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A comprehensive one-photon photophysical study has been carried out on AF455, a known two-photon
absorbing dye. AF455 is composed of an electron-accepting center with three arms that consisbiojlgated

group with an electron-donating group at the terminal end of each arm. The objective of this work is to
understand the one-photon excitation photophysical properties so that this knowledge will be carried into
understanding the two-photon absorption properties. This was done by utilizing steady-state absorption, steady-
state and time-resolved emission, femtosecond pyonpbe, and nanosecond laser flash photolysis techniques.
Through this study it was determined that AF455 undergoes an excited-state intramolecular charge transfer
(ICT) upon absorption of a single photon. The extent of ICT stabilization is dependent on the solvent polarity,
with increasing ICT stabilization in more polar solvents. The formation of the triplet excited state is small
(<8%) and is effected only slightly by a change in the solvent polarity. With an increase in polarity the
fluorescence quantum yield decreased and internal conversion was found to become more competitive. On
the basis of a two-photon assisted excited-state absorption model we tied in the measured one-photon
photophysical properties to understand why the nanosecond effective two-photon absorption cross section is
much larger than the femtosecond intrinsic two-photon absorption cross section. We found that AF455 exhibits
triplet excited-state absorption in the region of 800 nm that leads to enhancement of the nanosecond effective
two-photon absorption cross section.

Introduction ns laser pulsé& As time went by attempts were made to modify
the chromophores by changing the conjugated bridge and

There has been much interest in the development of two- increasing the length of pendant side chains, as well as

photon absorbing matgnal_s. A two-photon absorption processincreasim‘]j ther-donor and acceptor strend®.It was found
occurs when a material instantaneously absorbs two lower

energy photons than needed for a linear absorption. Thesethat the addition of moderately long alkyl pendants to the

materials provide an advantage by exciting in the lower energy gﬂ?rglgi ?Sgggge%rciﬁg ?ﬁé;:ge'éng?fgitﬁgd'tt\'/\cl’g_alh%c:l)unb'g%ss
near-IR region resulting in the inherent higher energy photo- P

. ) A section. Improvements were also observed when changing the
physical properties of the chromophore. This is important to -

- - donor and acceptor groups. The series of chromophores have
prevent damage to the material as a result of higher energy ecently been exoanded to include two- and three-arm chro-
photons. There are a host of uses for two-photon absorbers thal y pan St k!
include use in optical data storafjdtequency upconverted mophores that show improved two-photon absorptigi! To

this date the materials that have the largest effective two-photon

lasing? nonlinear photonic,microfabricatiortt fluorescence . e
imaging® and photodynamic theraySignificant advances in cross section, upon 800 nm nanosecond ex0|tat_|on, are AF450,
’ AF455, and AF45 These chromophores consist of a 1,3,5-

the design of these materials have been made recently but ther(i: L : : -
S . riazine electron-accepting center with three arms consisting of
is still some room for improvemerié o . :
Specifically, a series of two-photon absorbing chromophores an elec_tron-_donatmg dlphen_ylammo group and a dlalkylfluorepe
’ aromatic bridge. The only difference is the pendant alkyl chain.

identified as AFX have been extensively studtedhese In addition to physical changes to the chromophore it has
chromophores all contain a similar type geometry consisting phy g p .
been shown that changes in the solvent polarity result in

of a D=r-A (donor group-z-conjugated groupacceptor group), remarkably different effective two-photon cross secti®igor

A-7-A, or D-7-D geometry. Initially AF50 proved to be the . .
best two-photon absorber when exciting at 800 nm with-&n AF50 a decrease in the nanosecond effective two-photon cross
section with an increase in solvent polarity was obsef{éd.
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Lippert equation, (2) that this understanding is applicable to
the two-photon absorbing dyes and their excited-state absorption,
and (3) that one-photon spectroscopic techniques offer a simple

R
way to help establish structurg@roperty relationships for ©/N O R O N\©
effective two-photon behavior. .
There have been many efforts made to understand why a " .O N O
R |
NN

material is a good two-photon absorber but it appears that this

is still not well understood. We decided to pursue a more R = 3,7-dimethyoctyl
advanced study on one of the newer materials, AF455, to see

how changing the solvent affects the overall one-photon O

photophysical properties and how these properties ultimately . R

affect two-photon absorption. In the literature there are numerous R

cases where the intrinsic two-photon absorption cross section, O

measured with a femtosecond laser pulse, is several orders of ;

magnitude smaller than the effective two-photon absorption ©/ \©

cross section that is measured with a nanosecond laser’gulse.

