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/Abstract: Photomechanical molecular crystals are receiving
much attention due to their efficient conversion of light into
mechanical work and advantages including faster response
time; higher Young's modulus; and ordered structure, as
measured by single-crystal X-ray diffraction. Recently, various
photomechanical crystals with different motions (contrac-
tion, expansion, bending, fragmentation, hopping, curling,
and twisting) are appearing at the forefront of smart materi-
als research. The photomechanical motions of these single
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crystals during irradiation are triggered by solid-state photo-
chemical reactions and accompanied by phase transforma-
tion. This Minireview summarizes recent developments in
growing research into photoresponsive molecular crystals.
The basic mechanisms of different kinds of photomechanical
materials are described in detail; recent advances in photo-
mechanical crystals for promising applications as smart ma-
terials are also highlighted.
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1. Introduction

The conversion of external energy into macro-, micro-, or
nanoscopic mechanical motion by stimuli-responsive materials
is of great interest from both fundamental and technological
standpoints. Stimuli-responsive materials can present dramatic
mechanical motions under the stimuli such as light irradia-
tion,™ heating,”’ external force,”! solvent, electrical fields,"
and so on.”) Among these stimuli, light is currently attracting
increasing interest due to its superior advantages, including
noncontact control, easy to obtain, cost-effectiveness, and vari-
ous manipulating methods.” Various photomechanical materi-
als, such as polymers,® elastomers,” liquid-crystalline materi-
als,">" and molecular crystals,"? have been reported, to date.
In particular, photomechanical crystals have attracted increas-
ing attention because they not only have great potential for
applications in light harvesting, mechanical actuators, molecu-
lar machines, optical sensors, and smart switches,™ but also
provide the opportunity to understand their performance
through XRD methods by solving ordered molecular struc-
tures."” Compared with polymers, elastomers, and liquid-crys-
talline materials, molecular crystals possess many advantages,
such as faster response times,'? shorter recovery times, a
higher Young’s modulus," and a well-defined crystal struc-
ture."®'” |n addition, light and mechanical energy transfer rap-
idly occurs in ordered molecular single crystals with less
energy dissipation.
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Various types of photomechanical motions have been ob-
served in photomechanical crystals, including jumping, ex-
panding, bending, twisting, crawling, rolling, and even walking,
upon irradiation with UV or visible light. The mechanical
motion of crystals is usually directly driven by the transforma-
tion of their molecular structure and molecular packing upon
exposure to stimuli. Dramatic crystal shape changes always
originate from strain accumulation in the crystal interior
caused by crystal structural transformations. Therefore, differ-
ent light-sensitive chromophores associate with different pho-
toresponsive mechanisms, including trans—cis isomerization of
azobenzene, photocyclization of diarylethenes, [2+2] cycload-
dition of olefins, [4+4] photodimerization of anthracene, and
other cis—trans isomerism transformations. Commonly, photo-
mechanical molecular crystals can be classified into two types,
according to the recovery conditions from photogenerated
products to original phases, namely, T type (thermally revers-
ible) and P type (thermally irreversible, but photochemically re-
versible)."™ Most photomechanical molecular crystals are of T
type, which require heating to recover their photomechanical
ability, such as azobenzene, olefins, and anthracene. Only a
few families of molecular crystals can undergo photochemical-
ly reversible reactions, such as diarylethenes.

To date, photomechanical behavior has been observed in
molecular crystals of organic compounds, coordination com-
plexes, and organometallic compounds. It should be noted
that most studies related to photomechanical crystals focus on
organic crystals due to their modular design nature and con-
venient synthesis. Herein, recent progress and development in
photomechanical organic crystals are summarized, and remarks
on existing challenges and possible future directions in this
field are given.

2. Classification of Photomechanical Organic
Crystals Based on Photoreactions

2.1 Photomechanical organic crystals induced by trans—cis
isomerization

2.1.1 The trans—cis isomerization of azobenzene

Azobenzene, a diazene (HN=NH) derivative in which both hy-
drogen atoms are replaced by phenyl groups, is a prominent
family of photomechanical molecules based on trans—cis iso-
merization."® The trans—cis isomerization phase transition is
usually driven by UV-light irradiation, which causes large-scale
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