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Abstract. Photoexcitation of chromophoric dimers constrained to a symmetric
n-stacked geometry by their molecular structure usually produce excimers
independent of solvent polarity, while dimers with edge-to-edge perpendicular ©
systems undergo excited-state symmetry breaking in highly polar solvents leading to
intradimer charge separation. We present direct evidence for symmetry breaking in
the lowest excited singlet state of a symmetric cofacial dimer of 9-(N-pyrrolidinyl)-
1,6-bis(3,5-di-tert-butylphenoxy)perylene-3,4-dicarboximide (SPMI) in the low-
polarity solvent toluene to produce a radical ion pair quantitatively. This dimer,
cof-5SPMI,, was synthesized by attaching two SPMI chromophores via imide groups
to a xanthene spacer. For comparison, a linear symmetric dimer, /in-5PMI,, was
prepared in which the SPMI chromophores are linked end-to-end via a N-N single
bond between their imides. The edge-to-edge m systems of the SPMI chromophores
within /in-5PMI, are perpendicular to one another. Ground-state absorption spectra
of both SPMI dimers show exciton coupling, which is consistent with the orientation
of the SPMI chromophores relative to one another. Ultrafast transient absorption
spectroscopy following excitation of the dimers with 400-nm, 80-fs laser pulses
shows that quantitative intradimer electron transfer occurs in cof-SPMI, in toluene
with © = 0.9 ps, followed by charge recombination to ground state with T = 780 ps.
Similar measurements on /in-SPMI, reveal that photoinduced electron transfer does
not occur in toluene, but occurs in more polar solvents such as 2-methyltetra-
hydrofuran, wherein © = 4.5 ps for charge separation and t = 660 ps for charge
recombination. Excited-state symmetry breaking in SPMI dimers provides new
routes to biomimetic charge separation and storage assemblies that can be more
easily prepared and modified than those based on multiple tetrapyrrole macrocycles.

INTRODUCTION

In the proteins responsible for the primary events of
photosynthesis, exciton interactions between the large
transition dipoles of neighboring chlorophyll macro-
cycles result in spectrally shifted optical transitions that
differentiate antenna from reaction center function.' In
model systems for photosynthesis the most commonly
employed electron donors are metalloporphyrins,
chlorophylls, and bacteriochlorophylls.? Only in the lat-
ter two molecules do the transition moments of the
lowest energy electronic transitions have well-defined
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directions. Previous work from our laboratory has ex-
plored the advantages of using perylene imides and
diimides as photochemically robust, electronically well-
characterized chromophores for energy and electron
transfer studies.>'? For example, we have studied the
effect of substituting the 1 and 7 positions of 3,4:9,
10-perylenebis(dicarboximide) with pyrrolidine via its
nitrogen atom.* This molecule (5PDI) exhibits a strong
charge transfer (CT) transition resulting from donation
* Author to whom correspondence should be addressed. E-mail:
wasielew @ chem.northwestern.edu
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of electron density from the pyrrolidine nitrogen atom
lone pair into the perylene core. This green compound
has properties that are remarkably analogous to those of
chlorophyll a, i.e., it absorbs at A, = 686 nm, is easy to
oxidize and reduce with E,;, = 0.57 and -0.75 vs. SCE,
respectively, and fluoresces with a 0.35 quantum yield.
As chromophores for use in biomimetic donor—acceptor
arrays, perylene derivatives have the advantages of
being relatively easy to synthesize, having strongly po-
larized optical transitions with large extinction coeffi-
cients, and being photochemically robust.