Because of the difference in cross-section measurementsfigure 1. Chemical structure of electron donating-electron accept-

transient species that live on the order of the laser pulse widthsing AF455.

are important and need to be accounted for in a two-photon

absorption process. It is suggested that the measured effectivelash photolysis experiments (100 ns). The sample was pumped

two-photon absorption cross section is characterized by a truewith a 70-ps laser diode at 401 nm. Emission was detected on

two-photon absorption and a subsequent excited-state absorpa cooled microchannel plate PMT. Data were analyzed by using

tion89 In this paper we map out the inherent one-photon a reconvolution software package provided by Edinburgh

photophysical properties of an AFX chromophore to show that Instruments.

the absorption spectra and kinetics of the various transient The molar absorption coefficient of the AF455 triplet state

species are needed to understand the differences of two-photoras determined by using the method of singlet depletion, which

absorption in the femtosecond and nanosecond time domainshas been described previoudhyQuantum yields for intersystem
crossing were determined by using the method of relative

Experimental Section actinometry as previously described utilizing a benzophenone

actinometef? Matched optical densities of AF455 and ben-

Synthesis.AF455 was prepared as previously descriied. zophenone at 355 nm were utilized in each determination.

General TechniquesGround-state UV/vis absorption spectra
were measured on a Cary 500 spectrophotometer. EmissionRes
spectra were measured on a Perkin-Elmer model LS 50B
fluorometer. Nanosecond transient absorption measurements Ground-State Absorbance. Shown in Figure 1 is the
were carried out using the third harmonic (355 nm) of a structure of AF455. It is composed of electron-donating diphen-
Q-switched Nd:YAG laser (Quantel Brilliant, pulse width ca. ylamino groups, a dialkylfluorene aromatic bridge, and a 1,3,5-
5 ns). Pulse fluences of up to 8 mJ chnat the excitation  triazine electron-accepting group. Shown in Figure 2a are the
wavelength were typically used. A detailed description of the ground state absorbance spectra of AF455 in various solvents.
laser flash photolysis apparatus has been published edrlier. The spectral features are identical with that previously published

Ultrafast transient absorption measurements were performedin THF 8 The various solvents were chosen because they
by using a modified version of the femtosecond putrppobe represent increasing polarities and it is known in the literature
UV —vis spectrometer described elsewh&mBriefly, 1-mJ, 100- that charge transfer absorbance bands are easily shifted with
fs pulses at 800 nmtaa 1 kHz repetition rate were obtained polarity }* where hexane is the most nonpolar and 2-propanol
from a diode-pumped, Ti:sapphire regenerative amplifier (Spec- is the most polar based on their respective dielectric constants.
tra Physics Hurricane). The output laser beam was split into With increasing polarity we observe a broadening of the
pump and probe (85% and 15%) by a beam splitter. The pump spectrum. There appears to be no defined trend in the absorbance
beam was directed into a frequency doubler (CSK Super Tripler) intensity (molar absorption coefficient) with increasing polarity.
and then was focused into the sample. The probe beam was Fluorescence and Phosphorescenc8hown in panel b of
delayed in a computer-controlled optical delay (Newport Figure 2 are the fluorescence spectra of AF455 in various air-
MM4000 250-mm linear positioning stage) and then focused saturated solvents. A significant red shift is observed with
into a sapphire plate to generate a white light continuum. The increasing polarity. This is typical behavior of chromophores
white light was then overlapped with the pump beam in a 2-mm that contain donoracceptor moieties*14 A similar phenom-
quartz cuvette and then coupled into a CCD detector (Oceanenon has been observed for other AFX chromoph#rtg/e
Optics S2000 UV-vis). Data acquisition was controlled by also measured the fluorescence quantum yield of AF455 in each
software developed by Ultrafast Systems LLC. solvent under both air-saturated and deoxygenated conditions

Fluorescence quantum yields were determined by using theand found that it becomes smaller with increasing polarity. These
actinometry method previously describéduinine sulfate was  values are given in Table 1 along with the maximum fluores-
used as an actinometer with a known fluorescence quantum yieldcence peaks. The data in air-saturated THF agree fairly well
of 0.55in 1.0 N HSO,.22 All samples were excited at 340 nm  with the fluorescence quantum yield previously found for
with a matched optical density of 0.1. AF4558 The phosphorescence spectra of AF455 in methylcy-

