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The X-ray determined dipole moment has been used to
assess the strength of the electrostatic interactions in a new
complex of p-amino-p’-nitrobiphenyl, which is a suitable
candidate for photo-crystallographic studies of transient
species.

Prior to photo-crystallographic studies of light-induced excited
molecular states, suitable candidates for such time-resolved
studies must be identified.1,2 A relatively long-lived triplet
excited state of p-amino-pA-nitrobiphenyl (PANB) has been
reported to exist at room temperature in solution.3 PANB is a
typical donor–acceptor molecule; upon excitation an intra-
molecular charge transfer occurs from the amine donor to the
nitro acceptor group.4 Correspondingly, fluorescence and time-
resolved microwave measurements indicate a large increase in
dipole moment (by more than 20 D) when the molecule is
excited.5 In order to increase the conversion percentage of
excited state molecules upon irradiation, and/or reduce the
number of photons to be absorbed by the crystal, it is highly
desirable to dilute the photoactive species with photo-inert
spacer molecules. In a previous study, the b-cyclodextrin
complex of PANB was found to show disorder in the guest
molecules, and thus to be less suitable for photo-crystallo-
graphic studies.3

We report here on the 90 K structure and charge density of a
fully-ordered mixed crystal of PANB. We use the molecular
dipole moment as determined from the X-ray diffraction data as
a measure of the strength of the electrostatic forces acting on the
host molecule. This analysis is based on the extensive evidence
indicating a pronounced enhancement of the electrostatic
moments of polar molecules in crystals.6–8 The enhancement is
directly dependent on the molecular environment, and it thus
varies with crystal composition and molecular packing.

Triphenylphosphine oxide (TPPO) is a strong hydrogen
acceptor. It has been shown to form high quality crystals with
molecules containing donor hydrogen atoms, like the amino
hydrogens of PANB.9 As the TPPO molecule does not absorb
above 300 nm,10 its absorption does not interfere with the
charge-transfer absorption of PANB, which peaks at 400 nm,11

an essential condition for a photo-inert ‘spacer’ molecule. X-
Ray data on a specimen grown by slow evaporation12 were
collected on a Bruker SMART 1K CCD diffractometer at
90(1) K.13

Hydrogen bonding between the NH2 groups and the oxygen
atoms of TPPO (Fig. 1) leads to a synthon consisting of four
molecules (two each of TPPO and PANB), which is the basic
unit in the crystal.14 The square arrangement of hydrogen
bonded atoms is similar to that in TPPO tetrachloropyrocatechol
monohydrate, in which water molecules of crystallization are
the hydrogen donors.15 A comparable arrangement is found in
bis(triphenylphosphine oxide) tris(toluene-p-sulfonamide)
where the two PNO groups are bridged by three sets of hydrogen
bonds, donated by NH2 groups.16 Unlike in neat PANB, the
nitro groups in PANB/TPPO are involved only in weak O…H–
C interactions.17 The crystals are fully ordered and do not
contain solvent molecules.

In the neat crystal the biphenyl group adopts a close to planar
conformation (see Fig. 2),18,19 though calculations20 indicate
the isolated molecule to be twisted by 43.3°, similar to what is
found for gas-phase biphenyl.21,22 In the current structure the
inter-ring twist angle is 30.27(3)° (Fig. 2), compared with
values of 40.6(2) and 42.0(1)° at 20 K for the two independent
molecules in the less constraining environment of b-cyclodex-
trin. The concentration of PANB in PANB/TPPO is 2.64 M
compared with 6.56 M in the neat crystal.

In general the dipole moment of a molecule in a polar crystal
is enhanced relative to that of the isolated molecule in the gas
phase. The increase in dipole moment is a quantitative measure
of the polarizing field exerted on the molecules by the crystal
matrix. While the isolated molecule value is calculated as 9.12
D for the configuration of the PANB molecule as observed in
the neat crystal, and as 8.17 D for the twisted optimized
geometry,20 the value derived by topological analysis of the
theoretical density for the periodic crystal is 23.0 D.8 This

Fig. 1 Illustration of the basic packing motif in the PANB/TPPO crystal.

Fig. 2 The molecular structure of PANB in the TPPO complex (twisted),
compared with the almost planar conformation in the neat crystal.
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compares with an experimental X-ray result of ca. 40 D.8,19 An
aspherical atom refinement23,24 of the current data shows the
molecular dipole moment in the mixed crystal to be 16.8(1.6) D,
much in excess of the isolated molecule values, but significantly
below that in neat PANB (the static deformation density map in
the least square planes of the two phenyl rings is shown in
Fig. 3). The neat crystal contains sheets of parallel molecules,
leading to parallel and anti-parallel (between sheets) alignment
of the dipole moments such as to maximize electrostatic
interactions. By comparison, the electrostatic interactions are
significantly reduced in PANB/TPPO, in agreement with the
relatively weak interactions of the nitro group in the complex.
Since the molecular dipole moment can now be routinely
obtained from good quality X-ray data, it provides a readily
accessible measure of the electrostatic interactions in a
crystal.

In summary, the PANB/TPPO mixed crystal is a candidate
for excited state diffraction studies, given the absence of
disorder and undesirable spectral overlap, and the reduced
concentration of the active species. Both the experimental
dipole moment and the inter-ring twist angle are intermediate
between those of the isolated molecule and the neat PANB
crystal. The X-ray dipole moment can be used to characterize
related solids, and provides insight into factors relevant to
crystal engineering.
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Fig. 3 Deformation density map of PANB in the PANB/TPPO crystal as
calculated from the aspherical atom multipole refinement results. For
illustration purposes, the two phenyl rings of the non-planar molecule have
been rotated into the plane of the paper. Contours at 0.1 eÅ23.  Positive
contours: full lines; zero contour: dotted; negative contours: broken.
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