
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 04:23
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Use of Atom-Atom Potentials in
the Determination of Organic
Crystal Structures
S. Ramdas a b
a Edward Davies Chemical Laboratories, University
College of Wales, AberystwythSY23 1NE, U.K.
b Department of Physical Chemistry, University of
Cambridge, Lesfield Road, Cambridge, CB2, IEW
Version of record first published: 21 Mar 2007.

To cite this article: S. Ramdas (1979): Use of Atom-Atom Potentials in the
Determination of Organic Crystal Structures, Molecular Crystals and Liquid Crystals,
50:1, 175-178

To link to this article:  http://dx.doi.org/10.1080/15421407908084424

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407908084424
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

4:
23

 2
3 

Fe
br

ua
ry

 2
01

3 



Mol. C'rysr. Liq. Cr.vst., 197Y. Vol.  50, pp. 175--178 
@ Gordon and Breach Science Publishers, Ltd., 1979 
Printed in Holland 

Use of Atom-Atom Potentials in the 
Determination of Organic Crystal 
St ruct u res 
S .  RAMDASf 
Edward Davies Chemical laboratories, University College of wales. 
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The use of atom-atom potentials in the computation of crystal structures of 
organic molecular crystals has seen wider applications in recent years after 
the pioneering work of Kitaigorodsky and Williams. Our experience shows 
that with a prior knowledge of all or at least some of the lattice dimensions, 
space group and molecular structure, the packing calculations enable one 
to solve the crystal structure with reasonable accuracy. We report the success- 
ful solution of the crystal structures of the polymorphs of pyrene and 1,5 
dichloro anthracene by this approach. The role of orientational point defects 
in the solid state photodimerization of the latter is also discussed. 

PYRENE 

Crystals of pyrene, upon cooling to below 120 K, generally shatter, probably 
due to a phase transition in which the P2,/u space group of the room tem- 
perature form' is retained. The luminescence' and Raman scattering3 of the 
solid undergoes major changes during the phase transformation, the mech- 
anism of which is obscure. Our understanding of the photophysical proper- 
ties of pyrene is hindered by the fact that it has been hitherto impossible to 
determine the structure of the low temperature phase, though the unit cell 
dimensions have recently been obtained by x-ray methods4 and electron 
diffraction.' 

t From June 1978, Department of Physical Chemistry, University of Cambridge, Lesfield 
Road, Cambridge CB2 IEW. 
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176 S .  RAMDAS 

The lattice energies were calculated using the intermolecular potential6 
function : 

U = 4 1 [ B  exp( -Cr) - Ar-6] 

the lattice summation being carried out for I < 8 A. For pyrene I the value 
obtained for U was -94.2 kJ mole-', in good agreement with the reported 
heat of sublimation,' -94.5 kJ mole-'. The increase of 0.7 A in b during 
the phase transition is accounted for by rotation of the molecules about the 
c-axis-the c-axis remaining unchanged during the transition. Rotation of 
the input co-ordinates of the pyrene molecule about the c-axis lead to a new 
low energy structure with no very short intermolecular contacts. Calcula- 
tions, with initial co-ordinates describing angles of rotation between 15 and 
30" for the pyrene molecule and different starting values for molecular centres 
were carried out and it was found that after successive steps of refinement, 
all such initial co-ordinates converged to the same structure with a lattice 
energy of approximately 98.3 W mole-'. In both structures the molecules 
are in pairs (as predicted from excimer emission studies),' with the overlap 
increasing in the low temperature structure, the separation of the molecular 
pairs being 3.53 a in pyrene I and 3.44 A in pyrene 11. 

1.5 DICHLORO ANTHRACENE 

In solution at room temperature 1,5 dichloro anthracene dimerizes' under 
U.V. irradiation to give a 40: 60 mixture of the head-to-head (h-h) and head- 
to-tail (h-t) dimers. In the solid state, however, the nature of the product is 
dependent upon the polymorph within which photodimerization occurs. 
The monoclinic form (A2/a; a = 19.00, b = 4.05, c = 14.4 A, jl = 95.1 1 "; 
2 = 4; grown from vapour) yields only the head-to-head dimer, not un- 
expectedly from the known crystal structure and the tenets of the topo- 
chemical preformation theory : neighbouring molecules are separated by a 
distance of b = 4.05 A typical of the separations that are conducive for 
photoreactivity in the solid state. The triclinic form (Pi; a = 7.20, b = 9.75, 
c = 4.00 A, a = 98", p = 101", y = 84O; Z = 1 ; grown from Xylene solu- 
tions), on the other hand generates, upon U.V. irradiation, 80 % h-h and 20% 
h-t dimer and the question to be answered is how the h-t product is formed. 

The crystal structure of the triclinic form has not yet been determined by 
diffraction methods. It may, however, be arrived at by computation using the 
procedure based on parameterized potentials." To check the reliability 
of the calculated crystal structure, the monoclinic structure was also com- 
puted, using the same C . . . C6, CI . . . C1" etc. parameters (in the expression 
for interatomic potentials) and was found to agree well with that determined 
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experimentally. The lattice energies computed for the polymorphic forms 
were - 121 kJ/mole for the monoclinic and - 130 kJ/mole for the triclinic 
phase. It transpires that neighbouring molecules in the triclinic phase are also 
partially overlapped (separation distance c = 4.00 A) and arranged in 
stacks as in the monoclinic variant and one would, therefore, expect this 
poiymorph to yield the h-h photodimer and not a mixture of the two possible 
products. 

A reasonable suggestion, which certainly seems valid in other anthracenic 
 system^,'^^'^ is that linear or planar faults of an approximate kind may bring 
juxtaposed molecules into a state of mutual orientation that is not possible 
in the perfect structure. Closer examination of the triclinic crystal structure 
shows that, for intrinsic crystallographic reasons, it is impossible to formulate 
any slip system and displacement vector that would bring neighbouring 
molecules at planar, or linear faults into a potential h-t disposition. How 
therefore, is it possible for a h-t registry to be established? 

Orientational point defects in which the defect molecule is rotated in plane, 
first discussed by Thomas and Williams' are of no consequence in this re- 
gard. But suppose that, during crystal growth, some molecules had been laid 
down anomalously such that a flip by an angle 72, had occurred about an axis 
parallel to the length of the anthracene moiety and perpendicular to the stack 
axis, this operation would generate a potential h-t situation. 

To test the reasonableness of this proposition we have estimated the extra 
energy endowed to the lattice by imposing such a point defect into both the 
triclinic and monoclinic forms. The calculations were carried out assuming 
a cluster of 26-30 molecules in the defect lattice. Eight to ten molecules 
including the defect were allowed rotational and translational degrees of 
freedom. The defect formation energy was found to be 4 kJ/mole in the 
triclinic structure and 100 kJ/mole in the monoclinic variant. 

Significantly the energy of formation of the orientational point defect is very 
much less in the triclinic than in the monoclinic form. We conclude that this 
is the reason for the greater propensity of h-t dimer formation in the crystals 
of lower symmetry. If our interpretation is indeed correct it follows that the 
precise ratio of h-h to h-t dimers should be dependent upon crystal history. 
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