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Photochromic materials have drawn considerable interest in chemical and material sciences, owing to
their unique photo-responsive properties and transformative potential in smart material applications.
Among these, ESIPT-triggered photochromic systems stand out as a particularly promising subclass be-
cause of their exceptional photochromic property. However, existing reviews have primarily concentrated
on Schiff base derivatives within this category, largely overlooking critical advancements in three key di-
mensions: (1) The discovery of novel ESIPT-triggered structural frameworks beyond traditional systems,
(2) innovative synthetic methodologies enabling precise control of photochromic behaviors in both solid
and solution states, and (3) the emergence of unprecedented functional properties driving cutting-edge
applications. These oversights have created a significant knowledge gap in comprehensively understand-
ing the rapid evolution of ESIPT-triggered photochromic materials. Therefore, this review systematically
summarizes recent breakthroughs through three analytical lenses: First, we establish a structural taxon-
omy of ESIPT photochromophores, elucidating design principles that govern their performance. Second,
we summarize advanced construction strategies that can synthesize tailored ESIPT photochromophores in
different phase states. Third, we summarize the expanding application landscape of ESIPT photochromic
materials in various functional domains. By integrating fundamental understanding with application-
oriented perspectives, this work is expected to inspire the development of smart materials and photore-

sponsive systems.
© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia
Medica, Chinese Academy of Medical Sciences.

1. Introduction

ometrical structure changes make them well-suited for light-driven
actuators [2-7]. Despite a century of research into photochromism,

Photochromism is defined as the reversible transformation of
a chemical species between two forms with different absorption
spectra induced by photoirradiation in one or two directions [1].
The photophysical properties (such as absorption spectra, emission
spectra, geometrical structure, dielectric constants, electrochemi-
cal properties) of photochromic molecules usually show dramatic
changes during the photo-induced interconversion process [2-4].
Such reversible photo-controlled property changes endow pho-
tochromic materials with vast potential in various applications. The
electronic structure changes make them suitable for optical mem-
ory media and multifarious photo-switching devices, while the ge-
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photochromic materials continue to garner substantial interest and
demonstrate immense potential in a range of emerging technolog-
ical fields.

The photochromic materials have been a focal point of sci-
entific inquiry since their initial discovery in 1867, evolving into
a vibrant and engaging field of research [1]. Hitherto, a range
of well-established and promising photochromic materials based
on different mechanisms have been developed, such as photoiso-
merization for azo derivatives, photocyclization for dithienylethene
derivatives, photoinduced electron transfer for metal-organic com-
plexes [2,8,9]. Among the diverse array of photochromic materi-
als, ESIPT-based photochromic compounds stand out for their ex-
ceptional attributes, which include straightforward synthesis and
purification processes, propensity for easy crystallization, height-
ened sensitivity, swift response times, and robust fatigue resistance
[1,10]. The study of ESIPT-based photochromism has garnered sub-
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Fig. 1. The development timeline of ESIPT-triggered photochromic materials. Reproduced with permission [12,33,35]. Copyright 1999, American Chemical Society; Copyright

2025, American Chemical Society; Copyright 2019, Elsevier B.V.

stantial interest across the disciplines of chemistry and materials
science, with extensive research dedicated to understanding their
photochromic behaviors, the interplay between their structure and
properties, and their prospective applications.

The photochromism of Schiff base compounds was the first ex-
ample of an ESIPT-based photochromic molecule observed by Se-
nier and Shepheard in 1909 [1,10]. This pioneering work laid the
foundation for future studies on these compounds. Half a century
later, Cohen and co-workers conducted a more systematic investi-
gation into the photochromic properties of crystalline Schiff base
compounds, proposing several significant insights [1,11]. They in-
troduced an intramolecular H-transfer mechanism to explain the
photochromic phenomenon, a theory that has since become well-
known. This mechanism involves two steps: The transformation
from the colorless enol form to the yellow cis-keto form through
an excited state intramolecular proton transfer reaction follow-
ing UV irradiation, and then a photoisomerization process from
the cis-keto form to the red trans-keto form, often referred to
as the "pedal motion" (Fig. 1) [1,10]. These findings have sub-
stantially enhanced the understanding of the photochromic prop-
erties exhibited by these compounds. However, for a long time,
this hypothesis was not confirmed due to the lack of definitive
evidence for the existence of the trans-keto form. The primary
challenge was that the photoisomerization reaction was observed
only on the surface of single crystals, with the inner molecules
of the crystal remaining unchanged after UV irradiation. In 1999,
Ohashi and coworkers overcame this challenge using a two-photon
excitation technique, confirming that the red-colored species re-
sulted from the trans-keto form through X-ray crystal structure
analysis [1,12]. With the elucidation of the underlying mechanisms
of ESIPT-based photochromic compounds, the focus of research

has gradually shifted towards their photochromic performance. As
technology advances in the past decades, innovative approaches
such as theoretical calculations and ultrafast laser spectroscopy
have been increasingly applied to study their photochromic behav-
ior. Despite the extensive research on these photochromic com-
pounds, it is still a formidable challenge to govern the expres-
sion of solid-state photochromism and for more accurate predic-
tions of their photochromic properties. This is mainly attributed to
the multiple factors affecting its photochromic properties in solid
state, as well as the lack of effective research methods for solid
powders. Additionally, achieving photochromism of such materials
in solution is also a significant challenge in related research be-
cause of the ultrafast dynamics of ESIPT process. These unresolved
issues significantly limit the practical applications of ESIPT-based
photochromic materials.

