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Polyacenes are linear polycyclic aromatic hydrocarbons with w00 (@) e A S anivacens
properties exploitable for organic electronic#ighly twisted 3 0o . % : m, LA o poracene
polyacenes with phenyl substituents strategically placed to induce E ;SE *on ¥y it * Hexacene
end-to-end twisting of the acene backbone, as illustratel] hgve w200 * i g1t Aeptecens
been synthesizetlPascal et al.’s recent successful synthesis of a ‘E:EIH—I—."!
pentacene exhibiting a twist of 1442,2 has prompted us to _ 20{(b)
investigate the effects of twisting on the electronic structures and Ewotteesrense,,
properties of polyacenes. Such highly twisted molecules are 3:22 ®00e0cvcssoes
expected to have unique chiroptical propefiasd have already FrooXXEEXEIXEEE X113 0x
been incorporated into organic light-emitting diod€ghe use of 0 - _—
substituents to overcome chemical instabilityhile maintaining S i@
the electronic properties necessary to serve as functional materials §m" ¢ttt 000000
in semiconducting devices is currently being explo¥éth recent g;-:u ®s0cccssessese
years, our group and others have reported on the electronic S yrIIITYIIRSREIRR
structures of polyacenésdere, we provide a computational analysis o a0 s00 Mo 1000 1200 100 1e0 1900
of the electronic structures of twisted polyacenes 2hand have Tudist Angle {Degrees)
found a lack of sensitivity of their electronic features toward highly  Figure 1. (a) AE, (b) ST, and (c) HOMO-LUMO energies plotted as
twisted geometrical distortions. a function of twist angle ((U)B3LYP/6-31G(d)).

demonstrate that delocalization in conjugated systems is permitted
as long as the angle between adjacent p-orbitals does not become
exceedingly largé! This is observed for polyacenes and is due to
even distribution of distortion throughout the molecule, allowing
deformation in individual benzene units to be minimized. For
heptacene at 180the benzene units have an end-to-end twist
ranging from 24 to 27 Notably, the dihedral angles of individual
Heptacene has the first open-shell disjoint diradical groundPstate partial double bonds along the acene backbone distort onty 13
of the series of polyacenés.Such diradicals have degenerate 15° from planarity, thereby maintaining 97% overlap between
SOMOs confined to different sets of atoms and may have singlet adjacent p-orbitals. Consequently, twisting results in minimal
ground state8.Anthracene through pentacene are known to be electronic changesST; decreases from 42 to 30, 28 to 24, 18 to
ground-state closed-shell singlets with the triplet state lying 15, and 11 to 9 kcal/mol for anthracene through hexacene, in that
significantly above the singlet stateThe wave functions for order. 3—T; for heptacene changes very little; decreasing from 7
polyacenes longer than hexacene become unstable and develop intto 6 kcal/mol. Similarly, slight decreases in HOMQUMO gaps
open-shell singlets as a result of their disjoint diradical nature. are observed with that for anthracene decreasing from 3.6 to 3.3
The closed- and open-shell solutions for hexacene are degeferateeV and those for tetracene through heptacene remaining nearly

and the spin contamination in hexacene is smal?& = 0.26) constant at 2.8, 2.2, 1.9, and 1.9 eV. A negligible decrease in the

and decreases upon twistingc®> = 0.03). However, spin HOMO energy is also observed, which, according to Koopmans’

contamination in heptacene becomes significan®é& = 0.80) theorem, predicts a small effect on ionization potentials. Heptacene

and increases slightly upon twisting > = 0.89). maintains its disjoint diradical nature; the disjoint SOMOs of
Figure 1 shows plots of distortion energE, singlet-triplet heptacene with a 18Gwist are shown in Figure 2a.

gap, $—T1, and B3LYP HOMG-LUMO gap as a function of twist Vertical $—S; transition energies were calculated using TDDFT

angle for unsubstituted polyacenes. Since large twists in smaller (B3LYP/6-31G(d)). Experimentally,iS5-S; is 3.35, 2.61, 2.14, and
polyacenes generate unrealistic geometrical distortions, Afly 1.79 eV for anthracene through hexacéhelDDFT slightly
values in the range of -865 kcal/mol are shown. Figure la underestimates these values and predicts only a minor decrease
demonstrates that large twists occur in large polyacenes withoutthrough twisting of 90. $—S,; decreases from 3.3 to 3.0 eV for
causing considerable destabilization. The plot of distortion energy anthracene and 2.5 to 2.4 eV for tetracene, but remains nearly
per benzene ring versus twist angle per benzene ring reveals thatonstant at 1.9, 1.5, and 1.2 eV for pentacene through heptacene.
distortion energy is essentially a quadratic function of the twist of Wudl et al. proposed that a bathochromic shift observed in their

each benzene ring.For comparison with Pascal's 1%4wisted twistacene was, in part, due to twisting of thesysten? which is
pentacene?, planar pentacene is 60 kcal/mol lower in energy than predicted here for unsubstituted polyacenes.
pentacene with a 144wist. We have found previously that polyacenes can be represented

Conjugation in polyacenes is not greatly influenced by twisting. as two parallel nonalternating polyacetylene ribbons arising from
Vogel's bridged annulenes were among the first to clearly alack of Peierls’ distortion in each ribb&dThis idea also applies
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Figure 2. (a) SOMOs of disjoint diradical heptacene twisted at°1&80d
geometries of open-shell singlet heptacene at {lan@ (c) 180 (UB3LYP/
6-31G(d).

Figure 3. HOMO of 2 shown looking (a) from the side and (b) down the
pentacene backbone (RB3LYP/6-31G(d)).

to highly twisted polyacenes. The geometries and bond lengths of
open-shell singlet heptacene atahd 180 are shown in Figure 2.

The peripheral bond lengths, neglecting the terminal benzene rings,

range from 1.40 to 1.41 A, and the bonds spanning each six-
membered ring are between 1.45 and 1.47 A. In an isolated
polyacetylene ribbon, Peierls’ stabilization occurs when bond
lengths alternate between 1.37 and 1.433%An contrast, planar

and twisted polyacenes undergo stabilizing geometrical changes

without causing bond alternation.

For Pascal's highly distorte@, B3LYP/6-31G(d) predicts a
ground-state closed-shell singlet with the triplet state lying 30 kcal/
mol above the singlet state. The-S5, transition energy is
calculated to be 2.1 eV, and the HOMQUMO gap 2.6 eV. The
HOMO of 2 (Figure 3) is localized on the central anthracene unit.
A calculated twist of 149with the anthracene unit twisted 9%
in excellent agreement with the X-ray crystal structure (1lddd
86°).2 The geometry o2 shows the acene backbone shifting toward

a nonalternating bond structure. The peripheral bond lengths of the
anthracene unit range from 1.39 to 1.45 A, and the peripheral bond

lengths of the central benzene unit all equal 1.42 A. The bonds
spanning each ring range from 1.44 to 1.46 A.

To investigate the effects of phenyl substituents2pa model
system without phenyls, tetrabenagjl,n]pentacene, was studied.
Constraining the twist angle to 14@esults in the anthracene unit
being twisted 77 (17° less than with phenyls) and a HOMO
LUMO of 2.9 eV, $—T; of 33 kcal/mol, and & S; of 2.5 eV.

The lack of sensitivity of the electronic features of polyacenes
toward twisting of the backbone are shown to have significant
implications for the likely success of synthesis of new substituted
polyacenes that will be less susceptible to photooxidation, insolubil-
ity, and polymerization, while maintaining the electronic properties
of the polyacene.
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