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/x0xx X Stimuli-responsive systems, which are often hailed as "smart" materials, have garnered significant attention over the recent

decades due to their remarkable dynamic reactivity towards numerous external triggers. Among these, Schiff bases, owing
to the presence of a distinctive imine group (C=N), formed through a condensation reaction between an aldehyde or ketone
and a primary amine, have become especially captivating. In addition to offering a cost-effective and easily accessible
synthesis, these Schiff bases can also demonstrate extraordinary chromic properties. On providing various triggers such as
mechanical stress (mechanochromism), temperature variations (thermochromism), solvent change (solvatochromism), and
pressure (piezochromism), Schiff bases show vivid colour changes, thus demonstrating their remarkable versatility. These
chromic shifts can be attributed to reversible modifications in molecular conformation, electronic states, and intermolecular
interactions within the Schiff base framework. The intrinsic ability of Schiff bases to respond and adapt to environmental
changes makes them compelling candidates for the development of next-generation soft materials, with applications
ranging from high-sensitivity sensors and adaptive displays to self-healing materials. Their multi-stimuli responsive
behaviour opens up pathways for innovations in self-healing coatings, where damaged materials can autonomously repair
themselves upon exposure to heat or pressure. This review dives deeply into the intricate mechanisms responsible for their
stimuli-responsive behavior and presents a futuristic approach to enhance their performance, highlighting them at the
forefront of future stimuli-responsive and self-healing technologies.

1. Introduction of Soft Materials appropriate to design arbitrarily reconfigurable devices. The
anisotropy of liquid crystal elastomers makes it possible to

create high-strength and high-speed actuators with high energy

Our autonomic nervous system’s responsive behaviour towards
even a slight fluctuation in the surroundings such as
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temperature, pressure, light, etc, is interesting for scientists to
develop analogous materials, which may mimic the natural
biological system and respond to an external stimulus by
changing shape, form, colour, etc.13 Over the years, many such
materials, also known as Soft materials, have been developed
and employed in various fields such as sensors, adaptation
(ability to change behaviour in response to external stimuli),
biomedical (facilitating biological functions), actuation (mimic
the flexibility), and reconfiguration (transformation of
patterned structure) and so on.*10

These materials can be deformed and folded from 2D to 3D in
the presence of an external stimulus and typically exhibit low
stiffness and high flexibility compared to traditional, hard
materials such as metals and ceramics. These materials include
polymers, gels, colloids, foams, biological materials, and liquid
crystals. These materials have intrinsic characteristics, enabling
them to exhibit actuation and folding behaviour; they can be
combined to generate independent and cooperative act to
external stimuli. Diverse folding structures can be realized
through the rational design of geometries and the choice of
materials. The reprogrammability of shape-memory polymers is
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Among the various materials, the Schiff bases, which were first
synthesized by Hugo Schiff in 1864, are of immense importance
due to their easy synthesis, high yield, low-cost, higher
thermodynamic stability and practical applicability. The imine
bond present in Schiff base not only combines two distinct
moieties, aldehyde or ketone and amine, but also has binding
capability with metal ions and may stabilize metal ions in
various oxidation states by the formation of metal complexes.
Possibilities
different crystalline/amorphous phases and dynamic bonds,

of structural deformation, proton transfer,
make Schiff-bases suitable stimuli-responsive materials.181°
Imine bonds of Schiff base may undergo reversible formation
and cleavage under mild conditions, which is essential for
dynamic covalent chemistry (DCC) allowing these materials to
adapt, heal, and reconfigure in response to various external
stimulus. The introduction of other functional groups and
heteroatoms can easily enhance Iluminescent properties,
making them useful for biological activity, analytical chemistry,

catalysis and fluorescent material synthesis.20.22-28

In recent years, not only Schiff bases but their metal complexes
are also utilized for various potential applications e.g., Iron-
chelator, anticancer agent, corrosion inhibitors, sensors,
catalysts as well as stimuli-responsive materials.14-17,22,23,29-32
Schiff complexes exhibiting  better
thermodynamic stability, due to isomerization of Schiff bases to
thermodynamically stable keto form than enol form. The
Fluorescence of Schiff base molecules can be tuned by the

base-based are
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inhibition of C=N isomerization by complexation with metal
ions. Due to the overlap of atomic orbitals (AOs) of Metal and
Ligands, Schiff base Metal Complexes usually exhibit fast proton
conduction/migration and charge transfer. Several external
stimuli may influence the charge transfer processes of Schiff
base complexes; hence, they were found to respond to multiple
stimuli such as temperature, pressure, light, etc. Due to these
responses, Schiff base complexes may be appropriate for
molecular switches, non-linear optics, High-Density Information
storage, and displays.33:34

Schiff base-based polymers are a major leap in multi-stimuli-
responsive materials. They respond to pH, temperature, and
light, and their adjustable mechanical properties make them
ideal for various applications in materials science and
biomedical engineering. The dynamic, reversible covalent
bonds of Schiff bases, easily formed under mild conditions, can
self-repair after disruption in physiological environments. Self-
healing polymers utilizing Schiff base bonds, a reliable
technique due to its simple, effective self-healing mechanism.2
35 Several hydrogels have been created using these concepts
which have wide potential applications in the field of
temperature control materials, anti-fatigue materials and
flexible sensors, information transmission, anti-counterfeiting
applications, monitoring food spoilage, biomedical applications,
self-healing, anti-freezing, and conductive elastomer, etc.28 36-40

Based on the responsiveness of Schiff base-based systems
(Schiff bases, Schiff-base complexes, Schiff base-based
polymers) towards various external stimuli, the
development in this field has been summarized in this review
article. To the best of our knowledge, there are only a few
studies on self-healing Schiff bases, as well as electrochemical,
metal ion sensors, and optical diodes, but there is no review

recent
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summarizing Schiff bases' role as external responsiye materials.
In this review, we first covered the many RiHES/BFMAGRIPRA
stimuli and the Schiff base's mechanism of responsiveness. We
then covered several uses of known Schiff base-based systems
for industrial, environmental, and biological purposes. We
made an effort to cover the most pertinent references in these
domains and give the scientists working in these fields the
necessary background information.

2. Types of Stimuli Behavior

Intelligent systems can sense their environment, process
information, and respond appropriately. In nature, numerous
biological systems, such as humans, animals, and cells, are
viewed as intelligent.4146 For artificial systems, intelligence is
accomplished through highly complex electronic devices, like
computers and robots, which are powered by advanced
algorithms.47-49 When studying or discussing stimuli-responsive
materials, the focus is primarily on those that can alter their
properties in response to external stimuli without needing any
additional power source or external energy input. These
materials respond solely to environmental changes such as
temperature, light, pH, and so on. Another approach involves
using the stimulus to initiate the system’s internal energy
storage process. Researchers worldwide have developed a
range of innovative and highly functional systems by utilizing
stimuli-responsive materials as building blocks for creating
more complex systems.30 Schiff bases materials are known for
their impressive responsiveness to external stimuli because of
their capacity for reversible reactions and sensitivity to
environmental changes, which makes them essential for
developing smart materials used in fields like tissue
engineering,®® drug delivery,>! Fire safety, thermal energy
management,52 shape memory function,>3 responsive liquid
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material,33 2D to 3D encryption3 etc. Here, we have discussed 2.1 Mechanochromism: View Article Online
four major external stimuli: mechanical, temperature, stress- DOI: 10.1039/D5MA00109A

. | hese f " . As the name suggests, mechanochromism refers to a change in
st'raln, andso vent.'Because these Ol'"r responswfe'behawors ar®  materials color upon exposure to external mechanical stimulus.
pillars for generating smart materials. In addition to these,

tiole stimul ; hi The luminescent can arise from external forces such as crushing,
multiple stimulus responses for some Schiff base compounds rubbing, or even grinding which eventually lead to a reversible
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are also discussed. change in colour or fluorescence, and thus making them a
This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3
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suitable candidate in a diverse range of applications such as in
sensors, bio-imaging, anti-counterfeiting, fluorescent
encryption writing etc.>3-°8 Modification in emission property
arises due to either an increase in the intermolecular interaction
or due to the breakage of certain interactions due to applied
mechanical force. These mechanical forces, such as smashing,
shearing, or grinding, affect the emission wavelength or the
fluorescence quantum yield, leading to the observation of high-
contrast luminescence colour.5%:60

The applied force sometimes causes conformational changes,
as well as the conversion of compounds from a crystalline to an
amorphous state,>>6162 or even from one crystalline state to
another. This leads to changes in certain interactions, such as
hydrogen bonding and charge transfer processes, ultimately
affecting the emission.?364 Various mechanisms related to
mechanochromism—such as phase transitions, changes in
molecular interactions through torsion angle variations, and
conformational changes that alter fluorescence responses—are
illustrated in Fig. 1.

Additionally, many mechanochromic Schiff base systems
involving triphenylamine, TPE moiety, salicylaldehyde,
hydrazone, azide, nicotine hydrazide, naphthalene, etc., which
have applications in smart devices and sensing, are shown in
Scheme 1. Their applications are further discussed in Section 5
of this review in the form of a table. These changes in phase
upon grinding can be confirmed by the powder X-ray diffraction
(PXRD) analysis. The sharp and intense peaks of the pristine
sample often diminish into weak and broad diffraction peaks or
even disappear upon grinding, showing the destruction of a
systematic arrangement with breakage of weak interactions,
accompanied by a red-shift emission.>” However, exposing
these ground samples to heat or solvent fumigation restores the
sharp peaks, demonstrating the recovery of ordered structure
from an amorphous one. These cyclic colour changes can be
easily understood by their PXRD patterns. Similarly, the changes
in morphology from a perfectly ordered arrangement to a
partially amorphous form and back into the desired crystalline
form with some minute differences can be well observed by
FESEM.56 Thus, a more flexible structure capable of undergoing
smooth phase transitions becomes an ideal candidate for
exhibiting excellent reversible mechanochromism. The
presence of multiple rings, various
intermolecular and intramolecular interactions such as m---m
stacking, weak coordination bonding, and hydrogen bonding,
also plays a crucial role in enhancing the mechanochromic
behavior of the Schiff base complexes. The flexibility of these
aromatic rings can be further increased by introducing certain
groups, such as methylene, which promote the formation of a
more twisted conformation, ultimately leading to improved
mechanochromism.%?” When mechanical force is applied, the
bond distance between adjacent molecules as well as the
dihedral angles between the aromatic rings change.5870
Although the presence of rotatable aromatic rings renders it a
loosely packed structure by raising the dihedral angle, its
excessive abundance may also induce steric hindrance,
minimizing the importance of the MCL phenomenon.67.70 In

rotatable aromatic

4| J. Name., 2012, 00, 1-3
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addition, a more twisted molecular conformation jsgssistesl,by
exploiting numerous inter- and intramtSledQIEE IRt EVASH I,
which ultimately results in high-contrast mechanochromism
without undergoing a phase transition.>’” The adaptations in
conformations and packing modes are also
accountable for the mechanism of mechanochromism at the
molecular level.7272 The DFT studies of H4L? Schiff base also
indicated the significant effect of molecular conformation on
their excited state properties. Two molecular conformations is
possible in Hal2 system, named Hal2 -y and H4l2-r, having the
same structural composition. With an intersecting type of
conformation, Hal2-y has its highest occupied molecular orbital
(HOMO) and lowest occupied molecular orbital (LUMO)
covering the molecular framework almost completely. On the
other hand, HalL2-r, with its almost co-planar conformation and
strong intermolecular interactions, has localized HOMO and
LUMO levels on the phenyl and naphthyl parts, respectively. The
TD-DFT  calculations showing the main absorption
corresponding to the Si;-So transition also indicate that the
HOMO->LUMO contribution in Hgl2-y is lower (60.0%) than that
of Hal2-r (91.1%). The decrease in oscillator strength (f) during
this transition from 0.1499 to 0.1273 correlates with a decrease
in the twist of the dihedral angle in Hal?, resulting in a decrease
in emission and a red shift (Fig. 2).57

molecular

Dihedral angle (°): 4.86 L’:

Fig. 2 Crystal photographs (a,d), hydrogen bonding (b,e), and Dihedral angle (c,f) of HaL2-
y and HglL2-r Crystal, respectively; Reproduced from ref. 57 with permission from RSC,
copyright 2022.

