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C O N S P E C T U S

Polymorphs are different crystalline modifications of the same chemical substance. When different conformers of the same
molecule occur in different crystal forms, the phenomenon is termed conformational polymorphism. Occasionally, more

than one conformer is present in the same crystal structure. The influence of molecular conformation changes on the for-
mation and stability of polymorphs is the focus of this Account.

X-ray crystal structures of conformational polymorphs were analyzed to understand the interplay of intramolecular (con-
former) and intermolecular (lattice) energy in the crystallization and stability of polymorphs. Polymorphic structures stabilized by
strong O-H · · · O/N-H · · · O hydrogen bonds, weak C-H · · · O interactions, and close packing were considered. 4,4-Diphenyl-2,5-
cyclohexadienone (1) and bis(p-tolyl) ketone p-tosylhydrazone (3) are prototypes of C-H · · · O and N-H · · · O hydrogen-bonded
structures. Distance-angle scatter plots of O-H · · ·O and C-H · · ·O hydrogen bonds extracted from the Cambridge Structural Data-
base indicate that polymorphs with a larger number of symmetry-independent molecules (high Z′) generally have better interac-
tions when compared with the polymorphs with lower Z′ values, with the implication that these symmetry-independent molecules
have different conformations. Since molecular conformer (Econf) and crystal lattice (Ulatt) energy differences are of the same mag-
nitude in organic crystals (typically <5 kcal mol-1), situations wherein these two factors compensate or cancel one another are
illustrative. Calculation of conformer and lattice energies using Gaussian 03 and Cerius2 in 23 recently published polymorph sets
shows that a strained conformer (higher Econf) is stabilized by stronger interactions or better crystal packing (lower Ulatt) in two-
thirds of the cases, whereas there is no energy balance in the remaining structures.

Organic molecules with flexible torsions and low-energy conformers have a greater likelihood of exhibiting polymor-
phism because (1) different conformations lead to new hydrogen -bonding and close-packing modes and (2) the tradeoff
reduces the total energy difference between alternative crystal structures. As a test case, polymorph promiscuity in fuch-
sones (6) is related to the conformational diversity at the exo-methylene phenyl rings and the small energy difference com-
puted for dimethyl fuchsone polymorphs. These ideas find application in the design of putative pharmaceutical polymorphs
and crystal structure prediction.

Introduction

Molecular conformation is a subtle but impor-

tant property in the chemistry of the organic solid

state.1 Rotations about single bonds (intramolecu-

lar torsions) are worth 1-3 kcal mol-1 but can be

as high as 8 kcal mol-1 due to steric factors or

restricted rotation.2 This Account discusses the

relationships between conformational changes in

a molecule and the formation and stability of crys-
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talline polymorphs that contain these different conformations.

Hydrogen bonding is perhaps the most important discriminat-

ing cohesive force in directing the crystallization of organic

molecules.3 The nature of strong or conventional hydrogen

bonds (4-15 kcal mol-1), such as O-H · · · O, N-H · · · O, or

O-H · · ·N, is well-studied in organic and biological structures.4

Weak hydrogen bonds (1-4 kcal mol-1), for example,

C-H · · · O, C-H · · · N, and N-H · · · π, are equally significant in

crystal packing.5,6 The weakest van der Waals and dispersive

interactions (0.5-1.0 kcal mol-1) are worth about the ther-

mal energy of atoms at 300 K (RT ∼ 0.6 kcal mol-1). Nota-

bly, the energies of intramolecular torsions and intermolecular

nonbonded interactions lie in the same range (0.5-10 kcal

mol-1). Therefore, there is an immediate possibility that con-

formationally flexible systems are prone to polymorphism.

