Instantaneouspared on the quartz substrate 45100 nm. In the pump—
rise of the induced absorption in the lower energy side of thgogrobe measurement, a regenerative amplifier system of a
exciton absorption was observed, and the spectral shape of:Al ,03 laser(Spectra Physics Tsunami-35 fs and sub-50 fs
the induced absorption changed in time within 0.4 ps. ToSuper Spitfire systepoperating at 1 kHz was employed as a
explain these spectral features, we proposed a model invollight source. The center wavelength and the spectral width of
ing the formation and the thermalization of the STE by anal+the pulses were 800 nm and 40 tFWWHM), respectively.

P EXPERIMENT
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FIG. 1. (a) Absorption spectrum of a RImg), thin film observed at 80 K. °

The spectra of the 150 fsolid line) and the 40 f4dashed ling excitation
pulses are superimposed) Transient absorption spectrum of@ng), thin
film at 80 K under excitation at 1.55 eV. The pulse width and the excitation L

density of the pump pulse are 150 fs, and 0.1 mJfcmespectively.
L /Lresponse
e_
0 [

I 1 "
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A quartz prism pair was used to precompensate for the TIME DELAY [ps]

ch|rp generated in the measurement optics before the sampl,gG. 2. Time evolutions of the transient absorption ch&r@edD) under

The prism c_Jistance_ was optimized by obsgrving the responsgcitation by 40 fs, 1.55 eV pump pulse after normalization at the maximum
function using by either the cross-correlation at a BBO crys-value. The lowest frame shows the time resolved optical Kerr efKE)

tal or the optical Kerr effectOKE) at a water cell. By this  signal of water. This can be fitted by a Gaussian function with a FWHM of
optimizing procedure, the response function with a FWHM®

of 60 fs was obtained at the sample position. The distance

between the prisms was typically 90 cm. After the precom-

pensation, the pulse energy was reduced tqul®y spatial  1ll. RESULTS

filters and a reflective neutral filter, and the 800 nm beam

was lead into ordinary pump-—probe optics. bold line in (b)] spectra. In framéa), the spectral shape of

The intensity ratio and the relative angle between _th he 150 fs excitation pulsesolid line, FWHM=20 me\j and
pump and the probe beams were 1000/1 and 3°, respectlve%at of the 40 fs pulsédashed Iiné FWHM:78 meV) are

Almost the same optics was used in the pump and the IOrObs?uperimposed on the linear absorption spectrum. The broad

paths in order to have the same chirp. After the sample, thebsorption band observed between 1.4 and 2 eV in the linear

probe beam with a spectral width of 40 nm was passe@&ectrum shown in Fig.(&) was assigned to the 1D exciton

through a spectrometer and the resulting beam was detecté ich originates from the delocalizeti-p excited states of

. . W
by a Sl—photodlode(ThorIabs D_ETlO;D The wavelength the centered metar:® The broad and structured character of
resolution of the spectrometer is 10 n20 me\). The

signal from the photodiode was amplified by a lock-in am_thls band was considered to be due to the coupling of the

olifier (Stanford Research SR880To block the scattered electronic transition with the intramolecular vibrational

1 =15 ;
pump beam, the pump and probe beams were modulated %ode of 1140 cm a_lnd _840_cm = The transient spectrum

) . shown by the bold line in Fig.(b) was measured at 0.4 ps
separate frequencied,(f,) and the difference frequency

(f,—f,) was used as a reference frequency for the lock-i after excitation by the 150 fs pulses of 1.55 6300 nm) at

amplifier. Obtained signal is the difference in the transmitte:}m K, The bl-eachmg (.)f the exciton band and the induced
. S absorption with a maximum at 1.35 eV were observed. Ac-
probe beam intensity induced by the pump beai =

