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The radical anions of aromatic diimides have been implicated recently in a wide variety of photochemical
electron transfer reactions. Photoexcitation of these radical anions produces powerfully reducing species.
Yet, the properties of the” excited doublet states of these organic radical anions remain obscure. The radical
anions of three aromatic imides with increasingly largesystemsN-(2,5-ditert-butylphenyl)phthalimide,

1, N-(2,5-ditert-butylphenyl)-1,8-naphthalimid@, andN-(2,5-ditert-butylphenyl)perylene-3,4-dicarboximide,

3, as well as the three corresponding aromatic diimidébl'-bis(2,5-ditert-butylphenyl)pyromellitimide,

4a, N,N'-bis(2,5-ditert-butylphenyl)-naphthalene-1,8:4,5-tetracarboxydiimifle, and N,N'-bis(2,5-ditert-
butylphenyl)perylene-3,4:9,10-tetracarboxydiimi@ieyere produced by electrochemical reduction of the neutral
molecules in an optically transparent thin layer electrochemical cell. The radical anions of these imides and
diimides all exhibit intense visible and weaker near-IR absorption bands corresponding to ¢gheilDp
transitions. Excited states of the radical anions were generated by subpicosecond excitation into these absorption
bands. Excitation ofl*~ and 2~ resulted in decomposition of these radical anions, whereas excitation of

3 —6"" yielded transient spectra of their, B~ D, transitions and the lifetimes of,DThe lifetimes of the D

excited states of the radical anions®f—6' are all less than 600 ps and increase as tied energy gap
increases. These results impose design constraints on the use of these excited radical anions as electron donors
in electron-transfer systems targeted toward molecular electronics and solar energy conversion.

Introduction photorefractive materiaf$:3These molecules have been widely
used in electron-transfer studies because they undergo reversible
one-electron reduction at modest potentials to form stable radical

n?nions. In addition, the radical anions of most aromatic diimides

are good chromophores with intense and characteristic visible
and near-infrared (NIR) absorption bands, which aid in their

Fﬁnambiguous identification. The diimides studied here also

possess stable doubly reduced dianions with properties that differ

from either their neutral or radical anion precursors. The
electrochemical and photophysical properties of some aromatic
mono-, di-, and polyimides have been previously repottetf,
however, very little is known about the excited states of the
radical anions of these important electron acceptors. We have
therefore undertaken a systematic study of the excited doublet
states of the radical anions within a series of aromatic imides
and diimides.

Photoexcited radical ions have been shown to be powerful
redox agents in mechanistic and electron-transfer stddfes.
Spectroscopic techniques such as fluorescence and transie
absorption have been used to directly probe the photophysical
properties of radical ion excited states and have shown that thes
properties are very different from those of the neutral parent
molecule’~1° In some cases it has been found that the excited
states of radical ions of highly fluorescent molecules are
themselves either weakly fluorescent or nonfluorestéht?
This property has recently been exploited to implement an
optical molecular switch conceptMany studies of radical ion
excited states have involved quinone or quinone-like molecules
in which the radical anion is produced either electrochemically
or pulse radiolytically. One of the reasons quinone radical anions
have received so much attention is their role as electron
acceptors in numerous doneaicceptor molecules designed to
mimic photosynthetic charge separatf@nExcited quinone
radical anions have been implicated as the products of highly Electrochemistry. The cyclic voltammograms for all of the
exoergic electron-transfer reacticid\evertheless, the excited ~ compounds showed two quasi-reversildi&f(anodic-cathodic)
states of organic radical anions have not been studied widely59—88 mV at 50 mVs™1), well-separated one-electron reduc-
in condensed media. tion waves. Table 1 lists the measured half-wave reduction

Aromatic diimides have been used as electron acceptors inpotentials for radical aniorE(1/,) and dianion E?~1/,) forma-
many fundamental studies of photoinduced electron-transfertion. The reduction potentials for molecul&s6 (Chart 1) are
including models for photosynthests;28 solar energy conver-  all in agreement with previously reported values of the same