In typical cases, a crystal form with a favorable single bond

torsion finds an alternative polymorph where a slightly disfa-

vored torsional geometry is compensated by a better

C-H · · · O or van der Waals interaction. Alternatively, an

extreme deformation of one torsion angle or several small

deformations may be allowed in a new polymorph that opti-

mizes a strong hydrogen bond geometry. Thus, molecular

conformation and hydrogen bonding can influence each other

and in turn the overall crystal packing. In a classical exam-

ple, the flat conformation of ortho-H biphenyl is favored in the

solid state although it lies ∼1.5 kcal mol-1 above the lowest

(gas-phase) energy conformation, which has an inter-ring twist

angle of 44°.7 The herringbone T-motif stabilizes the meta-

stable planar conformation in biphenyl crystal structures. Brock

and Minton8 referred to the stabilization of strained conform-

ers by crystal packing forces as a systematic effect, a term that

continues to be used in the literature.2

Crystallization may be viewed as the directed assembly of

close to an Avogadro number of molecules in an ordered,

periodic, and infinite lattice.9 However, crystal structures are

not necessarily the global free energy minima of solid-state

supramolecular assemblies.10 That polymorphs11,12 represent

metastable structures on the free energy landscape was stated

by Ostwald13 over a century ago in his famous Rule of Stages,

“When leaving a metastable state, a given chemical system

does not seek out the most stable state, rather the nearest

metastable one that can be reached with minimum loss of free

energy.” In a contemporary interpretation, Desiraju14 formu-

lated this dichotomy in crystallization as the formation of

kinetic and thermodynamic products (crystals) via a

Curtin-Hammett-like reaction pathway.

McCrone15 defined polymorphism as “the existence of a

solid crystalline phase of a given compound resulting from the

possibility of at least two different arrangements of the mol-

ecules of that compound in the solid state. Figure 1 illustrates

how changes in molecular conformation lead to different

supramolecular arrangements of conformational poly-

morphs.16 In crystallography terminology, Z′ is the number of

formula units in the unit cell (Z) divided by the number of

independent general positions for that space group.17 For the

present discussion, Z′ is the number of crystallographically

unique molecules or conformers that will tessellate in space to

build the crystal structure. Hydrogen bonding, systematic

effects, and multiple conformers in crystalline polymorphs of

some organic molecules (Figure 2) are discussed in this

Account. Industrial interest in polymorphism is rapidly grow-

ing because it impacts pharmaceutical form discovery, patent-

ing, and drug formulation.18,19 Crystal engineering and

FIGURE 1. (a) Schematic representation of polymorphs i and ii for
a rigid molecule, (b) a conformationally flexible molecule has a
greater number of packing arrangements, iii-vi, and (c) two
symmetry-independent molecules (Z′ > 1) in conformational
isomorph vii.
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supramolecular isomerism in coordination polymers20 and the

interplay of hydrogen bonding and coordination geometry in

malleable metal-organic systems21 are reviewed elsewhere.

Conformational Polymorphs
Our first encounter with polymorphism was serendipitous.

Photochemical rearrangements of 4,4-diphenyl-2,5-cyclohexa-

dienone (1) have been studied for decades,22 but its crystal

chemistry was unexplored until 1998.23 Compound 1
appeared to be a proof-of-concept molecule for crystal engi-

neering of the benzoquinone C-H · · ·O tape.24 However, real-

ity proved to be a surprise. Dienone 1 afforded three

concomitant polymorphs,25 A, B, and C, upon crystallization

from EtOAc/n-hexane. Addition of CH2Cl2 to the same solu-

tion afforded form D, and a fifth form (E) was crystallized from

EtOH/CH2Cl2.26 Crystal structures C and E “disappeared” after

our initial result. They converted to form B, an occupational

hazard for crystallization chemists.27 The four polymorphs of

1 set a record of 19 molecular conformers (Figure 3) in X-ray

crystal structures and the high Z′ of 12 in form C (see mole-

cules in Figure S1, Supporting Information) is rare among

organic polymorph sets in the Cambridge Structural Data-

base28 (Table 1).

