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Following up two recent Chemical Communications on the
structure of the title compound, a theoretical study confirms
that the presence of 4,4’-dinitrobiphenyl as an impurity can
give rise to disordered crystals, resulting from a chain
inversion mechanism.

Recent issues of thisjournal have contained communicationst2
on the disordered crystal structure of 4-iodo-4'-nitrobiphenyl
(INB), in which the INB molecules pack as parallel and polar
ribbons (mm2). From the origina viewpoint of designing
efficient nonlinear optical (NLO) materials! this type of
packing of dipolar entities represents an interesting and
relatively seldom case3 of amateria in which al the §, axes of
the molecular hyperpolarisability § are aligned co-parallel.

The difficulties encountered initially by Sarma et al.l in
obtaining a reliable structural model from X-ray data were
resolved morerecently by Masciocchi et al.2and Langley et al .4
through careful sample purification. In interpreting the data of
Sarmacet al., the Milan group? identified two possible causes of
defect formation in INB: (i) polarity inversion of single ribbons
(chains) of INB in the presence of 4,4’-dinitrobiphenyl (DNB)
impurity molecules (in analogy to 180° opposed polar macro-
domain formation in perhydrotriphenylene inclusion com-
pounds®); (ii) two dimensional polytypes, i.e. a defect para
crystal composed of many fine grains. The effect of impurity
molecules on the NLO characteristics of ahost crystal has been
demonstrated earlier by Weissbuch et al.67 Whilst the mecha-
nisms which permit the favourable creation of such defects at
growing crystal faces are mainly well understood,®? the
subsequent fates of these faults, and their distribution through-
out the structures of the resulting bulk crystals, often remain
elusive.

Here we discuss further using energetic arguments the
relative likelihood of intrinsic (180° orientational disorder) and
extrinsic [due to DNB and/or 4,4-diiodobiphenyl (DIB)
impurities] defect formationin INB, and thelikely true structure
of INB which results. Attachment processes during the
assembly of INB crystals are driven by the alignment of INB
into paralel chains, as well as collinear functional group
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interactions (NO,-I, I--) between molecules already attached
at the {001} surfaces and incoming INB, DNB or DIB
molecules (Fig. 1). The total attachment energy Ea: per
molecule in the +c or —c direction contains contributions from
lateral and long-range interactions between chains, as well as
short-range collinear interactions between the terminal moie-
ties. With respect to the former, we can make a distinction
between E,, (parallel) and E, (antiparallel), that is, the energies
corresponding to preferred and defect modes of lateral attach-
ment, respectively (Fig. 1). Vaues Eap , Epp for the terminal
intermolecular interaction energies of isolated, collinear NO,--1
(A--D) and I-1 (D--D) synthons have been calculated to be
—5.7 (34 A) and —2.8 (4.0 A) kJ mol—1, respectively.8 The
NO,-—-O-N (A--A) intermolecular interaction is considered a
defect configuration of low occurrence®.8-9 because a positive
interaction energy Eaa of ~10 kJ mol—1 was estimated for a
van der Waals contact of 3.4 A 8

Intrinsic defects, i.e. those resulting from 180° orientational
disorder during the assembly of apure INB system, can occur at
the growing faces (Fig. 2). For growth along the +c and —c
directions, there are two non-degenerate configurations for
defect attachments, represented by the energies AEgefect (+C OF
—c). As aresult of a Schottky-type cal culation® accounting for
the molar fraction x of orientational defects, wefind that: (i) the
temperature of crystal growth can significantly affect the
concentration of defects; and (ii) a perfect seed crystal will
during growth segregate into two adjacent volumes containing
a different number of defects. The ratio of the orientational
defects within these two domains can be estimated using the
intermolecular interaction energies given above: x(+c)/x(—c) =
exp[(Eaa — Epp)/RT]. Since the intermolecular interaction
NO.,--O,N is strongly endothermic, x(+c)/x(—c) is expected to
vary between ca. 170 and 20 (300-510 K). Continuation of
growth along both c-directions after defect formation givesrise
to one of two different phenomena: healing (correction) of the
defect or chain inversion (Fig. 3). With each phenomenon there
are again associated two different energies, corresponding to the
two different growth directions +c and —c [see egn. (1)
below].

