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Dynamic studies of charge-separated-state enhancement of the optical
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Light-induced enhancement of the third-order nonlinear optical susceptibility of a heterodimer
consisting of two different porphyrin monomers, a zinct@trsulfonatophenyporphyrin and a
zinctetrg4-N-methyl-pyridy)porphyrin, was observed when the sample was optically pumped by a

30 ps, 532 nm pump pulse. The temporal behavior of the enhancement was studied. It was found
that the enhancement was due predominantly to the population of the charge-separated state with a
large electronic third-order nonlinear optical susceptibility 1©®96 American Institute of Physics.
[S0003-695(196)03439-0

Nonlinear optics is expected to play a major role in thedynamic behavior of charge-separated-state NLO process has
technology of photonics. Recent progress in the field of highhot been done before.
speed optoelectronics and information technology has en- In this letter, we report our studies on light-induced
couraged the search for materials with a large, fast nonlinesgnhancement of the optical nonlinearity of a heterodimer
optical (NLO) response and for new ways to enhance thehere we refer to it as ZnTSPP-ZnTMPyleonsisting of
NLO response. Studies on light-induced enhancement of thevo  different  porphyrin  monomers, a zincte#ta
third-order nonlinear optical susceptibility'® of materials ~ Sulfonatophyenhyporphyrin (ZnTSPR and a zinctetr@-N-
have been attracting much attention. Rogovin reported &nethyl-pyridy)porphyrin(ZnTMPyP). The temporal behav-
stark-enhanced phase conjugation in shaped-microparticf@r f the enhancement oft® for the porphyrin dimer was
suspensions.Garito and colleagues found a new way to meéasured by using degenerate-four-wave-mixipg\WM)
achieve largey® through excited-state populatidrand the with an additional pump beam. For comparison, t_he mea-
enhanced NLO process related to optically pumped elecSurement was performed also on the two porphyrin mono-

tronic excited states was observed in some conjugated ofpers. It was verified by comparing the time evolution of the
ganic material$:? enhanced NLO process that the enhancement for ZnTSPP-

It has been shown that the stacked and bridge(;nTMPyP is due predominantly to the population of the

porphyrir? or phthalocyanin® assemblies can exhibit un- charge-separated state, whereas the enhancements for

. L . ZnTSPP and ZnTMPP are due to the population of their first
usual optical, electron-transfer and conductivity properties

owing to the strongr—m interactions between the two mac- excited singlet state.
g gr-m . S ZnTSPP-ZnTMPyP was formed in the liquid phase by
rocycles and the formation of exciton coupling in the sand-

wich complexes. Depending on the nature of the centraPamng electrostatically ZnTSPP with ZnTMPyP bearing op-

) . ) i ositely charged substitutents. It was prepared by mixing
metal and peripheral substitutents in porphyrins and phthal ZnTSPP with ZnTMPYP in a molar ratio of 1:1 in

cyanines, a wide range of redox properties and photophysic LOICH,OH 4:1v/v, in which more than 90% of the por-