Fortunately, recent research in this field has revealed new as-
pects of material property regulation and application expansion,
offering a chance to comprehensively discuss the factors influ-
encing photochromism and to outline their potential applications.
The dawn of the 215t century witnessed significant breakthroughs
in ESIPT-based photochromic materials, marked by the emergence
of novel molecular architectures distinct from conventional Schiff
base systems. These innovative material platforms have revitalized
research in this field by providing fresh insights into fundamental
photochromic mechanisms while enabling the engineering of ad-
vanced functional properties. The systematic investigation of these
non-Schiff-base ESIPT systems has established new paradigms for
manipulating excited-state proton transfer dynamics, thereby cre-
ating unprecedented opportunities for developing next-generation
photoresponsive materials with enhanced performance characteris-
tics and broader application prospects. This scientific advancement
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has subsequently stimulated intensified research efforts and re-
source allocation across multidisciplinary domains, propelling the
entire field of ESIPT photochromics into a phase of accelerated in-
novation with substantial technological potential.

However, previous ESIPT-based photochromic reviews were all
focused on the research of Schiff base structure [1,13,14], the topic
of which mainly focuses on sorting out its development history,
the relationship between crystal structure and photochromic
properties, and its mechanistic analysis. So far, a comprehensive
review that systematically summarizes the process of ESIPT-based
photochromic materials, including the discovery of structural
systems, new properties, synthetic methods, and applications, has
yet to be reported. This gap in the literature highlights the need
for a comprehensive synthesis of the current state of ESIPT-based
photochromic materials research to provide a clearer direction
for future studies and applications. Therefore, in this review,
we conduct a systemical review of the progress of ESIPT-based
photochromic compounds and outline several synthetic strategies
for ESIPT-based photochromic materials in both solid and solution
states. We also emphatically explore the diverse applications of
ESIPT-based photochromic materials in erasable memory media,
anti-counterfeiting/information encryption, smart security paper,
photo-controlled intelligent robots, wearable sensors and so on.
Finally, we summarize the recent advancements in ESIPT-based
photochromic materials, analyze the current limitations, and
suggest potential directions for future research and development.
We expect that the knowledge shared in this review may become
a beneficial reference for the field of ESIPT-based photochromic
materials and photo-responsive intelligent materials. To facilitate
readers’ access to information about the photochromic compounds
discussed in this work, we have systematically summarized their
photochromic properties and corresponding applications (Table S1
in Supporting information).

2. ESIPT-based photochromic materials in solid state

Currently, most studies on solid ESIPT-based photochromic ma-
terials focus on molecules with Schiff base structures. This con-
centration is primarily due to their simple synthesis, outstanding
photochromic properties and extensive research cases, which pro-
vide a wealth of data and theoretical foundations for in-depth un-
derstanding and analysis. In contrast, other types of ESIPT-based
photochromic compounds have been rarely explored in this field,
with only a handful of reports available. Therefore, in this sec-
tion, we primarily discuss Schiff base molecules due to their ex-
tensive research cases. Moreover, to offer a more comprehensive
perspective, we also introduce a few examples of ESIPT-based pho-
tochromic materials that differ from the Schiff base structure at
the end of this section. Although these non-Schiff base materials
have been less studied, their unique properties and potential ap-
plications should not be overlooked. By comparing these different
structural materials, we can better understand the properties of
the ESIPT-triggered photochromism, thereby providing more ideas
and methods for the development of new photochromic materials.

2.1. ESIPT-triggered photochromic Schiff base

Among the myriads of Schiff base molecules, a mere fraction
exhibit photochromism in solid-state forms. Despite over a cen-
tury of research, the pivotal factors governing the photochromic
characteristics of crystalline Schiff base remain partially elusive.
While the reason for the photochromic behavior in some Schiff
base molecules and not in others continues to be an enigma, un-
covering the answers to this riddle could significantly shape future
investigative paths. In this section, we will delve into the impact
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of molecular architecture, crystal arrangement, and additional el-
ements that may influence the photochromic attributes of Schiff
base molecules in their solid-state manifestation. We hope that the
discussion in this section will provide a systematic reference for
the field and inspire future work with more insightful approaches.

2.1.1. Important factor influencing photochromism

Molecular structure: The early investigation sought to es-
tablish a connection between the photochromic properties of
Schiff base molecules and their structural characteristics. Cohen
and co-workers classified the crystals of anils as thermochromic
or photochromic based on their molecular structure [15]. Non-
photochromic crystals essentially exhibit planar conformation
while photochromic molecules are structurally twisted [1,10]. Such
a perspective that non-planar conformations of molecules are im-
portant for photochromic properties has been widely accepted for
a long time, and the threshold values for planarity have since
been examined by several groups. An empirical summary indicates
that with dihedral angles greater than 30° exhibited photochromic
properties, while those with dihedral angles (@) less than 20°
showed non-photochromic behaviors (Fig. 2a). However, the Schiff
base planarity rule was not always correct. The non-planar molec-
ular conformation is an important indicator for Schiff base com-
pounds to exhibit photochromism, but it is not the only determin-
ing factor.