Time-correlated single-photon counting (Edinburgh Instru- clohexane and methyltetrahydrofuran with 20% methyl iodide
ments OB 920 Spectrometer) was utilized to determine singlet at 77 K are shown in Figure 2c. In the absence of methyl iodide
state lifetimes to fill in the region from the femtosecond transient we did not observe any phosphorescence from this material.
absorption experiment (1.6 ns) cutoff to the nanosecond laserAddition of methyl iodide to the methylcyclohexane solution

ults



5516 J. Phys. Chem. A, Vol. 108, No. 26, 2004 Rogers et al.
TABLE 1: Summary of Photophysical Properties of AF455 in Various Solvents
hexane benzene THF 2-propanol
Dielectric constant 1.89 2.284 7.6 18.3
AbSnax 418 nm 420 nm 414 nm 415 nm
FLmax 432 nm 456 nm 496 nm 516 nm
®r (air saturated) 0.75 0.67 0.42 0.25
®r (deoxygenated) 0.90 0.70 0.43 0.24
Stokes shift 0.096 eV 0.231 eV 0.495 eV 0.585 eV
Phnax 546 nnt 554 nn?
Er 2.30eV 2.28eV
Ds(air saturated) 0.07% 0.004 0.030+ 0.002 0.060Q+ 0.003 0.058+ 0.003
®sc(deoxygenated) 0.01F 0.001 0.017 0.001 0.049+ 0.002 0.050+ 0.003

aMeasured at 77 K in methylcyclohexane with 20% methy! iodiddeasured at 77 K in methyltetrahydrofuran with 20% methyl iodide.

TABLE 2: Excited-State Kinetics of AF455 in Various Solvents

hexane benzene THF 2-propanol
71(air saturated) 0.36- 0.03 ps 0.45: 0.1 ps 1.66+ 0.49 ps 2.03£ 0.74 ps
7o(air saturated) 2.2 0.6 ps 3.8 22ps 48.6+ 29.3 ps 36.4+- 10.1 ps
T3(air saturated) 1.254 0.023 ns 1.47% 0.047 ns 2.71& 0.117 ns 2.634 0.053 ns
74(air saturated) 106 15ns 142+ 25 ns 368+ 104 ns 196+ 143 ns
74(deoxygenated) 13% 47 us 219+ 45us 53+ 10us 42+ 10us
75(deoxygenated) >1ms >1ms ~410us ~225us
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£ i Figure 3. Shown are femtosecond transient absorption spectra of
AF455 in (a) hexane (416M), (b) benzene (53.8M), (c) THF (67.9
uM), and (d) 2-propanol (38.3M) upon 400-nm excitation. Two times
are showny~2 ps (lighter line) and around 50 ps (darker line) after the
100 fs laser pulse.

300 400 500 600 700 800 o )
state was observed that decays within 2 ps in all solvents. These

A (nm) data are given in Table 2 ag A second species4) was found
Figure 2. Shown in the top panel (a) are the ground state absorbanceto live on the order of 249 ps depending on the solvent. At
spectra of AF455 in hexane, benzene, THF, and 2-propanol. For approximately 2 ps after the laser pulse a transient absorption
bﬁnzenti- Tf'l'”:' and 2'Propanft>| the ?ﬁec”a are “eﬁ;”y i?e”g%"- iIDaneI byvas observed with a maximum at 617 (hexane), 610 (benzene),
shows the fluorescence spectra in these same solvents. Samples wer e P~
excited at 340 nm with a r'r?atched_OD o_f 0.1. Shown in panel cgre the gglsn(ﬁs)'(:a)l;’lthﬂee(t)roarrllsni]egzt-gtr:t%aggz/;i;g(“; IZS 52)0 vv\\//ir;r:nVZIrgure
phosphorescence spectra (normalized) in methyl cyclohexane or methyl* " o . - : . .
tetrahydrofuran. Methy! iodide (20%) was added to each. Samples werelittle shift into a new transient state with an absorption maximum
excited at the absorbance peak maximum (415 nm). All data were also at 617 nm. For benzene we observed a transient absorption
obtained in air-saturated solvent at room temperature®@5except that also grows in# = 3.8 ps) but is shifted to 602 nm,
for the phosphorescence, which was obtained at 77 K. indicating the formation of a new transient state. The transient
state formed for THF decays with a lifetime of 48.6 ps with a
caused a shift in the observed fluorescence spectrum, indicatingshift from 593 to 578 nm. Concomitant with the decay at 593
a change in the solvent environment. The methyl tetrahdyrofuran nm is a growth of a new transient absorption in the region from
with added methyl iodide has the same properties as THF, 450 to 500 nm. For 2-propanol the transient absorption at 600
indicating that the overall solvent environment is similar. The nm decays with a lifetime of 36.4 ps to a new transient state
phosphorescence maximum is given in Table 1 for both solvents. with a maximum peak at 585 nm. Also concomitant with this
A small red shift was observed in the phosphorescence with decay is a growth around 450 nm. The multiple lifetimes are
increasing polarity. consistent with data obtained for AF50 and AF250.

