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The fluorescence decay profiles of zinc(I) 5,15-di-(3,5-di-fert-butylphenyl) porphyrin monomer (Z1) and its meso,
meso-linked dimer (Z2), trimer (Z3) and tetramer (Z4) were investigated by using the fluorescence upconversion tech-
nique. Fluorescence from the S, state in Z1 was observed to decay with the time constant of 1.2 ps at 460 nm. Corre-
sponding fluorescence rise due to the internal conversion from S, to S; states in Z1 was also observed at 635 nm with the
time constant of 1.5 ps. The S, state lifetime of Z2 was largely reduced (90 fs) due to the participation of exciton-split
Soret band as a ladder type deactivation channel. Fluorescence decay profile and time-resolved spectra in 530 — 600 nm
region revealed that the intramolecular vibrational relaxation (IVR) rate is retarded as the excess vibrational energy de-
creases in the porphyrin arrays as well as in Z1. The IVR rate was increased from Z1 to Z2 probably due to the addition-
al normal modes related with the inter-unit bond as an efficient internal bath. Furthermore it was observed that a bottle-
neck in the bath modes limits the increase of IVR rate with the increased number of internal modes in the arrays over Z2

molecule.

The intramolecular vibrational relaxation (IVR) is one of
the primary molecular processes occurring immediately after
photoexcitation. This process competes with ultrafast energy
transfer between electronic states,' the configuration change of
the surrounding solvent molecules,” and geometric changes
such as photoisomerization and photodissociation so that the
rate, pathways, and efficiencies of these processes largely de-
pend on IVR process. Thus the detailed knowledge about IVR
process is fundamental to elucidate various kinds of ultrafast
phenomena. Much efforts have been devoted to deduce the
rate constant and detailed mechanism of ultrafast vibrational
relaxation by using time-resolved Raman spectroscopy,’ fem-
tosecond pump-probe method,* and fluorescence upconversion
technique.> The dynamics of vibrational relaxation process
largely depends on the nature of molecules. It is generally ac-
cepted that the typical time scale of IVR process is in the sub-
picosecond range.® Such a fast rate constant has been revealed
through the progress in ultrafast laser spectroscopy that en-
ables a direct time domain observation of excited state popula-
tion. Among the various methods, fluorescence upconversion
technique is one of the most powerful tools for studying the
excited state dynamics through fluorescence detection devoid
of any interference from the dark states.”

Meanwhile, a major source of inspiration for the design and
synthesis of optical nanostructures comes from the light-har-
vesting antenna complexes of natural photosynthetic systems.®
The antenna complexes are comprised of a large number of
pigments that are arranged in a rigid three-dimensional matrix.

The natural antenna complexes absorb light and funnel the re-
sultant energy to the reaction centers by means of excited-state
energy transfer processes. The versatile optical (absorption
and emission), redox, and photochemical properties of the por-
phyrins make them ideally suited as components of nanostruc-
tures. Continuing efforts to realize the mimicry of solar energy
harvesting complexes have enabled the design and synthesis of
various types of covalently linked porphyrin arrays with the
goal of applying these arrays to molecular photonic devices
and artificial light-harvesting array systems.

Multi-porphyrin arrays have been constructed using several
types of shorter linkers that are suitable for preparing linear or
extended architectures via meso position attachment. In this
regard, the directly linked porphyrin arrays could provide the
prospects as artificial light harvesting arrays and molecular
photonic wires since the unique photophysical aspect of these
molecular arrays arising from substantial interchromophic
electronic interactions fully mimic the biological light harvest-
ing assemblies that facilitate ultrafast energy migration mediat-
ed by protein environment. Recently, there is a progress in
synthesizing capabilities of porphyrin arrays in which porphy-
in pigments are directly connected together through meso posi-
tions without any linkers.” It was demonstrated that the spec-
tral and electronic properties of pigments, and linkage struc-
ture have a strong influence on the overall photophysical prop-
erties of porphyrin oligomers.!® Especially, there is a unique
feature in the absorption spectra arising from strong excitonic
interactions between the adjacent porphyrin units in the arrays.
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Scheme 1. Molecular structures of synthesized porphyrin
monomer and arrays.

In the present work, we have investigated the ultrafast excit-
ed state dynamics such as internal conversion (IC) and vibra-
tional energy redistribution through IVR process in directly
linked Zn(II) porphyrin arrays (Scheme 1) by using the fluores-
cence upconversion technique. Systematically increased array
compounds in the subunits such as monomer (Z1), dimer (Z2),
trimer (Z3) and tetramer (Z4) were synthesized and studied for
the elucidation of ultrafast fluorescence dynamics change with
the increased number of electronic states and vibrational
modes.

