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The study ofr-conjugated oligomers and polymers has attracted
considerable attention since these materials hold promise for
applications in the emerging area of molecular electronics and
nanotechnology.Of these, polyp-phenylenes (PPP) are especially
important due to their optoelectronic properigsgh conductivity
when doped with either n- or p-type dopahtsotential usage as
active constituents of blue light emitting diodeand high thermal
and oxidative stability.Unfortunately, their lack of processability,
especially when they are unsubstituted, has hampered their study
as well as exploitation of their extensive potential for practical 18 1.6 14 12 10 400 800 1200 1600

applications’ Potential (V vs. SCE) Wavelength (nm)
Several studies have been conducted where PPP oligomers havg:igure 1. (A) Cyclic voltammograms of 2« 103 M QP in CHCl,

been utilized as spacers or bridges in molecular assemblies conontaining 0.1 Mn-BuNPF; at scan rates between 25 and 400 m¥, s
sisting of electron donetrbridge—electron acceptor (BB—A) to and (B) UV—vis absorption spectrum of cation radical ©@Pbtained by
explore their potential as functional molecular wires for long-range NO*ShCk™ oxidation in dichloromethane at ZZ.

electron transportThe mechanism of charge transport (CT) in these . L ) . .

assemblies is proposed to occur by a combination of highly OlistanCe_.reverslble oxidation potential was calibrated with ferrocene as
dependent coherent (i.e., superexchange) and weakly distancelnternal standardH, = 0'45_ V vs SCE) and was found to be 1.'47
dependent noncoherent (i.e., hopping) mechanidmsrder to gain v VerSUS_SCE correspono_llng to the TOFT“a“O“ of_a monocatlon.
a better understanding of various CT mechanisms operating in these The high electrochemical reversibility of oxidation of QP

PPP-based molecular wires, a quantitative understanding as to hOV\Perp_tEd us to _|solate_ its cation radical n solution by ghemlcal
the charge is stabilized by multiple aryl moieties that constitute OX|dat|9n using nltro§on!um hex«’:_\chloroantlmonate as adxant

the spacer is highly desirable. Therefore, attempts to isolate an according to the stoichiomedry in eq 1.

oxidized polyphenyl cation radical to gain X-ray crystallographic N _ peM .. 3

evidence as to how the creation of a hole leads to structural changes QP+ NO'SbC}; ¢ QP SbCl +NOt (1)

in various PPPs are pertinent. We have recently undertaken studies

to this effect, and herein we report the isolation of both the neutral ~ Thus, a solution of QP in anhydrous dichloromethane was added
as well as the cation radical salt of a quaterphenyl derivative (QP) to crystalline NO'SbCk~ under an argon atmosphere-at0 °C.
having tert-butyl solubilizing groups at the terminal positions, The gaseous nitric oxide produced was entrained by bubbling argon
enabling us to unequivocally establish from the crystallographic through the solution to yield a deep red solution, which upon
parameters that a single charge is delocalized by a quinoidal spectrophotometric analysis indicated the formation of QSBCk~
distortion of the phenylene rings. It is also noted thattérebutyl as judged by the appearance of characteristic twin absorption bands
substitutions at terminal positions in larger PPP oligomers merely at Amax = 490 and 1302 nm (Figure 1B)Twin absorption bands

aid in improving their solubility without affecting the electronic  in QP** are reminiscent of the absorption bands observed in the
properties to any significant extent as the HOMO resides largely spectrum of the biphenyl cation radical generated by laser flash
on the central phenylene rin§she details of these preliminary  photolysis or pulse radiolysi$. The molar extinction coefficient
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finding are discussed herein. of pink-red QP* was estimated to be 54 86D 3000 Mt cm™1
The 4,4"'-di-tert-butylquaterphenyl was prepared from ‘4,4 (see Supporting Information).
diiodobiphenyl and 4ert-butylphenylboronic acid via a Pd(0)- The stability of the QP*SbCk~ prompted us to attempt the

mediated Suzuki reaction in 67% yield and was purified by isolation of its crystalline salt as follows. For example, an excellent
crystallizations from a CHGHMeOH mixture (see Supporting  crop of dark red crystals, suitable for X-ray crystallographic studies,

Information for the experimental details and spectral data). were obtained by a slow diffusion of toluene in a dichloromethane
Next, the quaterphenyl derivative was subjected to electrochemi- solution of QP*SbCk~ during a period of 2 days at30 °C.
cal oxidation at a platinum electrode as a&210~2 M solution in The crystal structure of the @FSbCk~ revealed that two

dichloromethane containing 0.2 MBu,NPF; as the supporting symmetrically independent molecules of Qmaving essentially
electrolyte. The cyclic voltammograms (Figure 1A) consistently the same structure are stacked as dimeric pairs which are separated
met the reversibility criteria at various scan rates of-260 by intercalated toluene molecules, as shown in Figure 2. The close
mV/s, as they all showed cathodic/anodic peak current ratios of interplanar distance between the two '@ the dimeric pair of

iic = 1.0 (theoretical) as well as the differences between anodic ~3.1 A, which is less than the equilibrium van der Waals separation
and cathodic peak potentials Bfa — E,c ~ 70 mV at 22°C. The of 3.4 A, is indicative of electronic coupling between th&nSuch
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ring, we can estimate that the rings-® bear the following positive
charges: 0.15 e (A), 0.46 e (B), 0.33 e (C), and 0.06 e (D). As
such, the asymmetric charge distribution further attests to the strong
electronic coupling within the “shifted” dimeric associatés.

These salient features of the QP cation radical can only be
rationalized, when one considers that the single charge is stabilized
by a quinoidal valence bond resonance structure. Such a resonance
form having a quinoidal structure leads to unequal bond distortions
in the aryl rings as well as planarization of the aryl rings for
effective w-conjugation with the magnitude of changes being the
highest in the central rings. It is worthwhile to note that a previously
reported ab initio SCF-LCAO-MO calculation of a lithium-doped
quaterphenyl anion radical showed a similar quinoidal distortion
as observed herein for the QB4
Figure 2. The crystal structure of QPShCk™ cation radical, with the In summary, the isolation and X-ray crystal structure determi-
packing diagram showing that the toluene molecules are embedded betweeration of QP*SbCk~ provides unequivocal evidence for the
the stacked dimeric pairs. quinoidal stabilization of the cationic charge or polaron, which is
responsible for the high conductivities in PPP oligomers in their
doped state. The defect state induces regions of quinoidal confor-
mation and thus serves as a physical model for the insutatetal
transition in PPP.Studies are underway for a more comprehensive
investigation of the optoelectronic properties of PPP oligomers and
will be reported in due course.

a close packing of the QP in dimeric pairs leads to a slight
longitudinal displacement with respect to each other to compensate
for the steric crowding caused by the termitatt-butyl groups.

A closer look at the structural parameters of the cation radical
QP*, along with a comparison with its neutral form, points to four
important observations:
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