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CRYSTAL STRUCTURE VERSUS MOLECULAR STRUCTURE: NEW DEVELOPMENTS

(Received December 28, 1991)
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Universita’ di Milano, Milano, Italy
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In earlier work (1-3) we tried to establish correlations
between molecular size or shape and crystal structure descriptors
for organic crystals containing C,H,N and O atoms, without fully
developed hydrogen bonds. Samples of 331 hydrocarbon, 580
oxohydrocarbon, and 458 azahydrocarbon crystal structures,
retrieved from the Cambridge Structural Database (4), were used.
Of course size and shape alone are important for crystals which
are built under the action of purely isotropic, or at least
scarcely directional, intermolecular forces; ideally, for non
polar substances 1like hydrocarbons. In fact, 1in crystals
containing O or N atoms, a rather large number of C-H...X (X=0 or
N) attractive interactions were detected through a search of the
spurious repulsions that result from their treatment as pure van
der Waals contacts. These interactions are now recognized as weak
hydrogen bonds, and also display some angular selectivity: Figure 1
shows that C=0...H angles for carbonyl compounds cluster in the
110-140° range for R(O...H) < 3A.

Surveys of geometrical crystal properties, 1like the ones
briefly described above, have provided considerable insight for
the recognition of intermolecular forces in organic crystals.
However, for the actual calculation of crystal properties like the
lattice energy, the lattice vibration frequencies, the elastic
moduli, and the Dbarriers to molecular displacements and
reorientations, appropriate empirical formulations for the
intermolecular potentials must be available. In addition, the
prediction of crystal structure from molecular structure is
possible if the potentials are sophisticated enough.

In a first attempt to provide suitable potentials for the
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interactions between C,H and O atoms in crystals, the following
scheme was devised. Besides the usual B-exponential functional
form, a supplementary Morse-type functional form was assumed:

E,, = A”(l—exp(—B”(R—ROU)))Z-AU

Each atom in C-0-C or C=0 groups, and all hydrogens, were
assigned a coefficient, D, for the calculation of the A parameter,
as follows:

Aij = Di DJ

The B, RO and D parameters were adjusted to reproduce the
sublimation energy of some selected crystals with a relevant
contribution from C-H...0 and even C...0 short attractive
interactions. A substantial improvement over the results obtained
with standard literature interaction potentials was achieved; the
new potential also describes fairly well the energy changes upon
variation of cell parameters or with molecular libration in the
crystal.

There is no doubt however that a general and transferable set of
empirical potential parameters is necessary for the systematic
analysis of organic crystal structure; these potentials could also
be fruitfully applied in the field of molecular recognition. To
this aim, we have recently undertaken an extensive analysis of the
existing potential functions for organic crystals contaning
C,H,N,0,S and Cl atoms, without hydrogen bonds, and restricting
ourselves to the simple 6-exponential functional dependence of the
interaction energy from the interatomic distance. The functions
were then modified and simultaneously optimized against a
selection of about 100 experimental sublimation heats, and against
the observed distribution of X...Y intermolecular contacts in
about 1500 selected crystal structures; the potentials were
required to reproduce the cell parameters of about 70 selected
crystals. Thus far, complete results have been obtained for
C,H,N,O-containing crystals only, Table 1 <collects the
optimized functions. Tables 2 and 3 give an overview of the

agreement that can be obtained between calculated lattice energies
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Table 1.

form: E = A*exp(-BR ) - CR.
ij ij
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6

hydrocarbon functions from ref.6.

C=0...H ANGLE

Figure 1.
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] . .
] ::‘. . t. : - o * . ;‘
N s . -

160 : * . 8 .’o- at)
] . s Sy R T 0, of .’.
] ot TP e e s
n t.’_‘ . -‘“ ke s, . -: o«
. ‘;‘ }ﬁ..‘.t s :t...‘. [ . ..l
R .n.:.‘.‘:‘: LY '“ ‘o P ‘.‘= .,0
] > W "‘:-..o TR

120 ~-_‘, 2 o SRR A )
3 . * F we
1 TR e
h e 8 " ’.,".‘:'o"" %
h ..:.d'.s ""; 0.""‘51‘- .’:’,
. :-o..' %o 5*4."