The abundance of polymorphism in 1 was traced to the

presence several low-lying conformers (0-2 kcal mol-1)

through rotation about the Cquinone-Cphenyl single bond. Con-

former energies (Econf) vary as B < D < A, whereas form A <
D < B in lattice energy (Ulatt) values (Table 2).29 From the

dynamic equilibrium mixture of conformers at ambient to 100

°C (∆Econf ≈ RT), one or more conformations crystallize in a

particular form at supersaturation conditions. Because of dif-

ferent orientations of phenyl rings, the (Ph)C-H · · · OdC inter-

actions have different geometry (2.2-2.8 Å, Figure S2,

Supporting Information) and strength in different crystal struc-

tures. The formation of polymorphs A-D mediated via one or

more conformers and C-H · · · O helix and dimer synthons

I-III (Figure 3) is therefore understandable, at least in

hindsight.

Very simple, almost classic, molecules can have a rich

structural chemistry. Rafilovich and Bernstein30 reported four

polymorphs of benzidine (2). Forms I-IV have rare and

unusual Z′ values of 4.5, 3, 1.5, and 4.5 (BENZIE, Table 1).

Form III transformed to I at 90-100 °C in an endothermic

solid-solid phase change measured by differential scanning

calorimetry (DSC) and hot stage microscopy (HSM), making it

an enantiotropic system according to the heat of transition

rule.31 Form II is the thermodynamic phase of benzidine. The

15 planar and twisted conformers in tetramorphs of 2 (the pla-

nar half-molecules reside on the inversion center) arise due to

rotation about the central biphenyl bond.8 Different notations

(Roman or Arabic numerals or letters) are in vogue to desig-

nate polymorphs. Polymorphs are indicated with bold face,

italic font in this Account.

Intramolecular and intermolecular energy compensation, or

systematic effects, are easier to quantify in conformational poly-

morphs 1-3 of bis(p-tolyl) ketone p-tosylhydrazone (3)

because Z′ ) 1 in each structure. An unusual structural fea-

ture in 3 is that the first polymorph contained the expected

N-H · · · OdS dimer but N-H · · · O hydrogen bonding is com-

pletely absent in forms 2 and 3 (Figure 4). Such polymorph

pairs of a hydrogen-bonded structure and another non-H-

bonded form of the same molecule are uncommon. The use

of available strong hydrogen bond donors and acceptors is

almost axiomatic.32 Among molecules that can make

O-H · · · O, N-H · · · O, and O-H · · · N hydrogen bonds, there

are only two reported examples of H-bonded and close-

packed (no H bonds) polymorph pairs.33,34

Forms 1 and 3 of molecule 3 were assigned as kinetic and

thermodynamic states.35 (1) The less stable polymorph was

isolated first according to Ostwald’s rule. (2) Form 3 has higher

density and melting point than form 1 (1.29, 1.24 g cm-3;

159-160, 142-143 °C). (3) Lattice energy of polymorph 3 is

lower than that of form 1 (Table 3). Crystallization of form 2

could not be reproduced27 subsequent to the isolation of sta-

ble polymorph 3. Of the three torsion angles τ1, τ2, and τ3 in

tosylhydrazone 3 (Figure 5), the maximum variation is at the

FIGURE 2. Some conformationally flexible molecules that exhibit
polymorphism. The main bond torsions are indicated with arrows.
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sulfonamide moiety, so Econf was computed as a function of

τ1. The observed conformers of 3 in crystal structures are

within 10° torsion angle (∼5 kcal mol-1) of the minimum

energy at τ1 ) 60°. Thermodynamic form A is more stable

FIGURE 3. (a) Overlay of 19 symmetry-independent conformers of form A (red), form B (green), form C (blue), and form D (yellow) and (b-d)
conformers Ai, Bi, Bii, etc., and C-H · · · O helix and dimer synthons I-III mediate different crystal packing arrangements in polymorphs A, B,
and D (Z′ ) 1, 4, and 2) of molecule 1. Form C (not shown, Z′ ) 12) is similar to B.