Experimental

Zinc(Il) 5,15-di-(3,5-di-tert-butylphenyl) porphyrin monomer
(Z1), and its meso, meso-linked porphyrin dimer (Z2), trimer (Z3),
and tetramer (Z4) were synthesized.” (Scheme 1) The spectro-
scopic grade tetrahydrofuran (THF) and toluene were used as sol-
vents. The absorption spectra of prophyrins in THF were recorded
by using a Varian Cary 3 spectrophotometer and fluorescence
measurement were made on a scanning SLM-AMINCO 4800 flu-
orometer. Toluene was used as the solvent for both steady-state
and time resolved fluorescence measurements.

The details for the fluorescence upconversion measurement can
be found elsewhere’ and a brief description will be given here.
The light source is a mode-locked Ti:sapphire laser (Coherent,
MIRA) pumped by a intra-cavity frequency doubled CW
Nd: YAG laser (Coherent, Verdi). The oscillator output pulse train
is 550 mW at 800 nm with typical pulse duration of 120 fs ob-
served by SHG (second harmonic generation) autocorrelation
trace. The second harmonic pulse (1 = 400 nm, 90 mW) is gener-
ated by using a f-BBO (1 mm thick) crystal. The residual funda-
mental pulse after the dichroic mirror (CVI) is used as a gate pulse
for the upconversion of fluorescence. The time interval between
the fluorescence light and gate pulse is controlled by a delay stage
equipped with a corner cube gold retro-reflector (Coherent, 2” di-
ameter) with travelling the gate pulse. The excitation pulse power
is controlled by using a variable neutral density filter (Sigma, 1
mm thick) and then focussed onto the sample glass cell (flow type,
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Fig. 1. Absorption and fluorescence (inset) spectra of Z1
(—), 22 (---), Z3 (-+--) and Z4 (-----) in THE.

1 mm thick) by using a 5 cm focal length aluminum coated para-
bolic mirror (Coherent). Fluorescence light is collected and fo-
cussed onto the S-BBO (1 mm thick, type-I) crystal for the upcon-
version by using an aluminum coated parabolic mirror (Coherent,
5 and 20 cm in focal lengths). A cutoff filter (Schott Glass Filter
Co., GG475, 3 mm thick) is placed between the collimating and
focussing mirrors to remove the transmitted pump pulse. The
sample was circulated to the flow cell to minimize the signal
change by sample degradation and thermal lensing effect. Upcon-
verted signal from the sum frequency generation crystal is fo-
cussed on the entrance slit of the 320 mm focal length monochro-
mator (HR320, Jobin-Yvon) after passing through the UV band-
pass filter (Schott Glass Filter Co., UG11). The spectral resolu-
tion in the UV region was kept to be 5 nm through all the experi-
ments. The signal is detected by a head-on type photomultiplier
tube (Hamamatsu, model 3235) with a gated photon counter
(Stanford Research Systems, SR400). The gated photon counter
is interfaced with a personal computer which controls the delay
stage. The time resolution of the upconversion measurements is
~310 fs as estimated from the full width at half maximum of the
cross-correlation trace between the excitation and the gate pulses.

Results and Discussion

Absorption and emission spectra of Z1, Z2, 7Z3 and Z4 are
shown in Fig. 1. The absorption spectra denote interesting sys-
tematic changes in the Soret bands with an increase in the
number of porphyrin moieties. While the Soret band of Z1 ex-
hibits a single absorption maximum at 411 nm, that of Z2 is
split into two bands with absorption peaks at 415 and 457 nm.
In the cases of Z3 and Z4, the splitting of the Soret band be-
comes more significant, exhibiting two Soret bands at 413 and
472 nm in Z3 and at 413 and 485 nm in Z4, respectively.
These systematic changes are attributable to the exciton cou-
pling between the adjacent porphyrin moieties.'® On the other
hand, the Q-band absorption was not much affected by the ad-
dition of porphyrin moieties. There was no distinct excitonic
band splitting in the Q-band absorption of Z2, Z3, and Z4 ar-
rays due to a low oscillator strength of Q-band. A slight red-
shift of the absorption maximum was observed with an in-
crease in the number of porphyrin moieties, indicating that 7t-
electron delocalization throughout the arrays is negligible due
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to the orthogonal arrangement between the neighboring por-
phyrin units. In the absorption spectrum of Z1, the vibronic
structure was observed with the 0-0 band transition intensity
being very weak (Ag_gmax ~ 567 nm). Higher vibronic absorp-
tion band at ~1180 cm ™' above the 0—0 band was observed
with about seven times higher intensity of the 0-0 band. Such
an absorption profile can be considered as due to the structural
change in the S; state compared with the Sy state which results
in the decrease of 0—0 and increase of 1-0 transition probabili-
ties or Franck—Condon factors. A similar behavior was also
observed in the absorption spectra of Z2, Z3 and Z4 with fur-
ther reduced relative intensity of 0—0 transition band. The flu-
orescence spectra of Z1 exhibit vibronic emission bands at 587
and 637 nm (Inset of Fig. 1) with a moderate Stokes shift of
~825 cm™!. As the number of porphyrin ring units increases,
the emission bands of the arrays are red-shifted with a decrease
in the relative intensity of the low-energy side.

