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1. Single-Crystal Structure analysis of CBZ form V

Data for this crystal structure were measured at 123 K with graphite monochromated Cu Ka radiation (A = 1.54180 A)
using an Oxford Diffraction Gemini S instrument. All non hydrogen atoms were refined anisotropically. Hydrogen
atoms of the amide group were refined isotropically, whereas other H atoms were placed in calculated positions
utilizing riding modes. All structures were refined to converge against F> using the SHELXL-97 program.! A
summary of data collection and refinement details is provided in Table S1. The asymmetric unit of CBZ form V is

shown in Figure S1.

Table S1: Crystallographic details of CBZ form V structure

Compound reference

Carbamazepine form V

Chemical formula CsH,N,O
Formula Mass 236.27
Crystal system Orthorhombic
a/A 9.1245(5)
b/A 10.4518(5)
c/A 24.8224(11)
a/® 90.00
pI° 90.00
y/° 90.00
Unit cell volume/A® 2367.2(2)
colour Colourless
Temperature/K 123(2)
Space group Pbca
No. of formula units per unit cell, Z 8
No. of reflections measured 5416
No. of independent reflections 2140
Rin 0.0624
Final R; values (I > 2a(1)) 0.0450
Final wR(F”) values (I > 20(I)) 0.0924
Final R; values (all data) 0.0872
Final wR(F?) values (all data) 0.1018
Goodness of fit on F* 0.824

Using the reported method only a small number of individual crystals are obtained each time. Work is ongoing to
obtain sufficient amounts of form V to allow a more complete physicochemical characterisation of this polymorph,

including relative thermodynamic stability compared with other forms.
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Figure S1. ORTEP diagram of CBZ form V (ellipsoids drawn at 50% probability level).

Table S2. Unit cells for CBZ form V, CBZ:DHC 50:50 solid-solution, DHC II and predicted CBZ structure.

Compound reference CBZ form V DHC form II* 50:50 solid solution® Predicted *
Crystal system Orthorhombic Orthorhombic Orthorhombic Orthorhombic
alA 9.1245(5) 9.0592(4) 9.088(2) 9.312
b/A 10.4518(5) 10.3156(5) 10.425(4) 10.598
c/A 24.8224(11) 25.0534(12) 25.005(7) 24.882
al° 90.00 90.00 90 90
pl° 90.00 90.00 90 90
/° 90.00 90.00 90 90
Unit cell volume/A® 2367.2(2) 23413 2369.0 2455.6
Temperature/K 123(2) 120 150 0
Space group Pbca Pbca Pbca Pbca
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2. Method for computational substitution calculations in Figure 3.
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Figure S2. Generalized molecular structure of CBZ/DHC/CYH/CYT, showing the torsion angles whose structures
were varied within the lattice energy minimization.

The atomic coordinates of hypothetical crystal structures were generated by substituting molecular structures so as to
minimize the root-mean-square deviations of all atoms except hydrogens, with the C atom in CYH or CYT being
matched to the N atom in CBZ or DHC. CYH and DHC have two low energy conformations differing in the
orientation of the carboxamide group relative to the C10—-C11 bond, both of which are observed in crystal structures.
(The lower energy anti-conformer is observed in DHC I, II and III and the known solvate structures except that of the
disordered DHC:DMSO, in which both the anti- and syn-conformers are both present with fractional occupancies of
0.81 and 0.19 respectively. The catemeric DHC form IV contains the syn-conformer.” CYH form II contains 3
molecules in the lower energy anti conformation and one in the syn conformation.) Hence, hypothetical structures
containing both conformations were considered. The exception was the hypothetical structure of DHC in the Z’=4
CBZ I structure, where the conformations seen in the structural isomer CYH II were assumed.

The CrystalOptimizer algorithm® was used to simultaneously optimise the crystal structure and the molecular
conformation within it by minimizing the lattice energy E,,«=Uine;TAEin. Only the torsion angles (Fig S2) defining
the two amide hydrogen positions, the rotation of the amide group with respect to the 7-membered ring, the angle of
the amide to the ring, and, for CYH and DHC, the twist of the saturated bond of the 7-membered ring, were explicitly
optimised within the crystal structure: all other intramolecular variables were defined by the constrained isolated
molecule ab initio optimization. The intramolecular energy penalty for the conformational changes from the ab initio
optimized structure, AE; ., was calculated using GAUSSIANO3 at the RHF level of theory, with the 6-31G(d,p) basis
set. The intermolecular lattice energy, Uiy, was calculated by DMACRYS using an isotropic atom-atom exp-6
potential with the FIT parameters’ and all terms in the electrostatic energy up to R™ calculated from the atomic
multipoles up to hexadecapole. The atomic multipoles were obtained using GDMA2® to analyse the MP2/ 6-31G(d,p)
charge density. The resulting lattice energy minima are shown in Table S3, and on Figure 3.
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