Conformational Polymorphism in Organic Crystals Nangia

598 ACCOUNTS OF CHEMICAL RESEARCH 595-604 May 2008 Vol. 41, No. 5



than form B (molecule 1) and form 3 is more stable than form

1 (molecule 3) based on DSC, HSM, and powder X-ray

diffraction.29,35 These experimental observations are consis-

tent with Etotal (Ulatt + Econf) rankings but not Ulatt values (Tables

2 and 3). Notably, the transient, disappearing nature of forms

C and 2 (of compounds 1 and 3, respectively) is rationalized

by their highly strained conformers. All this reinforces the

importance of accounting for the Econf contribution. The gain

or penalty from Econf must be added or subtracted to Ulatt

before validating computed energies with experimental poly-

morph stabilities.

5-Methyl-2-[(2-nitrophenyl)amino]-3-thiophenecarbonitrile

(4), or ROY, is the archetype conformational polymorph with

its red, orange, and yellow crystal colors arising from differ-

ent molecular conformations in different structures.36 Poly-

morphs of 1 and 2 have multiple molecular conformers in the

asymmetric unit (conformational isomorphs), whereas 3, 4,

and methacrylamide37 polymorphs have one symmetry-inde-

pendent molecule but in different conformations (conforma-

tional polymorphs).

Multiple Z′ in Polymorphic Sets
High Z′ is an uncommon and enigmatic event. Z′ is e1 (usu-

ally 1 or 0.5) in 87% of structures; less than 12% of “organic”

crystal structures have Z′ > 1.38 Steed’s39 seminal review on

high Z′ in crystal structures and Brock’s40 crystallographic stud-

ies on alcohols led us to summarize some of the reasons for

multiple molecules in crystals.29 (1) The “packing problem” of

awkwardly shaped molecules is resolved through the pres-

ence of multiple molecules or conformers, for example, biphe-

nyls in twisted conformation have Z′ > 1. (2) Alcohols and

phenols often aggregate as O-H · · ·O bonded clusters of σ-co-

operative chains and helices. A conflict or frustration between

the demands of directional hydrogen bonding and isotropic

space filling is reconciled through pseudosymmetric Z′ > 1

packing, for example, cholesterol Z′ ) 8, 16. (3) There are sev-

eral low-lying, interconverting conformers in solution and

more than one may crystallize simultaneously because of

kinetic factors. The third reason usually applies to multiple Z′
in conformational polymorphs.

We analyzed the factors responsible for high Z′ in poly-

morphic sets41 because of the simplifying factor that the

molecular species is the same. A distance-angle scatter plot

of C-H · · · O hydrogen bonds in polymorphs A-D of 1

TABLE 1. Polymorphs with g3 Forms and High Z′ > 4 in Organic
Crystals

CSD Refcode no. of polymorphs Z′ value

BENZIE 4 4.5
DUVZOJ 3 6
HEYHUO 4 12
IFULUQ 5 8
THIOUR 3 4.5
ZZZVTY 3 5

TABLE 2. Conformer Energy (Econf, Spartan 04) and Lattice Energy
(Ulatt, Cerius2) of Molecule 1a

polymorph Ulatt, COMPASS Econf,
b HF/6-31G** Etotal ) Ulatt + Econf

A 0.00 1.22 1.22
B 1.03 0.46 1.49
D 0.82 1.16 1.98

a Energy is reported in kcal mol-1 per molecule. Form C is excluded because
of high R-factor (0.112). Econf ) 2.8-8.9 kcal mol-1. b Mean energy of
multiple conformers relative to the gas-phase minimum.

FIGURE 4. (a) N-H · · · OdS dimer in form 1 of tosylhydrazone 3, (b)
interdigitation of tolyl rings in form 3. There are no N-H · · · O
hydrogen bonds in structures 2 and 3. Crystal packing in form 2
(not shown) is similar to that in form 3.