According to the four-orbital model, the low-lying (m, *)
excited states of porphyrins can be described in terms of the
transitions between two highest occupied molecular orbitals
(HOMOs), ay,(m) and a;,(m), and two degenerate lowest unoc-
cupied molecular orbitals (LUMO?s), ey(™). For the porphy-
rin ring, the lowest singlet excited configurations, ay,(m),
eg(n*) and alu(n),eg(n*), are nearly degenerate, and as a conse-
quence there is a strong electronic interaction between them.
The resulting resonance yields the relatively weak visible Q-
band, in which the transition dipoles of the two configurations
nearly cancel, and the intense Soret band, in which the transi-
tion dipoles of the two configurations add. Thus, in reality the
Q band of porphyrin monomer borrows its intensity from the B
band through vibronic coupling. In the cases of porphyrin ar-
rays, the existence of exciton-split B bands between unshifted
monomeric B bands and Q bands reduces the energy difference
between B and Q bands, which results in an increase in intensi-
ty borrowing of Q bands from B bands. Therefore the intensi-
ties of Q bands of porphyrin arrays increase in parallel with an
increase in the exciton splitting as the number of porphyrin
units increases in the porphyrin arrays.

Primarily we observed the ultrafast decay dynamics of Z1
fluorescence at various wavelengths as shown in Fig. 2. When

Emission Intensity (a.u.)

Fig. 2. Temporal profiles of Z1 fluorescence at various probe
wavelengths.
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we excited Z1 with 400 nm laser pulses, the fluorescence de-
cay profile at 460 nm exhibited a single exponential decay with
the time constant of 1.2 ps (Fig. 2). The probe wavelength de-
pendence of fluorescence decay profiles of Z1 in 530 — 600 nm
region shows both rise and decay components with the in-
crease of both time constants as the probe wavelength increas-
es. When the probe wavelength was 640 nm, no decay profile
but only the rise with the time constant of 1.5 ps was observed
in the short time window (10 ps).

The fast single exponential decay at 460 nm is attributable
to the radiative decay of S, — S transition. This unusual phe-
nomenon which violates the well-known Kasha’s rule!! has of-
ten been observed in the fluorescence of molecules such as
azulene,'? s-indacene'® and metalloporphyrins'# in which the
S-S, energy gap is relatively large so that the internal conver-
sion between the S, and S, states is relatively slow. In case of
metalloporphyrins, there is a relatively large energy separation
between the S, and S; excited states which appear as Q and B
bands in UV-visible region. Furthermore, these two states are
considered as a 50-50 admixture of two common excited elec-
tronic configurations '(alu,eg) and 1(azU,eg) in accidental degen-
eracy, and the energy surfaces of the S; and S, excited states
are almost parallel. This definitely retards the S, — S; in-
tramolecular electronic internal conversion processes.'> It is
already established that the S, states of 5,10,15,20-tetraphenyl
and 5,15-diphenyl zinc(Il) porphyrin analogs are relatively
long-lived with lifetimes of 1 — 2 ps.'**<! Since ZI com-
pound is zinc(Il) 5,15-di-(3,5-di-tert-butylphenyl) porphyrin,
the 1.2 ps lifetime of the S, state seems to be quite reasonable.
Moreover, a similar time constant (1.5 ps) of rise was observed
in the Z1 fluorescence at 635 nm (Fig. 2). Since the intramo-
lecular vibrational redistribution is known to take place in a
few hundreds of femtoseconds for large molecules,’ the fluo-
rescence rise at 635 nm might be mainly due to the internal
conversion process between the S, and S; electronic states. A
little difference in the S, — Sy decay time (1.2 ps, 460 nm
probe) and S; — S, rise time (1.5 ps, 635 nm probe) can be
understood as due to the partial contribution of the IVR pro-
cess in the S; manifolds of Z1. This 1.5 ps rise time does not
seem to be due to the result of vibrational cooling which oc-
curs via solvent—solute interaction since this process in the S;
states of porphyrin monomers occurs on the time scale of 10 —
20 ps.'®