S;—S, Properties. Figure 3 shows the ultrafast transient Time-Resolved Fluorescencelo look at longer times than
absorption spectra of AF455 in the four air-saturated solvents the femtosecond experiment allowed, time-correlated single-
upon excitation with a 100-fs 400-nm pulse. For all solvents a photon counting was done. Single-exponential fluorescence
multiexponential decay was found. Initially a very fast transient decays were measured for each solvent. These are given as
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Figure 5. (a) T:—T, differential absorption spectra of AF455 (8:51)
in deoxygenated 2-propanol at time zero and @8Oafter the laser
pulse observed following nanosecond pulsed 355-nm excitation. The
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800
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. 0 data at 60Q«s are normalized to overlay the time zero data in the region

400 600 800 400 600 800 1000 from 550 to 800 nm. Shown in the inset are the double exponential
decays of the transient at 420 and 800 nm. (b) Overlaid femtosecond
A (nm) transient absorption data at 20 ps with nanosecond laser flash photolysis

Figure 4. T,—T, absorption spectra observed after nanosecond pulsed data at 60(s in THF. Data have been normalized in the 4550 nm
355-nm excitation of AF455 in (a) hexane (§:B1), (b) benzene (8.8 region to show spectral similarities in this region. The early time data
uM), (c) THF (9.2uM), and (d) 2-propanol (8.zM). Samples were are under air saturated conditions while the later data are under
deoxygenated by the freezpump-thaw method. Molar absorption ~ deoxygenated conditions.

coefficients were obtained by using the method of singlet depletion. . .
Y g g P SCHEME 1: Various Pathways Depicting the

in Table 2 for each solvent. With an increase in the polarity of Photophysical Processes of AF455

the solvent the observed lifetime becomes longs). (For

2-propanol the lifetime is actually shorter than THF. The hv AF455 ——> "AF455*

differences are due to aprotic versus protic solvent effects. In t=<2ps \AF455* \AF455*

hindsight 2-propanol was probably not the best choice for this v=0

series of solvents because of its protic nature. 5,=2-49ps \AF455* ic
T1—Tn Properties. Shown in Figure 4 are the transient

spectra obtained upon 355-nm excitation of AF455 in deoxy- :AF455"—' 9F455+A,hv

genated hexane, benzene, THF, and 2-propanol. A small shift n=1-3ns | AFASS'—————> "AFASS

in the peak maximum was observed with increasing polarity. 1(:CD %445555:A"W

The identities of the transients were confirmed by molecular (cn

oxygen quenching of the excited state and also by energy 7,=40-220s zAF455"—> 9F455+A,hv

transfer sensitization {B-carotene. The T, molar absorption AF455 (cm

coefficients were determined with a singlet depletion method. _ 3

The intensity of the peak maximum is very similar in all sol- =225 ->100045) ICT) AFdSS*A Iy

