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Knowledge of the electronic and geometric features of
donor-acceptor-substituted-systems at the molecular and bulk
level is crucial to the rational design of materials with nonlinear
optical (NLO) propertied. Optimization at the molecular level

has made great progress, as exemplified by recent work on

extended, linear nonaromaticsystemsgd In a different ap-

proach, nonbenzenoid structures may also result from the
symmetrical attachment of three strong donors and three
acceptors to the benzene nucleus. Provided their rings remaind
planar, these molecules lack permanent dipole moments but may

combine high-molecular second-order polarizabilities with
increased transparencies in the visible redidn. this conjunc-
tion, the molecular properties of 1,3,5-triamino-2,4,6-trinitroben-
zene (TATB) have been studied extensively by computational
method<f942 As determined by X-ray crystallograpRyLATB

adopts a nearly planar conformation and forms a layer structure

dictated by six intermolecular ©H contacts. There are two
molecules per unit cell. The layers themselves are non-
centrosymmetric with approximate trigonal symmetry, but

adjacent layers are arranged in a centrosymmetric fashion. This

gives rise to the centrosymmetric space grdipwhich is
incompatible with the NLO activity observed. Explanations
offered to resolve this contradiction have been (a) polymorghism
of TATB—which has not been documented so—fand (b)
disorder of the known structure, including (temporary?) defor-
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Figure 1. Experimental diffraction pattern of [001]zone.

mation of the molecular geometry itséif,displacement of
molecules within a layef and non-centrosymmetric stacking
of layers:¢ Only the latter hypothesis has been supported by
packing energy calculations which predict non-centrosymmetric
structures of TATB to be of comparable energies without,
however, experimental evidence. Since TATB and its alkylated
erivatives have aroused considerable intéfesis a paradig-
matic representative of nondipolar molecules with high second-
order polarizabilities, we have been motivated to redetermine
its solid-state structure by a combination of a detailed analysis
of electron diffraction with an array of computational methods
as described previousf#.”8 In this paper we also intend to
highlight the power of electron diffraction to elucidate solid-
state structures of single crystals.

TATB was crystallized from hot DMSO to give a micro-
crystalline powder which showed frequency doubling in an SHG
microscope&® These crystals were placed on electron micro-
scope grids. It was immediately clear that two different
morphologies prevailed: (a) thick crystals with rhombohedral
geometry and (b) thin (about 100 A) hexagonal crystals, only
the latter ones being penetrable by the electron beam. The
diffraction patterns from the thin crystals in tiaé projection
are shown in Figure 1 and do not correspond to the expected
diffraction pattern from the structure given in the literature, but

* Permanent address: Institute of Macromolecular Compounds of Russianjnstead a “pseudohexagonal” pattern appeared. In order to solve
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this apparent discrepancy, different zonal projections of the
crystals were obtained by tilting about theandb axes. An
almost continuous series of zones appeared, indicating a large
c axis. The result of the tilting experiment can be summarized
as follows: (a) Tilting about the (110) direction revealed the
[111] and [32] zones at 21and 30. Tilting to the right and

left gave rise to equivalent diffraction patterns. (b) Tilting about
the a axis revealed the [032] and [031] zones at &8d 33,
respectively. Tilting about thé axis revealed the [302] and
[301] zones at 18and 33, respectively. In both cases, the
tilting to the right and to the left gave identical results, indicating
that the angle between ttab plane and the axis is 90, or
close to it. All diffraction patterns have very characteristic and
reproducible features: (1) Very strong (300), (320), and (030)
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Figure 2. Simulated model with a modulated translatory wave.

reflections. (2) Very strong (600) and symmetry-related reflec-
tions. (3) Characteristic nonhexagnal distribution of intensities
around (600) and symmetry related reflections.

These observations indicated a characteristic superstructur

with three or six subunits which do not hat&; symmetry.
In addition, diffraction patterns from fortuitously lying

fragments showing the [010] zone, have strong (0012) reflections

corresponding to 3.4 A and streaks parellettalong (100),
(200) etc. subdivided into four units. Therefore, there is a shift

between layers of molecules separated by 3.4 A in groups of
four. Detailed analysis of these results in the manner described

previously27-8indicated a trigonal unit cell with the following
cell constants: space gro@3;, a=b = 9.00 A,c = 40.90 A,
y = 120.

The best agreement between the simulated and experimenta}

diffraction patterns is achieved when all TATB molecules in
the cell are planar and hav®s, symmetry. However, a
nonplanarCs, geometry(chairlike conformation) for the TATB
molecule was also found to be possible but is very unlikely
since chair forms are extremely rare with benzene derivaffves.
A detailed discussion of the conformational problem for the
TATB molecule in theP3; crystal will be presented elsewheétre.
The diffraction patterns from all zonal projections were
simulated first by calculating the conformation of the molecule

in the gas phase using the semiempirical quantum mechanical

methods (AM1 and PM3) incorporated in MOPAC 6.0. The
molecule with optimized geometry was placed in the unit cell
as described previouséf§using the program package CERIUS
3.2 such that the required density of 1.8 gfonas achieved
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Figure 3. Simulated diffraction pattern corresponding to the model in
Figure 2.

satisfactory for electron diffraction due to unavoidable in-
accuracies from crystal bending and dynamical scattering. The
remaining zones and their calculated diffraction patterns will
be reported elsewhePe A packing energy of-297 kcal/mol

per unit cell was calculated for this model using the force fields
discussed previouskB2 While the precise, quantitative value
obtained may be open to arguméhthe essential criterion,
namely a strongly negative packing energy, is fulfilled by the
model and supported by experiment. It is clear that the
extremely large axis requires a modulation in tleedirection.
Good agreement between the experimental and simulated
diffraction patterns in all zones was achieved with the model
shown in Figure 2 with three independent units, each consisting
of four molecules. The stable graphite-like layers are modulated
by a translatory wave. The position of the 13th layer agrees
with the first one. The absence of an inversion center in these
small crystals probably accounts for the SHG activity observed
in powder samples of TATB, which has been shown to contain
two polymorphs. Detailed calculations of both dipolar and

eoctopolar hyperpolarizabilitg-components based on equations

derived by Zys&f will be reported elsewher®.

The simulated electron diffraction patterns from the structure
proposed in the literature did not agree with the experimental
patterns from the small crystals in any projection. The X-ray
powder diffraction pattern showed good agreement with the
model structure proposed here but revealed some additional
peaks which could not be explained. However, these peaks did
correspond to the structure proposed in the literatultes very
likely that these reflections stem from the thick crystals.

It has been proposéwcthat defects in the crystal could be
esponsible for the second-order NLO effect. However, our
high-resolution images have revealed a defect-free crystal
lattice? and the analysis of our electron diffraction patterns
indicates that the structural modulation on thexis gives rise
to the resultant hyperpolarizability components.

Our results show a possible way of constructing non-
centrosymmetric structures of nondipolar NLO-phores: strong
hydrogen bonding leads to non-centrosymmetric layers. Fre-
quently, little energy difference, if any, exists between a
centrosymmetric and a non-centrosymmetric stacking of layers,
making the existence of either polymorph highly possible. We
are currently analyzing structures of soluble molecules of a
similar type which may also adopt stable layer structures.
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