The change of fluorescence decay profiles in Z1 at various
probe wavelengths in 530 — 600 nm region (Fig. 2) indicates
the existence of the vibrational energy redistribution through
IVR process in the S; manifolds. We can observe both rise and
decay time constants as the probe wavelength increases. The
decrease of the decay rate along with the increase of probe
wavelength can be understood by the fact that the IVR process
is retarded as the excess energy in a specific vibrational mode
decreases.!” The shorter rise time than the decay time of the S,
fluorescence is ascribable to the fast decay time of vibronic
states (7y < 1.2 ps). The rise and decay time constants appear
as to be exchanged value when the decay time is shorter than
the rise time in a consecutive decay mechanism. Observation
of relatively slow decay time (3.5 ps) with a fast rise time
(~250 fs) is ascribable to the contribution of fluorescence
from both the highly excited (73 ~0.25 ps) and lower excited
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Fig. 3. Time resolved fluorescence spectra of Z1 at various
delay times.

(14 = 3.5 ps) vibrational states since the spectral resolution for
the detection of upconverted light was not so narrow.

To observe the time evolution of the ultrafast fluorescence
dynamics, we have measured the time-resolved fluorescence
spectra of Z1 at various delay times as shown in Fig. 3. The
emission spectrum exhibits the maximum value around 560
nm at early stage, and the band decays rapidly with ~2 ps de-
cay time constant to result in the emission maximum showing
at longer wavelengths as the time delay is increased. The
emission maxima appears at ~590 nm (shoulder) and ~635
nm which correspond to the two emission maxima in the
steady-state fluorescence. The fluorescence transient at ~1 ps
having maximum around 560 nm, where the emission intensity
is negligible in the steady-state fluorescence spectrum, is prob-
ably due to the emission from the excited vibrational states in
the S| manifolds. It is considered that the retardation of vibra-
tional relaxation decay rate and the increase of Franck—Condon
factors of vibronic transitions result in the transient maximum
of emission intensity at the excited vibrational states in the S,
manifolds.**!® The rate equation corresponding to the popula-
tion change of a vibrational state can be described as follows;

dN¥(S))/dt = kic N(S2) + ka(v')NY(S))
— ka(v) N'(S1) — ki(v) N¥(S) (1

where NV (S;), N' (S)), and N(S,) denote the population of SV,
S," and S, states, respectively, in which the superscripts v’ and
v represent the vibrationally excited states (v>v) in the elec-
tronically excited S; manifolds. kjc corresponds to the internal
conversion rate between the S, and S, electronic states, and
ka(v’) and kq(v) indicate the IVR rates at the S,V and S," states,
respectively. k, represents the radiative decay rate from the S;"
state to the vibronic states in the Sy state, which largely de-
pends on the Franck—Condon factor of corresponding transi-
tion. The fluorescence intensity (/r") of an individual vibronic
state (S;") might be proportional to the radiative transition rate
according to the following equation.

I o< (ki /Tka(V) + ke 1) (@)
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Fig. 4. Temporal profiles of Z2 fluorescence at various probe
wavelengths.

At higher vibrational states, the rate of IVR process (k) is ex-
pected to be very fast, while the radiative decay rate (k;) would
be slow due to the poor Franck—Condon factors. Thus the
emission intensity at highly excited states might be very low.
However, as the vibrational quanta in specific — Franck—
Condon active — modes decreases, the IVR process is retard-
ed as shown in Fig. 2. On the other hand, the radiative decay
rate tends to increase due to the favored Franck—Condon tran-
sition. This opposite trend of IVR rate and Franck—Condon
factor result in a transient maximum corresponding to the tran-
sition energy close to the S;(v = 1) — Sy(v = 0) transition. It
can be observed from the absorption spectrum of Z1 that the
So(v = 0) — Si(v = 1) is the most favorable vibronic transi-
tion.