Eap
.. /O ordered chain
2l N\ T —a—a—
| (¢}
Eap

faulted chain

i

Epa

Fig. 1 Model representation of ordered and intrinsically disordered molecular chains of INB. Thisfigureisused toillustrate the interaction energies (positive
or negative; represented by dashed lines) under consideration during packing. Definition of interaction energies: E, = lateral and long-range interactions
between molecules (excluding collinear short-range contributions of terminal functional groups) whose dipoles are oriented co-parallel; E5, = same as E,, but
between dipoles oriented antiparallel; Eap, Epp, Eaa = collinear intermolecular terminal functional group interactions A---D, D--D, A---A, respectively. A
and D are defined in the main text. Subsequent figures employ the symbol — asasimplified representation of INB, corresponding to theintramolecular dipole

orientation OoN—l.
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Fig. 2 Intrinsic orientational defect equilibrium at growing faces (+c, —c) of
apolar crystal such as INB.
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Fig. 3 Healing of defectsversuschaininversion within the next growth layer
after occurrence of primary (intrinsic) defects.

Extrinsic defects can arise due to solid solution formation of
INB with DNB or DIB (Fig. 4). In the case of these
symmetrically disubstituted components, the preferred mode of
incorporation is driven only by the relative strengths of the
terminal functional group intermolecular interactions. At an
impurity level (in solution) of ca. 0.1, both DNB and DIB are
incorporated into the growing crystal structure with different
degrees of probability with respect to the +c and —c directions.
From simplistic energy considerations it can be shown that
when healing intrinsic defects, DNB attaches preferentially to
defect sitesalong —c whilst DIB attachesaong +c. Conversely,
when DNB and DIB are the defects themselves, preferred
incorporations are along +c and —c, respectively (Fig. 4).

@) (b)

chain
inversion A

chain
inversion

healing of
defects

healing of
defects

Fig. 4 Influence of DNB (—) or DIB (<) impurities on subsequent growth
layers: (a) healing versus chain inversion after preferred incorporation of
DNB in the +c direction; (b) similar scheme for DIB, where in the —c
direction favourable induction of a chain inversion may occur.
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Which of healing or chain inversion by INB molecules in the
next growth layer is the more probable is still, of course, a
function of both defect (DNB or DIB) and growth direction
(xc). At x3(DNB) = x4(DIB), DIB can serve to heal the defects
created by DNB and vice versa.

In the realistic case reported by Masciocchi et al.2 a more
complicated situation arises: preferred attachments of DNB
present in the growth medium will occur aong +c but healing by
INB in the next layer would involve unfavourable NO,---O,N
intermolecular interactions. If at this point we allow for an
inversion of single chains, the energy Ejnverson Would at each
layer have to be lower than the energy of a configuration
providing healing by antiparallel attachments (Fig. 4). The
corresponding energy difference between is then given by egn
.

AE(+C DNB) = lnverson - Ehealm =
— RTIn X(+C) + 2EAD — Ean — Epp (1)

The logarithmic term refers to the concentration of intrinsic
defects in pure INB crystals from which an estimate of the
unknown difference Ey, — Ep has been derived. Using the
calculated energy vaues given above it follows that chain
inversion is more stable [AE(+c) < 0] as long as the
concentration of intrinsic defects in pure INB crystals (300 K)
is larger than about 6 x 10—4. A wR2 value of 0.032 (crystal 1
inref. 2; see aso ref. 4) sets an upper limit for x(+c) to arange
of afew percent. Although a lower limit cannot be extracted
from the present X-ray data, we consider it a reasonable
estimate that x(+c) is larger than ~6 X 104 (AEgefect < 18.6
kJ mol—1).

In view of our calculations, we conclude that chain inversion
provides a mechanism to continue attachments at sites where
preferred intrinsic defects or substitutions by DNB have been
formed. Conversely, continuation of attachments at non-
preferred sites by DNB is more favoured by healing. Both
primary and secondary defect formation contribute to the
disordered structure of INB and possibly other structuraly
similar materials (i.e. A,D-disubstituted rod-like molecules).
The main conclusion of this work is in agreement with the
experimental results and mechanistic proposition given by
Masciocchi et al.2 However, the true structure is such that about
one half (+c) of the crystal volume should show a significant
concentration of DNB defects continued by chain inversion,
whereas the other half (—c) should exhibit diffraction phenom-
ena similar to a well-ordered, monodomain crystal.
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