Crystal packing: Crystal packing is another very important fac-
tor that affects the photochromic properties of Schiff base deriva-
tives (Fig. 2a). Generally, Schiff base compounds with close-packed
structures in which molecules are in close contact with neighbor-
ing molecules in the crystal do not exhibit photochromism, be-
cause the cis-trans isomerization can be prevented by the dense
crystal environment [1,10,15]. Schiff base derivatives with loose
crystal packing arrangements are normally photochromic due to
the possible cis-trans pedal motion enabled by the less consoli-
dated crystal structure. For some Schiff base derivatives, the molec-
ular conformation fails to provide a logical explanation for the
photochromism or non-photochromism; therefore, such a phe-
nomenon is explained from the viewpoint of crystal packing.

The “crystal packing rule” can also explain the photochromic
and non-photochromic behaviors of Schiff base derivates that
follow the planarity rule. The planar molecular conformation
usually results in close crystal packing, intermolecular 7---7r in-
teractions can be observed between the adjacent molecules. The
photochromic behaviors of these crystals are prohibitive both by
the planar molecular structure and dense crystal packing. On the
other hand, the distorted molecular structure would block the
approach of neighboring molecules, resulting in greater inter-
molecular distances, therefore, the crystal packing of these Schiff
base derivates normally adopts an “open structure”. The twisted
molecular structure and loose crystal packing are beneficial to the
photoinduced pedal motion and the photochromism of these Schiff
base derivatives. The combination of non-planar configuration and
loose crystal packing can explain the photochromic phenomena of
most Schiff base compounds.

2.1.2. Construction strategies

Accurate control of the expression of photochromic properties
of Schiff base derivatives is essential for their practical appli-
cations and the development of related fields. Although some
issues remain unresolved regarding the precise prediction of
photochromism, several strategies can be employed to develop
photochromic Schiff base materials (Fig. 2b). In this section, the
methods for the selective development of photochromic Schiff
base derivatives will be introduced.

Chemical modification: As introduced above, the twisted molec-
ular conformation and loose crystal accumulation are significantly
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Fig. 2. (a) The important structural and packing feature for photochromic Schiff base compounds. (b) The schematic diagram of construction strategies for ESIPT-triggered

photochromic Schiff base materials.

important for the photochromic properties of solid Schiff base
derivatives. Therefore, the direction of chemical modification is to
induce distortions in molecular configurations by introducing spe-
cific substituents. These substituent groups can prompt molecules
to adopt a twisted conformation and loose crystal packing, provid-
ing sufficient room for photoinduced isomerization. Two methods
were demonstrated to be effective in developing a photochromic
Schiff base in the solid state.

The first method involves introducing bulky group substitu-
tions into the aromatic rings of Schiff base derivatives (Fig. 2b).
The bulky group can serve as a space-opener, which twists the
aromatic rings out of the plane and provides ample space for
the partial framework movement within the crystal. Kawato and
co-workers previously developed an effective tert-butyl method
for the selective preparation of photochromic Schiff base com-
pounds [10]. They introduced the tert-butyl groups into a se-
ries of non-photochromic Schiff base derivatives finding that these
non-photochromic molecules transformed into photochromic com-
pounds after modification by tert-butyl groups. The bulky group
method is efficient for preparing photochromic Schiff base crystals
and the bulky group is not limited to tert-butyl groups. In 2024, Li
and coworkers designed a series of novel photochromic molecules
(1-3) by employing naphthalimide luminophore as a bulky group
(Fig. 3a) [16]. The bulky naphthalimide can provide sufficient vol-
ume for photoisomerization and suppress emission quenching in
solid state. In addition, it can broaden the photoresponsive wave-
lengths and creates possibility of energy transfer between naph-
thalimide and imine parent structure. Therefore, these compounds
exhibited visible-light induced dual-mode changes (both in color
and fluorescence) in the solid state (Fig. 3b).

The second method involves introducing alkyl groups at the
2,6-positions of aniline rings to encourage the molecules to adopt
a non-planar conformation. Kawato and co-workers developed a
series of Schiff base derivatives and investigated the relationship
between their structure and photochromism (Fig. 2b) [10]. Most
N-salicylidene-2,6-dialkylanilines exhibited photochromism in the
crystal state and this method became more effective with increas-
ing the length of alkyl. Especially, when the substituent is an iso-
propyl group, all 2,6-positions substituted Schiff base derivatives

are photochromic. The 2,6-positions substituted Schiff base deriva-
tives always adopt a twisted structural conformation because of
steric repulsion, which favors the photochromism of the crystals.

Overall, the main idea of the chemical modification method is
to promote the distortions of aromatic rings for achieving a twisted
molecular configuration by introducing substituents with steric re-
pulsion. The twisted structural conformation and large steric hin-
drance can keep the neighboring molecules from getting close,
thereby providing enough space for the photoreaction. According
to this design idea, some researchers utilized molecules with a
twisted spatial conformation as functional units and developed re-
lated photochromic derivatives [17-20].

Clathrate crystal: Another effective strategy for constructing
photochromic Schiff base in the solid state is the clathrate crys-
tal method which is based on the utilization of crystal lattice
cavities (porous coordination network) constructed by hosts for
the photo-isomerization of guest species. The clathrate crystal
method can alter the crystalline environment of the Schiff base
derivatives and transform the non-photochromic molecules into
photochromic ones. Fujita and co-workers developed a 3D coordi-
nation network by the complexation of tris(4-pyridyl)triazine with
Znl, (Fig. 4) [21]. The authors obtained the inclusion complexes of
compound 4 in this network through the guest-exchange method
and determined their single crystal structure (Figs. 4b-d). The
original crystal conformation of 4 was almost planar with a very
small dihedral angle (@ =5°) and it exhibited thermochromism
without any photochromism. However, the original planar con-
formation became twisted (dihedral angle of 4 transformed into
23.3° and 29.3°) and the non-photochromic compound 4 turned
into photochromic when included in the 3D coordination network.
Therefore, the photochromic properties of Schiff base derivatives
can be controlled by inclusion in a coordination network without
any chemical modification and the relationship between structural
conformation and photochromism can be investigated due to the
good crystalline nature.