As shown in Fig. 3a, c original sample of Zn complex of Schiff
base mL3 prepared from 3-(2-benzothiazolyl)-2-
hydroxybenzaldehyde showed cyan-blue emission under UV
light at 480 nm. Upon slight grinding wavelength is shifted to
472 nm, which appears blue. If the sample is highly grounded,
again, a shift of wavelength could be visible to 520 nm and
exhibit green color in UV light. Interestingly, if it is fumed in
DCM, the sample returned to cyan emission at 472 nm. XRD
spectra confirm the changes in this complex's crystalline
structure (Fig. 3b).7 Interestingly, HL* shows reversible
mechanofluorochromism (MFC) (mechanofluorochromism is a
subtype of mechanochromism which can show changing
behaviour under mechanical force stimulus, both the sample
colour and the emission colour of the mechanofluorochromic
materials are changed.) With its emission colour change from
yellowish green to orange-yellow after grinding (Fig. 3d).56 The

This journal is © The Royal Society of Chemistry 20xx
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presence of non-planar geometries and (Donor) D-(Acceptor) A
conjugated systems renders these materials
mechanofluorochromic (MFC) with
reversibility up to six cycles without any delay.”? The reversible
mechanochromism of Schiff base H4l?2 based on
naphthaldehyde is attributed to its flexible behavior. Upon
mechanical stimulii.e. grounding, the bright orange emission at
540 nm undergoes red shift to 662 nm with reduction in
fluorescent time, which can be reversibly changed back to
yellow by providing a CH,Cl; atmosphere (Fig.3e). XRD and SEM
analysis confirm the changes of crystalline structure (Fig. 3(f-
h)).57 Similarly, force-induced reversible high-contrast colour
switch from bright green emission under 365 nm to orange was
also observed for tetraphenylethene-based Schiff base ligand
and its corresponding boronated complex HLS can revert to its

behaviour excellent
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Fig. 3 Mechanoluminescence properties of Zn(ll) complexes based on Schiff base ML3 (a,
c) Fluorescence emission spectra and appearance of sample under ambient and UV light,
b) PXRD pattern; Reproduced from ref. 70 with permission from RSC, copyright 2021; (d)
Fluorescence spectra at 420 nm in different solid states upon grinding and
fuming/heating of HL%; Reproduced from ref. 56 with permission from Elsevier, copyright
2019; (e) Orange and red line fluorescence spectra of naphthaldehyde Schiff base of
powdered H4L2-y and Hal?-r, respectively, (f) PXRD patterns of HaL2-y and Hgl?-r crystals
were grounded and fumed with DCM, (g, h) SEM image of HyL2; Reproduced from ref. 57
with permission from RSC, copyright 2022; (i) of HL> showing normalized fluorescent
spectra in different solid-states, ground and fumed at 365 nm (j, k) solid colour
appearance of HL®> with ground and fumed condition; Reproduced from ref. 73 with
permission from Elsevier, copyright 2019.

original emission colour by fuming with DCM (Fig. 3i, j, k).
Another mechanochromic Zn(ll) complex based on quinoline-
appended acylhydrazone ligand (H,L®) was synthesized, whose
loosely ordered stacking pattern and twisted structure allow for
molecular motion change upon grinding, resulting in
mechanochromism and hence the complex can be developed as
an excellent material in the area of stress detection.”4

2.2 Piezochromic /stress stimuli responsive material

Piezochromism is the property of a material that changes colour
or becomes luminescent when subjected to mechanical stress,
such as when it is compressed or ground. The material can

This journal is © The Royal Society of Chemistry 20xx

revert to its initial state if the pressure is release
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be upset by exerting pressure, which can be released for a
specific system using a specific solvent. Han et al. developed a
Tetraphenylethene-based Schiff base, (E)-4-nitro-2-(((4-(1,2,2-
triphenylvinyl)phenyl)imino)methyl)phenol (HL%) using 4-
tetraphenylethenylamine and 5-nitrosalicylaldehyde. The
optical properties demonstrate an on-off-on switching behavior
with a distinctive U-shaped pattern when water is added to a
THF solution, showcasing both TICT and AIE features. These
attributes impart reversible piezofluorochromic properties to
HL8. DFT quantum chemical calculations reveal a fascinating
distribution of orbitals in HL8. The HOMO is primarily localized
on the TPE unit and the central C=N bond, while the LUMO is
strikingly concentrated around the 4-nitrophenol group and an
adjacent phenyl ring of the TPE. This distribution highlights the
distinct electronic properties across different regions of the
molecule. This indicates a strong inclination for HL8 to adopt a
TICT state. According to the Franck-Condon principle, when the
system is locally excited, the molecule's planar conformation is
stabilized by electronic conjugation, particularly in nonpolar
solvents. In polar solvent, HL® undergoes a remarkable
transformation from a LE state to a TICT state. This transition is
facilitated by intramolecular rotation, culminating in complete
charge separation between the donor and acceptor moieties.
Such behavior underscores the dynamic nature of HLS's
electronic structure in response to solvent polarity. In the
aggregated state, TICT is suppressed due to restricted
intramolecular rotation as the molecule adopts a planar
geometry.”® Photoluminescence studies using DCM and EtOH
revealed that the two recrystallized samples exhibit reversible
piezofluorochromic properties through repeated grinding and
fuming processes. (Fig. 4A, B, C, D).7”8 We have synthesized Schiff
base HL? in one of our research articles, which is based on
naphthaldehyde and shows significant piezochromism in its
solid state. Amazingly, when crystalline HL? is ground, its blue
emission switches from 544 nm to 531 nm, and its dark yellow
luminescence changes to a light green due to AIE properties.
Furthermore, even after grinding, HL? keeps its good crystalline
integrity. HL? is a promising candidate for pressure-jet printing
and pressure sensing due to its simple synthesis and reversible
transformation behavior. A practical application was
demonstrated by dipping filter paper in a Schiff base solution,
where the Sanskrit symbol 'Om' was written and later erased

J. Name., 2013, 00, 1-3 | 5
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using ethanol. The same paper could then be reused to write
the English letter 'Om'. This encryption writing is a good way to
express how materials could revert to their original form (Fig 4E,

Ground —— Ovlginil & [}
L) —Ground G
— Original B
% DCM Fumed £
%
2 &
B\b, &
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%
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Fig. 4 (A) Schiff base HL® showing reversible piezofluorochromism in-ground and
crystalline state using EtOH and DCM. (B, C, D) showing fluorescence spectra
original(orange crystal) spectra at 572 nm and yellowish green emission at 532 nm after
fuming revert to 543 nm emission; Reproduced from ref. 78 with permission from RSC
Adyv, copyright 2016 ; (E) HL® Schiff base showing (a) crystalline, (b) ground, (c) recovered
structure by solvent, respectively, (d) Dried filter paper dipped with HL® solution in
ethanol (e) “Om” A Sanskrit symbol written on the paper, (f) Visibility of erased paper by
using ethanol and then dried, (g) “Om” an English letter written on the same paper
writing english letter “Om” on the same paper, (F) PL spectra for crystalline, ground and
recovered by using solvent treatment; Reproduced from ref. 25 with permission from
Elsevier, copyright 2018.

F).25
2.3 Thermochromic

Thermochromism refers to the phenomenon where
compounds exhibit a visible color change in response to
variations in temperature. Scheme 3 shows a Schiff base system

that exhibits thermochromic behaviour. Temperature variation

Journal Name

induces structural changes in molecules, intercgpvyg'géiggn“gg
stereoisomeric forms, differences in the Redgyl Is0EIS BRALTAEY
and phase transition. Alterations in molecular structure result
in changes to the energy gap between the HOMO and the
LUMO, which is responsible for the thermochromic properties
of various organic compounds. Schiff bases and their complexes
exhibit enol-imine and keto-amine tautomerism, and their
structure allows for easy substitution of rings with different
functional groups.8! The ease of reversible switching from the
cis to trans form upon heating also makes them suitable for
exhibiting thermochromic behavior.8182 Maintenance of
thermal equilibrium between the original molecule and its
structurally modified form of phase-change materials (PCM)
makes them promising candidates for a variety of applications,
including air conditioning systems, thermosensitive imaging,
drug delivery systems, and wearable temperature sensors.83-86
Conversion of molecular arrangement from one physical state
to another on providing temperature stimuli makes these PCMs
an efficient option for energy storage and release materials.83
Fig. 5 describes that Schiff base-based material can show
thermochromic behavior due to the significant presence of
phase transition, Isomerisation, AIE property, or ESIPT
mechanism.3479-80.87-88 Dyring the phase transition, the inner
networks of the combined materials remain chemically cross-
linked as shown in PEG-based polyurethane.8?-2 However, this
permanent cross-linking makes them non-recyclable and
hampers the balance in shape stability and high energy storage
density. By incorporating an aromatic Schiff base structure into
non-recyclable  parts of linear P2 (N, N’-bis(p-
hydroxybenzylidene-amino)phenylenediamine PEG-PU
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mechanism (ESIPT); Reproduced from ref. 34 with permission from ACS, copyright 2023, and aggregation induced mechanism (AIE); Reproduced from ref. 80 with permission from

Elsevier, copyright 2024.
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Scheme 3. Schiff base-based systems exhibiting Thermochromism.

polymer), not only can PEG chains be immobilized, but they can
also undergo crosslinking reactions at high temperature, thus
making this PCM fire safe and endowing self-shape stabilization
(Fig. 6). These PCMs, due to their reprocessability and solid-solid
phase change properties, find application in self-supporting
stable thermal management and anti-counterfeiting
thermosensitive imaging.5?2

Du et al. investigated how incorporating a metal-organic
framework (MOF) into a Schiff base connected to a polymeric
system can enhance the proton conduction switching ratio. For
their study, they selected the Schiff base 4-((2-
hydroxybenzylidene)amino)-benzenesulfonic (H,L23),
polyvinyl alcohol (PVA), poly(2-acrylamide 2-methyl-1-propane
sulfonic acid) (PAMPS), and a Zr MOF-808 composite system.34
This integrated structure provides a well-known proton
conduction pathway through the vehicle (A surplus proton may

traverse the solvent on top of a host molecule in a linear way)

acid

and Grotthus mechanism (A local molecular arrangement is
achieved by rotational motion after proton jumps between
water molecules) (Fig. 7).23-%5 Fluorescence measurements were
employed to study isomerization linked to proton conduction.

This journal is © The Royal Society of Chemistry 20xx
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A blue shift (AN = 10 nm) was observed as the temperature is
increased, particularly in the presence of a high concentration
of electron-donating groups, with H,L23 exhibiting an emission
peak at A = 510 nm (Fig. 8a). Upon combining H,L23 with MOF-
808, a reversible blue shift (AN = 20 nm) was detected in the

(a)

& —
P =
Keto-type ¢

R.T. |[Heated

Enoktype
o-Hydroxy salicylic aldchyde

Q KL 2

Vehicle mechanism  Grouhuss mechanism

MOF-808 PAMPS  PVA Proton transport pathway

Fig. 7 Thermal-response proton transfer pathway of (a) H,L2@MOF-808 composite and
their hybrid membrane (b and c) using keto and enol type structure of o-Hydroxy
salicylaldehyde; Reproduced from ref. 34 with permission from ACS, copyright 2023.

emission spectra during heating, indicating thermally driven
isomerization (Fig. 8b). The dissociation of H* ions from the
sulfonic and hydroxyl groups of the polymers is thought to
enhance the emission peak intensity at 353 K. Fig. 8c and 8d, e
highlight notable IR spectral changes during heating at 353 K
and after 5 minutes of further

cooling, supporting
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Fig. 8 Fluorescence spectra at 360 nm for the (a) H,L2 solution, (b) HL2@MOF-808
suspension, and (c) H,L2@MOF-808/PP-25 at 298 K, 353 K, and cooling for 5 min to 305
K, respectively. (d, e) Partial infrared spectra of H,L22@MOF-808 at room temperature
and after heating at 353 K for 5 min. (f, g) UV-vis absorption spectra of the (f) H,L%
solution and (g) H,L22@MOF-808; Reproduced from ref. 34 with permission from ACS,
copyright 2023.