TABLE 3. Econf (Gaussian 03, B3LYP/6-31G(d,p)), Ulatt (Cerius2,
COMPASS), and Etotal of Molecule 3 (in kcal mol-1) Relative to the
Minimum Crystal Conformer and Lattice Energy

polymorph τ1 Ulatt Econf Etotal

form 1 65.9 3.39 0.00 3.39
form 2 70.3 2.42 6.29 8.71
form 3 62.4 0.00 0.85 0.85
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showed that the more significant near-linear interactions (θ )
150-180°) are shorter (stronger) in the higher Z′ polymorph.

The shortest C-H · · · O in form C ) 2.30 Å, B ) 2.33 Å, D )
2.47 Å, and A ) 2.54 Å (Figure S2, Supporting Information).29

Our solitary observation in a tetramorph set was confirmed in

crystal structures published about the same time.42,43

Data mining to extract new structural trends is an impor-

tant research goal in chemical crystallography.28 Even though

the CSD contains over 415 000 entries, the number of accu-

rate crystal structures that satisfy the requisite criteria could be

small. There are 38 neutral organic polymorph sets having Z′
g 1 in molecules without competing OH/NH groups.44 Strong

hydrogen-bonding groups were excluded from the polymorph

subdatabase to minimize structural interference in weakly

bonded crystals. Geometric data in C-H · · · O distance-angle

scatter plots were classified into two categories: the higher Z′
polymorph has shorter C-H · · · O interactions in 26 cases,

while the reverse situation is true in 12 examples. The more

significant short and linear interactions (<2.3 Å and >150°)

are more frequent in high Z′ polymorphs. There are 13/194

red dots (high Z′) compared with 3/77 blue dots (low Z′) in the

upper left quadrant of the scatter plot (Figure 6). That the high

Z′-strong C-H · · · O correlation is followed in 26 out of 38

polymorph sets, or in 68% of cases, is quite good given the

relatively diffuse geometry and moderate strength-length

relation of weak C-H · · ·O interactions.5,6 The accepted notion

that high Z′ in alcohol/ phenol crystal structures is due to H

bond stabilization40 was evaluated statistically. Now the higher

Z′ structure has shorter O-H · · · O bond distances in 22/32

sets (40/116 red interactions compared with 14/47 blue dots

at <1.8 Å, >160° cutoff), while the converse is true in 7 cases

(69% positive correlation; 3 pairs were excluded because crys-

tal structures were determined at different temperatures or the

distance difference is too small). The interaction geometry in

all 70 crystal structure sets of high and low Z′ is given in the

Supporting Information to ref 44. There is evidence of a con-

nection between hydrogen bond strength and multiple mol-

ecules in the asymmetric unit. However, the trend is derived

from a small subset of hits in the current database. About 150

polymorph sets of variable Z′ would make a statistically robust

subset. The H bond strength-high Z′ relation will surely refine

over the years as additional polymorphs and new systems are

deposited (see growth in Table S1, Supporting Information).

We note that that the behavior of N-H · · · N interactions30,45

(Figure S3, Supporting Information) is similar to that of

C-H · · · O and O-H · · · O bonds.

Analysis of the interaction geometry in polymorph sets sug-

gests that enthalpy is important in bringing together multiple

molecules during crystal nucleation because high Z′ crystal

structures have shorter (stronger) hydrogen bonds than the

low Z′ polymorphs.44 We postulate that clusters of molecules

sustained by stronger interactions carry over from solution to

the solid state without achieving identical conformation or

symmetry adjustment, leading to multiple molecules and

pseudosymmetry in the crystal lattice, that is, Z′ > 1. Whereas

this has been noted in crystal structures sustained by

O-H · · ·O chains and helices46–48 and those crystallized from

the melt,49 our database results generalize these arguments

and extend them to exclusively C-H · · · O bonded molecular

crystals.29,44

FIGURE 5. Potential energy curve of molecule 3 as a function of τ1 computed in Gaussian 03, B3LYP/6-31G(d,p). The shallow curve near
the minimum at τ1 ) 60° affords conformational diversity (∆τ1 ) (10°) at a small energy penalty (∆E ) 5 kcal mol-1). τ2 and τ3 variation in
crystalline conformers is <4°.
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Conformational Flexibility and Polymorph
Promiscuity
Two views have been expressed on whether conformation-

