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Opinion
Molecular organic crystals are considered to be rigid and fragile. 

Recently, flexible crystals (also termed plastically bendable crystals) 
have been reported to possess a good elasticity. As one example, the 
flexibility of a biocrystal of clofazimine (CFZ) (Figure 1) synthesized 
in macrophage showed photoelastic effects [1]. CFZ was used as a drug 
molecule in combination with rifampicin and dapsone to treat leprosy, 
but later the crystal-like aggregates of CFZ were observed in the 
intestinal mucosa, liver, spleen, and lymph nodes of patients on CFZ 
[2]. CFZ may be the first drug molecule that is capable to aggregate 
to form flexible organic or molecular crystals. While the aggregation 
will have a negative impact on human health, the flexible crystals 
have potential applications in many other fields. It is of interest to 
understand what kind of molecules could form flexible crystals. 

A quick survey shows that two major types of molecular organic 
crystals have been reported; Molecules are held together via aromatic π 
stacking and van de Waals interactions, and via hydrogen-bonded core 
π stacking and van der Waals interactions.

Systems based on aromatic π stacking and van de Waals 
interactions

Structures of several molecules that form this type of crystals are 
also shown in Figure 1. 

In the crystals made of 4,7-dibromo-2,1-3-benzothiadiazole 
(DBBT) [3], the crystals showed a slip-stacked π-π overlap of two 
DBBT molecules along the wire direction. XRD confirmed that slight 
sliding of the DBBT molecules occurred, which resulted in the angle 
and distance changes between molecules in the J-aggregates when 
bending (Figure 2). 

Krishna, et al. [4] reported two crystals made of N-substituted 
naphthalene diimide (NDIs) or (E)-2-((4-halophenylimino)methyl)-
6-methoxyphenol. Based on the XRD data and SEM images, they 
concluded that the flexibility of the crystals originated from smooth 
sliding of molecular sheets because of the weak interlayer van der Waal 
forces, such as X···X or R···R interactions. The sliding only resulted in 
slightly different lattice orientations without fracture of the crystals. 

For crystals made of copper(II) acetylacetonate (Cu(acac)2) [5], 
Worthy, et al. showed that the molecules in the crystals can reversibly 
rotate under mechanical compression, which contribute to the elasticity 
of the blue crystalline wires. 

Organic crystals made of polyhalogenated n-benzylideneanilines, 
such as 2,3-Dichlorobenzylidine-4-bromoaniline, also show high 
flexibility. In this molecule, n-benzylideneaniline is the core and 

halogens provide the structural buffers for the crystals to deform 
during bending [6].

In summary, in all these flexible molecular crystals, the core moieties 
of the molecules self-assembled in slip-stacked π stacking, typically in 
the form of J-aggregation. This π stacking of the building blocks is the 
backbone of the one dimensional crystals. The alkyl (spherical but not 
leaner long chain) or halogen groups on the core moieties contribute 
to the shear sliding property of the flexible crystals without breaking.

Systems based on π stacking of hydrogen-bonded cores 
and van de Waals interactions

Besides the aromatic π stacking system, Krishna, et al. also reported 
the design of flexible crystals based on π stacking of hydrogen bonded 
cores and van der Waals interactions [4].

This system is similar to the first, but the cores are built via hydrogel 
bonding between two molecules (Figure 3). Halogens or spherical alkyl 
groups form the slipping planes that allow the crystals to bend without 
fracture. It is noted that extra groups on the core that can form more hydrogen 
bonds should be avoided in order to facilitate the flexibility of crystals. 

Magdalena, et al. reported flexible crystals from a family of 
haloimidazole derivatives. The elasticity of the crystals was due to the 
halogenated bonding [7]. The molecules are aligned face to face, i.e. 
H-aggregation.

The crystals of N-capped diphenylalanine is another example 
that the alkyl groups provide the weak interactions between the self-
assembled rigid layers as studied using Density functional theory 
calculations with high-resolution scanning electron microscopy [8]. 
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Co-crystals that combine the properties of two molecules in 
the crystalline wires can also convert brittle crystals to their elastic 
counterpart as demonstrated by Desiraju, et al. [9].

Potential applications and possible drug molecules for 
the flexible crystals

In general, conductive polymers are flexible, but their conductivity 
is relatively low because of their amorphous character, increasing 
crystallinity of the polymers can increase the conductivity, but the 
polymers become more fragile. Thus, the flexible organic crystals have 
the potential to bridge the gap in order to develop more conductive 
organic-based flexible electronics and optoelectronics. Examples 
include flexible ferroelectric crystals,[7] flexible fluorescent emitters or 
waveguide [10,11], fluorescent elastic organic single crystals, [12,13] 
crystals for telecommunication [14], sensors [15-17] etc. 

Again, CFZ might be the first drug molecules that may form flexible 
organic crystals. Since many drug molecules have a structure that 

combines an aromatic core for π-stacking and R or halogen groups that 
allow shear sliding in the case of bending, it is of interest to investigate 
whether many drug molecules can form organic flexible crystals. 
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Figure 1. Structures of several chemicals for the flexible crystals that are made of aromatic 
π stacking cores and van der Waals groups
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Figure 3. Flexible crystals made of π stacking of hydrogen-bonded cores and van der Waals 
groups
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Figure 2. Slight sliding of the DBBT molecules
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