Wavelength (4, sm) Wavelength (., am)

isomerization. Additionally, UV spectroscopy was used to
analyze keto/enol tautomerism in H,L2® (Fig. 8f) and
H,L22@MOF-808 suspensions under thermal stimuli (Fig. 8g).
The study revealed that MOF-808 pores favor the keto state at
lower temperatures, representing the involvement of an
intramolecular charge transfer (ICT) transition in this system.34
The thermochromic and photochromic characteristics of
salicylaldehyde Schiff bases (H;L?!) in the solid state have
attracted a lot of attention, with a twisted structure due to
thermochromic and AIE properties. Changes in colour from
bright yellow to orange as the temperature rises, showcasing
excellent reversibility even after multiple heating-cooling cycles
(Fig. 9a, b, c). Because of keto-enol forms present in equilibrium,
colour shift is triggered by temperature changes. DSC study
reveals that H,L?! has remarkable thermochromic sensitivity,
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Fig. 9 H,L% showing Thermochromic responsiveness (a) AE-T plot, (b) Response time
curve and temperature of the slide (c) Heating-cooling cycles, (d) TG- DSC curve;
Reproduced from ref. 80 with permission from Elsevier, copyright 2024.

decomposition points at 230°C and 400°C, respectively (Fig. 9d).
Notably, H,L2Y's thermochromic process is gradual and heat-
absorbing. Although H,L2! lacks photochromic characteristics,
probably caused by the reduced dihedral angle between
aromatic rings, which limits cis-trans isomerization, it excels in
response time, and

fatigue resistance,

temperature-induced colour changes.8° Additionally, Schiff

consistency in

base complexes showing thermochromism based on polymers,
methoxy phenol, and chiral binaphthol linked
salicylaldehyde, have also been developed and studied for their

derivative

various applications in fire safety, sensing and remote control
devices, which have been discussed in section 5 of this review.

2.4 Stress-strain responsiveness /Self-healing behaviour

Advanced Materials, such as stress- and strain-responsive
hydrogels, exhibit significant changes in their mechanical and
electrical properties when subjected to external pressures.
Scheme 4 illustrates the Schiff base system responsible for self-
healing capability upon the application of strain or stress. These
hydrogels are ideal for use in flexible electronics, wearable
sensors, and soft robotics due to their ability to detect and react
to mechanical deformations. Hydrogels' ability to adapt to
stress and strain is made possible via piezoresistive effects, in
which variations in resistance are correlated with applied
strain.®® The development of hydrogels with self-healing
capacity could prove beneficial since these self-healing
hydrogels can recover their and physical
characteristics and regain their original shape, functionality, and
structure after an impact.®” The recovery is possible due to
Dynamic covalent bonds since it doesn’t require secondary
stimuli for recovery of the material to its original state.?® Imine
bonds, the most often utilized dynamic covalent link, require
mild reaction conditions and a rapid reaction rate, making them

chemical

This journal is © The Royal Society of Chemistry 20xx
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suitable for tissue engineering. They are stronger than
acylhydrazone and disulfide bonds and also provide impressive
self-healing capacity.?9-101

The Schiff base reaction generated the PVA-CHO-NH; polymer
(P7), which contains both aldehyde and amino groups. This
polymer exhibits intrinsic self-healing ability. Figure 10a

Hydrogel Cut

After2h  Stretching
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i
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o nRe

A+ Ry == * HO
Ry H R H

Fig. 10 (a) Self-healing mechanism (24 hour) of PVA-CHO-NH, polymer (P7) via Schiff base
reaction; Reproduced from ref. 102 with permission from Elsevier, copyright 2022; (b)
Self-healing ability P5 hydrogel induced by cutting, (c) Microlevel illustration of the
hydrogel at different times after the hydrogel cut, (d) Optical evidence of self-healing
process; Reproduced from ref. 103 with permission from Elsevier, copyright.

This journal is © The Royal Society of Chemistry 20xx

illustrates the self-healing mechanism of the polymer based on
dynamic Schiff base linkages. The healing time for this polymer
is 24 hours.102

Li et al. synthesized a hydrogel by reacting hyaluronic acid with
cystamine P5. They found that the strength of the hydrogel
improved with the addition of cystamine, as shown in Fig. 10b.
This hydrogel was cut into three pieces and then autonomously
rejoined into a single entity without any external pressure or
intervention. A micro-level illustration of a hydrogel is shown in
Fig. 10c, where slits are firmly linked and eventually vanish after
40 minutes. The loaded integrated hydrogel in a syringe could
be progressively injected into Teflon molds using needles with
0.5 mm diameters, as illustrated in Fig. 10d. Thus, based on the
stress after mechanical disruption, this dynamic imine bond
provides the hydrogel with remarkable self-healing ability.103
Additionally, other Schiff base complexes based on polymers
such as chitosan, propionamidobenzohydrazoic acid,
benzylideneaniline, spiro moieties have also been
developed for their stress-strain responsiveness and self-
healing properties, which have been discussed in section 5 of
this review.

and

Qu and co-workers have extensively researched stimuli-
responsive hydrogels, developing various Schiff base hydrogels
with applications in sensing, biomedical uses, and smart
materials. They initially developed a quinoline-based Schiff base
sensor (L24) for multiple molecules and bioimaging.1%* Their
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work expanded into MSH with pH-responsive properties, self-
healing abilities, and potential for controlled release. They
investigated the distinctive properties of hydrogels, which are
three-dimensional molecular networks infused with water.
Hydrogel initially in 1950 for biological
applications; these materials have since gained widespread
interest. Hydrogels are eco-friendly and biocompatible, as their
structure and composition closely mimic the extracellular
matrix.105-107 Salicylaldehyde-based Schiff base with polymeric
system generated hydrogel (HL?5), which has self-healing
properties as outstanding stretchability and
thermoresponsive behavior. Tunable fluorescence occurs as a
result of the conjugate system and may be modulated using
ZnZ*/EDTA. Using a 0.1M concentration of ZnZ*, the intensity of
fluorescence by 640%.228 They explored MSHs
composed of an amphiphilic polymer and 2-(benzylidene-
hydrazonomethyl)-phenol (P9), in which the Schiff base
structure of P9 exhibited pH sensitivity. One of the hydrogels
they developed was specifically designed to selectively bind
with Fe?* and Cu?* ions, exhibiting self-healing properties, which
made it well-suited for biomedical applications and controlled
release systems.?13? Further work by Qu's team led to the
creation of advanced hydrogels by enhancing gelation through
stronger hydrophobic interactions. Using salicylaldehyde
benzoyl hydrazone (P10) as a hydrophobic ligand, paired with
polyethylene glycol as the hydrophilic chain, they incorporated
Ni?* ions into the system. This hydrogel, named Ni-P10,
exhibited colour changes when exposed to biogenic amine
vapors, making it a highly promising candidate for food
monitoring applications.3® Their research progressed with the

was introduced

well as

increases

development of a micellar copolymer composed of acrylic acid,
acrylamide, and a hydrophobic arylhydrazone-based ligand,
P11. This resulted in a hydrogel stretching up to 5000% of its
original length without breaking. By incorporating aluminum,
they enhanced the hydrogel with shape-memory properties.
This exceptionally stretchable and multifunctional hydrogel
holds great potential for use in information transmission,
wearable devices, and flexible sensors.198 Another notable
the development of a
gelatin/metal complex integrated with a poly(acrylamide-
acrylate) double network gel P12. This system exhibited Fe3*
and H*-responsive fluorescence quenching, temperature- or

breakthrough was cross-linked

Fe3*-induced shape memory, and self-healing capabilities.
Utilizing these features, the
multistage data encryption platforms, extending from 2D to 3D
encryption, showcasing the potential of smart fluorescent
hydrogels in high-security anti-counterfeiting applications.3”
Pyridine-hydrazone and pyridine-dicarbohydrazone-based
cross-linkers, derived from Schiff bases, display multi-stimuli-
responsive properties and offer wide-ranging applications when
coordinated with metal ions.199-111These complexes significantly
enhanced the mechanical properties of polyacrylate hydrogels
by covalently connecting polymer networks and dynamically
coordinating with metal ions (P13 and P14) The hydrogel,
developed via light-triggered micellar copolymerization and
Eu3* coordination, could be manufactured in large dimensions
(with a side length reaching 15 cm), featuring a tensile strength

researchers created various
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of 1.55 MPa and a fracture strain of 800%. Furthermeoreothe
fluorescence intensity of the Eu-hydrogél@o\idope Paantaeed
by adjusting the Eu3* concentration, resulting in a 655%
enhancement at 0.1 mol Eu®*, while also displaying a
fluorochromic response under mechanical stretching. This
highly durable pyridine-dicarbohydrazone-based polyacrylate
hydrogel, exhibiting multi-stimuli responsiveness,
significant potential for use in information transmission, smart
windows, load-bearing structures, energy-absorbing materials,
and flexible wearable devices.112 Further advancements include
the development of multifunctional Schiff base-functionalized
hydrogels P15, and its metallo-hydrogel counterpart, Zn?*-P15.
These hydrogels display tunable fluorescence, self-healing,
stretchability, and shape-memory properties. This has been
synthesized via one-pot micellar copolymerization, while Zn?*-
P15 is formed through metal coordination between the Schiff
base ligand P15 and Zn?*, achieving a tensile strain exceeding
900%. The enhanced binding energy and crosslinking density
arise from the combined effects of non-covalent interactions,
including hydrophobic interactions, hydrogen bonds, and metal
coordination.!3 Tang and their team advanced their research
by developing a double network hydrogel (P16) composed of
SiO, nanoparticles, polyacrylamide, and phytic acid doped with
pyrrole. This hydrogel was utilized as a strain sensor, exhibiting
a wide sensing range, exceptional adhesive properties, and
stable performance under extreme conditions, including high
heat and cold. Their findings revealed an impressive adhesive
strength of up to 79.7 kPa, with a remarkable elongation
capability of up to 1896%, even in low-temperature conditions.
Additionally, the hydrogel demonstrated flame retardancy, at
the surface temperature of 71°C and after 1200 seconds of
heating at 200°C, while also offering anti-freezing properties at
temperatures as low as -20°C.114 Multifunctional adhesive
hydrogels hold significant promise for use in flexible wearables,

shows

smart devices, and biomedical materials. However, creating a
hydrogel that meets all these demands has remained a
challenge. In 2022, this research group introduced hydrogel
P17, which was synthesized through the copolymerization of an
arginine derivative, an imidazolium salt-based ionic liquid, and
acrylic acid. Notably, its real-time applications are particularly
impactful due to its remarkable properties, including high
transparency (85%), ultra-stretchability (2613%), elasticity
(withstanding 1000% strain cycles for 10 repetitions), fatigue
resistance (200 cycles at 80% compressive strain), self-healing,
excellent adhesion in both air and water and electrical
conductivity. The incorporation of metal ions further improved
its mechanical strength, adhesion, biocompatibility,
antibacterial activity, shape memory, fluorescent writing, and
information transfer capabilities.11> The creation of a physically
cross-linked Schiff base fluorescent hydrogel, designated as P18
utilized solvent exchange techniques that greatly improved the
hydrogel's mechanical properties and adaptability. This
hydrogel displayed a transition temperature range of 33 to
40°C, with 33°C being the lower critical transition temperature.
The researchers investigated its shape memory properties,
solvent-responsive fluorescence, and writing capabilities. This
fluorescent hydrogel's extraordinary strength and durability

This journal is © The Royal Society of Chemistry 20xx
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Scheme 5. Year-wise research work summary of Qu and Co-worker.

make it attractive for use in flexible sensors, temperature-
regulating materials, and anti-fatigue materials.3¢ Further
Charge transfer hydrogel (CTH) is prepared by using pyranine
derivative (sodium 8-((4-vinylbenzyl)oxy)pyrene-1,3,6-
trisulfonate) and viologen derivative (1-methyl-1'-(4-
vinylbenzyl)-[4,4'-bipyridine] 1,1'-diium chloride iodide), as the
cross-linker, and N-(2 hydroxy ethyl)acrylamide as the backbone
monomer. The CTH provides rapid self-healing, injectability, and
thermosensitivity, is good for skin adhesion, and has broad-
spectrum antibacterial effects. With excellent biocompatibility
and long-lasting stability, they show great potential for wound
dressings.8” Here, Scheme 5 provides their year-wise research
work summary, including the system, they were used with
significant applications.

