This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 21 February 2013, At: 11:17

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

Packing Analysis for Reactive
Crystals

A. Gavezzotti ?

& Istituto di Chimica Fisica e Centro CNR, Universita,
il via Golgi 19, Milano, Italy

Version of record first published: 17 Oct 2011.

To cite this article: A. Gavezzotti (1983): Packing Analysis for Reactive Crystals,
Molecular Crystals and Liquid Crystals, 93:1, 113-118

To link to this article: http://dx.doi.org/10.1080/00268948308073522

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
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.



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948308073522
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:17 21 February 2013

Mol. Cryst. Lig. Cryst., 1983, Vol. 93, pp. 113-118
0026-8941/83/9304-0113/$18.50/0

© Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

PACKING ANALYSIS FOR REACTIVE CRYSTALS

A.GAVEZZOTTI

Istituto di Chimica Fisica e Centro CNR,
Universita, via Golgi 19, Milano, Italy

Abstract A technique for the analysis of pack-
ing density in crystals is presented, based

on simple and intuitive models of molecular
structure.

Quantum mechanics can in principle give a full
description of the electronic structure of an infi-
nite crystal. If the solid is such that discrete
molecular entities can be recognized, it may be
useful to reduce this description to a superposi-
tion of intermolecular effects. These in turn may
be reduced to atom-atom non-bonded empirical poten-
tials, which have met a considerable success in the
calculation of many properties of molecular solids.
The ultimate approximation consists in describing
atoms and molecules as mere envelopes of electrons,
that is redvcing quantum mechanics to molecular
volume and shape. These concepts have been fruit-
fully exploited in many fields of chemistry and
biochemistry. In what concerns crystal chemistry,
the idea that molecular shape leads to mutual re-
cognition has given rise to the close-packing prin-
ciple, stating that a crystalline edifice is built

so as to leave as little free space as possiblel.
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Volume and shape somehow define a sort of molecular
'valence' (i.e., ability to coordinate other mole-
cules) whose theory is far from the sophistication
of the intramolecular valence theory. Partial
quantification of this idea comes from the non-bon
ded potentials; some aspects of this volume/shape/
cohesion energy connection have been examinedQ:

cohesion en.(Kcal/mol) ~ 0.1 mol.volume (&3)

Notable exceptions to this rule of thumb come from
twisted or folded molecules (a shape effect), besi-
des of course those crystalline systems for which
the non-bonded potentials are not accurate - such
cases falling mostly under the broad definition

of partially ionic crystals.

If and how the elements of this schematic discus-
sion apply to crystal reactivity is the main
concern of this note. One obvious requirement for

a reaction to occur in a molecular solid is that
either a bond breaking with subsequent dispropor-
tionation or recombination of fragments occur, such
as is the case in many photochemical radicaliza-
tions, or that the molecules packed in the crystal
carry in their structure both termini of the react-
ion process, such as is the case in intermolecular
dimerizations or cyclizations. These factors and
their energetics are to be analyzed by the usual
theories of molecular electronic structure. In
order to examine the special elements of solid-sta
te reactivity, one might start from the hypothesis
that the same factors which, when present, make a
crystal stable, should make it unstable when absent.
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This does not imply that a crystal must be loosely
bound or low-melting in order to be reactive: pack-
ing coefficients for many organic crystals, inclu-
ding reactive ones, have been calculated2, and found
to bear no specific relationship to reactivity. The
peculiarity of solid-state reactions is spatial
orientation - a concept merging with that of topo-
chemistry - so that one possibility is that reacti-
vity is favored, if not entirely originated, by
local and specifically oriented breakdowns of the
close=-packing principle. The crystal packing should
then be analyzed to spot such features. The ideal
cases in which this method applies are those react-
ions that involve large displacements of molecular
fragments in the initial stages; at the other extre-
me are cases in which proper juxtaposition of
reaction termini causes reaction with little or no
displacement.

Close packing can be analyzed in the very simple
terms of space occupation by molecuvles made of rigid

spheres of given radius. Each point in cell space,

.described by a vector s, can be either inside or

outside one or more of the atomic spheres. By
sampling the cell space by systematic variation of
s, all points in the cell or in a given zone of

the cell can accordingly be labelled as either

free or occupied. If the number of free and occupied
points is Nt oo and Nocc’ respectively, the total
occupied voiume in the cell (or in a given zone

of the cell) can be computed as:
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occe

ocec C

Nocc + Nfree

where VC is the total volume of the explored zone;
the packing coefficient is then

C =V /v

If only a zone is explored, this number may bo
¢2lled the packing density in that zone. Typicalily,
1000 points/ﬁ3 must be explored to reach a good
accuracy.

Packing density maps can be obtained by dividing
the cell space in a number of zones, and calculating
the packing density in each zone. Cell zones about
0.5-1.0 &% wide are used. This allows a prompt
visvalization of local breakdowns of close packing,
in the form of cavities or channels of free space.
Two examples of this analysis, carried out in
critical zones of reactive crystals, are shown in
Figures 1 and 2.

The total volume of a hole can be computed as

v = E: Vi(l - Di)

hole i,hole

where Yi is the volume of zone i, within the hole,
and D; is the packing density. This calculation
can be important in cases in which small product
molecules form during the reaction, since the hole
volume indicates whether or not the guest molecule
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FIGURE 1. Packing density map for section z=0.435

in methyl p-dimethylaminobenzenesulphonate (Berg-

man et al.,J.Am.Chem.80c.99,851(1977)). Broken 1li-
nes contour zones with density < 0.l. Loose pack-

ing around ester methyl group is evident; the ami-
no methyl group bends back as reaction proceeds.

FIGURE 2. Section y=0.25 of the map for acetylben-
zoylperoxide (McBride et al.,J.Am.Chem.Soc.97,
6729(1975)). Benzoyl radical rotation in its plane
after 0-0 bond breaking is favored by free space.
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can be hosted in the crystalline lattice.
Applications of the above technique to various
cases of crystal reactivity have been carried out
with encouraging results; work in this direction
is in full progress in our laboratory.
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