Fluorescence decay profiles of Z2 excited at 400 nm were
observed at various wavelengths as shown in Fig. 4. Large dif-
ferences between the dimer (Z2) and monomer (Z1) fluores-
cence temporal profiles were found in the time constants for
the decay at 460 nm and rise at 650 nm. As shown in Fig. 4,
the decay time of Z2 fluorescence at 460 nm (~90 fs) and the
rise time at 650 nm (~300 fs) was much shorter than those in
Z1 (1.2 and 1.5 ps, respectively). Since the fluorescence at 460
nm in Z1 is considered as due to the S, — S, transition, the
dramatic change of the 460 nm decay time means that the S,
state lifetime is largely reduced by the linkage of porphyrin
moieties. The decrease in the S, state lifetime is attributable to
the generation of excitonic split band between the Soret and Q-
bands, which provides a “ladder” for sequential relaxations for
internal conversion between the S, and S, states.'” According
to the energy gap law,' the internal conversion rate is given as

ke ~10"%exp(— @AE) 3)

with o and AFE being the proportionality constant and the ener-
gy gap between the zero vibrational states in two electronic
states, respectively. Thus the internal conversion rate in dimer
(Z2) might be much increased along with the large decrease in
AFE due to the addition of ladder state between the Soret and Q-
bands. This behavior was also observed in the fluorescence
decay profiles of Z3 and Z4 (Fig. 5 and Table 1). The internal
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Table 1. Summary of Excited State Dynamics in the Porphyrin Arrays

7, (460 nm, decay)®

T, (560 nm, decay)

75 (650 nm, rise) 7 (S, lifetime)®

Z1 1.2 ps 2 ps

72 90 fs 840 fs
73 Not observed® 750 fs
Z4 Not observed® 830 fs

1.5 ps 2.57 ns
300 fs 1.93 ns
500 fs 1.58 ns
700 fs 0.92 ns

a) S, — Sy transition. b) very week due to the re-absorption of fluorescence by the
sample. c) measured by other experiment (TCSPC).!

DO~

t =500 fs

t, =750 fs

0o 2 4 6 8
Time (ps)

Fig. 5. Temporal profiles of fluorescence decay (a) Z3 at 560
and 660 nm, and (b) Z4 at 560 and 640 nm. The dots and
lines represent the experimental data and fitted results, re-
spectively.

conversion rate between the S, and S, states estimated from the
rise time of long wavelength fluorescence was observed to fol-
low the energy gap law very well.'

The ultrafast fluorescence dynamics of Z2 observed in the
wavelength range between 530 and 600 nm exhibited another
fast decay dynamics corresponding to the time constant of
~800 fs at 560 nm. This decay can be considered as due to the
IVR process which was also observed in the temporal profile
of Z1 fluorescence with the decay time constant of ~2 ps. The
IVR rate is known to depend largely on the molecular geome-
try. For large molecules (N > 30), it is generally accepted that
the IVR time constant is usually several hundreds femtosec-
onds.® However, it is also reported that relatively slow IVR
rate (a few ps) can be observed even in large molecules de-
pending on the molecular structure.”’ As the number of atoms
in Z1 is 105, it is thought that the increased number of atoms in
Z2 does not largely affect the IVR rate. Rather the newly
formed normal modes related with the inter-unit bond seems to
play an important role in the increase of IVR rate from Z1 to

Z2. As a consequence, there was no distinct increase in the in-
tramolecular vibrational redistribution rate when we observed
the decay profiles of longer array molecules (23 and Z4). The
decay profiles of Z2, Z3 and Z4 observed at 560 nm exhibited
almost the same feature with the time constant of around 800
fs (Fig. 5 and Table 1). It is thought that the increased number
of internal bath modes does not largely affect the IVR rate in
the porphyrin arrays. Rather, additional normal modes related
with the inter-unit bond are likely to be more responsible for
the increased IVR rate. We can also observe that the IVR time
constant is limited to be ~800 fs with the increased number of
atoms in the porphyrin arrays. In the relaxation process of
highly vibrationally excited states, a large part of excess ener-
gy is transferred from the Franck-Condon active high frequen-
cy modes to energy acceptors (bath modes) in the time range
of femto- to subpicoseconds. At higher vibrationally excited
states with excess energy over ~5000 cm ™!, the high frequen-
cy vibrations (1000 — 2000 cm™") in which one vibrational pe-
riod is few tens of femtoseconds can participate as bath modes.
The inclusion of high frequency vibrations in bath modes will
result in the fast vibrational relaxation within few hundreds of
femtoseconds since the rapid vibration of bath modes might
give rise to fast and efficient energy relaxation. As the excess
vibrational energy decreases, however, the high frequency vi-
brational modes can no longer play a role as bath modes be-
cause the energy available in the excited vibrational modes are
comparable to or lower than the high frequency modes. In the
energy region with excess energy below 3000 cm™!, the medi-
um (200 — 800 cm™!) or low (< 200 cm™') frequency vibra-
tional modes are expected to act as the major bath modes. As a
result, the IVR rate becomes slow with the longer vibrational
periods of bath modes if we assume that the IVR process oc-
curs mainly through the momentum transfer. The vibrational
excess energy for the 560 nm fluorescence in the porphyrin ar-
rays (Z2, Z3 and Z4) corresponds to 1500 — 2500 cm ™', Tt is
expected that low frequency vibrational modes play a major
role as bath modes for IVR process in this energy range. If we
consider the average frequency of the bath oscillator to be 100
cm™ !, the time constant of 800 fs corresponds to 2.5 vibration-
al period. The similarity in the decay rate constants of 560 nm
fluorescence in the porphyrin arrays (Z2, Z3 and Z4) can be
explained in view of the bottleneck in the vibrational relax-
ation due to the slow vibrational period of bath modes in low
excess energy region. Although the increase in the number of
bath modes increases the probability of intramolecular vibra-
tional energy transfer, a major contribution of low frequency
vibrations to bath modes results in the bottleneck due to the
slow motion of bath in low energy region.