Similarly, Rhodamine and their derivatives bridged by a Schiff
base structure (P3), show good response toward shearing and
hydrostatic pressure, and excellent multicoloured
acidich/romism, as well as AIEE due to imine group’s presence
and spiro-lactam structure as well as due to sensitivity of
Rhodamine towards force, acid/base and light during structural
isomerization.1’® The water-induced aggregation and
aggregation-suppressed nonradiative relaxation of the excited
state are responsible for the enhancement in the emission
property of P3 in THF/H,O system upon employment of

This journal is © The Royal Society of Chemistry 20xx
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anisotropic shearing force and isotropic hydrostatic pressure.
The conversion of LE emission to HLCT emission, followed by
ring opening species of rhodamine lactam accounted for the
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Fig. 11 (a) Fluorescence images and (b, c) spectra captured in situ at 365 nm (excitation)
of a single crystal of P3 during compression and decompression; Reproduced from ref.
65 with permission from Elsevier, copyright 2019.

shift in colour of emission from blue (440nm) to green (475 nm)
to red (580 nm). Similarly, pressure-induced separation of HLCT,
followed by emission quenching, causes the single crystal's
color to change from blue to green to dark when hydrostatic
pressure is applied. Furthermore, fuming with TF
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A protonates both the imine and rhodamine lactam groups,
ultimately resulting in a high-contrast sequential color shift
from blue to yellow to red (Fig. 11). The ability to respond to
both external force and protonation with a sequential
multicolor transition makes P3 a rare and unique dyad. Thus,
understanding the various factors responsible for multicolour
changes may aid in generating more facile multi-stimuli
responsive fluorescent molecules.®>

2.4 Solvatochromism

Solvent
Relaxation

Lass Palar Solvent
1

ENERGY

Fluorescence

. More Polar I
5

Solvent

w1 Solvent responsive
Schiff Base

Scheme 6. Solvatochromic behaviour.

The influence that a solvent exerts on a molecule, eventually
affecting its optical spectra, is known as solvatochromism. This
process governs the relationship between the electronic
structure of the molecule and its surroundings. When the
change is made in the surroundings, the solvent eventually
changes the colour emitted by the corresponding compound.
Each solvent has distinct effects on the excited and ground
states of any compound. A change in solvent is always
accompanied by a corresponding shift in the polarity and
dielectric constant of the circumambient medium. Hence,
understanding the polarity of the ground and electrically
excited states offers one insight into the solute's photophysical
behavior. Schiff bases and their complexes, owing to the
existence of keto-enol tautomerism (Changes in polarity), have
been extensively studied for solvatochromic behavior [Scheme
6]. However, compounds with no tautomerism have also been
shown to possess the capacity of solvatochromism due to
solute-solvent interaction by the formation of non-covalent
interactions.11? Different solvent polarity characteristics can be
studied to gain information about the effect of the solvent on
fluorescence properties. In addition to the bipolar characteristic
or polarizability of solvents, proton-donating and accepting
power also play a crucial role during photoluminescence. The
presence of a larger dipole moment of the singlet excited state
when compared to the ground state indicates the potential of
such a compound. ICT produces a relaxed singlet excited state,
which is used to synthesize luminescent materials, non-linear
optical materials, and fluorescent probes.118 Scheme 7 exhibits
various Schiff base systems for solvatochromic behaviour.

Tetraphenylethene-substituted Schiff base L26 exhibits water-
induced fluorescence with a shift from Kasha's rule to anti-
Kasha's rule emission. Due to this shift, an increased fluorescent

12 | J. Name., 2012, 00, 1-3
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quantum yield was obtained. In THF, the substituted Schiff base
exhibited weak yellow-green emission folloWingsRASHA FGRA
However, upon contact with water, the emission color shifted
to anintense sky blue, attributed to an unusual anti-Kasha’s rule
emission. The presence of an intramolecular hydrogen bond in
L25 molecule in THF increases the 1 electron delocalization,
leading to a reduction in transition energy, which ultimately
shifts the absorption peak towards longer wavelengths. This
shift is attributed to the ESIPT reaction occurring due to the

i
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L B

0 min 15 min 5 min

Fig. 12 Changes in fluorescence spectra and intensity of L26 in THF/H,0O at 470 nm in
THF/H,0 mixtures with different water fractions as 10% (A, D), 50% (B, E), respectively.
(G) Changes in emission images of L26 with time 50% and 90% sample. (H) The emission
images change of L26 (10 M in 10% THF/H,0 mixtures with different time intervals at
excitation wavelength 370 nm, excitation wavelength at 370 nm UV; Reproduced from
ref. 121 with permission from Elsevier, copyright 2021.

excited state of the keto tautomer.119.120 However, this intense
K emission band at 525 nm decreases with the increase in
solvent polarity. Since this molecule is poorly soluble in water
(a polar protic solvent), increasing its concentration—after
being well-dissolved in THF—leads to aggregation, resulting in
enhanced emission and a color shift from weak yellow-green to
intense sky blue. This process of emission change can also be
explained by the fact that, in addition to water, the
intramolecular H-bond breaks and intermolecular hydrogen
bonds get formed between the OH group of L26 and the water
molecule, which causes the dynamic emission changes (Fig.
12).121

Similarly, the pyrene-pyrimidine-based Schiff base (L??) has
been reported to exhibit solvatochromism. This may be seen by
examining the absorption spectra of L?7 in various polar
solvents, ranging from water to cyclohexane. A broad band with
a maxima between 384 and 405 nm can be assigned to the p-p
transition to a singly excited state (S1) of the molecule. The
intensity of fluorescence decreases in non-polar solvents,
whereas in polar solvents, the fluorescent intensity increases.
This shift suggests that the molecule has a polar ground state.
However, a more prominent red shift in the fluorescence as
compared to the absorption maximum suggested the presence
of a more polar emitting state PYPH. This excited state gets
stabilized by varying the medium from non-polar to polar,
except for water and ethylene glycol in water, where strong
intermolecular hydrogen bonding exists, which decreases the
Stokes line. 122

This journal is © The Royal Society of Chemistry 20xx
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El-Nahass prepared two fluorescent probes based on Schiff

MeOH PrOH PeOH DMSO CH, O,

Ccd, Dioxane Xylene

Fig. 13 Fluorescence images of Schiff base(L3) in different solvents: a) Normal light (no
emission), b) upon UV radiation (emission wavelength, A,=366nm) at room
temperature; Reproduced from ref. 123 with permission from Elsevier, copyright 2024.

bases namely 2-((1E,2E)-1-(6-chlorobenzo[d]thiazol-2-ylimino)-

This journal is © The Royal Society of Chemistry 20xx

3-(4-(dimethylamino)phenyl)allyl)phenol (L26) and 2-((1E,2E)-3-
(4-(dimethylamino)phenyl)-1-(4-methylbenzo[d]thiazol-2-
ylimino)allyl)phenol (L39) and investigated the interaction with
different solvent in normal ambient light and UV light. In normal
light, no distinguishable images appear; nevertheless, when
exposed to UV light, the solution emits significant fluorescence
due to polarity differences with solvents (Fig. 13). This behavior
points to the potential application of molecular probes in super-
resolution fluorescence imaging.123

Tigineh et al. investigated a series of Schiff bases synthesized
and examined how changes in substituents and solvents at
varying concentrations influenced their absorption and
emission spectra. The study focused on the UV-vis and
photoluminescence characteristics of aromatic
salicylideneaniline Schiff-base (HL3?) derivatives with a range of
substituents, from electron-donating (e.g., CHs) to electron-
withdrawing groups (e.g., Cl, Br, I, C(=O)CHs, C(=0)OC;Hs, CN),
as well as derivatives containing nitrogen within the aromatic
ring. These derivatives were tested in solvents with diverse
dielectric constants, including n-hexane, toluene, ethyl acetate,
THF, ethanol, and methanol.  According to the
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photoluminescence analysis results, substituents in a particular
high dielectric constant solvent have no discernible effect on
the fluorescence spectra of HL3!; However, with a change in
substituent, the position, intensity, and shape of the
fluorescence spectra in a given reduced dielectric constant
solvent alter slightly. However, photoluminescence study
confirmed that ESIPT exists in solvents with lower dielectric
In solvents with a high dielectric constant, the
emission spectra displayed a single band in the visible area of
electromagnetic radiation; in solvents with a lower dielectric
constant, they were present in the bimodal emission spectrum
in the same region. 124

constants.

Optoelectronic analysis of quinoline-based Schiff base (L32)
revealed an impressive AIEE effect, resulting in a 21-times
increase in fluorescence intensity at a THF ratio of 80:20, as
confirmed by Dynamic Light Scattering (DLS) studies.
Additionally, it demonstrated exceptional selectivity and
sensitivity in detecting Co?* and Mg?* ions among various heavy
metals, with detection limits of 4.5 uM and 5.7 puM for Mg2+
and Co?*, respectively. This makes QSB a promising candidate
for fluorescence sensing and ion detection applications. 125

In addition, Schiff bases based on polymeric protein chains,
thiophene, hydroxybenzaldehyde, and polymeric systems of
(Z)-N-(4-(2-(quinoline-2-methylene)hydrazine-1-carbonyl)
phenyl) methyl acrylamide, etc., showing solvatochromic
behaviour have been further discussed with their applications
in section 5 of this review.

3. Multi-stimuli responsive behavior
3.1 Mechanochromic -acidochromic

The complex's ability to exhibit acidochromism also depends on
its crystallinity, where protonation and deprotonation play key
roles in controlling luminescence through solvent changes.
Overall, these complexes open exciting possibilities in
responsive luminescent materials. In Fig. 14, Schiff base
complex HL! exhibits blue emission when exposed to a 365 nm
UV lamp. The emission peak is centred at 457 nm. The emission
Ambicat () £, (b)

(c) 3
hoent 2“‘“’"’ w groumi ‘fﬂmtd ; B grnund‘ fumm! &
i s G Q
Light

(d)=

(e)
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Normalized Intensity

I . ) Cl
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Fig. 14 Images and fluorescence spectra of HL! (a, d), 1 (b, e), and 1-THF (c, f)) under
ambient light and UV irradiation at 365 nm under different conditions; Reproduced from
ref. 61 with permission from ACS, copyright 2022.

peak red-shifted to 545 nm and turned green after being
pounded with a pestle and mortar, displaying high-contrast
mechanochromic luminescence. The complex's ability to exhibit
acidochromism also depends on its crystallinity, where
protonation and deprotonation play key roles in controlling
luminescence through solvent changes. Overall, these
complexes open exciting possibilities in responsive luminescent
materials.®?
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However, the formation of ligands on the ,suxface- by
decomposition of the complex in the reaétibr Withodeht'aAdtAe
self-absorption effect also shifts the emission of acidochromic
luminescence. 126

Rhodamine blue and Tetraphenylethene-based Schiff base P3
exceptional proton sensitivity, changing
sequentially in the solid state from blue/green to yellow and
then to red when exposed to TFA fumes (Fig. 15). Initially blue,
the powder turns yellow with TFA and then red after TFA is

show colours

TFA
[

Removing TFA (1.5h. 4h, 7h. 20h. 48h)

pristine
Imin
Smin

FL Intensity
Abs. (au)

a0 " o o 400 “a L

Waveleagth (am}

W as clength (am)

Fig. 15 Image of colour change in P3 (a) the original powder and (b) the ground powder
fumed with TFA and after withdrawing TFA; (c) fluorescence and (d) absorption spectra
of the original powder fumed with TFA and after withdrawing TFA; Reproduced from ref.
65 with permission from RSC, copyright 2019.

removed. Spectral analysis reveals that new emission and
absorption bands form and shift during this process, linked to
the protonation and ring-opening of rhodamine lactam. The
color reverts from vyellow to blue when fumed with
triethylamine (TEA), highlighting the unstable nature of imine
protonation and its role in triggering the rhodamine lactam ring-
opening reaction.>

3.2 Mechanochromic -photochromic

Schiff bases with salicylaldehyde hydrazone ligand (H,L?) (Fig. 16 a),
owing to their excellent luminescence properties and multiple
coordination sites, have emerged as potential multi-responsive
materials for various applications. In this regard, Zn(ll) complex (b,c
and d) in Fig. 16 based on salicylaldehyde hydrazone with an O,N,O-
tridentate coordination mode, with different conformation and
coordination modes synthesized using different ratios of solvent and
reactant but using the same precursors (nicotinic hydrazide and 5-
bromosalicylaldehyde) were reported possessing photochromic and
mechanochromic properties respectively. While complexes b and ¢
both displayed photochromic and photoluminescence properties in

This journal is © The Royal Society of Chemistry 20xx
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Fig. 16 (a) Chemical and (b), (c), & (d) Molecular structure of H,L* and complex (b), (c)
and (d) synthesized using salicylaldehyde hydrazone ligand respectively. (e) & (f)
Photochromism shown by complex (b) & (c). (g) Mechanochromic luminescence
property displayed by complex (d). (h) Photographs showing mechanochromic
properties of complexes (b), (c) & (d) under ambient light and 365 nm UV light;
Reproduced from ref. 127 with permission from ACS, copyright 2023.

