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absorption kinetics of PNtPI in 5CB and pyridine, two solvents
with similar isotropic static dielectric constants, are shown in
Figure 1. The figure clearly shows increased charge separation
and recombination times in 5CB relative to those in pyridine.
The inset to Figure 1 shows the transient absorption spectrum
of PNI—=PI in 5CB, which exhibits the characteristic PI
absorption band at 710 nm indicative of the formation of PNI

PI~. Figure 2 shows the results of a temperature dependence
study of the charge separation and recombination times. The
temperature was varied above the-Nphase transition from
310to 363 K. This figure shows that the charge recombination
time constants strongly increase as thellyhase transition is

Charge transfer reactions in anisotropic environments are of @PPproached from higher temperatures, while the charge separa-
interest because of their importance in photosynthesis and intion time constants increase only weakly.

the areas of solar energy conversion and optical signal

processing:.* Nematic liquid crystals are excellent media for

To analyze this data, we use LandaleGennes theory which
shows that the molecular correlation lendiT), is given by

studying intramolecular charge transfer in ordered systems. Theythe relationship
are generally good solvents that are transparent at visible

wavelengths, permitting the study of dor@cceptor molecules

that undergo photoinduced intramolecular charge transfer with
visible light. However, there are surprisingly few studies in
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the literature that explore the mechanisms of charge transferwhereg, is a molecular length an@* is just below the N-I

reactions in liquid crystal solvents? The disadvantage of

phase transition. The Nl phase transition of 5CB containing

using liquid crystals as anisotropic media is that they possess2 x 103 M PNI-PI was determined to be 306.5 K by
domains that are highly scattering and, therefore, make optical differential scanning calorimetry (Perkin-Elmer Pyris 1). We
experiments difficult unless complex alignment techniques are use a value of 306 K fof*. Equation 1 shows that molecular
employed. However, it is known that domains with dimensions correlation lengths of approximately 20 exist just above thé N

of tens of molecular lengths persist at temperatures above thephase transition and gradually decrease to three molecular

nematic to isotropic (N'l) phase transitiofi. This permits the

lengths at 343 K. From eq 1, the collective reorientation time

study of charge transfer in anisotropic environments, while 7r of the microdomains has been shown to also change rapidly
eliminating optical scattering, since the molecular domain as the N-I phase transition is approach&d:
lengths are smaller than visible wavelengths. We report ultrafast

transient absorption studies of an intramolecular deacceptor
molecule taken above the-N phase transition of'4(n-pentyl)-
4-cyanobiphenyl (5CB).

The donor-acceptor molecule, PMNIPI, is a 4-(N-pyrrolidi-
no)naphthalene-1,8-imidgyromellitimide that has a rodlike
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Herec is a constant anH, is the activation energy for collective
reorientation, which has been previously determined to be 34.3

structure. The Pl acceptor has a distinctive absorption band atkj/mol for 5CB4 Equation 2 has been shown to be valid for
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5CB up to 343 K, where small domain sizes begin to affect the
dynamics of the liquid3® The data in Figure 2 was fit using eq

2 plus an additive constanfl; to account for the charge
recombination time above the temperature where microdomains
exist. E; and T* were fixed at 34.3 kJ/mol and 306 K,
respectively, and onlg and rOCR were varied. The fit to the
data begins to err seriously only at temperatures above 343 K
where LandatdeGennes theory is known to break do®ithe

710 nm when reduced, permitting unambiguous assignment ofigentical temperature dependence of the charge recombination

the final radical ion pair stat€:'! Time-resolved transient

kinetics and the collective reorientational dynamics of the

absorption studies were performed with a Ti:sapphire laser microdomains reveals that solvent-controlled reaction dynamics

system that excited PNI with 400 nm, 120 fs pul¥ed.ransient
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Figure 1. Transient absorption kinetics for PNPI in pyridine and
in 5CB at 313 K monitored at 710 nm. The inset shows the transient
spectrum of PNI—PI~ in 5CB 150 ps after excitation.
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Figure 2. Temperature dependence of the time constants for charge them. For PN+-PI, Es = 2.65 eV, ng = 1.09 V2 EA

separation1cg) and charge recombinationdg) for PNI—PI in 5CB
are shown.

where AG* = (AG® + 1)%44, Vpa is the electronic coupling
matrix element between the donor and the accepA@* is
the activation energy for electron transf&GP is the reaction
free energy, and is the total reorganization energy, which is
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Figure 3. Plot of In(kesTY?) vs (1/T) for charge separation within PNI
Pl in 5CB.
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the NI transition does not reflect the isotropic static dielectric
constant for the medium.

For charge separation reactions, it has been shown\iGat
becomes more positive arig decreases ass decrease¥>18
For charge separation reactions in continuous dielecthGs,

can be related tes by!920
2
i
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whereC = e?(1/2rp) + (1/2ra) — (1/rpp)] and AGg = EEX -
Efq— Es. In these equations is the electronic chargeo is
the high-frequency dielectric constant of the mediis the
lowest excited singlet state energy of PHf, andEx, are the
one-electron oxidation and reduction potentials of PNI and PI,
respectively, in polar mediap andra are the ionic radii of the

donor and acceptor, respectively, apgd is the distance between

AG* = (AGE + 2+ )

red —

—0.80 V2 rp =rpn =35+ 05A?2andrps = 11 A2 For
both 5CB and pyridineo = 2.3. Using4; = 0.3 e\*2 and the
value of AG* obtained from the data in Figure 3, eq 4 can be
solved to obtain aeffectve es = 6 + 3 for the charge separation
reaction in the 5CB microdomains. Since the anisotropic static
dielectric constants for 5CB in its nematic phase are ap-
proximatelyeqp = 6 and e = 1816 our results suggest that

the sum of reorganization energies due to changes in solvation,motions of 5CB perpendicular to its director in the micro-

As, and internal nuclear coordinates in the deracceptor pair,

domains are sulfficiently fast relative to charge separation within

Ai. Equation 3 assumes that the electron transfer reaction iSPNI—P| to promote rapid, nonadiabatic charge separation.

nonadiabatic, which implies that the solvent motions that

Therefore, the anisotropic dielectric properties of liquid crystal

mediate charge transfer are fast compared to the rate of charg&olvents can be used to control the rates and mechanisms of

separation. If eq 3 is obeyed, then a plot okbTd vs (1/T)
should be a line with slope of AG*/ks. Using our data for
the temperature dependence of the charge separation, such
plotis illustrated in Figure 3 and yieldsG* = 0.25 eV. Since

the plot in Figure 3 is linear, it is clear that the charge separation

electron transfer reactions. This is an important goal of research
focused on the design of efficient photochemical charge
8eparation and storage molecules.
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of pyridine is a consequence of fast molecular motions that differ
from the slower microdomain reorientational responses.

To slow the rate of charge separatiakG® and/or/ must
differ significantly between 5CB and pyridine. Bo#AG° and
A depend on the dielectric properties of the medium. For 5CB
the isotropic static dielectric constastat temperatures slightly
above the NI transition is 10.5¢ while that of pyridine is
12.517 However, the rate of charge separation in 5CB is 50
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