Co-crystallization: Co-crystallization is another method to tune
the molecular conformation of photochromic derivatives and
modify their photochromic properties without any chemical
modifications [22-25]. Co-crystallization can combine two com-
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ponents (Schiff base derivative and another co-former molecule)
in the same crystal lattice and obtain various crystals with dif-
ferent molecular conformations. The introduction of different
co-former molecules can tune the intermolecular interactions,
structural conformation, and available volume, thereby altering
the photochromic properties of Schiff base derivatives. Uekusa and
co-workers successfully controlled the molecular conformation and
photochromic properties of compound 5 by the co-crystallization
method (Figs. 5a-c) [26]. Compound 5 was non-photochromic in
the crystal state and its dihedral angle was 5°, indicating a planar
conformation. After forming co-crystals with host compound 6,
the formed co-crystal (5-6) exhibited strongly photochromism
under UV light irradiation. Its structural conformation maybe
significantly modified by co-crystallization, resulting in significant
photochromic behavior change.

In addition to the above effective strategies for constructing
photochromic Schiff base derivatives, the photochromism of some

Schiff base derivatives can be produced by external stimuli [27-
29]. Houjou and co-workers synthesized a novel Schiff base com-
pound 7, which exhibited exclusive thermochromism in its crystal
state (Fig. 5d) [29]. Upon grinding, the crystalline sate transformed
to amorphous state and its thermochromism changed into pho-
tochromism. Therefore, the authors showed a photochromic behav-
ior regulation by external stimuli to produce photochromic Schiff
base derivatives in the solid state. This strategy was promising in
developing smart Schiff base derivatives and extending their appli-
cation fields.

2.2. ESIPT-triggered photochromic hydrazones

Hydrazones are renowned for their photoresponsive proper-
ties, undergoing Z/E isomerization around the hydrazone C=N dou-
ble bond upon light irradiation [30-33]. However, a recent study
has shown that through the optimization of substituent groups,
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hydrazones can exhibit ESIPT-based photochromic properties. In
2025, Cigan and coworkers designed and synthesized a new class
of triaryl-hydrazones by introducing a perfluorinated phenyl ring
on the hydrazine side and para-substituents (such as nitro (8)
or dimethylamino (9)) on the ketone part (Figs. 6a-c) [33]. Com-
pounds 8 and 9 exhibited new bathochromically shifted absorp-
tion bands in the region of 500—600nm upon UV or visible light
irradiation. They showed a dramatic color change from yellow to
red in this process. The research team revealed the photochromic
mechanism through various theoretical calculations and experi-
mental techniques. Upon light excitation, the Z isomers of com-
pounds 8 and 9 undergo ESIPT, where a proton transfers from the
hydrazine moiety to the pyridinic nitrogen, forming a metastable
proton transfer structure (ESIPT structure). This structure forma-
tion leads to a red-shift in the absorption maximum, consistent
with the observed photochromic phenomenon. The red-colored
species can convert to its original state when placed in the dark or
treated with thermal, demonstrating good reversibility. The novel
design strategy reported in this work may provide an effective
reference for the development of novel ESIPT-based photochromic
materials.

2.3. ESIPT-triggered photochromic naphthalimide with o-hydroxyl
aldehyde

Compared to the widely studied ESIPT where a proton transfers
from a hydroxyl group to N atom, recent reports have shown
that ESIPT can also occur in molecules containing an o-hydroxyl
aldehyde structure. In 2017, Basaric reported that 2,3-disubstituted
anthrols carbaldehydes can undergo efficient barrierless ultrafast
ESIPT [34]. In 2019, Ni and colleagues introduced a naphthalimide
derivative featuring an o-hydroxyl aldehyde moiety (compound
10), which exhibits ESIPT-induced photochromic behavior (Figs. 6d-
g) [35]. They observed that the color of solid compound 10 rapidly
shifts from light yellow to deep yellow upon UV light exposure.
Concurrently, its fluorescence changes from light blue to deep
yellow. These transformations are evident through the significant
differences in the absorption and emission spectra before and
after UV irradiation. Moreover, thermal treatment can reversibly
restore the color and emission of compound 10 to its original
state. The authors attributed this reversible photochromism to
the ESIPT process. This discovery not only expands the scope
of ESIPT-triggered photochromic materials but also opens new
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Fig. 7. (a) Proposed mechanism for color change of 11 upon UV irradiation. (b) Absorption and (c) fluorescence spectra of 11 in THF before and after UV irradiation. (d)
Photographic images of 11 in THF upon irradiation, and the recovery in the dark at 25 °C. (e) Proposed mechanism for color change of 12 upon UV irradiation and the
photographs of 12 before and after photochromism in various solvents. (f) 365 nm UV light irradiation-time-dependent absorption spectra of 12 in CHCls. (g) Hypothesized
molecular structural transitions for a series of color changes observed in 12. (a-d) Reproduced with permission [41]. Copyright 2014, American Chemical Society. (d-g)

Reproduced with permission [42]. Copyright 2021, American Chemical Society.

avenues for designing molecules with tailored photoresponsive
properties.