In the primary dimeric electron donor within photo-
synthetic reaction center proteins, it has been proposed
that symmetry breaking within the photoexcited singlet
state of the special pair dimer results in significant
intradimer charge transfer character.”*'¢ However,
photoexcitation of arene dimers constrained to a
cofacial orientation usually leads to excimer forma-
tion."”” In related conformationally flexible dianthryl-
ethanes, symmetry breaking in the lowest excited sin-
glet state produces ion pairs only in highly polar
solvents, while excimer formation still dominates at low
polarity.'® Perhaps the most widely studied case of sol-
vent-induced excited-state symmetry breaking in polar
media is that of 9,9’-bianthryl, in which two anthracenes
are bound in an edge-to-edge geometry with their &
systems perpendicular to one another in the ground
state.!>?® Recent evidence indicates that geometry
changes following excitation of 9,9’-bianthryl increase
the electronic coupling between the two anthracenes
leading to the formation of a significant dipole moment
even in low polarity solvents.?

We recently presented data showing that a symmetric
cofacial SPDI dimer undergoes symmetry breaking fol-
lowing photoexcitation yielding complete charge sepa-
ration between the two halves of the dimer in the rela-
tively low polarity solvent toluene.'® We reason that the
molecular motion within SPDI that is responsible for
symmetry breaking in its excited state involves torsional
motion of the pyrrolidinyl groups at the 1 and 7 posi-
tions relative to the perylene core. In order to explore
this issue further, we have developed an analogous
cofacial dimer based on the related chromophore, 9-(V-
pyrrolidinyl)-1,6-bis(3,5-di-tert-butylphenoxy)-
perylene-3,4-dicarboximide (SPMI). The 5PMI chro-
mophore exhibits a strong CT electronic absorption due
to electron donation from the pyrrolidine nitrogen lone
pair into the electron deficient perylene-3,4-
dicarboximide, a so-called push—pull mechanism.” The
optical properties, excited-state lifetime, and low oxida-
tion potential of 5PMI make it an attractive chro-
mophore for use in supramolecular systems for studying
photoinduced electron transfer’* and molecular elec-
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tronics.>?® Here we present data showing that a
cofacially-oriented 5SPMI dimer undergoes symmetry
breaking following photoexcitation, yielding complete
charge separation between the two halves of the dimer
in the relatively low polarity solvent toluene, similar to
what is observed for the analogous SPDI dimer. The
possible molecular mechanism of symmetry breaking
will be discussed in the context of these results.

EXPERIMENTAL

Synthesis

The synthesis of SPMI has been described previously,’
while the syntheses of cof~SPMI, and lin-5PMI, are described
below. Proton nuclear magnetic resonance spectra were re-
corded on a Varian Mercury 400 NMR spectrometer using
TMS as an internal standard. Laser desorption mass spectra
were obtained with a PE Voyager DE-Pro MALDI-TOF mass
spectrometer using 2-hydroxy-1-naphthoic acid as a matrix.
Solvents and reagents were used as received except for 2-
methyltetrahydrofuran (MTHF), which was purified by pass-
ing it through a column of basic alumina. Flash and thin-layer
chromatography was performed using Sorbent Technologies
(Atlanta, GA) silica gel.

9-bromo-1,6-bis(3,5-di-tert-butylphenoxy)-perylene-3,4-

dicarboxyanhydride

N-(2,5-di-tert-butylphenyl)-9-bromo-1,6-bis(3,5-di-tert-
butylphenoxy)-perylene-3,4-dicarboxyanhydride® (0.150 g,
0.15 mmol) and potassium hydroxide (0.169 g, 3.01 mmol)
were combined in 10 mL of 2-isopropanol and heated to
110 °C for 10 minutes under nitrogen. The reaction was cooled
to room temperature and was poured into 20 mL of glacial
acetic acid, which was shaken vigorously and combined with
60 mL of chloroform. The mixture was then washed with
70 mL of water, and the organic layer was evaporated to
dryness. The crude product was chromatographed on a silica
column using 30% hexane in chloroform as the eluent to yield
the product (0.082 g, 68%). 'H NMR (CDCl,) 8: 9.446 (d, J =
7.9,1H),9.188(d, J=8.5, 1H), 8.385(d, /= 8.4, 1H), 8.179 (s,
1H), 8.152 (s, 1H), 7.903 (d, J = 8.5, 1H), 7.733 (t, J = 8.1,
1H), 7.244 (s, 2H), 6.980 (s, 4H), 1.2-1.4 (s, 36H). MS: 808.5
(calcd 809.8).