80 P A ;‘” L
i - . ".. .: .‘. ot
] « 4 .
] . Z . o
N * . go
- L

40

2.00 2.50 3.0 3. 4.60

60 4.00
O...H DISTANCE, A

Scattergram of C=0...H angles versus O...H distances
for a sample of 46 crystal structures of carbonyl

compounds.

[487])/39

Optimized atom—atom potential function parameters in the
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Table 2. Heats of sublimation and calculated packing energies

(kcal/mol) for azahydrocarbons.

Aﬂsub Present Potentials

exptl. from Ref.8
Acridine 21.89 24.5 23.9
trans-Azobenzene 22.9 24.5 23.2
4-Pyridinecarbonitrile 17.5 15.0 14.6
Hexamethylentetramine 18.8 20.1 17.8
2,4,6-Trimethylbenzonitrile 18.6 17.2 16.9
Phenazine 21.86 25.0 23.7
Pyrimidine 11.7 12.86 12.1
Pyrazine 13.5 12.7 12.1
Tetracyanomethane 14.6 13.7 13.6
7,7,8,8-Tetracyanoquinodimethane 25.3 25.6 24.4
1,4-Benzenedicarbonitrile 21.2 8.1 17.8
Table 3. Heats of sublimation and calculated packing energies

(kcal/mol) for oxohydrocarbons.

AHSub Morse Present Potentials

exptl. (Ref.2) from Ref.7
1,3,5-Trioxane 13.4 14.5 15.1 10.5
Maleic anhydride 16.8 15.2 13.9 8.3
Phthalic anhydride 21.1 22.5 20.3 15.2
p-Benzoquinone 16.4 13.6 14.2 10.1
9, 10-Anthracenedione 27.1 27.86 28.8 24.0
Cyclohexane-1, 4-dione 20.1 19.5 16.3 13.0
Benzil 23.5 24.2 25.3 20.5
Dimethyl oxalate 11.4 16.8 17.8 12.2
Phenyl benzoate 23.7 23.8 25.4 21.6
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and experimental heats of sublimation. As can be seen, a
considerable, general improvement has been obtained over the
existing potential parameter sets for oxohydrocarbons; for
azahydrocarbons, the agreement 1ia about the same,but the new
potential functions largely improve the agreement between observed
and predicted lattice parameters, and produce reasonable lattice
vibrational frequencies.

Only radial potential functions have been considered so far. In
fact, the same optimization technique used here for non hydrogen
bonded crystals could be applied to crystals with X-H...Y (X,Y=0
or N) hydrogen bonds, but, presumably, the simple dependence of
the potential from interatomic distance only would no longer be
applicable; the results in Figure 1 for weak hydrogen bonds
clearly point to this direction. Work along these lines is
planned in the near future, in order to provide a complete,
coherently derived set of potential parameters for all organic
crystal structures. Crystal structure generation, and eventually
prediction (5) will then fall within the scope of the organic

crystal chemist.

REFERENCES

1. Gavezzotti,A. J.Am.Chem.Soc.,111,1835 (1989).

2. Gavezzotti,A. J.Phys.Chem. , 95, 8948 (1991).

3. Gavezzotti A. & Filippini G., submitted.

4, Data for the present work are from the 1990 release. See Allen
Bellard,S.; Brice,M.D.; Cartwright,C.A.; Doubleday,A.; Higgs,H

[489)/41

,F.H;

L]

Hummelink, T.; Hummelink-Peters,B.J.; Kennard,O.; Motherwell,W.D.S.;
Rodgers, J.R.; Watson,D.G. Acta Crystallogr. Sect.B 35,2331 (1979).

Gavezzotti,A. J.Amer.Chem.Soc. , 113,4622 (13891).
Williams,D.E. J.Chem.Phys., 47,4680 (1967).

~N 0w

International Summer School on Crystallographic Computing;
edited by Schenk,H.; Olthof-Hazenkamp,R.; Van Koningsveld,H.;

Mirsky,K.V., in Computing in Crystallography. Proceedings of an

Bassi,G.C., (Delft University Press, Twente, The Netherlands, 1978),

p. 169-182.
8. Govers,H.A.J. Acta Crystallogr.Sect.A, 31, 380 (1975).






