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The Structure of Poly(m-Phenylene): a Prediction from Single-crystal X-Ray Studies of

m-Deciphenyl and m-Undeciphenyl
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Single-crystal X-ray diffraction studies of the oligomers m-deciphenyl and m-undeciphenyl, isolated chromatographic-
ally from low molecular mass poly{m-phenylene), reveal disordered but unequivocally helical chain-structures, from
which the crystal and molecular structure of poly{m-phenylene) can be directly inferred.

In recent years poly(p-phenylene) has been intensively
studied, not only as a high-performance material! but also,
after doping, for its potential as an organic conductor.? In
contrast, the isomeric poly(m-phenylene) has generated only
sporadic interest and little is known of its structure, even
though an X-ray powder-pattern published in 1978 showed the
polymer to be crystalline.? Very recently however, a U-shaped
conformation identified for m-quinquephenyl in the solid state
led the authors of that study to speculate on possible helical
conformations for higher m-phenylene oligomers.# Such
oligomers, CyHs—(m-C¢Hy),—Ce¢Hs (n = 7-14), were first
isolated in 1936 by fractional crystallisation of the products
from palladium-catalysed coupling of m-dibromobenzene,’
but almost sixty years later the structures of these oligomers

Fig. 1 The X-ray structure of /m-deciphenyl, showing a single molecule
within the pseudo-polymeric helical chain. The pitch of the helix is
11.22(1) A, and independent arene-arene bond distances (A) and
associated mean inter-ring torsion angles (°) are: 1.49(1), 53(1);
1.50(1), 34(1): 1.47(1), 44(1).

and indeed that of poly(m-phenylene) itself still remained
unknown. As part of a continuing programme of single-crystal
X-ray studies of aromatic oligomers aimed at the prediction
and analysis of high-performance polymer structures,® we
have now investigated the crystal structures of m-deciphenyl
and m-undeciphenyl as potential models for poly(m-phenyl-
ene).

Low molecular mass poly(m-phenylene)s were prepared
from a mixture of m-dichlorobenzene (5 equiv.) and chloro-
benzene (2 equiv.) using the homogeneous nickel-catalysed
coupling reaction reported by Colon and Kelsey.” Milligram
quantities of pure oligomers, C¢Hs—(m-CeHa),~CsHs (n =
6-10), were isolated from this reaction by reverse-phase
analytical HPLC with THF-water (6:4) as eluent. The
identities of the oligomers were confirmed by mass spec-
trometry, the spectrum in each case showing a strong parent
ion (both singly and doubly charged) and very little evidence
of fragmentation under electron impact. Multiple fractiona-
tions by HPLC eventually yielded some 30 mg each of pure
m-deciphenyl and m-undeciphenyl, from which it proved
possible to obtain very small single crystals of both oligomers
by slow evaporation of solutions in dichloromethane-chloro-
benzene. ¥

The X-ray structure of m-deciphenyl, CcHs—(m-CsHy)s-
-Cg¢Hs, reveals an apparently infinite, helical chain (Fig. 1),
with five aromatic rings to each turn of the helix. Individual
chains have crystallographic C, symmetry normal to the chain
axis, are all of the same helicity as required by the polar
tetragonal space group (P4,2,2 or P432,2), and are oriented
with their long axes parallel to the crystallographic c-direction.

Fig. 2 Tetragonally packed, interleaving helical chains in the crystal of
m-deciphenyl, viewed in perspective down the crystallographic
c-direction
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Fig. 3 X-Ray powder pattern (line diagram) calculated from the
crystal structure of m-deciphenyl, superimposed on the experimental
pattern (Cu-Ka) for poly(m-phenylene)

The unit cell contains eight asymmetric units, each compris-
ing 2.5 aromatic rings. Adjacent helices interleave and pack in
a tetragonal array, as shown in Fig. 2. Direct arene-arene
bonds are normal at 1.48 = 0.02 A, and there are three
independent inter-ring torsion angles repeating in the
sequence 53, 34, 44, 44, 34°... along the chain. These angles
may be compared with the values of 36, 31, —32, and 36° found
in m-quinquephenyl which, because of its torsional sign-
reversal, does not achieve a helical conformation.4

Although the crystal structure of m-deciphenyl is perhaps
not obviously compatible with that of a monodisperse ten-ring
oligomer, it can be shown to arise from longitudinal disorder
associated with the presence of orthogonally arranged twofold
axes normal to the chain direction. This form of crystallo-
grapic disorder results in a structure with well-defined (though
partial-mass) atomic positions since, with the exception of
hydrogen atoms at the oligomer chain-ends, individual atoms
are either superposed by symmetry or are absent.f The
existence of a polymer lattice with dominant generalised
disorder is consistent with our observation that the eleven-ring
oligomer, m-undeciphenyl, crystallises in the same space
group as its ten-ring homologue, with identical (to within 30)
unit cell dimensions. Below a certain chain-length however
the concentration of chain-ends must be high enough to
destabilise the polymer-type lattice since m-quinquephenyl
does not adopt this structure.*

It has not escaped our notice that the structure we have
identified immediately suggests a possible structure for
poly(m-phenylene) itself. We have compared the X-ray
powder pattern predicted from the structure of m-decipheny!
with an experimental pattern obtained for a sample of
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poly(m-phenylene) prepared by nickel-catalysed coupling of
pure m-dichlorobenzene.8

The experimental pattern closely resembles, though is
rather better-resolved than, a previously published powder
pattern for poly(m-phenylene).? As shown in Fig. 3, the
agreement in peak positions and relative intensities between
the calculated and experimental data is very striking. This
result provides strong evidence that, in the crystalline state,
poly(m-phenylene) does indeed adopt the helical conforma-
tion and tetragonal chain-packing found in the oligomer
structures reported here.
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Footnotes

t Crystal data: [CsHyo],, M = 190.2, tetragonal, a = 13.449(3), ¢ =
11.216(6) A, V = 2028.7(17) A3, space group P4,2,2 or enantiomor-
phous P452,2, Z = 8, D, = 1.246 gem~3, p(Cu-Ko) = 0.534 mm~—1, A
= 1.54178 2\, F(000) = 800. Data for a crystal of dimensions 0.031 X
0.094 x 0.094 mm were measured on a Siemens PARA diffractometer
with Cu-Ka radiation (graphite monochromator) using w-scans. Of
the 1507 independent reflections measured, 638 had |F,| > 40(|F,])
and were considered to be observed. The structure was solved by
direct methods and the non-hydrogen atoms were refined anisotropic-
ally to give R = 0.073, R,, = 0.064. Atomic coordinates, bond lengths
and angles, and thermal parameters have been deposited at the
Cambridge Crystallographic Data Centre. See Information for
Authors, Issue No. 1.

1 An alternative explanation for the apparently continuous molecular
structure is that we have only identified a sub-lattice of the actual
structure, and that there exists a superlattice with a unit cell having a
c-axis length, which is an integer multiple of the value we have
determined. However, searches for weak diffraction points associated
with unit cells of this type have so far failed to reveal any measurable
intensity.
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