3. ESIPT-based photochromic materials in solution state

The ESIPT-based photochromic phenomenon is typically ob-
served in solid-state materials where the molecular structure is
more constrained, allowing for the formation and stabilization
of the tautomeric form. Conversely, in solution, multiple factors
render ESIPT-based photochromism scarce [36-38]. Firstly, within
a solution environment, molecules possess enhanced freedom of
movement and rotation. This augmented mobility has the potential
to disrupt the hydrogen-bond network essential for ESIPT. As a
result, it becomes arduous for the proton to transfer and for the
tautomeric form to reach a stable state. Secondly, solvents can
interact with the excited molecule, thereby competing with the
intramolecular proton transfer process. Notably, polar solvents can
stabilize the ground state of the molecule. They also lower the
energy barrier for non-radiative decay, consequently diminishing
the efficiency of ESIPT. Thirdly, the conformational flexibility
inherent in the solution enables the molecule to assume diverse
forms. This variability can impede the establishment of the specific
molecular alignment that is necessary for efficient proton transfer.
Fortunately, through the unremitting efforts of researchers, there
are currently two strategies to achieve ESIPT-based photochromic
phenomena in solutions: Forming Rhodamine B (RhB) salicy-
laldehyde hydrazone metal complex and forming m-conjugated
zwitterions.

3.1. RhB salicylaldehyde hydrazone metal complex

The first strategy that has been widely reported involves em-
ploying metal ions like zinc and cadmium to create organometal-
lic complexes with RhB derivatives [39-41]. For instance, Tang et
al. devised and synthesized a RhB salicylaldehyde hydrazone zinc
complex (11) (Figs. 7a-d) [41]. This complex demonstrates remark-
able photochromism in THF solution. Upon exposure to 365nm
UV light, the initially light yellow solution progressively changes
to purple. After the UV light is switched off, the solution returns
to its original light-yellow state within 10 min. Before UV irra-
diation, the metal complex 11 shows no absorption band above

500 nm. Nevertheless, upon 365nm UV irradiation, a strong ab-
sorption band centered at 554nm appears. The intrinsic mecha-
nism can be described as follows: The UV light triggers the iso-
merization of the salicylaldehyde component in metal complex 11
from its enol form (11-Enol-Closed) to the keto form (11-Keto-
Open) upon ESIPT process. This transformation in the excited state
causes the ring-opening RhB spirolactam because of charge separa-
tion, yielding the purple-colored 11-Keto-Open form. Notably, the
lifetime of the ring-open state could be modulated through multi-
ple factors. Metal ions played a role, as different ones influenced
the stability of the open-ring configuration. Temperature was an-
other variable; higher or lower temperatures affected the kinetics
of the ring-opening and closing processes, thereby altering the life-
time. Solvents also had an impact, with their unique properties
either promoting or hindering the maintenance of the open-ring
state. For more related research, the readers can refer to the fol-
lowing literature [40].

3.2. Photoinduced 1 -conjugated zwitterionic state via ESIPT

In 2021, Akutagawa and colleagues developed a novel ESIPT-
based compound 12, which exhibits distinct large Stokes-shifted
ESIPT emission (Figs. 7e-g) [42]. However, it exhibits significant
photochromism in various solutions. The originally colorless solu-
tions of compound 12 turns to be colored upon exposure to UV
light for several minutes, with the color depending on the solvent
used. Specifically, the CHCl3 solution quickly changes to a dark
green color with a maximum absorption band at about 700 nm.
This colored solution can be nearly restored to its original state by
alternately adding acid and base. Following extensive experimental
investigations and theoretical computations, the authors have put
forth a plausible mechanism that can be encapsulated as follows:
Initially, compound 12 resides in its enol configuration. Upon expo-
sure to UV light, it undergoes an ESIPT process, transitioning to its
keto form. This keto form, characterized by a distinct electronic ar-
rangement, is hypothesized to experience additional structural re-
organization in the ground state. Such reorganization culminates in
the generation of a w-conjugated zwitterionic form, wherein the
positive and negative charges are dispersed across the molecule’s
conjugated m-network. This zwitterionic form accounts for the ob-
served chromatic shift and the pronounced Stokes shift in the com-
pound’s fluorescence properties.
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4. Material applications

Considering the easy synthesis/purification, easy crystalliza-
tion, high sensitivity, fast response, good fatigue resistance, and
reversible photochromism of photochromic anils, extensive ef-
forts have been focused on exploring their applications in var-
ious fields. The photoisomerization-induced reversible switching
between the enol form and trans-keto form of ESIPT-based pho-
tochromic materials can result in reversible physical and chemi-
cal property changes, which makes them suitable candidates for
molecular switches, erasable memory media, anti-counterfeiting
materials, and other advanced fields. Based on the anticipated
change, researchers have unraveled various cutting-edge applica-
tions of ESIPT-based photochromic materials.

4.1. Erasable memory media

Significant color changes can be observed in the reversible pho-
tochromic process of Schiff base derivatives. The colorless/yellow
enol form transforms into the red-colored trans-keto form upon
UV irradiation, which is restored to the original colorless/yellow
enol form after subsequent visible light irradiation. Photochromic
Schiff base derivatives are characterized by excellent fatigue re-
sistance, about 104-10° cycles can be achieved for the enol-keto
transformation. Moreover, these photochromic Schiff bases com-
monly exhibit high sensitivity to light, allowing color changes to be
achieved quickly. The reversible color changes, good fatigue resis-
tance, and fast response make photochromic Schiff base promising
materials in erasable memory media.