When we reconstructed the time-resolved spectra from the
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Fig. 6. Time resolved fluorescence spectra of Z2 at various
delay times (Reconstructed from Fig. 4).

decay profiles of Z2 fluorescence at various wavelengths, we
could observe a fast decaying shoulder in the energy region
over 0-0 band transition as shown in Fig. 6. The fast decaying
shoulder with the time constant of ~800 fs in the time resolved
fluorescence spectra is attributable to the retardation of vibra-
tional energy relaxation rate and favored Franck—Condon fac-
tor as in the time-resolved fluorescence spectrum of Z1. Since
the rise time of Z2 fluorescence near 0-0 band transition was
very short, we could not observe the spectral moving of the
time-resolved fluorescence spectra, rather the spectral line nar-
rowing due to the IVR process was observed. It is suggested
that the IVR process proceeds in roughly two steps.'” The op-
tically pumped molecules in the highly excited vibrational lev-
els of a specific vibrational mode, which is Franck—Condon ac-
tive, relax very rapidly to the lower vibrational state in femto-
to subpicosecond time range. Then slower relaxation occurs in
longer time scale to achieve an intramolecular thermal equilib-
rium. It is also generally known that even in a large molecule,
there is a bottleneck state in the IVR process in solution.®®
Since the number of internal modes in Z2 is very large, the de-
cay rate even at the bottleneck state is fast enough to be subpi-
cosecond but slow to reveal the fluorescence at these states
based on the favored radiative transition probabilities or
Franck—Condon factors. The time-resolved spectra of Z3 and
Z4 molecules are expected to be almost the same as that of Z2
considering the temporal profiles of the fluorescence decay.
This process is not thought as due to the result of solvation dy-
namics, i.e. solvent reorientation motion relative to solute,
since the emission energy is higher than that of 0-0 band ab-
sorption. The dynamic energy range for the Stokes shift due to
the solvent reorientation lies below the 0—0 transition energy.”!

Conclusion

We have measured the fluorescence decay profiles of the
zinc(Il) 5,15-di-(3,5-di-tert-butylphenyl)porphyrin monomer
(Z1) and its meso, meso-linked dimer (Z2), trimer (Z3) and tet-
ramer (Z4) by using the fluorescence upconversion technique.
Fluorescence decay with 1.2 ps time constant from the S, state
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in Z1 was observed at 460 nm. Corresponding fluorescence
rise due to the internal conversion between S, and S, state in
Z1 was also observed at 635 nm with the time constant of 1.5
ps. The S, state lifetime of Z2 was largely reduced (90 fs) due
to the participation of exciton split band as a ladder type deac-
tivation channel. Fluorescence decay profiles and time-resolved
spectra between 530 — 600 nm revealed that the intramolecular
vibrational relaxation (IVR) rate is retarded as the excess vi-
brational energy decreases in the porphyrin arrays as well as in
Z1. The IVR rate was increased from Z1 to Z2 probably due to
additional normal modes related with the inter-unit bond as an
efficient internal bath. Furthermore it is observed that a bottle-
neck in the bath modes limits the further increase of IVR rate
with the increased number of internal modes over Z2 array
molecule.
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