. . . . cording to the measurements and the analysis of the transient
—1g), wherelgy and| are the transmitted intensity without . . o . . .
. . ; ; .. absorption spectrum at various excitation energies given in
and with pump, respectively. Change in the optical densit

y X . X ) .
) o the previous papetthe induced absorption with the maxi-
induced by the pumpAQD) is given by Eq.(1), mum at 1.35 eV was due to the STE as the relaxed excited

state!®
1+ ﬂ _ (1) Figure 2 shows the time evolution &OD induced by
lo the 40 fs excitation pulses of 1.55 eV observed at 1.51, 1.55,
and 1.60 eV at 80 KAOD of each curve has been normal-
Transmitted intensity of the probe beam without excitationized at the maximum. The absolute values-aAOD at the
(Ip) was measured using a reference frequenci,of maximum are 0.014, 0.027, and 0.013 for 1.51, 1.55, and
Transient absorption measurements using white lighil.60 eV, respectively. The signal due to the OKE in the
with ~180 fs resolution were also made under excitation atvater cell is shown as the instrumental response function in
the same wavelengtt800 nm). The details of the setup for the bottom frame. The FWHM of the instantaneous response
the measurements were described in the previous paper. component was 60 fs, although the small residual component

Figure 1 shows the lineaf@ and transient absorption

AOD=-log
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remains at positive delay. We hereafter use Gaussian func- (a)
tion with a FWHM of 60 fs as an instrumental response
function.

In the time profile shown in Fig. 2, positive peaks were
observed arount=0. These signals are considered to origi- n
nate from the coherent transiettsvhich appear in a time
corresponding to the homogeneous width of the exciton
(T,).*2 The experimental setup for the pump—probe mea-
surement used here is basically the same as that of degener-
ate four wave mixindDFWM), although the intensity of the
probe beam is far weaker than that of the pump béam
1000 and the position of the detector is different. The 0
DFWM signal may be contained in the probe beam at the
time shorter tha,. The signal observed at negative delay
are negligible at<—0.1ps. Therefore], is roughly pre-
dicted to be of the order of 0.1 ps, and the DFWM signal in
the positive delay are considered to be negligibletat
~0.1 ps. Detailed discussion needs the results of the DFWM
measurement which will be made in the near future. Since
the signal is partially spectrally resolved, another possible
contribution to the transient absorption signal is impulsive
stimulated(resonant Raman scattering SRS.*® The coher-
ent vibrations excited by the ISRS process can persist even
after T, and they may affect the signal after 0.1 ps. After 0.1
ps, the bleachindpositive direction in—AOD scalg¢ was
observed at all wavelengths observed. The magnified profiles
after 0.1 ps are shown in Fig(8. An oscillation with time
was found in the profile observed at 1.51 eV. No oscillation
was detected at 1.55 and 1.60 eV. Except for the oscillation,
these profiles were reproduced well by a double-exponential
[1.51 eV,7,=0.12 ps(amplitude, 0.28 7,=26 ps(0.71)] or
a single-exponentidll.55 and 1.60 eV, 26 p$unction. The
slower decay t,) was determined from the profiles in the
longer time region. The residual which was obtained by sub- 0
tracting the calculated curves from the experimental results ©
are shown in Fig. ®). The residual at 1.51 eV was fitted by L
a sine curve with damping, sia{(+¢)exp(—t/8), where 0.2 0.4
27w, ¢ and B are 0.11 ps, 0.45 and 0.1 ps, respectively. TIME DELAY [ps]
The oscillation with the period of 0.11 ps superimposed OkiG. 3. (a) Magnification of Fig. 2 after 0.1 ps. The solid lines show the
the profile of the bleaching at 1.51 eV is considered to origi-two-componen{1.51 eV, r,=0.12 ps, ,= 26 ps) and the one-component

nate from the wave packet motion of the ground or the ex(l.$5 and 1.60_eV, 26 p)sexpone_ntial decay functiongb) Th(.é residuals
cited state which are obtained by subtracting the calculated curvegainfrom the

. observed profiles. The solid line shows st ¢)exp(—t/8), where 27/w,
The two-component decay of the bleaching around 1.%, andg are 0.11 ps, 0.4% and 0.1 ps, respectively.

eV was also observed in the transient absorption measure-

ment using 150 fs pulses. In the previous paptie detailed

analysis of the decay curves at 1.20—1.59 eV under excita-

tion at 1.48 eV showed that the fast decay component ( |

~0.2ps) of the bleaching was caused by the rise of the in- AOD(E,t)zf R(t—t"){A(E)Kp(t)

duced absorption. This rise component was ascribed to the —o

thermalization of the STE on the potential surface, since its ,

time constant agreed with the decay constant of the induced TBE)Kad}dt’, @
absorption observed in the lower energy regiorl.20 eV).  where Ky, (t) and K,,{t) are the kinetic function of the
In Fig. 1(b), the deconvoluted spectral components of thepleaching and the induced absorption, respectivAlfE)
bleaching (open circley and of the induced absorption and B(E) are coefficients which depend on the observing
(closed circlesfor the transient spectra under 1.55 eV exci-photon energyE. R(t) is the instrumental response function.
tation are shown. To obtain each component, we use tha single exponential function with a time constant of 26 ps is
same procedure as that of the previous paper, used forKy(t). K p{t) is given by Eq.(3),