solution and crystal state, respectively. Only complex a is capable of
reversible and self-recoverable photochromism. This stimuli-
responsive behaviour can be attributed to the configuration
eversion, and ESIPT process, depending on the intramolecular
hydrogen bonds, for Complex a and electron transfer and generation
of single-electron free radicals upon UV irradiation. The third
complex i.e., b, showed mechanochromic luminescence property.
The conversion from a crystalline to an amorphous state (C for
crystalline and G for grounded or amorphous) upon grinding can be
attributed to the disruption of intermolecular interactions, which is
responsible for the observed stimuli-responsive behavior. In addition
(Fig 16g,h), complex b on providing force or vapour can also undergo
crystal phase transformation to form c.2’ Continuing their work with
Zn(ll) complexes based on salicylaldehyde hydrazone (Fig.17a),
Zheng et. al. reported the synthesis of three different complexes (b,
c and d) drawn in Fig. 17 via self-assembly of 3-hydroxy-2-naphthoic
acid hydrazide, salicylaldehyde derivatives, pyridine, and Zn(ll).
While Complex b and d are capable of showing reversible
mechanochromism in the solid state upon grinding and fuming due
to crystalline to amorphous phase transformation (Figure 17e & 17f),
Complex b can also undergo crystal phase transformation to form c.
In addition, complex b and d also displayed reversible
photochromism on UV illumination in the solid state (Figure 17h &
17i). The induction of electron transfer from the hydroxyl oxygen to
the pyridine molecule upon UV exposure generates radicals, which

This journal is © The Royal Society of Chemistry 20xx

OH
View Article Onlin

DQl; 10.1039/D5MA00109
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Fig. 17 (a) Schematic Diagram of Complex (b), (c), and (d). (b), (c), and (d) Molecular
structures of Zn(ll) complexes based on salicylaldehyde. (e) & (f) Photographs showing
machanochromism in complex (b) and (d). (g) A reversible Photochromic response
shown by complex (b). (h) & (i) Complex (b) & (d) showing reversible photochromism on
UV illumination in the solid state; Reproduced from ref. 128 with permission from ACS,
copyright 2025.

might be responsible for the Photochromic behaviour of both the
complexes in the solid state. A photochromic response ascribed to
the configuration inversion was also recorded in solution for
complexes b and d (Figure 17g), with a reversible phenomenon for
only b, due to the occurrence of steric hindrance in complex d. The
generation of these salicylaldehyde hydrazone Zn(ll) complexes,
displaying both mechanochromic as well as photochromic
luminescence behaviour, shedding light on the mechanism of MCL
and photochromism in solution as well as solid state can emerge as
promising multistimuli responsive materials.128

3.2 Stress-strain and thermoresponsive

Lu et al. synthesized P18 hydrogel by modifying a hydrophobic
Schiff base monomer with polyethylene glycol (PEG) and
Methacrylic acid (MAA), resulting in excellent mechanical
properties and temperature-responsive behaviour. When

J. Name., 2013, 00, 1-3 | 15

Please do not adjust margins



http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5ma00109a

Open Access Article. Published on 19 August 2025. Downloaded on 8/27/2025 12:19:30 PM.

This articleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

= EMate

ARTICLE

it became tougher and exhibited
increased fluorescence and antibacterial properties. The
presence of multiple hydrogen bonds in PEG was one of the

complexed with Zn2t,

major factors governing the thermoresponsive behaviour of the
hydrogel. Owing to the high fluorescence behaviour of this
hydrogel, it can
temperature control materials, and flexible sensors. Fig. 18
shows the loading-unloading tensile strength test with different

be utilized in anti-fatigue materials,

IHPMA contents. The hysteresis loop ranging from 0.08 to 0.25
MJ/m3 suggests that the hydrophobic association points in the
hydrogel gradually break down. The energy dissipation ratio
being less than 13.6% indicates that the P18 hydrogel exhibits
good recovery properties. However, the tensile stress at 80%
strain in the second loading-unloading cycle is noticeably higher
than in the first cycle (Fig. 18a, b). Additionally, as shown in Fig.
18c, d, the hydrogel exhibits 87% transmittance at 500 nm at
room temperature, allowing the school emblem pattern to be
visible through the hydrogel, indicating excellent transparency.
As shown in Figure 18d, the transmittance begins to decrease

above 33°C, dropping to 27% beyond 40°C. At 44°C, the
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Fig. 18 (a) P18 showing a continuous loading-unloading cycle (b) Changes in dissipation
energy (c) Transmittance plots and optical photographs of P18 hydrogel at room
temperature (d) Temperature-transmittance change curves; Reproduced from ref. 36
with permission from Wiley, copyright 2023.

hydrogel becomes mostly opaque, making it difficult to see
letters through it.36
3.3 Thermo-pH responsiveness

2-((dimethylamino)methyl)Abdelaty  produced 4-formyl-6-
methoxyphenyl acrylate (P2) and used it in combination with N-
isopropyl acrylamide, P2, and styrene in varied ratios to create
three thermo-pH responsive terpolymers. Furthermore, they
investigated how changes in the hydrophilic and hydrophobic
groups in polymer chains affected contact angles in pH and
water solutions, concluding that the lowest contact angle
exhibited the highest hydrophilicity. Furthermore, in the
strongest basic solution, the anionic carboxylate ion at 6 =76°
exhibited the highest degree of hydrophilicity. The presence of
distinct hydrophilic/hydrophobic groups influenced the
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Fig. 19 The change in transition temperature (Tc.s) and contact angles (6)° via the pH
Contact angles (6)° against pH changes; Reproduced from ref. 129 with permission from
Springer, copyright 2023.

increase and reduction in hydrogen bonding (Fig. 19). Another
term, cloud point, can be used for the justification of this
phenomenon. The results showed that increasing the amount
of P2 in the main polymer chain raises the transition
temperatures and cloud points. This indicates that the
hydrophilic groups, formed by the cationic protonation of
tertiary amine groups in the polymer solution, dominate. This
improves hydrogen bond interactions between the
polymer chain and the aqueous solution, thereby enhancing the
hydrophilicity of the polymer solution.12?

also

3.4 Thermo-vapochromic responsiveness

Gaeta et al. reported the Schiff-base complex with Zn metal
ML?? exhibiting peculiar thermo- and vapochromic properties.
The reversible desorption/adsorption of a single lattice water
molecule is the uncommon cause of this intense
thermochromism associated with a phase transition in the solid
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Fig. 20 Thermo and vapochromic behaviour shown by paper substrate containing ML®
complex; Reproduced from ref. 130 with permission from ACS, copyright 2024.
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complex generated in air or by solvent evaporation from their
THF solutions. 130

In contrast, the anhydrous solid, obtained from THF solutions of
the complex by evaporating the solvent under anhydrous
conditions, behaves quite otherwise. It does not absorb water,
lacks thermochromism, and displays distinct vapochromic
properties. To detect volatile organic molecules with Lewis
basicity, the anhydrous solid or similar cast films on glass or
paper substrates can be utilized. In both cases, distinct
vapochromism can be achieved upon exposure to vapors of
numerous volatile species, featuring precisely defined optical
absorptions and noticeable color changes visible to the naked
eye, which also allow for the discrimination of primary aliphatic
amines. The solid obtained in air and the anhydrous solid, as
well as the corresponding cast films following exposure to
pyridine vapors, exhibit the vapochromic characteristic, which
involves the creation of stable, stoichiometric adducts (Fig.
20).130 In an attempt to develop suitable material for sensing
volatile Lewis bases, Zn(salen)-type complexes have emerged as
promising, low-cost, stimuli-responsive materials. Exhibiting
reversible vapochromism or vapoluminescence on exposure to
vapours of a volatile compound, a novel Lewis acidic Zn(salen)-
type complex with ML12 was developed for the detection of n-
butylamine (BA) vapours. The formation of stable monomeric
adducts having significant differences in the photophysical
properties from the starting aggregates can be attributed to the
vapochromic behaviour of the complex. The simple, reusable,
and economic paper-based sensor developed using this
complex showed high selectivity and sensitivity towards the
detection of n-butylamine vapours with respect to various
classes of VOCs under static conditions (Fig. 21).131

4. Mechanisms and modeling of Responsiveness

Compounds based on Schiff bases are well-known for their
dynamic covalent structure, which allows them to react to a
variety of stimuli. Schiff bases are characterised by the
reversible creation and cleavage of imines (C=N) bonds, which
is the main mechanism of responsiveness in these compounds.
For instance, an imine can hydrolyze in either an acidic or basic
environment, cleaving the C=N bond into its parent amine and
a carbonyl molecule. Higher temperatures cause cleavage due
to increased bond tension and enhanced molecular mobility.
Reversible changes in the structure, solubility, or aggregation
states can result from the stabilization or destabilization of the
imine bond by solubility effects. Coordination bonding in Schiff
bases can alter the electronic structure of the molecule, leading
to color variations. Other mechanisms, such as the ESIPT
process, require the transfer of protons within an excited
molecule, which forms a tautomer that emits fluorescence at a
different wavelength. Strong fluorescence characteristics are
displayed by the AIE mechanism when it aggregates. In such
cases, non-radiative relaxation pathways are suppressed and
fluorescence is enhanced by the limitation of intramolecular
rotation and vibration in the aggregated state. The ICT process
is based on a substantial shift in the electronic charge of a
molecule upon stimulation.

This journal is © The Royal Society of Chemistry 20xx
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Fig. 21 Vapochromic behaviour shown by ML? for n-butylamine; Reproduced from ref.
131 with permission from Elsevier, copyright 2024.

Density Functional Theory (DFT) stands out as a powerful tool in
modeling and simulating the dynamic, stimuli-responsive
behavior of Schiff bases. By providing a deep computational
insight into their electronic structures and molecular properties,
DFT allows us to predict how these compounds react to various
external stimuli, including shifts in pH, temperature, light,
solvent environments, and even interactions with ions. It offers
a detailed understanding of the electronic characteristics of
Schiff bases—Ilike the frontier molecular orbitals (HOMO and
LUMO), their energy levels, and the electron density
distribution—all crucial for explaining how these molecules
respond to different external triggers. DFT further sheds light on
the relative stability of various molecular forms, such as
different conformations with dihedral angles, tautomers, and
isomers, by calculating the total energy under diverse
conditions. Additionally, it maps out charge distributions and
dipole moments, revealing how Schiff bases might behave in
polar versus non-polar solvents. Since Schiff bases often form
complexes with metal ions, DFT can also predict key details such
as binding sites, coordination geometry, and binding energies,
which are essential for understanding their reactivity. The
insights from these calculations are invaluable for designing and
tuning Schiff bases for specific applications, from smart
materials to sensors.33:56,57,132-134 Different configurations of
intermolecular interactions provide precise mechanisms among
molecules.135 Here, some mechanisms and DFT studies have
been providing a deeper understanding of the multi-stimuli
behavior of Schiff bases.