N-amino-9-bromo-1,6-bis(3,5-di-tert-butylphenoxy)-

perylene-3,4-carboximide

9-bromo-1,6-bis(3,5-di-tert-butylphenoxy)-perylene-3,4-
dicarboxyanhydride (0.040 g, 0.05 mmol) and 0.50 mL (ex-
cess) hydrazine (anhydrous) were combined in 10 mL of
chloroform and were stirred at room temperature for 10 min
under nitrogen. The solvent was evaporated, and the crude
product was chromatographed on a silica column using 10%
hexane in chloroform as the eluent to yield the product
(0.042 g, quantitative). '"H NMR (CDCl,) 6: 9.388 (d, /=7.9,
1H), 9.107 (d, J = 8.6, 1H), 8.330 (d, J = 8.3, 1H), 8.196 (s,
1H), 8.161 (s, 1H), 7.845 (d, J = 8.6, 1H), 7.687 (t, J = 8.1,
1H), 7.300 (s, 2H), 6.960 (s, 4H), 5.482 (s, 2H), 1.2-1.4 (s,
36H). MS: 824.8 (calcd 823.9).
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9-bromo-1,6-bis(3,5-di-ters-butylphenoxy)-perylene-3,4-
dicarboxyanhydride (0.015 g, 0.018 mmol) and N-amino-9-
bromo-1,6-bis(3,5-di-tert-butylphenoxy)-perylene-3,4-
dicarboximide (0.015g, 0.018 mmol) were combined with
1 mg of zinc acetate dihydrate in 5 mL of DMF and were
heated to 160 °C for 2.5 h under nitrogen. The solvent was
evaporated under vacuum to dryness, and the crude product
was chromatographed on a silica gel column using 50% hex-
ane in chloroform as the eluent to yield /in-BrPMI, (0.018 g,
62%). 'HNMR (CDCl,) 6:9.470 (d, /="7.8,2H),9.233 (d, J =
8.6,2H), 8.378 (d,/=8.4,2H), 8.235 (s, 4H), 7.922 (d, / = 8.6,
2H), 7.739 (t, J = 8.1, 2H), 7.282 (s, 4H), 6.985 (s, 8H), 1.2—
1.4 (s, 72H). MS:1616.5 (calcd 1615.7).

lin-5PMI,

lin-BrPMI, (0.018 g, 0.011 mmol) was heated in
pyrrolidine (4 mL) to 80 °C for 5 h under nitrogen. The solvent
was evaporated under vacuum to dryness, and the contents
were taken up in 75 mL of chloroform and the organic layer
was washed 3 times with water. The crude product was
chromatographed on a silica gel column using 50% hexane in
chloroform as the eluent to yield /in-SPMI, (0.010 g, 67%).
'H NMR (CDCl,) &: 9.392 (d, J=17.7, 2H), 9.326 (d, / = 8.9,
2H), 8.300 (d, J = 8.2, 2H), 8.226 (s, 2H), 8.197 (s, 2H),
7.706 (m, 1H), 7.529 (m, 3H), 7.231 (s, 4H), 6.982 (s, 8H),
3.628 (unr. t., 8H), 2.046 (unr. quint., 8H), 1.2-1.4 (s, 72H).
MS: 1595.1 (caled 1596.1).

9-N-pyrrolidinyl-1,6-bis(3,5-di-tert-butylphenoxy)-

perylene-3,4-dicarboxyanhydride (5PMA)