vents (hexanegsp nm= 67 500+ 3 400 M1 cm%; benzene

€g70nm = 70 700+ 3500 M cm™L; THF €gg0 nm= 60 000+
3000 Mt cm™*; 2-propanolegzo nm = 68 700+ 3 400 M* be single exponential but there is still a small absorptive long-
cm™Y). Also given in Table 1 are the intersystem crossing lived tail that lives greater than 1 ms. Because the long-lived
quantum yields under both air-saturated and deoxygenatedtransient state does not relax on the time scale of our experiment
conditions. We observed that the yield is larger under air- the data were fit to a single exponential with a DC component.
saturated conditions. The opposite effect was observed in theThe kinetic data for all four solvents are given in Table 2. Under
fluorescence quantum yield where the yield became smaller in air-saturated conditions in all solvents no long-lived transient
air-saturated solvent. was observed. This points to a triplet-derived transient species
Shown in panel a of Figure 5 are the transient spectra of that is noncompetitive with oxygen quenching.
AF455 in deoxygenated 2-propanol at time zero and at800
following the laser pulse. The spectra have been normalized pjscussion
from 550 to 800 nm to highlight the differences in the bleaching
region. Shown in the inset are the kinetic decays at 420 and The design and understanding of two-photon absorbing
800 nm. It is evident from the kinetic data that a longer-lived Mmaterials is very important to materials science because of their
species is present. The data at 6o represent the spectral  ability to absorb a lower energy wavelength to achieve the same
features of this long-lived transient as well as the still decaying results as that from a higher energy wavelength that is sometimes
triplet excited state. This is highlighted in the boxed area. The more destructive to the material. It is assumed that in the case
transient coincides very well with the ground-state absorption of AF455 the one-photon absorption properties in the S1 level
bleaching, which makes it difficult to discern an actual peak. lead to the same photophysical behavior as in the two-photon
The interesting thing about this long-lived transient is that the (two photons with half the energy of the one photon) absorption
spectral features from 450 to 550 nm coincide with the growth case. On the basis of this assumption the one-photon photo-
at 450 nm in the femtosecond transient absorption data. This isphysical processes (linear absorption) are discussed followed
shown in panel b of Figure 5 in THF. The data are normalized by a two-photon assisted excited-state absorption process
in the region from 450 to 550 nm to show the spectral (nonlinear absorption) thatis based on the measured one-photon
similarities. absorption properties.
Under deoxygenated conditions the decay kinetics for THF  One-Photon Photophysical ProcesseScheme 1 depicts the
are very similar to what was observed for 2-propanol and fit to various pathways of deactivation upon absorption of a single
a biexponential. For benzene and hexane the decays appear tphoton. For AF455 in the various solvents up to a total of five
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TABLE 3: Rate Constants for Decay from the Singlet Excited State and/or ICT State

hexane benzene THF 2-propanol
ki(air saturated) 6.6 103s?t 46x10°s 16x 1Ps? 9.5x 10's™?
kisc(air saturated) 6.6 10' st 20x 10's? 22x 10's? 22x 10°s?
kic(air saturated) 1.4 10%s? 20x 1¥s? 19x 1¢Ps? 26x 1¥s?

lifetimes were observed under different conditions (air saturated or a mixture of both. We know that the fluorescence is occurring
vs deoxygenated). Upon absorption of energy the singlet excitedfrom predominately the ;Sstate in hexane because of good

state is formed within the 100-fs laser pulse. Witki ps it is overlap of the ground-state absorptiop<{S;) and fluorescence
believed that the lowest vibrational level of the S1 state is fully spectra ($—S). In the other solvents we believe that emission
occupied through intramolecular vibrational redistribuiohe is occurring from both the Sand }(ICT) state based on the

intramolecular vibrational redistribution is internal conversion shift and spectral features of the fluorescence data shown in
from higher energy levels (both vibrational and higher energy Figure 2. The same is true for internal conversion and
electronic states) to the lowest electronic state, the S1 manifold.intersystem crossing. Looking at Table 3, clearly increasing the
This is shown in Scheme 1. With increasing polarity the amount of solvent-stabilizefICT) state formed results in more
vibrational relaxation takes longer in molecules having a more efficient internal conversion rather than a large increase in
polar excited state because of increased solvent associatiorintersystem crossing as has been found in other ICT sys&ms.
around the state. We observed that in the presence of oxygen the intersystem