82Inm(1.51eV)

- AOD [arb. units]

1

Residual [arb. units]
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Free exciton

821nm(1.51eV)

T=0.11ps
T 4amp=0.1ps

STE

- AOD [arb .units]
>

b
) o oS
26ps
A Ground State
®
Configurational Coordinate
within molecule
[7)] b Lo FIG. 5. Schematic illustration of the wave packet motion and the thermali-
0.2 0.4 zation process of the relaxed excited state on the adiabatic potential surface.
TIME DELAY [ps]

FIG. 4. (a) The time evolution observed at 1.51 €dpen circley and the ; ; FRgRT
result of the fitting obtained by using Eq®) and (4) (solid line, see text the eXpe”mental result, which indicates that the observed

(b) The component of the induced absorption which is obtained by subtrau:tQSCi”altion is reasonably considered to be due to the induced

ing the bleaching component from the observed prdfileen circlesand ~ absorption. Figure @) shows the component of the induced

from the calculated one by Eq&) and(4) (solid line). absorption which was obtained by subtracting the component
of the bleaching from the observed signal in the framework
of the analysis using Eq$2) and (4).

t t
Kabd1) =eXD( - %) - eXF‘( - @) ’ ® . Discussion

wheret is in ps time unitsA(E) andB(E) are plotted in Fig. Previously> we ascribed the rise up of the induced ab-
1(b) as the components of the bleaching and of the inducedorption which is overlapped on the bleaching to the thermal-
absorption, respectively. Almost the same deconvolutedzation process of the STE. In this study, we found that the
spectra as those for the 1.48 eV excitation were obtainedscillation with a period of 0.11 ps was superimposed on the
again in the present study.55 eV excitation rise of the induced absorption. In the framework of the pre-

As shown in Fig. 8a), the fast decay component was vious scenario, the oscillation is considered to originate from
observed at 1.51 eV but not at 1.55 and 1.60 eV. This igshe wave packet motidfion the potential surface of the STE
consistent with a deconvoluted spectra in Figb)l The (Refs. 18 and 1)6during thermalization as shown in Fig. 5.
overlapping of the induced absorption is negligible at the  Here, to confirm this interpretation qualitatively, we
observing photon energies higher than 1.55 eV. The oscillamake simulation of the wave packet motion. We use classi-
tion with a period of 0.11 ps shown in Fig. 3 was observedcal and phenomenological model, although the quantum me-
only at 1.51 eV, where the fast decay component exists. Thishanical treatment may be needed for quantitative discus-
strongly suggests that the oscillation is related to the inducedions. To describe the wave packet motion under
absorption due to the relaxed excited state. Furthermorehermalization on the potential surface, the harmonic oscilla-
there is no peak around 291 ch(corresponding to 0.11 ps tor model of Brownian particles is uséf.The Langevin
oscillation in the Raman spectruti. So, in the following equation of the Brownian oscillator is given by H§),
analysis, we assume that the oscillation is superimposed on d2x(1) dx(t)

the induced absorption and not on the bleaching. Equation 5+ ¥ ———+ weX(t) = Rp(1), (5)
(4) will be used instead of Eq3) to take into account the dt dt
oscillation, where wy=(k/m)'?, k is the force constant, ang is the
t t friction. Rp(t) denotes the random force. The population
Kapd 1) exp( - 2_6) —exy{ - F) density P(x,t) is given by Eqs(6) and (7) in the Gaussian
process?
t . o0
P exp( ) rdamp) st e @ pon= | poutho0Pio o, ®
where,r, D, ¢, w, and7g4mpare the rise time of the induced
absorption(not including the oscillation initial amplitude, (X,t[%0,0) = 1
] 01 -

phase, frequency and the damping time of the superimposed P V2 ((x(1)2) = (x(1))?)
oscillation, respectively. The result of the fitting by using Eq.