SPMI (0.090 g, 0.03 mmol) was combined with potassium
hydroxide (0.256 g, 4.6 mmol) in 10 mL of isopropanol and
the mixture was heated to 100 °C for 2 h. The reaction was then
cooled to room temperature and the contents were poured into
25 mL of glacial acetic acid. The mixture was then combined
with 125 mL chloroform and that mixture was washed 3 times
with deionized water. The organic layer was evaporated on a
rotary evaporator and the crude product was chromatographed
on a silica gel column using 40% hexane in chloroform as the
eluent to yield SPMA (0.072 g, 99%). 'H NMR (CDCL,)
$:9.375(d,J =19, 1H), 9.285(d, /= 9.0, 1H), 8.316 (d, / =
8.5, 1H), 8.157 (s, 1H), 8.111 (s, 1H), 7.512 (t, J = 8.1, 1H),
7.208 (s, 2H), 6.970 (s, 4H), 3.659 (unr. t., 4H), 2.052 (unr.
quint., 4H), 1.2-1.4 (s, 36H). MS: 799.5 (calcd 799.4).

cof-5PMI,

2,7-Di-tert-butyl-9,9-dimethyl-4,5-xanthenediamine
(0.013 g, 0.036 mmol) was combined with SPMA (0.072 g,
0.09 mmol) and 2 g solid imidazole. The contents were heated
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above 250 °C for 5 min under nitrogen, during which time the
imidazole melted and acted as the solvent. Upon cooling to
room temperature, the solid mixture was dissolved in 125 mL
of chloroform and was washed 3 times with water to remove
the imidazole. The crude product was chromatographed on a
silica gel column using 30% hexane in chloroform as the
eluent to yield cof-5PMI, (0.033 g, 48%). 'H NMR (CDCl,) &:
9.375(d,J=75,1H),9.312(d,J=8.8, 1H),8.966 (d,/=7.7,
1H),8.911(d,/=8.9,1H), 8.626 (d, /=8.4, 1H), 8.360 (d, /=
8.9, 1H), 8.058 (s, 1H), 8.039 (s, 1H), 7.950 (s, 1H), 7.935 (s,
1H), 7.710 (m, 2H), 7.531 (m, 2H), 7.139 (s, 4H), 7.004 (s,
2H), 6.910 (s, 8H), 3.564 (unr. t., 8H), 2.075 (unr. quint., 8H),
1.2-1.6 (s, 96H). MS: 1915.8 (caled 1915.1).

Spectroscopy

Femtosecond transient absorption measurements were
made using a regeneratively-amplified titanium sapphire laser
system, operating at a 2-kHz repetition rate, outfitted with a
CCD array detector (Ocean Optics PC2000) for simultaneous
collection of spectral and kinetic data.' The frequency-
doubled output from the laser provides 400-nm, 80-fs pulses
for excitation. Focusing a few microjoules of the 800-nm
fundamental into a 1-mm sapphire disk generated a white light
continuum probe pulse. All-reflective optics were used to
focus the 800-nm pulse into the sapphire and recollimate the
white light output, thus limiting the chirp on the white light
pulse to < 200 fs from 450-800 nm. Cuvettes with a 2-mm
path length were used and the samples were irradiated with
0.5 uJ per pulse focused to a 200-um spot. The optical density
at the excitation wavelength was typically 0.2-0.6. The
samples were stirred with a wire during the experiment to
prevent thermal lensing and sample degradation. The total
instrument response for the pump-probe experiments was
130 fs. Steady-state absorption and emission spectra were
performed on a Shimadzu 1601 UV/Vis spectrophotometer
and PTI Instruments single-photon-counting spectrofluori-
meter, respectively. A 10-mm quartz cuvette was used with
optical density at 400 nm maintained at 0.1 + 0.05 to avoid re-
absorption artifacts. All solvents were spectrophotometric
grade. Toluene was purified by passing it through series CuO
and alumina columns (GlassContour), while MTHF (Aldrich)
was purifed by passing it through a basic alumina column
immediately prior to use.

Kinetic analyses were performed at several wavelengths
using a nonlinear least-squares fit to either a general sum-of-
exponentials function or to a series A —» B — C kinetic
mechanism using the Levenberg—Marquardt algorithm ac-
counting for the presence of the finite instrument response.

Electrochemical measurements were performed using a
CH Instruments Model 622 electrochemical workstation. The
solvent was butyronitrile (PrCN) containing 0.1 M tetra-n-
butylammonium hexafluorophosphate electrolyte. A 1.0-mm
diameter platinum disk electrode, a platinum wire counter
electrode, and a Ag/Ag,O reference electrode were employed.
The ferrocene/ferrocinium couple (Fc/Fc*, 0.52 vs. SCE) was
used as an internal reference for all measurements.