4.1 ESIPT PROCESS

If the molecules may undergo keto-enol tautomerization in the
presence of a light photon, the proton transfer mechanism is
referred to as excited-state intramolecular proton transfer
(ESIPT). Between the keto and enol forms, a four-step
photoisomerization process is involved!3%137 (Scheme 8).
Intramolecular hydrogen bonds between a proton acceptor and
a proton donor can exhibit ESIPT behaviour, a proton donor can
be hydroxyl or amine, and a proton acceptor can be carbonyl or
imine.138 When the molecule's enol form is excited by
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photoexcitation, proton transfer or re-shifting occurs on a high-
speed time scale between the proton donor and acceptor,
resulting in the generation of the keto form. This excited keto
form emits light and transitions back to its ground state, where
it then converts back to the enol form through a thermal reverse
proton transfer process.13? A significant Stokes shift is produced
by the photochemical ESIPT process, which yields a tautomer
with an electronic structure (keto form) different from the initial
excited state (enol form).140-142 This reduces the tendency for
self-absorption and increases the quantum efficiency. The
entire visible spectrum can be covered by the broad,
controllable dual emissions of ESIPT fluorophores, resulting in
the production of a white light.143.144 Temperature, pH, and
solvent polarity are all potent external stimulators that interfere
with proton transfer and cause significant changes in
photophysical characteristics.124 138 145152 \/grious kinds of
intramolecular H-bond forming core units, such as salicylic acid,
flavones, benzophenones, benzimidazole, benzoxazole,
coumarins, quinolines etc. have been studied for building
efficient ESIPT fluorescent compounds.133-164 Shekhovtsov et al.
investigated the solvent and substituent as control factors for
the ESIPT process in 2-(2’-hydroxyphenyl)benzimidazoles (HBI).
Three major outcomes came into existence was, 1) The ability
of a solvent to form strong O — H--:O hydrogen bonds
suppresses ESIPT and promotes the emission of the enol form,
2) Substituents with a strong —I effect, when positioned ortho
to the hydroxy group, stabilize the keto form, 3) Twisted
intramolecular charge transfer is unfavorable in HBI, causing in
moderate to high photoluminescence quantum yields.165
Scheme 8 represents all levels of the photophysical process.
Tetraphenylethene-substituted Schiff base (L26) has shown
water-induced fluorescence with a shift from Kasha’s rule to
anti-Kasha’s rule emission. An amplified fluorescent quantum
yield accompanied this. In THF, the substituted Schiff base
emitted weak yellow-green following Kasha's rule, but when it
came into contact with water, the emission color changed to
bright sky blue due to unexpected anti-Kasha's emission. The
presence of an intramolecular hydrogen bond in L26 molecule in
THF increases mt-electron delocalization, leading to a decrease in
transition energy, which ultimately shifts the absorption peak
towards longer wavelengths (Scheme 8). This shift is attributed
to the ESIPT reaction occurring due to the excited state of the
keto tautomer.12!

4.2 AIE Mechanism

A unique fluorescence phenomenon known as "aggregation-
induced emission" (AIE) occurs when a specific type of molecule
produces higher fluorescence when aggregated, but very weak
fluorescence in solution.61%7 The AIE feature of organic
luminescent materials has demonstrated significant promise in
several applications such as light-emitting diodes,68
photodynamic treatment,®® fluorescent probes,'’° and so on.
This mechanism can be understood with the help of various
spectroscopic techniques such as NMR, DFT, IR, SEM, etc. The
free rotation along the C-C bond in one form can result in its
non-emissive nature by non-radiative deactivation in one
solvent, whereas in another solvent, where the polarity of
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compounds shifts, it can result in the formation of aggregates.
This aggregation can be accompanied® ByltEUATRTEHELLIOH,
which produces fluorescence spectra.?> AlE-active compounds
have a highly twisted skeleton with rotatable aryl units, which
results in loosely packed crystal structures. These structures can
be easily disrupted by mechanical stimuli, leading to a change in
the emission color. The presence of the D-A structure in the
extended m-conjugated molecules is crucial for organic dyes to
show MFC characteristics.17172 The spectroscopic and
characterization studies can help understand the mechanism
for the generation of bright luminescent aggregates. NMR and
DFT studies indicate that HL® exists in a bent benzenoid form in
solution, while IR and single-crystal data show a planar
quinonoid form in the solid state. SEM images at varying water
fractions support these findings. In acetonitrile, HL® remains
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Fig. 22 SEM image of HL® (20 uM) showing aggregates in different acetonitrile-water
mixtures (a) fw = 70% (b) fw = 90%. Fig. 5 (a) ORTEP diagram of HL® with ellipsoid of 30%
probability. Crystal packing in HL® molecule (b) showing C-H---1t interactions and (c) and
(d) showing C-H---O interactions; Reproduced from ref. 25 with permission from Elsevier,

copyright 2019.
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Bent benzenoid form g Planar quinonoid form
(frec rotation in solution N (restricted rotation in aggregated
staic) statc)

Tautomerization from benzenoid
1o quinonoid form

Two dimensional rod- like
aggregates formed at lower
waler fraction

Three dimensionsal blocks-
like aggregates formed at
higher water fraction

Aggregation starts with
increasing water fraction

Fig. 23 Proposed mechanism of aggregation-induced emission; Reproduced from ref. 25
with permission from Elsevier, copyright 2019.

non-emissive due to free rotation along the C-C bond. Adding
water alters the solution’s polarity, leading to aggregation of
molecules. The quinonoid form, more stable in the solid or
aggregated state, forms through simultaneous aggregation and
tautomerization. Though this planar form is less conjugated, it
is more emissive due to restricted C=C bond rotation within its
rigid structure (Fig.22).2> The AIE mechanism is well explained
using Fig. 23.

4.3 Dynamic bond and bond flexibility

One of the most popular and extensively employed methods for
synthesizing materials containing dynamic C=N imine (and
imine-type) bonds, which can be more reversible and
responsive in comparison to other dynamic covalent linkages
such as addition (e.g., Diels-Alder cycloaddition) and reversible
exchange (e.g., transesterification) reactions, is the Schiff base
reaction. The Schiff base reaction involves the formation of C=N
bonds (e.g., imines, hydrazones, oximes by combining a
carbonyl compound (less reactive ketones or aldehydes) with
amino-containing reactants (e.g., hydrazine, primary amines,
hydrazine)?l. Among these new bonds, imine bonds are more
sensitive towards pH due to their lower chemical stability in
aqueous medium, and thus can hydrolyze back to the reactant.
This high sensitivity towards pH makes the imine linkage more
responsive to stimuli. Hence, over the years, dynamic Schiff
base linkages have gained significant attention for the
fabrication of imine based self-healing material containing both
natural as well as synthetic polymers such as includes
chondroitin sulfate,'”3 hyaluronic acid,'%3dextran,'’4 xanthan
gum,175176 a|ginate,'”” micro- or nanocrystalline cellulose,’”
chitosan,17817% and its derivatives (polysaccharides), as well as
gelatinl80 and collagen8! polypeptides,®2 and benzaldehyde-
modified poly(ethylene glycols) etc.

4.4 ESIPT-induced AIE properties

SAs, Schiff bases derived from salicylaldehyde and aniline
derivatives are notable for their photochromic and
thermochromic capabilities, with color changes caused by enol-
keto tautomerism, which includes cis-trans isomerization as
well as protonation.183-186 Various publications demonstrate the

This journal is © The Royal Society of Chemistry 20xx

AIE mechanism of SAs for thermo- and photochromig hehavior.
Also, TPE, known for its twisted molecllaF €6 HFoTMAGO A
strong aggregation-induced emission, is widely utilized in
designing stimuli-responsive materials.187 Thus, incorporation
of TPE into Salicylideneanilines (SAs), an AIE active molecule,
results in the occurrence of excited-state intramolecular proton
transfer (ESIPT) along with AIE, resulting in distinguished
photochromic behavior in the solid state.l8818% The excited-
state intramolecular proton transfer-induced AIE can be
enabled by suppressing cis-to-trans isomerization by exploiting
the relatively compact crystal packing and polymorphic
behaviour of HL2’s, thus causing an efficient thermochromism.
The thermochromic behaviour of solid-state HL2? is caused by a
two-step isomerisation process involving the enol isomer and
the cis- and twisted cis-keto isomers, according to theoretical
calculations. The chromic transitions could be caused by the
reversible interconversion of different twisted cis-keto forms
during the heat isomerisation process.190

HL2%, having a TPE moiety, is twisted with large torsion angles
(48°-53°) due to steric hindrance. The two phenyl rings joined
by a C--N bond have a dihedral angle of 27.33° (Fig. 24a, b). The
intramolecular hydrogen bond (O-H-N, 1.893 A) facilitates enol-
keto tautomerism from the OH group to the nitrogen atom,
leading to ESIPT emission.1?1 Along the c axis, staggered parallel
salicylaldehyde groups (head to head) and TPE groups (tail to
tail) join neighboring molecules to form a symmetrical one-
dimensional structure like a goldfish. Intermolecular
interactions between adjacent TPE moieties along the b axis
(distances of 4.507 and 5.045 A) allow for the tight packing of
molecules in the crystal structure (Fig. 24c). These interactions
also prevented the free rotation of TPE's benzene ring and
significantly accelerated the radiative decay of the excited state.
192 |n the meantime, adjacent salicylaldehyde groups adopted
slipped m-m stacking, resulting in weak m---mt stacking
interactions,%3 with a m---mt distance of 4.507 A and a significant
slippage angle of 42.87 (Fig. 24d)

Comformation

Intermolecular interaction Packing

Torsion angle (*)
8'=5297 @=50.77
#=47.75 #=4775

Dihedral angle (°)
8=27.33

Distance (A)
a=1.893

Distance (A)
b=4.404
d=4.507
f=3.065

Slippage angle (°)
8=42.87

c=5.045
e=3.305

Fig. 24 (a,b) Single-crystal structure and packing of HL?® along the c axis (c) Neighbouring
group distances of TPE moieties from the b axis. (d) Slippage angles. Close proximity
between (e) adjacent N and (f) separated neighboring salicylaldehyde groups in HL2%
Reproduced from ref. 190 with permission from Elsevier, copyright 2024.
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Salicylaldimine groups were found to be regionally packed,
despite the close proximity of 3.475 A between neighboring
nitrogen atoms (Fig. 24e). As well, the bulkiness of the
methoxyphenyl group would have hindered the isomerization
between salicylaldehyde amine groups (Fig. 24f) due to the lack
of space between neighboring groups with the same
conformation (Fig. 24f). It is possible that this conformational
restriction may have hampered cis-trans isomerisation of the
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Fig. 25 (a) DFT-calculated relative energies for HL2 in the absence of solvent with
different conformations from the enol to cis-keto to trans-keto forms. (b) Frontier
molecular orbits and HOMO and LUMO energies of HL2 isomers (c) Twisted structure in
the cis-keto*form (d) Schematic representation of the in activation of HL? with keto-
enol form via ESIPT, Twisting and GSIPT; Reproduced from ref. 190 with permission from
Elsevier, copyright 2024.

cis-keto form in the solid state and contributed to HL2's AIE
fluorescence.® The degree of difficulty of the isomerization
reaction can be ascertained by plotting potential energy curves
using various molecular conformations. The DFT calculation
shows that the energy difference between the enol and keto
forms was 0.94 eV. Fig. 25a indicates that the enol form is more
stable than the keto form. The twisted form of the cis keto
conformation that comes from 60 (rotation of salicylaldehyde
benzene is unstable because of large energy barriers (clockwise
(E=0.73 eV) and anticlockwise (E=0.90 eV) following heating;
this trans keto is missing and the color quickly returns. By
examining frontier orbital energies, Fig. 25b illustrates how the
isomer's fluorescence changes. As the energy gap narrows, a
thermally induced red shift occurs. Figures 25c and d provide
insights into the molecular motion of ground and excited states
of the isomer using TD-DFT. Transformation of enol to cis keto
form through the ESIPT process as a result of the occurrence of
red shift. 190

4.5 Intramolecular Charge transfer ICT Transition
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Tetraphenylethene-based Schiff base ligand exhihjted hoth, an
AIE behaviour and a hallmark of converitfdn#l 1CT/ Pué eglehRé
prevention of C=N isomerisation in ligands, the boron complex
(HL%) produced bright AIE phenomena, red-shifted and
increased emission, and reversible high contrast
mechanofluorochromic behavior. The synthesized HL> sample
exhibited a significant spectrum shift from 498 to 595 nm, as
well as an emission colour change from brilliant green to orange
upon grinding.”® Molecular conformation and stacking mode
data must be gathered to investigate the multi-stimulated
response pathway further. By gradual crystallisation from a THF
solution at room temperature, three environmentally
responsive chromotropic molecules were produced as single
crystals. According to the crystal data, HL!3-H is monoclinic with
a space group of P21/c, while HL3-Cl is a member of the triclinic
system with a space group of P-1. Whereas HL!3-Cl has two
molecules arranged in antiparallel rt-it stacking within each unit
cell, HL'3-H contains four molecules per unit cell, generating a
quadrature structure.>>

In the solid state, intermolecular hydrogen bonding (1.870 A for
HL3-H and 1.862 A for HL!3-Cl) improves stability (Fig. 26). HL3-
Cl exhibits a J-aggregate stacking mode with an interplane
distance of 3.324-3.364 A, whereas HL3-H forms a 2D network
structure that is expanded by intermolecular contacts. HL3-Br
is stacked and arranged similarly to HL!3-Cl. Fluorescence
properties are influenced by several factors such as hydrogen
bonds, stacking modes, and intermolecular interactions.18%-191
Rigid intermolecular rotation limits luminescence in the single
crystal structures of HL!3-R, causing aggregation-induced
emission and mechanochromic characteristics.>®