Results and Discussion

sion2® molecular electronic® electrochromic device®;32and or very similar compound®:35-3739 As previously noted, within
the imide and diimide series the first and second reduction
T E-mail: wasielew@chem.nwu.edu. potentials become more positive as the core aromatic ring system
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TABLE 1: Redox Potentials (V vs SCE) 1.0 ———————————————1—
compd E 12 E 1 E> 11— E 1
1 —1.40%¢ —2.30% 0.90
22 —1.365 05 | e
3@ —0.96 —1.55 0.59
4a,bb —-0.71 —-1.37 0.66 - “
5a,bb —0.48 —0.99 0.51
6° —0.43 —0.70 0.27 0.0 S —— : — =
aButyronitrile + 0.1 M BwNPF. ® DMF + 0.1 M BuNPFs. T T T '2._' ]
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becomes large® In addition, the reduction potentials of the
diimides are all more positive than those of the monoimides.
Furthermore, within each series, the difference between the first
and second reduction potentidl® = E2—, — E™1/2) becomes
smaller with increased core siZeThese two observations
indicate that the more extendedsystems have larger elec-
tron affinities and diminished Coulombic repulsion between the
first and second electrons added to the ring system during
reduction.

Radical Anion and Dianion Spectra.Ground-state absorp-
tion spectra of the radical anions &f3 are shown in Figure
1, while absorption spectra of the neutrdl)( radical anion
(R*7), and dianion R?") states o4—6 are shown in Figure 2.
Wavelengths and extinction coefficients of the major absorption
bands for the various oxidation states are listed in Table 2. Bulk
electrolysis fromN — R*~ — R?~ — N for diimides4—6 is
almost completely reversible with greater than 90% recovery
of N after more than 30 min at the most negative potentials.
Most of the loss is probably due to reactions with residual
oxygen within the optically transparent, thin layer electrochemi-
cal (OTTLE) cell, although some loss, especially during
potential excursions to the dianion states, may be due to 00— . o=t
photodegradation (vide infra). Bulk electrochemical reduction %00 900 1000
of monoimides1—3 to R*~ is found to be somewhat less Wavelength (nm)
reversible than is observed for the diimides. Again, the partial Figure 2. Ground-state absorption spectra of neutral, radical anion,
irreversibility is probably due to scavenging by oxygen or and dianion forms o#ib, 5a, and6 in DMF + 0.1 M BuNPF.
photodegradation and the fact that the first reduction potential
for the monoimides is consistently more negative than even theand E>1/, permitted bulk reduction to be carried out in two
second reduction potential of the diimides. Extinction coef- discrete steps. This was confirmed by the detection of at least
ficients for theR*~ absorption bands are calculated by compar- one isosbestic point during the formation Rf™ in all of the
ing peak intensity ratios between the growRy and decaying compounds excepdt and4, which are the only compounds in
N absorption bands during the first electroreduction step. which there is no spectral overlap between tlieand R*~
Likewise, extinction coefficients for thR2~ absorption bands  oxidation states. During the second reduction step, new isos-
are calculated by comparing peak intensity ratios between thebestic points were detected fér-6 asR?~ was formed.
growing R?~ and decayingR*~ bands during the second Upon formation ofR*~, the absorption spectra of all of the
electroreduction step. The 0:20.66 V separation betwed 1/, compounds show new bands throughout the visible and NIR.