Ni and co-workers developed a tetraphenylethene-based Schiff
base derivative (13) and obtained its two different polymorphs
(Figs. 8a-f) [43]. The square block-like crystal exhibited reversible
photochromic behavior. Its color can be switched reversibly be-
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tween yellow and deep red after alternating UV and white light
irradiation. The authors employed compound 13 as an inkless
rewritable paper by using different light sources as the pen and
erase. Light with wavelengths ranging from 300 nm to 450 nm was
able to promote the photochromism of 13 and thus could serve
as the pen for writing, while light with longer wavelengths from
460nm to 570nm and white light accelerated the recovery rate
and functioned as the erase for erasing information. Therefore, it
can serve as a visible light-responsive rewritable paper. As illus-
trated, different letters and patterns were recorded and erased im-
mediately after alternating 405nm blue light and white light ir-
radiation. The recorded information was reproduced for many cy-
cles without significant changes indicating good fatigue resistance
of the rewritable paper. Moreover, the written information can be
self-erased in about 6 hours in the dark and 20 min in daylight at
room temperature.

4.2. Anti-counterfeiting/information encryption

Photochromic Schiff base materials have also been applied in
anti-counterfeiting and information encryption because of their
reversible high-contrast color change controlled by photo stimulus.
They offer distinct advantages in the realms of anti-counterfeiting
and information encryption, primarily due to their unique optical
properties and chemical characteristics. The high security of these
materials stems from their ability to undergo color changes exclu-
sively under specific light conditions, which significantly enhances
the difficulty of unauthorized replication. Their fast response times
allow for rapid verification and encryption processes, ensuring
efficiency in various applications. Moreover, the color changes in
these materials are fully reversible, enabling multiple uses without
any degradation in performance. An additional benefit is the
ease of synthesis, which makes the production of these materials
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Fig. 8. (a) The chemical structures of compound 13. (b) The color change of compound 13 before and after 365 nm UV and white light irradiation. (c) The writing and erasing
process carried out on compound 13. (d) Different numbers, letters, and patterns written on the rewritable paper. Photographic images and self-erasing time of compound
13 in the dark (e) and in daylight (f) at room temperature. (g) The chemical structure of compound 3 and its application in color-fluorescence dual model anti-counterfeiting.
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Copyright 2019, The Royal Society of Chemistry. (g) Reproduced with permission [16]. Copyright 2024 Wiley-VCH GmbH. (h) Reproduced with permission [44]. Copyright
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more accessible and cost-effective. These features collectively
render photochromic Schiff base materials an excellent choice
for securing information and protecting against counterfeiting
attempts.

In 2024, Li and coworkers designed a novel photochromic
molecule (3) by employing naphthalimide luminophore as a bulky
group (Fig. 8g) [16]. Compound 3 exhibits distinct color and flu-
orescence changes upon exposure to 405nm visible light, which
will revert to its initial state after irradiation with 520 nm visible
light. Compound 3, when crafted into the form of a maple leaf,
undergoes a remarkable color transformation that closely emulates
the seasonal changes observed in nature. Under standard ambi-
ent lighting conditions, the leaf-like structure presents a delicate
pale-yellow hue. However, upon exposure to 405nm wavelength
light, the color of the leaf progressively intensifies, undergoing a
gradual metamorphosis from yellow to orange, effectively captur-
ing the essence of a maple leaf's maturation. This chromatic evo-
lution is further enhanced by a concurrent alteration in the fluo-
rescence emission, which sequentially shifts from green to yellow
and ultimately to orange, providing a vivid representation of the
leaf's developmental stages. The reversibility of this color change
is achieved by employing 520nm green light irradiation, which
rapidly resets both the color and fluorescence of the compound
3 leaf to its pristine state. This sophisticated multi-color switch-
ing behavior of compound 3 makes it a promising candidate for
advanced materials in the field of anti-counterfeiting/information
encryption.

Similarly, in 2023, Tang et al. reported a triphenylamine (TPA)
group functionalized Schiff base molecule (14) that exhibits unique
photochromic properties in its crystal state while demonstrating
fluorescent performance in its amorphous state (Fig. 8h) [44]. The
authors capitalized on the rapid photochromism of crystalline 14
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and the photochromism-inactive characteristics of its amorphous
state to develop a dual-mode encryption-decryption technique.
This technique integrates photochromism under both absorption
and fluorescence conditions, employing binary coding or Morse
code for information encryption and decryption. Specifically, the
crystalline 14 exhibits photochromic activity in both absorption
and fluorescence states, while the amorphous 14 does not show
photochromic activity under these conditions. Information can be
encrypted and decrypted through UV irradiation and heating pro-
cesses, demonstrating the material’s potential in the field of infor-
mation security.