The use of electron-hole analysis and Kasha and anti-Kasha's
rule to discuss L2¢ fluorescence behaviour has been reported by

Fig. 26 Representation of structures of crystals and the molecular stackings of HL'3-H (A)
and HL1-Cl (B); Reproduced from ref. 55 with permission from Elsevier, copyright 2023.
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Sun et al. In essence, complex molecules in the condensed
phase are the subject of Kasha's rule, which deals with
photophysics. No matter which electronic state of equal
multiplicity is excited, if each molecule absorbs one photon
under photostationary conditions, the corresponding emission
from the first excited electronic level is guaranteed by the fast
internal conversion and vibrational relaxation.1%> The effects of
component that clarifies the
mechanics underlying excited-state changes.1®® Fig. 27 A and B
clearly show the L2¢ fluorescence behaviour in water, which
interacts with the water to cause a red shift. Intermolecular H-
bonds between L26 and water molecules will progressively form
upon the addition of water. Electron—hole analysis further
revealed that, whilst the electron of the S; state is largely
localised in the TPE molecule (Fig. 26D), the electron of the S,
state of the solvated keto structure exhibited a significant
distribution in the 2-hydroxy-5-cyanobenzaldehyde
fragment.’®” Furthermore, the internal conversion rate
between S, and S; of the solvated ketone structure will be
significantly reduced due to the wide energy gap (0.54 eV)
between S;and S;.198199These experimental and computational
results confirmed the anti-Kasha property of solvated L26.
Nonetheless, the emission properties of L2 in THF
corresponded with Kasha's rule, as demonstrated by
fluorescence spectrum data and theoretical calculations (Fig.
27A and C).121 Under the influence of water, Kasha's rule
emission of this molecule clasps into a typical anti-Kasha's rule

anti-Kasha offer a crucial

Electron . Hole
o I .
2 ,vﬁw
4‘ - ““

]
Fig. 27 PL spectra of L26 compound in THF (A) and 10% water fraction with THF after 12
h standing (B). (C) and (D) Optimized keto structure of L2 and pertinent calculated
orbitals of solvated keto structure for S1 and S2 state; Reproduced from ref. 121 with
permission from Elsevier, copyright 2021.

emission, which should essentially explain the fluorescence
switch's distinctive dynamic stimuli-responsiveness.

5. Biomedical, Environmental and Industrial
Applications

In the above discussion, multi-stimuli responsiveness is shown
in Schiff base-based monomers, polymer, and complexes. Due
to these behaviors, a wide variety of applications is possible.
The hydrophobic monomer QHPMA, MAA) and a small amount
of PEGDA as a chemical crosslinking agent were used to
synthesize hydrogel by free radical polymerization. The
maximum tensile fracture stress reached 1.39 MPa, with a
maximum tensile fracture strain of 162% and toughness up to

This journal is © The Royal Society of Chemistry 20xx

1.21 MJ/m3. Additionally, the mechanical properties. of the
hydrogel can be regulated and enhancedby Zh2030RN"PHE P20
hydrogel exhibited highly selective fluorescence properties for
Zn?*,

intensity increased to 1851% of its value before complexation,

At a Zn?* concentration of 0.1 M, the fluorescence

and this intensity could be regulated by varying the zZn?**
concentration. The introduction of the hydrophobic monomer
(Z)-N-(4-(2-(quinoline-2-methylene)hydrazine-1-carbonyl)
phenyl)methyl acrylamide (QHPMA) has provided the hydrogel
with anti-swelling properties and enhanced mechanical stability
in water. Additionally, the incorporation of Schiff base-Zn?* ion
coordination endowed the hydrogel with strong antibacterial
properties. Building on these improved properties, the P20
hydrogel was developed and tested for underwater storage,
dual shape memory functions, fluorescence encryption writing,
and fluorescent solvent response. This high-strength, anti-
swelling, and tough, fluorescent hydrogel shows potential for
applications in underwater sensors, shape memory materials,
solvent detection, and other related fields. Fig. 28 demonstrates
very well this phenomenon.>3

Schiff base chelates have also enabled temperature monitoring

{d)

o] W

) e

“m” W
= -

Fig. 28 Various applications of P20; (a) Fluorescence encryption writing and erasure
process; (b) Intensity of hydrogel soaked between Zn?* and EDTA solution; (c)
Fluorescence emission spectra; (d) Optical images after soaked in mixed solvents with
different ratios of water and DMSO (e) Underwater fluorescence information storage
process in visible and UV light; (f) Study of fluorescence curve of hydrogel after soaked
in water during 5 days; (g) Shape memory function; (h) Bacteria plate figure for
Escherichia coli and Staphylococcus aureus for detecting antibacterial activity;
Reproduced from ref. 53 with permission from Elsevier, copyright 2022.

and imaging by leveraging their phosphorescence decay times.
Optical oxygen sensing requires a longer decay time and high
phosphorescence brightness. Due to the high optical
transparency and good oxygen permeability, Dye immobilized
on polystyrene has shown immense potential in this area. In
addition, it exhibits good mechanical properties, chemical
robustness, and photophysical properties comparable to those
of the solution. The immobilization of the dye causes a
reduction in the decay time and luminescence quantum yield (F
=0.38 and t = 7.3 ms at room temperature and under anoxic
conditions) since some of it may aggregate in the polymer.2%0
Polymeric phase change materials (PCMs) have attracted
significant attention due to their no-leakage properties and
significant latent heat capacity, making them valuable for
thermal management. However, their flammability, limited
recyclability, and low energy storage density have posed long-

term challenges, restricting their applications in sustainable
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energy solutions. Linear polymeric solid—solid-PCM P1 offers
easy fire safety, recyclability, and high heat transition capacity
by incorporating an aromatic Schiff base structure into its hard
segment. Although P1-4000 has a low LOI value of 21%, it
demonstrates good fire-resistance performance in the candle
test (Fig. 29a). The potential of P1 for thermosensitive imaging
due to their efficient thermal energy storage and release (Fig.
29b) Using P1-6000, patterned
nonwoven fabric and were tested by heating and cooling (Fig.
29c). The phase change in HPPEG6000-PU caused the patterned
areas to exhibit higher temperatures and brighter patterns in

letters were created on

thermal images. The stability of the patterned letters (SCU),
even after temperature changes, demonstrates P1-6000
suitability for thermosensitive imaging applications (Fig. 29d).
This phase change material (PCM), can help manage thermal
peaks in electronic components due to its shape stability (Fig.
29f) and high thermal energy storage capacity. When applied to
refrigerator's heating device, P1-6000
maintained a stable temperature of about 46°C, which is

the surface of a

significantly lower than the original 52.2°C (Fig. 29e). This
stability is attributed to the solid—solid phase transition of P1-
6000, making it an effective solution for managing overheating
and storing excess heat in electronic devices.>? HL2%'s fast and
reversible thermochromic activity has made it an attractive
candidate for thermochromic textiles, warning labels, thermal
printing, as well as reversible patterning displays. Thermally and
chemically stable AI203 is physically blended with HL20 and
evenly dispersed onto the mold before being scraped to obtain
the desired pattern. The fabricated fish pattern using HL2%/
Al,03(1:2, v/v) displayed almost the same color during 5 heating
and cooling cycles. A warning label or temperature-sensitive
sticker can serve as a warning indicator of high temperatures
(Fig. 30). Similarly, mixing HL29 with white ink paste at various
proportions is used in thermal printing, such as stamp printing,
as shown in Fig. 30e, with a good reversible color shift. As
expected, the composite materials' PL spectra (Fig. 30f) peaked
at 580 nm; compared to HL2%, the combined ink paste exhibited
higher fluorescence intensity at temperatures ranging from 25
°C to 85 °C. This can be explained by HL2%'s restricted
intramolecular mobility in the viscous environment of the ink.
190 A novel optical display device was developed to leverage the
irreversible photochromic and reversible thermochromic
properties of a chiral salicylaldehyde Schiff-derived molecule
H,L22,
sandwiching the sample between transparent and black glass
layers and exposing it to UV light through a "USTB" mask, thanks
to the photochromism of NACN-doped liquid crystals (LCs). As
the temperature increased from 20°C to 60°C, the color
changed to red and the irradiated LCs became more isotropic,

Blue text on a yellow background was created by

making the letters stand out on a black background. When
temperatures exceeded 65°C, the liquid crystals lost order,
causing the text to vanish. During cooling, pressing the device
switched the LC state, bringing the hidden message to life. At
intermediate temperatures, text selectively appeared in non-
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irradiated zones, shifting hues with the cooling process. This
innovative approach allows the device X9l t€d6ra/AndApelH
information through light and heat, offering a promising
solution for privacy display technologies.33 By connecting the
amino groups of carboxymethyl chitosan (CMCS) with the
aldehyde groups of oxidised hyaluronic acid (OHA) via a Schiff
base reaction, a multifunctional hydrogel was created. This
adaptable hydrogel P7 is suitable for 3D printing, where the
print head is combined with two precursor solutions (CMCS and
OHA) before printing. For example, Fig. 30 (g) illustrates the
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Fig. 29 (a) Fire-resistance performance by candle test of pure PEG, PEG4000-PU, and P1-
4000; (b) Total heat release rate curve; (c) Imaging of thermosensitivity of P1-6000 in
nonwoven fabric during heating or cooling; (d) infrared images (e), time—temperature
curves, and shape stability (f) of P1-6000 on the refrigerator; Reproduced from ref. 52
with permission from Elsevier, copyright 2022.

effective printing of a petal-shaped hydrogel using a 6% solution
of both OHA and CMCS. The application potential of intelligent
hydrogels is greatly increased when they are combined with 3D
printing. Research on the mechanical strength of 3D-printed
hydrogels demonstrates that they are comparable to that of
traditionally manufactured hydrogels, as seen in Fig. 30 (g, h).
Furthermore, by modifying the precursor concentration during
the printing process, these hydrogels' mechanical properties
can be adjusted to meet various functional needs. The
integration of state-of-the-art hydrogel materials with 3D
printing technology opens up new and flexible applications.201
Shen et al. showed that aldehyde-containing probes can
effectively modify lysine residues in aggregated proteins. The
results of spectral analysis, mass spectrometry, and
electrophoresis demonstrated that Schiff base production was
primarily observed in aggregated proteins rather than folded
ones. This recently found chemical response held for many
protein types and probe derivatives. The solvatochromism of
the probe following Schiff base formation in living cells revealed
in the polarity and morphology of the

aggregated proteome. This work paves the way for exploring

variations local

other covalent reactions to design probes and sensors for

analyzing protein misfolding and aggregation processes.20?
Apart from these applications, Zn(ll) complexes, specially Schiff

This journal is © The Royal Society of Chemistry 20xx
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base complexes, owing to their promising luminescent
properties, have also been utilized for the generation of ZnO
nanoparticles via thermal decomposition of the complex for
their further exploitation for various biomedical applications

due to their fluorescence properties. 203

Here, Table 1 summarizes all the Schiff base Crystals,
complexes, and their polymers along with their precursors,

stimuli behavior, and applications.
6. Future perspective and challenges

This review highlights the substantial advances in the
development of various stimuli-responsive materials through
Schiff base chemistry. Owing to their unique structural and
chemical properties, Schiff base ligands can easily conjugate

with metal ions and diverse polymeric systems. This flexibility
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Fig. 30 (a) Schematic presentation of the patterning process using a mask with HL2/Al,03
powder (1: model; 2: scraping pattern with; 3: brushing pattern with HL2 color paste; 4:
obtained pattern); (b) Pattern printing using HL?® and white ink paste using images of c)
fish, d) orchid, and e) bird patterns; f) Corresponding temperature-dependent PL spectra
of HL2® composites; Reproduced from ref. 190 with permission from Elsevier, copyright
2024; (g) Optical information recording and thermal-driving memory display process for
H,L%; Reproduced from ref. 34 with permission from RSC, copyright 2020; (h, i) 3D
printing of hydrogel P6; Reproduced from ref. 201 with permission from Elsevier,
copyright 2023.