(4) is shown in Fig. 4a) [r=0.1ps, o=27/(0.11 p3, y F{— (X(t)—=(x()))?
$=0.45m, T4am=0.1ps]. The calculated curve reproduced 2({x(1)2) = (x(1))?) ]’

(7)
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oscillation(0.11 ps. Initial relaxation of the exciton is con-
sidered to occur in the following way: At first, the unther-
malized STE is formed within 50 fs. After that, the excess
energy of STE is accepted by a mode with a frequency of
290 cm* coherently, which is followed by the energy dif-
fusion to other lower frequency modes.

In this study, we observed the underdamped oscillation
in the time profile of the transient absorption. This oscillation
is considered to be due to the wave packet motion of STE
under thermalization. However, the ultrashort pulse of 800-2
um wavelength region is needed in order to reveal the for-
mation dynamics of unthermalized STE in 1D(d?hg),.
Refinement of the light source is now in progress.

Population [arb .units]

L 2 |
2 4
TIME DELAY [/w ]

FIG. 6. The component of the induced absorptiopen circleg which was

obtained by subtracting the bleaching component from the observed profilg/, CONCLUDING REMARKS

[Fig. 4b)], and the result of the fitting by Eqé5)—(9) (kgT=0.2mw3, B ) ) o )

=0.37wq, a=3/w). We have investigated the thermalization dynamics of the
self-trapped exciton in 1D Rimg), by pump—probe spec-
troscopy using 800 nm, 40 fs pulses. The underdamped os-

The averaged value and the dispersiorx(t) is given by cillation was observed in the time profiles of the transient

Egs.(8) and(9), respectively, absorption. The oscillation was ascribed to the wavepacket
¢ motion of the STE in the potential surface during thermali-
(x(1))= [ coq wt)+ lsin(wt)] exp{ - l) x(0), (8)  zation. The frequency of the vibrational mode related to the
2w 2 STE of 290 cm* was obtained.
X(1)2) = (x(t))?
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where,w?= w2— (7/2)?. P(xo,0) is the initial distribution at _ _
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) .
_ . . 2 B. G. Anex and F. K. Krist, J. Am. Chem. So22, 6114(1967.
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satisfies the Boltzmann distribution as an equilibrium condi- K. Misawa, T. Ohta, and T. Kobayashi, Chem. Phys. L8082 609
tion att=. The curve calculated by Ed6) is shown in (1999.

. X 4 ; : :
Fig. 6 (x=0, kBTZO.Zﬁan, y=0.37w,, a=3lwy). This ;hyKSanlitt?,zziFluglza(ylaégl\g. Mizuno, H. Matuda, and F. Mizukami, Chem.
curve represents the population density at the minimum ofsg \wai T. Kamata, S. Murata, T. Fukaya, T. Kodaira, F. Mizukami, M.

the potential surface. It qualitatively agrees with the compo- Tachiya, K. Yamamoto, and T. Ohta, J. Chem. PHyk), 8687 (1999.
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where the m_duc?ed _absorp_tlon due to STE O_Verlaps' Thera°We have not obtained the direct evidence for the assignment such as the
fore, the oscillation is considered to be superimposed on thejarge Stokes-shifted intrinsic emission with the same decay as that of the
induced absorption and not on the bleaching. The rise of theinduced absorption. However, the transient absorption spectra at various
induced absorption with the oscillation is explained by a excitation energies showed that the induced absorption did not originate

del i Vi h K . duri h l from the free exciton state. The bleaching spectrum under excitation at
model involving the wave packet motion during thermaliza- 1.48 and 1.55 eV consists of the components of the excited state occupa-

tion on the adiabatic potential surface of the STE as shown in tion and of the ground state depletion. On the other hand, we did not find
Figs. 5 and 6. In this interpretation, the electronic transition the component of the excited state occupation under excitation in the

; ; ; ; ; higher energy region, although the induced absorption was observed as in
WhIC.h glve§ the,mduced absorptlon COUpIeS with one of the the case of 1.48 and 1.55 eV excitation. This strongly suggests that the
dominant vibrational modes of STE. The frequency of the jyqyced absorption is due to the relaxed exciton and not to free exciton.

mode was estimated to be 290 cthfrom the period of the Furthermore, we found the spectral change with time which was explained
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