Depending on the polarity of the solvent (as determined by crossing quantum yield increases and the fluorescence quantum
the dielectric constant) the S1 population relaxes to a new yield decreases as shown in Table 1. There are several possible
species proposed to be a solvent stabilized intramolecular chargeexplanations due to the paramagnetic properties of oxygen for
transfer (ICT) state derived from the singlet excited state the observed increase in intersystem crossing that has recently
(shown in Scheme 1). This is similar to 98anthryl, p- been reviewed in the literature in det&ilOne example is a
(dimethylamino)benzonitrile, and MN(N-dimethylamino)-4 direct quenching of the AF455 singlet excited state resulting in
cyanobiphenyl, systems in the literature that form ICT states the formation of the AF455 triplet excited state and ground-
upon excitatiort® For example, upon femtosecond excitation state molecular oxygen¥y~). A second example is the
of 9,9-bianthryl, a new transient species forms within-1/® formation of the AF455 triplet excited state through excited
ps dependent on solvent, which is assigned to the solventsinglet state quenching by molecular oxygen leading to the
reorganized ICT stat¥" Evidence for the formation of the  production of singlet oxygen'dy). The singlet-triplet energy
singlet-derived solvent-stabilizé(CT) state in AF455 is found gap (9—T3) of AF455 is much smaller than needed to produce
in the femtosecond data shown in Figure 3. In THF and singlet oxygen¥Ag) (94 kd/mol) so therefore we can rule out
2-propanol a new transient absorption grows in the region from this mechanism and assume that the increase in intersystem
450 to 500 nm in the femtosecond data shown in Figure 3. The crossing quantum yield is mainly due to the first quenching
absorption due to thé(ICT) state is typically very similar process. The differences in the intersystem crossing quantum
energetically to the ground-state absorption but red shifted dueyields are not consistent due to different concentrations of
to the lower energy of th§ICT) state as confirmed by the large  oxygen dissolved in the solvent with hexane being the largest
Stoke’s shift in the fluorescence data (Table 1). Also, with (3.1 mM) followed by 2-propanol (2.2 mM), THF (2.1 mM),
increasing time a blue shift is observed in the overall transient and benzene (1.9 mM§.
spectrum for benzene, THF, and 2-propanol indicating formation By using nanosecond laser flash photolysis we were able to
of a new absorbing species. We observed no shift of the transientidentify the triplet excited state. Under air-saturated conditions
species in hexane indicating that very little to no solvent- the nanosecond resolved transient decayed with a single-
stabilized'(ICT) state is formed. The formation time associated exponential decay giving the lifetimes shown in Table 2. For
with this process becomes longer with polarity of the solvent the aprotic solvents the lifetime becomes longer with increasing
indicating that thé(ICT) state for hexane is solvent stabilized polarity. The lifetime in 2-propanol is shorter than THF due to
much faster than in the case of 2-propanol. interaction with the solute.

Following solvent reorganization is competitive deactivation ~ Under deoxygenated conditions the kinetics observed are
of both the S1 and(ICT) states occurring by either internal  biexponential. We believe thaj is due to decay of the triplet
conversion (IC) back to the ground state, fluorescence (fl), or excited state concomitant with formation of a triplet-derived
intersystem crossing (ISC) to the triplet excited state. This is solvent-stabilized(ICT) state. This is shown in Figure 5b where
shown in Scheme 1. We observed that this lifetime becomesa transient is observed to grow in the same-4550 nm region
longer with increasing solvent polarity. Comparing the fluo- as that found in the femtosecond data. At the short 20-ps time
rescence quantum yields from Table 1 it is evident in less polar scale the solvent-stabilizéCT) state is derived from a singlet
solvents that deactivation by fluorescence is the most predomi-state where in the case of the 6@9data we believe the solvent-
nant pathway. As the polarity of the solvent increased the stabilized3(ICT) state is derived from a triplet excited state.
fluorescence quantum yield decreased. However, no largeUnfortunately in both cases we are unable to resolvé#iET)
increase was observed in the formation of the triplet excited absorption spectrum because of overlaying S absorption.
state (Dsc). Furthermore, the kinetic behavior of the triplet excited state