Spectroelectrochemical measurements were performed in
the homemade quartz cell.'" The cell consists of a 1-mm path
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length rectangular screw-top spectrophotometric cuvette that
is screwed into the bottom of a Teflon beaker. Platinum gauze,
100 mesh, woven from 0.07-mm diameter wire was used as a
transparent working electrode. The electrode was placed in the
1-mm spectrophotometric cell and connected to the
potentiostat (CH Instruments Model 660A) output by a plati-
num wire. The platinum wire counter and silver wire reference
electrodes were placed in the Teflon reservoir, which held a
solution of 0.1 M tetra-rn-butylammonium hexafluoro-
phosphate in butyronitrile. The electrochemical workstation
controlled the potential of the working electrode, and a
Shimadzu 1610A UV-VIS spectrometer obtained the absorp-
tion spectra of the redox species. All electrochemical measure-
ments were carried out under a blanket of argon. A series of
absorption spectra of the samples was taken until the potential
induced spectral evolution was complete, which usually took 7
or 8 min.

RESULTS
The cofacial dimer, cof-SPMI,, shown in Fig. 1, was
synthesized by reacting both amines of 2,7-di-tert-bu-
tyl-9,9-dimethyl-4,5-diaminoxanthene? with 9-
(pyrrolidin-1-yl)-1,6-bis(3,5-di-tert-butylphenoxy)-
perylene-3,4-dicarboxyanhydride. In contrast, the linear
dimer, lin-5PMI,, was synthesized by first coupling 9-
bromo-1,6-bis(3,5-di-terr-butylphenoxy)-perylene-3,
4-dicarboxyanhydride with hydrazine to produce N-
amino-9-bromo-1,6-bis(3,5-di-rert-butylphenoxy)-
perylene-3,4-dicarboximide. The resulting imidoamine

cof-5PMl,

5PMI

RQ
TEAES
- 2
SR tas s
" lin-5PMI,

Fig. 1. Structures of the molecules used in this study, R = 3,5-
di-tert-butylphenyl.
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was then coupled with its precursor anhydride to form
the 9,9’-dibromo linear-PMI dimer, which was subse-
quently heated in the presence of excess pyrrolidine to
yield lin-5PMI,. The energy-minimized ground-state
geometry of cof-5PDI,, calculated using AM1,% places
the two SPMI chromophores in a nearly cofacial geom-
etry with an average 3.7 A interplanar distance. The
AMI structure of [in-5PMI, has a center-to-center dis-
tance between the two SPMI chromophores of 12.7 1°\,
with a dihedral angle of 84° between the average planes
of the chromophores.

The ground-state absorption spectra of SPMI, cof-
5PML,, and /in-5PMI, in toluene are shown in Fig. 2.
Due to charge transfer from the nitrogen lone pair of the
pyrrolidine to the PMI aromatic core, the broad absor-
bance of 5SPMI at 575 nm is red-shifted relative to that of
unsubstituted PMI at 512 nm, and lacks the defined
vibronic structure of PMI as well.” The primary absorp-
tion band of SPMI within cof~5PMI, is blue-shifted to
530 nm, while that of /in-SPMI, is red-shifted to 598 nm.
The zero-order molecular exciton model* predicts that
dipole—dipole coupling of the transition moments of
identical monomers will produce two electronic transi-
tions upon dimer formation. For the parallel, stacked
geometry, this model predicts that the higher-energy
transition will have all of the oscillator strength. The
oscillator strength of the higher-energy absorbance in
cof-5PM], is explained better by extension of the mo-
lecular exciton model®'*? to include vibronic coupling in
exciton states, suggesting that the 530-nm band is the
transition from the ground state to the v = O vibronic
level of the upper exciton state. The same model pre-
dicts that the end-to-end geometry in lin-SPMI, will
result in a dominant transition to the lower-energy exci-