ally flexible molecules are more likely to be polymorphic. Yu

et al.50 argued that when different conformers lead to differ-

ent crystal structures, the effective concentration of the con-

former that leads to the observed form(s) is lowered in the

Boltzmann population, which reduces the degree of super-

saturation, for example, crystallization of carbohydrates and

alditols is affected by the relative energies of anomers in solu-

tion. Bernal51 analyzed conformationally flexible molecules in

the CSD and concluded that the likelihood of similar or dif-

ferent conformers in polymorphic crystals is comparable; that

is, conformational flexibility neither hinders nor favors poly-

morph frequency. We analyze this issue from an energetic

viewpoint.

How common are systematic effects, or conformer and lat-

tice energy balance, in polymorphs? Polymorphic structures of

flexible organic molecules published during the past decade

to good crystallographic accuracy (R-factor < 0.08, 3D coor-

dinates determined, no disorder) were culled from the litera-

ture, and their conformer and lattice energies were

recalculated52 to compare on a uniform scale. Since observed

conformers in crystal structures can have different torsion

angles compared with the gas-phase minimized state and are

of often higher in energy, “constrained optimization” of the

crystal conformer was performed. The main torsion angles

were held fixed, but bond distances of all atoms were allowed

to relax at the nearest local minimum. This Econfopt value is a

better match to the experimental conformer energy than the

Econf parameter of Tables 2 and 3 (heavy atoms fixed, only

X-H bonds were optimized)29,35 because even small devia-

tions in bond distances amount to a heavy energy contribu-

tion.16 For crystal structure energy (Ulatt), small variations in

cell parameters were permitted but not gross differences

between the calculated and experimental lattice parameters.

Such computational practices are well established.2,29,35,53

Energy values on 23 conformational polymorph sets (Fig-

ure 7) recomputed for this Account (Table S2, Supporting Infor-

mation) vary slightly from those calculated in the original

papers, because of different constraints or minimization meth-

ods or basis set or force field used, but the ranking order

remains largely unchanged. What is pertinent to the present

discussion is not the absolute Ulatt and Econfopt values, but

the fact that ∆Ulatt ≈ ∆Econfopt. Notably, conformer and lat-

tice energy are compensatory in 16 polymorph systems.

Typical ∆Ulatt values are small (∼1-4 kcal mol-1), and they

become smaller when Econfopt destabilization is accounted

(∆Etotal ≈ 0.2-2 kcal mol-1). For example, the R and � pol-

ymorphs of N,N′-bis(m-nitrophenyl)urea (SILTOW, Figure 7)

typify conformer and synthon energy compensation54 to

give polymorphs of very similar total energy. The planar,

stable diphenyl urea conformer makes N-H · · · Ourea and

N-H · · ·Onitro H bonds in the thermodynamic R form, whereas

a twisted, strained conformer builds up the energetically

favored N-H · · · Ourea tape in the metastable � polymorph.

FIGURE 6. (a) Short C-H · · · O interactions are more numerous in
high Z′ (red) compared with low Z′ (blue) polymorphs and (b) H
bond strength-high Z′ correlation for O-H · · · O hydrogen bonds is
presented. The percentage population of red dots (high Z′ crystal
structures) is higher in the short-linear quadrant (stronger H
bonds). The cutoffs of 2.30 Å/150° for short C-H · · · O and 1.80 Å/
160° for short O-H· · ·O hydrogen bonds are based on the accepted
criteria.3–6 The higher frequency of red dots in the upper left quadrant
persists even when the threshold is increased by 0.1 Å.
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The phenylene rotor-linked gyroscope molecule 5 (Figure 2)

with an almost flat conformer energy landscape has at least

seven solid-state forms, of which four are polymorphs (B-E)

and three are solvates (A, F, G).55 A test system to evaluate the

above-mentioned hypothesis is fuchsones or 4-(R,R-diphenyl-

methylene)-1,4-benzoquinone, 6, which are conformationally

labile at the exo-methylene-diphenyl moiety (see Figure 2).