4.3. Smart security paper

ESIPT-based photochromic molecules can also be employed as
the photosensitive layer to fabricate intelligent light-responsive de-
vices. Their ability to change colors or luminescence patterns upon
light irradiation allows for the creation of dynamic and interactive
information displays. For example, Zhao and colleagues adopted
the strategy of changing counterions to successfully design and
synthesize a series of ESIPT-based zinc complexes based on crystal
violet lactone salicylaldehyde hydrazine (15), where X represents
different counterions such as CH3;COO-, CF3SO57, NO3~, ClI7, and
Br~ (Fig. 9) [45]. This compound exhibits reversible photochromic
properties in non-polar solvents such as dichloromethane. Tak-
ing the ZnBr, complex 15 as an example, under 365nm light
irradiation, its colorless solution gradually turns to deep blue,
and a maximum absorption peak appears at 607 nm. Meanwhile,
the photochromic performance of the compound is significantly
influenced by counterions. As the basicity of the counter anions
decreases, the photochromic activity increases, and relevant kinetic
parameters such as the photochromic rate and thermal relaxation
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Fig. 9. (a) Reversible photo-induced ring-opening and ring-closing reaction process for 15-Zn-X. (b) Visible color changes (inset) and the corresponding absorption spectral
changes of 15-Zn-X in CH,Cj, (1 x 10> mol/L). (c) Schematic illustration of four-layer structure used to create the security paper based on 15. (d) Photograph of a paragraph
of text printed on security paper using a commercially available inkjet printer with a cartridge filled with ZnBr, aqueous solution as the ink. The information can be clearly
seen after UV irradiation for 1 min. Scale bars: 3cm. (e) A plot of the reflectivity at 610 nm versus the number of cycles as the security paper is cycled through UV irradiation
and heating. (f) Multilevel security information printing was realized by using various zinc salts as the inks, distinct information can be read by exposing the security paper
under UV irradiation for different times. Reproduced with permission [45]. Copyright 2020, The Author(s), under terms of the CC-BY license.
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constant also changes accordingly. Moreover, its photochromic
behavior can be dynamically regulated based on the reversible
coordination bonds between zinc ions and 15. Based on the out-
standing photochromic properties of these compounds, they were
employed to fabricate smart security paper. The security paper is
composed of three layers. The bottom layer is parchment paper,
the middle imaging layer is coated with a substance containing
15 as the data recording medium, and the upper and lower layers
are both PEG-PPG-PEG, which play the roles of passivation and
protection respectively. With a commercial inkjet printer, aqueous
solutions of zinc salts are used as inks to record information on
the security paper. Initially, the information is invisible under am-
bient light, but it becomes clearly visible after 1 min of 365 nm UV
irradiation. The information can be quickly hidden by heating at
70°C for 1min or by being left under ambient conditions for 1h.
This process can be repeated at least 15 times without significant
loss of contrast. More importantly, using different zinc salts as inks
can achieve multi-level security information protection. For exam-
ple, when aqueous solutions of ZnBr,, Zn(NO3),, and Zn(CF3S03);
are used to record information respectively, different contents will
be displayed sequentially under different UV irradiation durations.
Only authorized personnel who know the correct encryption
algorithm and the exact irradiation time can access the confi-
dential information, which greatly enhances the security of the
information.

4.4. Photo-controlled intelligent robot

The transformation between the cis-keto and trans-keto iso-
mers of Schiff base molecules involves a significant rearrangement
of the internal molecular structure [1,46]. In the cis-keto form, the
two substituent groups are located on the same side of the double
bond, whereas in the trans-keto form, these groups are positioned
on opposite sides. This change in geometric configuration is not
only a molecular-level alteration but can also trigger macroscopic
mechanical movements. When Schiff base molecules transition
from one isomer to another under light stimuli, the shape of the
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molecules may change, leading to macroscopic deformations. This
phenomenon holds significant potential for the development of
smart materials and mechanical systems, such as photo-controlled
intelligent robots. Therefore, the photo-responsive nature of Schiff
bases offers broad prospects for the design of new intelligent
materials that can make precise mechanical responses to en-
vironmental changes, opening up new possibilities for future
technological innovations and application development.

For example, Koshima et al. reported the interesting mechani-
cal behavior of the long, plate-like microcrystals of compound 16
(Figs. 10a-d) [47]. The crystal gradually bent away from the light
source, accompanying by some twist behavior upon UV light irra-
diation. The innternal mechanism was caused by enol-keto photoi-
somerization. The study also explores the relationship between the
bending angle and light intensity and the repeatability of the crys-
tals over multiple cycles. Such photo-respnsive mechanical system
enable it be potential photo-controlled intelligent robot. However,
the practical application of the crystalline 16 remains distant due
to its brittleness, relatively low reproducibility, and monotonous
mechanical performance. Interestingly, in 2021, Li et al. developed
a new type of photo-responsive material by doping Schiff base
molecules (17) into poly(ethylene terephthalate) (PET), which can
achieve reversible photo-controlled motions under ultraviolet and
visible light irradiation, such as bending, fluttering, and switch-
ing (Figs. 10e-g) [48]. The study found that the ESIPT and cis-
trans isomerization of the Schiff base molecule is key to achieving
photo-induced deformation. The doped films demonstrated up to
70% light-driven contraction and approximately 141° bending an-
gles, along with good fatigue resistance. Researchers demonstrated
that a variety of photo-controlled motions can be achieved through
different pretreatment methods, such as rolling and folding, mim-
icking the trapping process of the Venus flytrap. Furthermore, by
changing the direction of light exposure, designed morphological
changes can be realized, such as the reversible bending of the "W"
shape and the dancing butterfly. This work offers potential value
for applications in the field of photo-controlled intelligent robots
and beyond.
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Fig. 10. (a) Photochromic reaction of compound 16. (b) Schematic illustration of the photoinduced mechanical motion of crystal 16. (c, d) The photoinduced mechanical
motion of crystal 16. (e) The chemical structure of compound 17 and its calculated molecular lengths in different conditions. The white words denote the dihedral angle
between phenolic and benzene rings, and the yellow dots denote both ends of molecular skeletons. (f) Schematics of pretreatments of the films: (i) by wrapping film around
capillary (2.7cm x 1cm) and (v) by folding film in half (1.5 cm x 0.5 cm). (ii-iv), (vi-x) Photographs of photodeformation process of 17-PET film, (ii-iv) bending process, (vi-
viii) wrapping up process, (ix) detailed image of (vi), (x) detailed image of (viii) (LED: 455 nm, 500 mW/cm?). (xi) A picture of a Venus flytrap. (g) Schematic representation
of the photoactuated bending process of the stretched 17-PET film and the reversible bending and “dancing” butterflies. (a-d) Reproduced with permission [47]. Copyright
2022, American Chemical Society. (e-g) Reproduced with permission [48]. Copyright 2020, Wiley-VCH GmbH.
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4.5. Wearable sensors