—~ 1.04

=

&

o 08 ]

3]

c

®© '

2 06 .

o

®

a

<L 0.4+ -

o

@

N

© 0.27 4

£

—

o

z 0.0 T T T T v T
300 400 500 600 700 800

Wavelength (nm)
Fig. 2. Ground-state absorption spectra for SPMI (: ), cof-

5PMI, (- ——-), and lin-5PMI, (--+-) in toluene.



ton state, resulting in red-shifted absorbance compared
to SPMI monomer, as is observed in Fig. 2. As such, the
observed 598-nm band is the transition to the v = 1
vibronic level of the lower exciton state.

Transient absorption studies of SPMI in toluene have
been reported previously.” For comparison, the transient
spectrum of SPMI in toluene at 45 ps following a
400-nm, 80-fs laser flash is given in Fig. 3 along with
those of cof~SPMI, at 50 ps, and lin-SPMI, at 50 ps. The
main transient spectral features for '*5PMI are a posi-
tive absorption band located at 530-660 nm, in addition
to a bleach from 700-800 nm due to stimulated emission
from *SPMIL. The positive absorption band at 530-660
nm most likely results from the cancellation of the
ground-state bleach by a more intense S; — S, absorp-
tion. These features exhibit nanosecond decay times in
both toluene and MTHF, which are given in Table 1.
Figure 3 also shows that the transient absorption spectra
of 5SPMI and [/in-5PMI, are similar to one another, while
both are quite different from that of cof~SPMI,. The time

Table 1.Transient absorption kinetic data

Compound Solvent A (nm) Tr (PS) Tp (pS)
SPMI toluene 630 1.2 4900
S5PMI MTHF 580 1.1 1300
lin-5PMI, toluene 630 0.9 2200
lin-5PMI, MTHF 580 45 660
cof-5SPMI, toluene 630 0.9 780
cof-5PMI, MTHF 580 0.9 290
cof-5PMI, butyronitrile 580 0.9 55
0»020 T T T T T T T T T T
0.015 - -
0.010 1
0.005 S e
- e ’ AN .
< 0,000 By
< N
-0.0059
-0.010 +
-0.0151 .
'0-020 T l 1 T T 1] T
450 500 550 600 650 700 750 800
Wavelength, nm
Fig. 3. Transient absorption spectra of 5PMI ( ), cof-

SPMI, (), and lin-5PMI, (- ———) in toluene at 45, 50, and
50 ps, respectively, following excitation with a 400-nm, 80-fs
laser pulse.
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constant for the appearance of the transient spectrum of
lin-5PML, is again very fast with T = 0.9 ps, while the
recovery time for these features is a little more than
twice as fast as that observed for SPMI, 1, = 2.2 ns. In
contrast, photoexcitation of cof-5SPMI, in toluene shows
a new absorption band at 630 nm in addition to ground-
state bleaching at 530 nm. These features appear and
decay with time constants of T = 0.9 and 780 ps, respec-
tively. Figure 4 shows the transient absorption kinetics
for the appearance of the 630-nm absorption feature.
The new feature at 630 nm corresponds well to the
transient absorption spectrum observed for the one-elec-
tron photoreduction of PMI.>2

Figure 5 shows a simulation of the approximate tran-
sient absorption difference spectrum expected from

0.015

0.010

AA

0.005 |

i i N !

