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Transmission electron microscopy has been utilized to
study the low temperature phase transformation in pyrene,
The transformation proceeds via an interface, lying

on approximately (110) planes, and is similar to the
martensitic-like transformation seen in other organic
crystals. Domains of the room temperature phase are
still present at temperatures 100 K below the transition
temperature,

It has now been firmly established that pyrene undergoes a
phase transformation when either cooled to temperatures close
to 120 K or subjected to pressures of 4.0 K bar at room temper-
ature (1).

Despite the importance attached to pyrene as a model for
studying various spectroscopic phenomena, little is known
about the low temperature phase or of the structural aspects
of the phase transformation. The determination of the low
temperature structure by X-ray analysis is complicated by the
extensive cracking that occurs when single crystals are cooled
to temperatures below the transition temperature. Renaud (2),
however, has recently established the unit cell parameters of
the low temperature structure (see Table 1).

TABLE 1: Cell parameters for the high and low temperature
phases of pyrene.
ad)y v® ® o ¢ ¥y v@y
293 K 13.63 9.25 8.48 89.92 100.42 89.99 1052
98 X 12.31 10.02 8.26 90.02 96.69 89.93 1013
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We have already shown that transmission electron micros-
copy (TEM) may be used (despite the inherent instability of
these organic specimens in the electron beam (3)) to great
advantage as a technique for studying a variety of phenomena
in organic molecular crystals (4). In particular, phase
transformations, hitherto unsuspected, have been observed and
fully characterized by utilizing the powerful combination of
transmission microscopy and electron diffraction (5,6).
Because of this proven success we were lead to believe that
direct information on the phase transformation in pyrene might
be obtained by TEM..

Thin crystals, (00l) dominant, were grown by the floatation
method, the solvent used in this instance being ether. Suit-
able samples (thickness less than ca 5000 K) were examined in
a Philips EM300, which has facilities for cooling the specimen
to approximately 100 K,

On cooling the specimen to temperatures close to 110 K,
faults, the traces of which ran approximately along [110],
were seen to appear (Figure la). These faults disappear
when the foil is warmed to temperatures estimated to be near
140 K. They reappear on cooling (but not always in the same
position) and provided the critical radiation dose has not been
exceeded the process may be repeated several times, Selected
area diffraction patterns taken over one of these faulted
regions reveals two overlapping diffraction meshes (Figure 1b),
one of which is interpretable in terms of the room temperature
structure. The second mesh, rotated relative to the first by
an angle of 4°, has the values of 12.4 and 10.2 & for the di-
mensions of the most probable unit cell, These values are in
good agreement with the values for d 00 and do 0 calculated
using the unit cell parameter given %y Renaud %see Table 1).
In order to ascertain whether the transformation would be
complete at much lower temperatures we were granted access to
a liquid helium cooled microscope (courtesy of Dr.M.J. Goringe,
Oxford University) which allows cooling of the specimen to
near 10 K. It was found that even at these low temperatures
domains of the room temperature structure were still present.

The results given here provide direct evidence for, and
some information on, the solid-solid phase transformation in
pyrene. Some interesting points arising are:

a) The orientational character of the faults bears resemb-
lances to those seen in the stress-induced phase transformation
in 1,8-dichloro-10-methylanthracene reported previously. It
was shown that in this latter material the transformation is
martensitic in character, being induced at high and low
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FIGURE 1: a) Electron micrograph taken at 110 K. A
diffraction pattern (b) taken from such an area indicates
the presence of both the high and low temperature forms.

temperatures, It is possible that in the case of pyrene the
cooling of the sample may have produced sufficient stress to
drive the transformation. This is in agreement with the
observation that crystals of pyrene invariably crack upon
cooling and also that the transformation may be induced upon
application of pressures of 4.0 Kbar (1). Furthermore,

close inspection of the diffraction pattern in Figure 1b shows
coincidence of the 430 reflections from the two phases.

This suggests similar interplanar spacings for the 430 planes
in the low and high temperature structure and the calculated
values using Renaud's results are in complete agreement with
this: d;30 = 2.25 A and 2.26 A for the room and low temper-
ature structure respectively.,
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b) The changes in the cell parameters are quite small

and suggest that the pairwise packing of the pyrene molecules
is maintained through the transition. This is compatible with
the knowledge that both forms give excimer emission., We are,
at present, attempting to calculate, by atom-atom potential
calculations (e.g. ref 7), the three dimensional structure of
the low temperature phase,

c) It is interesting that even at temperatures well

below the transition temperature small domains of the room
temperature form are still present. The presence of such
incipient phases may play an important role in the generation
of deformation mechanisms and also in certain photophysical
and photochemical effects not only in pyrene but also in other
organic molecular crystals where similar phase changes occur,

Finally, it should be mentioned that a third crystal
form of pyrene is frequently obtained from ether solution.
This polymorph (which has a very different crystal structure
to either of the excimer pyrene phases) exhibits monomer
fluorescence similar to that observed by Mansour and Weinreb
(8) and despite repeated attempts has not been found to under-
go a similar phase transformation,
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