Absorbance
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TABLE 2: Photophysical Properties
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compd N: 2 (nm) € (M~tcm ) R A (nm) (€ (M~tcm™) R?7: A2 (nm) € (M~tcm ) ¥N: 7 (ps) 2R 7 (ps)
1 260 (15 600) 1849
419 (3470%°
2 335 (12 500% 272 (15 500) <502
350 (10 647) 420 (23 500)
491 (3000)
746 (2200)
832 (4000)
3 489 (35 300% 588 (68 000) 350G 100 533+ 57
512 (33 590) 768 (11 000)
818 (8500)
4a 406 (2700) 6t 2
652 (9800)
718 (41 700%
4b 418 (2700) 516 (23 300) 92
649 (9400) 525 (24 200)
715 (41 700% 552 (14 4000)
5a 361 (15 100) 474 (26 000) 400 (19 500) 1417
381 (16 400) 605 (7200) 423 (26 700)
698 (2400) 520 (2600)
777 (4100) 563 (6300)
612 (10 600)
5b 382 (14 500% 474 (23 000) 397 (18 400) <20 2604+ 19
605 (6400) 421 (28 400)
683 (2100) 510 (2300)
755 (3600) 550 (6600)
597 (11 500)
6 458 (19 300) 680 (50 600) 532 (42 400) 3800100 145+ 15
490 (51 000) 700 (79 800) 570 (80 000)
526 (80 000%° 712 (74 200) 597 (36 700)
766 (21 600) 646 (18 100)
795 (49 600) 720 (3400)

955 (28 200)

In general, all of theR*~ spectra share a number of similari-
ties: at least one long wavelength {00 nm) absorption, which

TABLE 3: Calculated Electronic Transitions for Radical
Anions and Dianions

has been assigned to the B> D;, transition of the radical
anion3>3¢intense transitions with extinction coefficients equal

Amax(Nm) (osc strength)

to or greater than those of the neutral compound, and complex
vibronic structure on the absorption bands. Similar generaliza-
tions can be made with regard to the dianion spectrd-&

with the notable exception that no NIR absorption bands are
present at wavelengths 1100 nm. The singletsinglet transi-
tions in the dianions occur at higher energies than the doublet
doublet transitions in the radical anions.

To aid in interpreting the radical anion and dianion spectra,
especially with regard to identifying the lowest energy transi-
tions, molecular orbital calculations were performed. We
calculated energy minimized ground-state structures of the
radical anions and dianions of th¢N-dimethyl-substituted
analogues of—6 using semiempirical unrestricted and restricted
Hartree-Fock PM3 methods, respectively. The energy-mini-
mized structures were then subjected to a ZINDO/S calculation
with CI to determine the electronic transition energies. These
data are given in Table 3. The radical anions all possess low-
energy transitions that correspond te-B D;. Moreover, both
the number and intensities of the predicted allowed transitions
are in reasonable agreement with the observed radical anion

compd radical anion dianion
N-methylphthalimide 257 (0.135) 370 (0.356)
559 (0.133) 600 (0)
1037 (0.024) 734 (0.067)
N-methyl-1,8-naphthalimide 435 (0.105) 401 (0.564)
438 (0) 515 (0.409)
656 (0.111) 704 (0.038)
907 (0.018)
957 (0.073)
N-methylperylene-3,4- 553 (0.896) 470 (0.208)
dicarboximide 601 (0.004) 496 (1.177)
747 (0.085) 497 (0.123)
836 (0.007) 586 (0.122)
N,N'-dimethyl- 396 (0.142) 514 (0.960)
pyromellitimide 785 (0.207) 733 (0)
916 (0)
N,N'-dimethylnaphthalene- 474 (0.540) 389 (0.998)
1,8:4,5-tetracarboxydiimide 575 (0.045) 484 (0)
628 (0) 545 (0.468)
839 (0.097)
N,N'-dimethylperylene- 615 (1.090) 429 (0.116)
3,4:9,10-tetracarboxydiimide 724 (0.105) 436 (0)
851 (0.014) 492 (1.510)
526 (0.370)

spectra. The predicted transition energies for the diimides agreeat 1037 nm is weak and is not observed experimentally.
reasonably well with experiment, while those for the monoim- However, the spectrum af~ shown in Figure 1 displays a

ides agree less so.

Within the series of monoimides, the MO calculations predict
Do — D; transitions with modest intensities in the NIR. Low-
energy absorption bands are observedorand 3*~ at 832

slight increase in the baseline at NIR wavelengths.