properties can be obtained. Thus, their association Shou'ghyrin monomers were dimerized. The concentration of the
lead to a peculiarly wide range of donor-accepted complexesb.ﬂmme has 1.18104 M. The porphyrin dimer has a
Noncovalently bound heterodimers consisting of two differ'slipped “face-to-face” structure with a plane-to-plane dis-
ent porphyrin monomers, one of which is equipped with fouri;nce of 30-35 nm, and two pyrroles rings of each monomer
positively charged sidegroups and the other with four negag,e mutually overlapping. The Soret ba@0—430 n of
tively charged sidegroups, are attractive assembly modelgTspp exhibits a blue shift on addition of ZnTMPyP,
because an effective charge transfer can occur in these mQiihereas th& band(500—650 nmshifts to the red.The two
ecules through photoexcitation of the sensitizer compohentmonomers fluoresce strongly, while in the dimer the fluores-
Subpicosecond time-resolved photoinduced absorption megence is quenched, indicating the existence of a very efficient
surements for porphyrin dimers show that charge transfegharge transfer from the electron-donating ZnTSPP to the
occurs within 300 fs after photoexciton, and the chargeelectron-accepting ZnTMPYP. Ti@ band(500—650 nn of
recombination time is 50-500 A& herefore, we believe that the dimer is attributed to the transition involving delocalized
it is more meaningful to study the charge-separated-statgolecular orbital due to the strong—= coupling between
NLO process of supramolecules such as porphyrin dimergshe two macrocycles, to give a new singlet excited state
Enhanced nonlinear absorption related to the absorption d{,7*). Excitation of the dimer with a 532 nm pump pulse,
charge-separated state in a polymer/methanofullerene fildead to the population of thé(w,7*) excited state. They
was reported recentfi/put to our knowledge, study on the deactivate rapidly within a few hundred fs to the low-

1832 Appl. Phys. Lett. 69 (13), 23 September 1996 0003-6951/96/69(13)/1832/3/$10.00 © 1996 American Institute of Physics
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FIG. 1. Time evolution ofA x(®) of ZNTSPP-ZnTMPyP on the action of the 3.0 T ' ' ' '
532 nm pump pulse of energy of 0.6 mJ. The solid curve is a fit with an 25k |
exponent of 340 ps. ’ o o
f; 20F & oo o o ol
lying charge-separated state through the charge transfer from S sk |
ZnTSPP to ZnTMPyP. °x b 5
In our experiments, a forward DFWM geometry with an < 10¢ N
L . . £ F e}
additional variable-time-delay pump beam was usadiere osE © |
the light source was a Nd:YAG laser system with a 30 ps, e o
1064 nm single pulse output. The 1064 nm pulse from the 00F——»~4 -1 1 1

-100 0 100 200 300 400 500

laser was doubled by a KDP crystal to produce the second- (b) Time Delay (ps)

harmonic pulse at 532 nm. The 532 nm beam then served as
the pump beam' The remaining 1064 nm beam was S,p“,t IntQIG. 2. Time evolution ofA x(® of ZnTSPP(a) and ZnTMPyP(b) on the

two beams which served as the DFWM probes. To eliminat@ction of the 532 nm pump pulse of energy of 0.6 mJ. The solid curves are
thermal grating contribution the polarizations of the two a fit with an exponent.

probe beams were chosen to be orthogonal. The two probe

beams with wave-vectolls, andk, were focused in coinci- pEwM signal intensities from which the corresponding
dence on the sample at a small angle of 1.5 degree. Thew) o4 pe obtained. When the probe pulses preceded the
pump beam was also focused on the interaction region in thﬁump pulse, it encountered only molecules in the ground
sample cell whose thickness was 2 mm. The diameter of thgtate and. therefore. the measunéaﬁf was contributed only

pump beam was~0.6 mm, Wheregs those of the pr_obe from the solvent and the ground-state molecules. When the
beams were-0.4 mm to ensure their overlap. The excited- probe followed the pump, it encountered a mixture of mol-

state DFWM experiment began with the arrival of the PUMP.cles in the excited and ground states; and )@Eﬂ? was

pulse which excited sample Tontributed from the solvent, excited-state molecules, and

After excitation, and before relaxation to the ground state,, ground-state molecules. From the data/Gf such mea-

the two probg pul_ses arr_ived, producing a diffracted signal irEured, we can get the corresponding susceptibility difference
the Z,—k, direction which was proportional to the square Ay@= @)

(3) (3) (3) ; ihili
3) . Xeft— (Xsolvent™ Xg '), Wherexg™ is the susceptibility
of x ™ of the_ sample, and de_tected by a photomultiplier. of ZnTSPP-ZnTMPyP when all molecules are in the ground
In an optically pumped third-order NLO process the ma-