-1 0 1 2 3 4
Time (ps)
Fig. 4. Transient absorption kinetics cof~SPMI, (eco0) in tolu-
ene monitored at 635 nm following excitation with a 400-nm,
80-fs laser pulse and the fit to the data ).
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0.05-’\
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T T T 1
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Fig. 5. Simulation of the transient absorption difference spec-
trum of SPMI*-5PMI- obtained from spectroelectrochemical
data for the formation of SPMI* and SPMI- in butyronitrile
containing 0.1 M tetra-n-butylammonium hexafluorophosphate.
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formation of SPMI*-5PMI- in polar media constructed
from spectroelectrochemical measurements on SPMI in
butyronitrile containing 0.1 M tetra-n-butylammonium
hexafluorophosphate. One-electron oxidation of SPMI
at 0.6 V vs. SCE was carried out to generate the radical
cation spectrum, while one-electron reduction of SPMI
at—1.4 V vs. SCE was carried out to generate the radical
anion. The ground-state spectrum of SPMI obtained in
situ prior to electrolysis was subtracted from each of the
radical ion spectra. The resultant difference spectra
were added and then divided by 2 to give the spectrum
in Fig. 5. The key features observed for the transient
spectra in Fig. 3 are present in the simulation, although
the bandwidth and exact wavelengths of the features are
somewhat different. These differences are most likely
due to the fact that the electrochemical data were ob-
tained in butyronitrile, and that the radical ion spectra
are those of the free ions rather than a covalently linked
ion pair.

Figure 6 compares the transient absorption spectra ob-
tained for SPMI, cof-5PMI,, and /in-5PMI, in the more
polar solvent MTHF. Once again, the spectra obtained for
5PMI and /in-5PMI, are similar and display a stimulated
emission feature at 730 nm and two absorption peaks riear
550 and 650 nm. However, the positive absorption change
near 600 rnim is much smaller for lin-5PMI, than it is for
SPMI. This change is most likely due to a decreased
contribution of the S, — S, absorption feature at this
wavelength relative to that of SPMI. This spectral change
may indicate that /in-5PMI, has a contribution from a new
state that forms rapidly. This point will be discussed be-
low. Once again, the transient spectrum of cof-5PMI, in

-0.020 T T T 1
500 600 700 800
Wavelength (nm)
Fig. 6. Transient absorption spectra of SPMI ¢ ), cof-

5PML, (----), and lin-5PMI, (———-) in MTHF at 2.5, 10.4, and
10.4 ps, respectively, following excitation with a 400-nm,
80-fs laser pulse.
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MTHEF is very different from those of SPMI and lin-
5PMLI,. The spectrum of cof-5PMI, exhibits ground-state
bleaching at 525 nm and a positive absorption change at
620 nm. Both features appear with Tz = 0.9 ps and decay
with T, = 290 ps, about twice as fast as occurs for cof-
5PMI, in toluene.

Figure 7 compares the transient absorption spectra of
cof-5PMI, in toluene (¢ = 2.4), MTHF (g = 6.9), and
butyronitrile (¢ = 25). The positive absorption feature
sharpens and blue-shifts slightly as the solvent polarity
increases. This behavior is typical of what has been
observed previously for the PMI radical anion both in
steady-state® and transient experiments.>'? Note that the
transient spectrum in butyronitrile more closely re-
sembles the simulation based on spectroelectrochemical
data obtained in the same polar solvent and presented in
Fig. 5. These spectral features appear with tz = 0.9 ps
and decay with T, = 55 ps, the latter time being signifi-
cantly shorter than what is observed in either toluene or
MTHEF, Table 1. Unfortunately, /in-5PMI, is not suffi-
ciently soluble in butyronitrile to make the correspond-
ing measurements in that solvent.

DISCUSSION
The parallel t-stacked geometry of cof~5PMI, leads one
to expect that the transition from the lower exciton state
to the ground state is disallowed.® If the transient spec-
tral changes observed for cof-5PMI, were due to forma-
tion of the lower exciton state following internal conver-
sion from the initially-generated upper exciton state, the
lifetime of the lower state should be much longer than

0.025
0.020
0.015 A
0.010-
0.005—-".

AA

0.000 ANE
-0.005 -
-0.010 -

-0.0154

-0.020 T T )
600 700 800

Wavelength (nm)

T
500

Fig. 7. Comparison of transient spectra of cof-5PML, in tolu-
ene at 107 ps ( ), MTHF at 127 ps (— — — =), and
butyronitrile at 10.4 ps (----) following excitation with a
400-nm,  80-fs .laser pulse. Spectra are normalized at the
ground-state bleach.