If one compares the energy differences between the predicted

electronic transitions for the diimides with the corresponding
energy differences in the observed spectra, the agreement is

and 818 nm, respectively. These bands correspond to thegood. This gives us confidence to assign the observed 777 and

calculated transitions at 957 and 836 nm for tdemethyl

955 nm bands irba~ and 6~ respectively to their p— D;

derivatives of2°~ and3'~, respectively, and are thus assigned transitions. The calculations predict that the-B D1 transition

to this transition. The lowest energy transition predictedLfor

in 4*~ should be very weak at best, so that the intense band
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observed at 715 nm is assigned to the alloweg B D,
transition.

Typically, for rigid aromatic molecules the absorption
spectrum of ther” excited state of the neutral molecuféN)
strongly resembles that of the ground state of its radical anion
(R*"). For example3 and3~ both have an absorption band
around 590 nm, wherea¥'6 and 6~ both have intense
absorption bands around 700 nm. This similarity between the
"N andR*~ spectra can be attributed to the fact that both the
S, — S, and Dy — D, transitions involve the LUMO oN. In
the case oft'N, the LUMO of N is populated by the initial
photoexcitation of an electron from the HOMO Nf ForR*~,
the LUMO of N is populated by the one-electron electrochemical
reduction ofN forming the doublet ground state o Dof R*~.
While the optical transitions observed f6N are § — S, and
the corresponding transitions fB*~ are @) — Dy, both sets of
transitions occur at similar energies. This is a consequence of
the fact that the energy of the LUMO bfis not changed greatly
if it is occupied by either one or two electrons. Excitation of an
electron from the LUMO ofN to higher-lyings orbitals of
similar energy occurs as well. The rigidity of the molecules
inhibits configurational mixing to some degree leading to spectra

that can be analyzed by a zero-order consideration of the lowest

populatedr orbitals.

Table 3 also gives the calculated singisinglet electronic
transitions for the dianions df-6. The data foiN-methyl1*~—
32~ are provided for completeness, but will not be discussed
because the corresponding spectroelectrochemical datéfor
3%~ could not be obtained due to the difficulty in producing the
dianions by that method. The calculated singkihglet transi-
tions forN,N'-dimethyl4?~—62~ are in excellent agreement with
the corresponding experimental data4ér—62-. For example,
the intense transitions observed at 421 and 597 nnb#ér
are calculated to occur at 389 and 545 nm, respectively.

Radical Anion Excited-State Spectra.Transient absorption
spectroscopy using 150 fs laser pulses was used to measure th
transient difference spectra and lifetimes of the radical anion
excited states?{R*~) of compoundsl—6. The radical anion
excited states were formed by exciting one of the intense-D
D, transitions ofR*~. Laser excitation oR*~ was usually not
directed into the lowest energy B~ Dy, transition since the
higher energy visible transitions often have much larger
extinction coefficients than the NIR transitions and occur within
the convenient tuning range of the pump laser. Excited-state
transient absorption difference spectra3sf—6*— are shown
in Figure 3. Radical anion®~—6'~ were excited at 590, 715,
605, and 700 nm, respectively. While scattered laser light distorts
the spectra to varying degrees at the pump wavelength, the
transient spectra at the other wavelengths consist primarily of
ground-state bleaching bands with very little positivA. For
example, the transient absorption spectrum &~ shown in
Figure 3 exhibits a strong bleach of the 474 nm banBaof at
12 ps following excitation but only slight positiv®A changes
near 650 nm. However, in addition to their ground-state
bleaching feature"3"~ and 2'6°~ also show strong positive
AA features below about 500 nm. The transient spectrum of
each of the excited radical anions shows no evidence for
formation of solvated electrons generated by means of photo-
ionization of the radical anions.