. I~ ) . . . . Then, w in h lay-tim nden f
terial exhibits an effective third-order nonlinear optical sus—State en, we obtained the delay-time dependence o

) . ) Ax® as shown in Fig. 1. One can see thay®, which
ceptibility, xeit, that is related to populations of all the popu- represents the NLO enhancement, exhibits a rise time that is
lated states: :

longer than the pulse width, and then followed by a single
3 (3 sn exponential decay whose decay time~i840 ps, consistent
Xeft = Xsolvent™ F; Nsny™" with the time of the charge recombination of porphyrin
heterodimer§. Therefore, this enhanced NLO process can be
where x$)en is the third-order NLO susceptibility of the explained as following: the optical pumping initially popu-
solvent, andF is the local field factorNs, and y°" are the  |ates thel(w, 7*) excited state with a very short lifetim@
number density and the molecular hyperpolarizability of thefew hundreds fs then an efficient charge transfer from the
stateS,, respectively. Y(ar,ar*) state to the low-lying charge-separated state with a

When the ZnTSPP-ZnTMPYP solution was pumped byyery fast rate, and finally the population of the charge-
the 532 nm pump beam, enhancement of the DFWM signal
was observed. No evident al:_)sorptlon of ZI']TSF)P_ZH-I.—'\/IPyl:')l'ABLE I. Measured values of® with and without the pump beam and the
at 1064 nm was observed either the pump beam existed @harge-recombination time of ZnTSPP-ZnTMPYP.
not, indicating that the nonlinearities of the ground state and
the excited states at this wavelength are nonresonant. Varyx'® (without pump (¥ (with pump  Charge-recombination time
ing the delay time of the pump pulse while two probe pulses, g« 10-15 esu 1.%¢10" % esu 340 ps

arrived simultaneously, we measured the corresponding
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separated state recovers to the ground state through tlvbarge-recombination time of ZnTSPP-ZnTMPyP.
charge recombination with a much slower rate. Since the In summary, we investigated dynamic behavior of light-
charge-transfer rate is more than 1000 times faster than arigduced enhancement of the third-order NLO susceptibility
competing process, the quantum efficiency for charge tran®f a heterodimer, ZnTSPP-ZnTMPyP. By measuring the
fer approaches unity. It is the population of the chargetime evolution of the enhanced NLO process, it was verified
separated state that produces the enhancemegt3btbe-  that the enhancement is due predominantly to the population
cause the population of thé,*) state with a very short of the charge-separated state with a large electronic third-
lifetime is much less than that of the charge-separated staterder nonlinear optical susceptibility.

In order to confirm our explanation, we measured also  This work was supported by the National Natural Sci-
the time evolution of the enhancement gf) for the two  ence Foundation of China.
monomers, ZnTSPP and ZnTMPyP, which are shown in Fig.
2(a) and 2Zb), respectively. From Fig. 2, one can find that
they exhibit a similar temporal behavior to that of ZnTSPP- 'D. Rogovin, Phys. Rev. Let65, 567 (1990.
ZnTMPyP, but the decay times are much longer than that of 8&%{022?]“'33&5\/- 'Zfé'iq'e%(\{égy)ongr O. Zamani-Khamiri, and A. F.
ZnTSPP-ZnTMPYP, and determined to be 2.5 and 3.2 NSa;"% Yiefin. b. . Rodenberger, R. F. Shi, M. Wu, N. Q. Wang, Y. M.
respectively. These times are consistent with the lifetimes of caj, and A. F. Garito, Phys. Rev. #5, R4233(1992.
the first excited singlet state of; of ZnTSPP and “D.C.Rodenberger, J. R. Heflin, and A. F. Garito, Nat&6, 309(1992.
ZnTMPyP.lO Therefore, the enhancement)dis’ for the two 5J. W. Buchler and B. Scharbert, J. Am. Chem. Sk, 4272(1988.
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