To understand the origin of the decrease in the fluorescencefollows that of the singlet excited state where in both THF and
guantum yield the rate constants for decay from the singlet 2-propanol the intensity of the transient formed in the 450
excited state and/or solvent stabiliz€tCT) state are given in 550 nm region is more than that in hexane and benzene where
Table 3. With increasing polarity an overall increase in internal there is less-ICT) solvent stabilization.
conversion is observed becoming the dominate pathway of The triplet-derived solvent-stabilize®{ICT) state formed
deactivation. The question that remains in this system is whetherunder deoxygenated conditions was found to decay on the order
fluorescence, intersystem crossing, and internal conversion occuf 225 to>1000us. The exact lifetime of decay of this species
from the singlet manifold or the solvent-stabilizHtCT) state is difficult to measure because of limitations by the laser flash
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SCHEME 2: Comparison of (a) Excited-State For AF455 both the intrinsic two-photon absorption cross
Absorption, (b) Two-Photon Absorption, and (c) Two- sectiono, (790 nm; measured with a fs pulse) and the effective
Photon Assisted Excited-State Absorption. two-photon absorption cross section (800 nm; measured with a
p— ns pulse) have been measured in air-saturated THF to be
C— 0.51x 1072 cm*/GW and 134x 1020 cn/GW, respectively!
k—Tn There is quite a substantial increase in the cross section under
nanosecond irradiation. A theoretical model has recently been
— developed and explored in detail in our lab that correlates
nanosecond nonlinear absorption data of AF455 with inherent
A photophysical properti€/$:2°Without detailing specifics of the
— T model because it is being published elsewhere we propose that
—— the mechanism for this enhanced nanosecond nonlinear two-
photon absorption is in fact due to the excited-state absorption
from the triplet excited state as shown in eq 1 and Scheme 2.
The excited-state absorption in Scheme 2 is dependent on both
S;—S, absorption and T, absorption. Figure 3 shows that
there is very little $—S, absorption in the region of 79800

. . o ..nm, where the TPA measurements were previously made.
2 were obtained. These are estimates but it is clear that thISHowever, in the T—T, absorption data (Figure 4) the peak is

species when formed lives for a significant time. In both hexane centered close to the 79800 nm region with variation due to

and benzene a long-lived transient was observed but we were

unable to determine a reliable biexponential fit. We estimate ;olvent shifts. We believe that there is a significant enhancement

the lifetimes to be longer than 1 ms. in the nanosecond effective two-photon absorption cross section

Overall we have been able to map out the spectral and kinetic because of the triplet excited-state absorption in this region. On

properties of AF455 in various solvents. We did find that the _the basis of eq 1 I be_comes apparent that the TPA-ESA process
kinetic properties do not include simple deactivation from a is dependent on kinetic processes because the number of excited-

singlet excited state or triplet excited state but rather a state molecules produced is. dependent' on the rate of intgrsystem
competition from these states with a solvent-stabiliZ&tCT) gros;mg. One of the questions thgt will be addressed in more
state. On the basis of these properties we will now apply this eta_ll later is the _effect of th_e various rates by solvent on the
to the two-photon absorption properties. nonlinear absorption properties of AF455,

Two-Photon-Assisted Excited-State AbsorptionAs men-
tioned previously there have been many efforts made to
understand why a material is a good two-photon absorber but | this paper we present the one-photon photophysical
it appears that this is still not well understood. In the literature properties and show that the solvent does change both the
itis suggested that the measured effective two-photon absorptionspectral properties and the kinetics. In general the formation of
cross section with a nanosecond laser pulse is characterized byhe solvent-stabilized intramolecular charge transfer (ICT) state
a true two-photon absorption and a subsequent excited-statgyas found to increase in more polar solvents. With increased
absorptior?>® To understand the concept of this we have golvent-stabilized ICT formation a decrease in fluorescence
illustrated the mechanism of a two-photon-assisted excited-statequamum yield was observed as well as a red shift in the overall
absorption in Scheme 2. Shown are three models of absorptionflyorescence spectrum. Intersystem crossing is only affected
The first (a) is a typical excited-state absorption using a five- s|ightly by increased solvent-stabilized ICT formation, most
level model (ESA). Upon absorption of a photon an electron is likely because of its small inherent quantum yietd806).
promoted to a higher singlet level, which then vibrationally o, the pasis of a two-photon-assisted excited-state absorption
relaxes back to the;3evel. A second photon is then absorbed ,del we tie in the measured one-photon photophysical
either directly by an §-$, transition or following intersystem  qherties to understand why the nanosecond effective two-
crossing the photon is absorbed by the-T, transition. The yhot0n absorption cross section is much larger than the
second (b) model is a two-photon absorption (TPA) where it tomigsecond intrinsic two-photon absorption cross section. We
takes absorption of two photons of certain energy to reach the,5ve shown that AF455 does have a triplet excited-state

upper level singlet manifold. Finally, the third (c) model shows 5,6 htion in the region of 800 nm that enhances the effective
the two-photon-assisted excited-state absorption model (TPA'two-photon absorption cross section.

ESA). This model is based on (a) and (b) where two photons
are needed to promote the electron to the singlet manifold and Acknowledgment. We are thankful for the support of this
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photolysis method. In THF and 2-propanol the data were fit to
a biexponential decay and the lifetimes fgrshown in Table

Conclusions
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