Radical Anion Excited-State Lifetimes.Although there have
been relatively few direct measurements of the excited-state
lifetimes of radical anions, it has been proposed that they will
have shorter lifetimes than the neutral parent due to the rela-
tively small energy gap between the Bnd D, states, giving
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Figure 3. Transient absorption spectra of radical aniondlnf5a, 6,
and 3. Pump wavelengths are indicated by the vertical arrows. The
spectra are distorted at the pump wavelengths due to scattered laser
light. Times are given for the delay of the probe beam relative to the
excitation beam.

rise to rapid and efficient nonradiative decay to the ground
state'*4?Moreover, if the transitions are—s" in nature, their
lifetimes may not be limited by symmetry considerations. The
excited-state lifetimes 6fR*~ were determined by monitoring
both the recovery of th&*~ ground state as well as the decay
of the transient spectra due #R°*~. The lifetimes measured
for the excited states of the radical anions3ef6 are listed in
Table 2.

The subnanosecond excited-state lifetimes of the diimide
radical anions may contribute to their exceptional photostability,
since radical anion excited states are generally extraordinarily
strong reducing agents. For example, the oxidation potential
for the excited doublet stafé4*~ can be estimaté#from the
difference between the oxidation potential of the radical anion,
—0.71 V vs SCE, and the calculated energy of the® D,
transition, 1.4 eV, to give an oxidation potential-e2.1 V vs
SCE. Since the lifetime of'4a~ is only 6 ps, its excited-state
energy may dissipate before any intermolecular redox chemistry
can occur. Forl and 2, the two most difficult to reduce
compounds, the excited-state lifetimes*d~ and?"2*~ could
not be determined due to rapid decomposition of the excited
radical anions. Even at pump energies as low as 100 nJ/pulse,
the sample volume bleached in a matter of seconds. The design
of the spectroelectrochemical cell used in these experiments is
such that the only mass transport mechanism available to
replenish the bleached sample volume is diffusion. Calculated
as above, the oxidation potentials%1*~ and2"2*~ are about
—2.7 V vs SCE, a potential that may be sufficiently negative
to rapidly reduce the solvent and/or the electrolyte.

For compound8—6, which were initially excited into higher-
lying D, states, thér*~ ground-state recovery time is the same
as theR*~ decay time indicating that rapid relaxation to the
D, state within the doublet manifold 8fR*~ occurs. In all cases,
2'R*~ is formed with an instrument limited rise time and decays
with a single-exponential time constant. For example, excitation
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LI B L the aromatic diimide to partially delocalize electron density onto
™ *6-at465nm ] the N,N'-diaryl substituents. These results are also consistent
% ] with N-substitution studies of 1,8-naphthalimides in which it
was shown that the fluorescence lifetime was longer and the
fluorescence quantum yield was larger for Menethyl- versus
N-phenyl-substituted imid&-44The excited-state radical anion
lifetimes of 2*4a~ vs 2*4b*~ and?"5a~ vs 2'5b*~ also show a
substituent effect in that the excited-state lifetimes ofNkN -
diaryl substituted radical anions are shorter than those of the

AA x10°

*6"at 670 nm - correspondingN,N'-dioctyl compounds, 6 ps vs 9 ps f&da~
T and?'4b*~, respectively, and 140 ps vs 260 ps ftba— and
S W -10 2’5b~, respectively. The red-shifted radical anion spectra
0 200 400 600 800 1000 suggest that the >-D; energy gap is smaller in thiéN'-diaryl-
Probe Delay (ps) substituted diimides. As a consequence, the energy gaf§ law
Figure 4. Excited-state transient absorption decay kinetics of radical predicts shorter lifetimes for tHe,N'-diaryl-substituted diimides.
anion of6 in DMF + 0.1 M BuNPFs. Laser excitation at 715 nm was An examination of the data in Table 2 shows that the lifetimes

used in both cases. of the diimide radical ions are ordered in the following series:

f 6 atits 700 b ion band. which is th . 4a~ < 5a~ = 6. This is also the order in which—6 become
of &~ atits 700 nm absorption band, which Is three times more e g reduce. As the one-electron reduction potentials for

e e 1o e depomdan of whtre 1252 Molecle bcome more negalve, he eneigiesof O
’ > o increase. This may result in a decrease in tl ap, which
its bleach recovery at 670 nm or its small positié at 465 y beD: gap