In recent years, photochromic Schiff base compounds have
demonstrated significant potential in a variety of innovative ap-
plications, which is essential for broadening the scope of these
materials and underscores their promising future in various fields
of application [49-51]. For example, in 2024, Han and colleagues
developed a photochromic Schiff base (5), which undergoes re-
versible photochromism under ultraviolet radiation, resulting in
noticeable alterations in both color and fluorescence (Fig. 11) [51].
Compound 5 was then integrated into affordable wearable sen-
sors and intelligent textiles, capable of delivering visual feedback
when exposed to UV radiation. These photochromic transforma-
tions were meticulously quantified utilizing RGB and CIEL*a*b*
color spaces. This study successfully tackled several pivotal chal-
lenges in the realm of photochromic UV sensing: It achieved pre-
cise quantification of photochromic fluorescence and color shifts
using RGB and CIEL*a*b* color spaces along with AE*Lab; it es-
tablished a straightforward, cost-effective method for fabricating
innovative wearable UV sensors and smart UV-responsive textiles,
which can alert users to potentially harmful levels of UV exposure;
and it presented a practical point-of-care sensing solution that of-
fers visual feedback in response to elevated outdoor UV radiation
levels. Overall, this research presents an economical platform for
the naked-eye dosimetry of outdoor UV radiation, providing timely
warnings against excessive UV exposure.

5. Summary and outlook

In summary, this review provides a comprehensive introduc-
tion to ESIPT-based photochromic compounds, including factors in-

1

fluencing their properties, synthesis strategies, and various appli-
cations in the field of smart materials. The recent advancements
in understanding the mechanism and expansion of the molecular
system of ESIPT-based photochromic materials, facilitated by en-
deavors of the researchers, have opened new avenues for research.
However, this field still requires ongoing innovation, particularly
in the development of new synthetic methods, novel material sys-
tems and the exploration of novel applications.

Moving forward, research in this area needs to address the cur-
rent limitations to fully harness the potential of ESIPT-based pho-
tochromic materials. One of the key issues is the precise synthe-
sis and photochromic behavior regulation of these materials, which
requires further enhancement to ensure their practical usability in
real-world applications. A deeper understanding of the structure-
property relationships is essential for designing compounds with
tailored photochromic behaviors. Potential solutions include em-
ploying advanced computational methods to predict photochromic
properties and exploring new synthetic routes to introduce func-
tional groups that can modulate the photo-responsiveness of these
materials. The rapid advances in computational chemistry and ma-
chine learning will enable the development of highly accurate pre-
dictive models. These models will precisely forecast photochemical
behavior and molecular configurations, thereby transforming pho-
toswitch design paradigms by reliably predicting performance met-
rics prior to synthetic investment.

Additionally, expanding the range of responsive wavelengths
could enable these compounds to interact with a broader spectrum
of light sources [52]. Theoretically, ESIPT-active molecules inher-
ently possess push-pull electronic configurations with intramolec-
ular charge transfer (ICT) characteristics. Such molecular architec-
ture can significantly redshifts their absorption spectra into the
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visible range (400-600nm), allowing efficient activation by sun-
light or low-energy visible light irradiation. In addition, the photo-
generated keto tautomer typically possesses a reduced energy gap
in its absorption profile, which facilitates visible-light triggered re-
versible photochromism. Through rational molecular engineering,
these systems can demonstrate promising potential for achieving
full visible-light-responsive photochromism across the entire visi-
ble spectrum. Moreover, a pioneering study has demonstrated the
use of ESIPT to extend the absorption wavelength of other pho-
tochromic molecules. For instance, Zhu et al. revealed that the
tautomeric equilibrium between the OH-form and NH-form leads
to distinct absorption characteristics (with the NH-form exhibiting
longer-wavelength absorption) [53]. By incorporating these groups
as peripheral pendants on diarylethene frameworks, they success-
fully achieved visible-light responsiveness. This work provides im-
portant insights for developing fully visible-light-responsive pho-
tochromic systems.

Furthermore, expanding the application of ESIPT-based pho-
tochromic materials into new fields and integrating them into
practical devices and systems will be a critical direction for future
research. Take biomedical applications as an example, this area still
requires significant expansion. Current ESIPT-based photochromic
systems are limited to superficial tissue applications due to their
short activation wavelengths. Significant biomedical breakthroughs
could be achieved by extending their responsive range into the
red/near-infrared region, which would enable: deep-tissue photo-
modulation, in vivo therapeutic interventions or organ-level pho-
tomanipulation. The future of ESIPT-based photochromic materi-
als looks promising, with the potential to revolutionize informa-
tion security, smart textiles, and biomimetic systems, making it a
vibrant and growing area of research with significant implications
for material science and photonics.
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