Four compounds are polymorphic among the seven 2,6-di-

substituted fuchsones synthesized and screened using solu-

tion and melt crystallization methods.56 Fuchsones are the first

instance of a polymorphic family discovered by a molecular

engineering approach. To summarize, since conformer strain

and barrier to rotation are about 2-3 kcal mol-1 or lower,

interconversion will be relatively facile to restock the reac-

tive conformer via a Curtin-Hammett-like energy profile.35

Sufficient concentration of the right conformer will be avail-

able in the liquid phase to give a particular polymorph in

molecular systems at fast pre-equilibrium. We conclude that

conformational flexibility in organic molecules increases the

likelihood of polymorphism. (1) Several conformers are avail-

able in the crystallization milieu (solution or melt phase) to

form different hydrogen bond synthons and close-packing

motifs. (2) The intra- and intermolecular energy compensa-

tion reduces total crystal energy differences, which increases

the likelihood of polymorphism. In this physical organic

approach to understanding conformational polymorphism, we

take gas-phase conformer values for molecules present in sol-

id-state structures. The role of solvent in conformer stabiliza-

FIGURE 7. (a) Polymorph sets analyzed for conformer (Econfopt) and lattice (Ulatt) energy compensation. ∆Ulatt and ∆Etotal values (kcal mol-1,
Table S2, Supporting Information) are mentioned below the CSD REFCODE. Systematic effects (16/23 cases) are shown in bold. (b) Qualitative
energy diagram of N,N′-bis(m-nitrophenyl)urea (SILTOW) concomitant polymorphs based on values from Table S2. The total energies are
very close due to intra- and intermolecular compensation. The “a” indicates that the data are too recent for inclusion in the CSD.
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tion and crystal nucleation57 is surely important but beyond

the scope of this Account.

Conclusions and Future Directions
Systematic effects wherein high-energy conformers are stabi-

lized by stronger hydrogen bonds or more efficient close pack-

ing in crystal structures are not a one-off occurrence. They are

frequently observed in polymorphic crystal structures. The

compensation of conformer destabilization by the crystal envi-

ronment increases the likelihood of polymorphism in mole-

cules with flexible torsions. This observation is of significant

relevance in pharmaceutical polymorphism because typical

drug molecules represent a confluence of conformational

mobility and functional complexity.18,19 Accounting for the

energetic tradeoff in the equation ∆Etotal ) ∆Ulatt + ∆Econf is

a necessary step in the experimental validation and crystal

structure prediction of conformationally flexible molecules.53

Cocrystals and their practical applications in pharmaceuticals58

could not be covered due to space limitation. Starting with the

unexpected discovery of aspirin form II in an attempted 1:1

cocrystallization with levetiracetam,59 new polymorphs of one

of the components were obtained in cocrystallizations.30,44,60

Apart from pure organic systems, conformational isomerism in

organic ligands amplify polymorphism opportunities in coor-

dination polymers and hybrid solids.20,21 Polymorphism is a

fascinating research topic spanning the interests of physical,

organic, inorganic, metal-organic, supramolecular, computa-

tional, and pharmaceutical chemists.
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Supporting Information Available. Symmetry-independent

molecules, C-H · · · O and N-H · · · N scatter plots, growth of

polymorph systems, and crystallographic and computational

details on conformational polymorphs. This material is avail-

able free of charge via the Internet at http://pubs.acs.org.
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