X itored. Fi h its sh hat | | should decrease the lifetime &R*~. However, this does not
nm Is monitored, .F|gure .4' These results s ow that internal 5 0 into account the effects of structure on the energy of the
conversion from higher-lying Pstates occurs rapidly in these D state. The measured,BD; energy gaps foba~ and6*
molecules without intersystem crossing to a long-lived quartet are 12 8.70 and 10 470 crh respectively. Thus, the difference

7 : ,
state: i between the observed,PD1 gaps forS5a~ and 6~ primarily

For the two perylene-based molecul8sand6, the excited reflects the difference in their Denergy levels because both
state lifetimes of the radical anions are substantially shorter thang, and6 are reduced at approximately the same redox potential.
the excited-state lifetimes of the neutral molecules as exPeCtedDespite the 2400 crit difference in the observedd®D; energy
from the lower energy transitions involved. Contrasting with - ga1 hetweesaands, they possess similar radical anion excited-
this behavior are the significantly longer lifetimes of the radical gtate Jifetimes. If predictions of the radical anion excited-state
an|02r*1 eX(_:|ted states of the naphthal_ene-based moleéibes, lifetimes based on the energy gap law are valid for 4hes,
and*’sb, 141 and 260 ps, respectively, compared to {28 the experimental results suggest that the-D; energy gap for
ps lifetime of neutrat’5b. The <50 ps lifetime of bott2 and 4~ should be substantially lower in energy than the 10 920%cm
"Sb has been attributed to both efficient singlet triplet value calculated by ZINDO/S. In fact, density functional
intersystem crossing and to very fast internal conver&oH. calculations using the B3LYP method with a 6-31sis set
The increase in the excited-state lifetimes of radical anions predict that the §-D; energy gap for pyromellitic dianhydride
#’5ar~ and#’5b~ over their neutral counterparts implies that g ahout 8100 cmt.46 These same calculations accurately predict
the rgtes of cpmpetltlve decay processes, such as intersystenge experimentally observech,B- D, transition ind*~ near 715
crossing and internal conversion, are slower for the-BDo nm. Thus, it is likely that the observed ordering of radical anion

transition than for the corresponding S S transition. ~ excited-state lifetimes observed4r-6 is a function of the [—
The effect of the imide substituent on the radical anion p, energy gap.

excited-state lifetime was investigated by compamgly'-bis-

(2,5-di-te_rt_-bgtylphenyl) andN,N'-di-n-octyl substituents__or_l Conclusions

pyromellitimide and naphthalene-1,8:4,5-tetracarboxydiimide.

Perylene-3,4:9,10-tetracarboxydiimide was not included in the  The results presented here provide design criteria for electron
comparison due to the insolubility of its,N'-di-n-octyl deriva- donor—acceptor systems that use the powerful reducing potential
tive. The variation in imide substituent had no effect on the of the radical anion excited states of aromatic imides and
absorption spectra of the neutral molecules nor on their redox diimides and which take advantage of the highly electrochromic
properties. Differences were, however, apparent between thenature of the multiple reduced states of these molecules. These
spectra of the radical anions and dianions as well as in the constraints mainly involve designing doreaacceptor molecules
lifetimes of the radical anion excited states. A comparison in which the electronic couplings and free energies of reaction

between the ground-state radical anion spect&sofand5b - are sufficiently optimized to ensure ultrafast electron transfer
or between the dianion spectra &~ and5b?" reveals that from the short-lived radical anion excited states of the aromatic
the lower energy absorption bands are red shifted foN{he- diimides to attached acceptors. This selectivity has already been
diaryl-substituted compound relative to tHe,N'-dialkyl- used in diimide-containing linear and branched deramceptor
substituted compound. ThegB~ D; radical anion absorption ~ molecules that have demonstrated photonic switching behavior
band occurs at 380 cmh lower energy in5a~ than in5b*~, on the basis of electron transfer from radical anion excited
while the $ — S dianion absorption band occurs at 400ém  states%47

lower energy irba?~ than in5b%~. The lower energy transitions Also, it has been suggested that photoexcited radical anions

in the N,N'-diaryl-substituted reduced diimides suggest that even may be very useful in studying fundamental aspects of electron
though theN-phenyl rings are tilted out of the plane of the transfer!” The radical anions of the diimides in particular are
aromatic diimide as a consequence of steric hindrance betweernwell suited to this task because they are weakly basic relative
the 2tert-butyl group and the imide carbonyl groups, there may to quinones and are thus less susceptible to complicating proton
be enoughr overlap between thbl,N'-diaryl substituents and  transfer reactions. In addition, they can be excited with visible
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light and their highly energetic excited states allow access to to make a stable white light continuum probe beam by focusing
electron-transfer reactions that occur in the Marcus inverted it into a 2 mmthick sapphire window. The remaining amplified
region. These highly energetic excited radical anions may alsolight was doubled yielding 66100 xJ, 420 nm pulses. The
be useful as photoelectrochemical catalysts by acting as electrordoubled light was used to pump a two stage OPA, which was
shuttles. The absorption spectra of the radical anions of thetunable from 475 to 750 nm. Samples were typically excited

easiest to reduce diimideS,and 6, cover much of the solar
spectrum. Experiments are currently underway to study photo-
induced charge shift reactions involving electrochemically
reduced diimides.

Experimental Section

ReagentsN,N-Dimethylformamide (DMF, Mallinckrodt) and
butyronitrile (Mallinckrodt) were purged with Nand stored over
molecular sieves prior to use. Tetrabutylammonium hexafluo-
rophosphate (BINPFs) was synthesized by metathesis between
tetrabutylammonium bromide (Aldrich) and potassium hexaflu-
orophosphate (Aldrich) and recrystallized twice from methahol.

N-(2,5-Di-tert-butylphenyl)-3,4-perylenedicarboximidg 3,
N,N'-bis-(n-octyl)pyromellitimide2® 4b, and N,N'-dioctyl-1,8:
4,5-naphthalenetetracarboxydiimi#fegb, were synthesized by
utilizing published procedurebl,N'-Bis(2,5-ditert-butylphenyl)-
3,4:9,10-perylenetetracarboxydiimidg, was purchased from
Aldrich. The syntheses df-(2,5-ditert-butylphenyl)phthalim-
ide, 1, N-(2,5-ditert-butylphenyl)-1,8-naphthalimide, N,N'-
bis(2,5-ditert-butylphenyl)pyromellitimide 4a, and N,N'-bis-
(2,5-ditert-butylphenyl)-1,8:4,5-naphthalenetetracarboxy-
diimide, 5a, are presented in the Supporting Information.

Electrochemistry. Cyclic voltammetry (CV) and bulk elec-
trolysis were carried out using a computer-controlled potentiostat
(Princeton Applied Research, model 273, M270 software

package) and a standard three electrode arrangement. CV
measurements used both platinum working and auxiliary ;-
electrodes and a saturated sodium calomel reference electrode

(SSCE). All electrochemical measurements were carried out in
N2-purged DMF or butyronitrile with 0.1 M BINPF; as the

using 0.51J focused to ca. 200m.

MO Calculations. Molecular orbital calculations were carried
out using the semiempirical Hartre€Eock technique with PM3
parametrization within the Hyperchem package (Waterloo,
Ontario, Canada). The ground-state structures of the radical
anions were calculated using an unrestricted basis set, whereas
the dianions structures were calculated using a restricted basis
set. The ground-state structures were then subjected to a
ZINDO/S CI calculation using 163 configurations for the
dianions and 162 configurations for the radical anions.
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