enables the creation of materials with a wide range of
properties, including improved conjugation, mechanical
strength, stretchability, and switchable behavior in electron
transfer processes, making them great candidates for smart,
responsive systems. One of the key advantages of Schiff base
reactions is their simplicity in chemical synthesis. Furthermore,
when the C=N bond is conjugated with an aromatic system, it
can form an extended conjugate structure with distinct features
from a single aromatic unit. For instance, Schiff base linkages
with compounds like coumarin, TPA, TPE, pyridine, and other
heterocyclic or polymeric systems—including LA, PEG, PVA,
hyaluronic acid, VMA, amino acids, protein chain,
carboxymethyl chitosan, and aminoethyl methacrylate—offer
tremendous potential for multi-stimuli responsive behavior.
Applications such as sensing, self-healing, adhesiveness, 3D
printing, drug delivery, temperature control, antifatigue
materials, and robotics could be possible only due to enhanced
stimuli-responsive behavior using this chemistry. Schiff bases
derived from salicylaldehyde, naphthaldehyde, and their

This journal is © The Royal Society of Chemistry 20xx

substituted variants exhibit promising applications,jp,areas sHgh
as chemical sensors, pressure sensors, &l Ehtiéa(iterféiting
technologies, leveraging mechanochromic, thermochromic,
piezochromic, and acidochromic properties. In 2023, Zhu et al.
utilized the dynamic characteristics of imine formation to
introduce a solvent-responsive approach for the intelligent
transition between an amorphous ionic polyimine membrane
and a crystalline organic molecular cage. Remarkably, this
transformation occurs without the need for additional building
blocks, as the aldehyde and amine components self-correct in
response to the solvent environment, adapting to form either a
polymer network or a molecular cage.?%* This phenomenon
illustrates the capacity of imine chemistry to facilitate the
development of intelligent, adaptive materials that respond to
Despite their developments and
practical applications, Schiff base-based multi-stimuli materials
confront several substantial obstacles. One major concern is the
difficulty of synthesizing these materials with the necessary
characteristics due to the instability of Schiff base couplings,
which might degrade with time. The need for exact design,
especially in hydrogels, complicates synthesis and can result in
poor mechanical stability and restricted strength. Furthermore,
environmental sensitivity, such as interference in pH-responsive
materials in complex environments, hampers their
operation.204-206  Although Schiff base-based multi-stimuli
materials have enormous potential for a wide range of
applications, various challenges must be addressed before they
can be completely realized. These challenges include complex
synthesis processes, optimizing mechanical properties,
sensitivity to environmental factors, scaling up production, and
the need for advanced tools and techniques for
characterization. Addressing these challenges will require
interdisciplinary collaboration among chemists, materials
scientists, and engineers to develop innovative solutions that
enhance the functionality and practical applicability of Schiff
base-based materials in real-world scenarios.

environmental stimuli.
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Table 1 Schiff base organic crystal, metal complexes, polymeric system showing stimuli-responsive behavior and various applications

S.N. Responsive behaviour Material types Schiff-based Starting material Characteristic properties Applications Ref.
material
1. Mechanochromism, Schiff base HL! 4-(diphenylamino)benzaldehyde, 3-hydroxy-2- Twisted conformation and weak Smart devices 61
Luminescence Organic Crystal naphthohydrazide intermolecular interactions(C-H--m,
-1, and hydrogen bonds)
2. Mechanochromic Schiff base Hal? 2-hydroxy-1-naphthaldehyde, N?, N°-bis(2- Solvent Molecule-Dependent ability to act as a sensitive 57
luminescence Organic Crystal aminophenyl)pyridine-2,6-dicarboxamide Acidochromism chemosensor for the Cu?* ion
3. Mechanochromic and Schiff base zinc ML3 3-(2-benzothiazolyl)-2-hydroxybenzaldehyde, an Smaller dihedral angle and strong smart fluorescent materials 70
acidochromic Complex aromatic amine (R-NHz) and Zn(l1) intermolecular interactions provide red
shift emission
4. Mechanofluorochromic Schiff base HL? 3,5-di-tert-butyl-2-hydroxybenzaldehyde, 4- Combination of locally excited stete(LE), COs? and Zn?* detection and 56
fluoroborate (1,2,2-triphenylvinyl)aniline Intramolecular charge-transfer(ICT), reversible
complex ESIPT and AIE mechanism mechanofluorochromism
5. Mechanofluorochromic Schiff base HL Tetraphenyl ethene, BFs.Et20, 2-hydroxy-1- intramolecular charge transfer, - 73
fluoroborate naphthaldehyde aggregation-induced emission
complex
6. Mechanochromic Schiff base Zn H,L® Salicylhydrazide, Zinc nitrate and (E)-2-hydroxy- C-H---1t and hydrogen bond interaction Good luminescent behaviour 74
complex N'-(quinolin-2-ylmethylene)benzohydrazide
7. Mechano optical Schiff base ML” 4-(diphenylamino)benzaldehyde, 3- phase transition from the crystalline to detection and information 62
Zinc complex aminopyridin-2(1H)-one the amorphous state. storage
8. Mechanochromic- Schiff base HoL™ Nicotinic hydrazide and 5-bromosalicylaldehyde configuration changing process , and Chemosensor 127
photochromic Zinc complex ESIPT process, intramolecular hydrogen
bonds
9. Vapochromic and Schiff base ML2 2-hydroxy-4-(undecl0-enyloxy)benzaldehyde, Aggregation induced emission Detection of n-butyl vapour 131
vapoluminescence Zinc complex 2,3-diaminomaleonitrile
10. Optical and temperature Schiff base ML 4,5-diaminophthalonitrile, 4-(dibutylamino)-2- Luminescent Optical oxygen sensing, 200
metal hydroxybenzaldehyde Optical temperature sensing
complexes and imaging

Please do not adjust margins



http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5ma00109a

Open Access Article. Published on 19 August 2025. Downloaded on 8/27/2025 12:19:3

This articleislicensed under a Creative Commons Attribution 3.0 Unport

Materials Advancesi: i -1 =111 Page 26 of 33
Journal Name ARTICLE
11. Thermochromic Schiff base ML, ML chloro(trimethyl)silane, Zn(OAc)2:2H:0, 3-(Bis(2- long luminescence decay times sensor for long-term 205
Zinc ethylhexyl)amino)phenol, and 4-(3,6-di-tert- temperature monitoring
complexes butyl-9H-carbazol-9-yl)-2- oxygen-scavenging
methoxybenzaldehyde, Biaxially oriented capabilities
polyethylene terephthalate (PET)
12. Hydrostatic pressure P3 TPE and Rhodamine-B shearing and fluorescent 65
hydrostatic pressure switch with multicolored
Luminescent change
13. Thermochromic Schiff base HalY7, Hql '8 3,3'-(4-nitro-1,2-phenylene)bis(diazene-2,1- Thermochromism behavior due to Multi-stimuli 7
organic diyl)bis(2-hydroxy-5-nitrobenzaldeyde), 2- change in m-electron configuration
Crystals hydroxy aniline, 2-amino-4 nitrophenol induced by IPT in the ground state,
14. Thermochromic Schiff base P1 Methylene diphenyl diisocyanate, p- Thermal property and shape stability Fire safety, Thermosensitive 52
polymer Hydroxybenzaldehyde, p-phenyl imaging and thermal
Enediamine, N,N-Dimethylformamide management
15. Thermochromic Schiff base@ H:LB2@MOF- 4-((2-hydroxybenzylidene)amino) benzene ESIPT mechanism remote control, thermal 34
MOF with 808/PP-25 sulfonicacid (HBABSA), MOF-808, polyvinyl sensing, intelligent batteries
polymer alcohol (PVA) and poly(2-acrylamide 2-methyl-1-
matrix propane sulfonic acid) (PAMPS) as polymer
matrixes
16. Thermochromic Schiff base HL® 4-(1,2,2-triphenylvinyl)aniline 4-methoxy-2- ESIPT inspired AIE properties, warning labels, 190
organic crystal vinylphenol Polymorphism thermochromic textiles,
andthermalprinting
17. Thermochromic Schiff base HoL? 2,2"-Bis(trifluoromethyl)benzidine, enol-keto isomerization, AIE properties, - 80
organic crystal salicylaldehyde aggregated state, and excited state
intramolecular proton transfer (ESIPT)
process involved
18. Mechano, thermo, ,pH Schiff base HLB 3-amino-7-diethylamino coumarin, AIE, Hydrogen bond, intermolecular Multilevel anti-counterfeiting 55
organic crystal Salicylaldehyde interaction label

This journal is © The Royal Society of Chemistry 20xx
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19. Thermo-pH Schiff base P2 N-isopropyl acrylamide, DMAMVA, and styrene Polymer chain’s separation technology 129
polymer hydrophilic/hydrophobic groups of biomolecules
strongly affect the contact angles in
water and pH of solutions
20. Thermo-Opto Schiff base HL22 2,4- dihydroxybenzaldehyde, 2-ethylhexyl Intramolecular hydrogen transfer from responsive materials for 3
organic crystal bromide, 1,1'-bi-2-naphthol, p-nitrobenzoic acid an enol structure to cis-keto structure privacy information displays
in NaCN.
21. Thermo and stress Schiff base Dendritic OEG unit OEG based dendridic macromonomer and Dendritic OEG units and imine bond for Self-healing 206
polymer with schiff base aminoethyl methacrylate thermal, pH and stress responsive and
tunablility
22. Thermal and vapor Schiff base Zn 5-t-butyl-2-hydroxybenzaldehyde, 2,3- mechanochromic and acidochromic Chemosensors( Vapochromic 130
Complex ML diaminomaleonitrile- properties Detection of Volatile Organic
Compounds)

23. Mechanochromism, Schiff base HL© 4-diethylamino-2- ESIPT and AIE Mechanism discriminating CHCls from 185
thermochromism, organic crystal Hydroxybenzaldehyde, ethyl nitroacetate, organic solvents assisted by
protonation effect piperidine UV irradiation

24, Stress-Strain Schiff base P4 Poly(ethylene glycol) methacrylate (PEGMA), Bond flexibility Smart material 207

polymer 4-carboxybenzaldehyde, benzylideneaniline, Self-healing and remolding
N-(4-methylbenzy-lidene)-3-chloroaniline and
methylene diphenyl diisocyanate (MDI), and
4,4'-diaminodiphenyl methane (DDM)
25. Stress-strain Schiff base P5 Dialdehyde-modified hyaluronic acid (HA), Bond flexibility, Dynamic covalent drug delivery, bioprinting, 103
polymer Cystamine bonds smart robots and tissue
regeneration
26. Stress-strain and thermal Schiff base P8 Indole-3-carboxaldehyde, 4- synergistic effect of hydrophobic temperature control 36
polymer aminobenzohydrazide, methacryloyl chloride, association of IHPMA and multiple materials, anti-fatigue
MAA, PEGA, Triethylamine hydrogen bonds of PEGA, P(MAAPEGA- | materials and flexible sensors.
IHPMA) hydrogel, excellent mechanical
properties, Fluorescence properties
with Zn?
27. Stress-strain Schiff base combination of VMA, ethyl cellulose macroinitiator and LA coordination between dynamic imine Adhesive strength and self- 208
polymer RAFT bonds and polymer chain movement healing ability
polymerization and capability
the formation of
Schiff base bond.
28. Stress-strain Schiff base P6 CMCS and OHA Dynamic bond 3D printing 201
polymer
26 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx
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29. Stress-strain Schiff base P7 poly(vinyl alcohol) PVA, 4-formylbenzoic acid, Bond flexibility self-healing ability and the 102
polymer 3,4-diaminobenzoic acid (3,4-DABA) and 4- mechanical properties for
(dimethylamino) pyridine biomedical applications
30. Piezochromic Schiff base HL® 3-amino acetophenone, 2-hydroxy-1- -1t stacking, pressure sensing, data 2
organic crystal naphthaldehyde AIE emission storage, security technologies
31. Solvent Schiff base L2 4-tetraphenylethenyl amine, 3- aggregation-induced emission data security, data protection, 21
Organic crystal formylbenzonitrile enhancement (AIEE) property fluorescence detection
32. Solvent Schiff base L 2-hydrazinyl-4.6-dimethylpyrimidine, pyrene-1- | Solvatochromic behavior due to polarity potential sensor for 122
Organic crystal carbaldehyde of medium and hydrogen bonding quantitative detection of Hg?*
properties in different samples
33. Solvent Schiff base L28 9-anthracenecarboxaldehyde and aromatic Solute-solvent interaction with relative Fe3* sensing 17
Organic crystal amine polarites in ground and excited state
34. Solvent Schiff base P20 4-Aminobenzohydrazide, 2- high-strength, tough, and anti-swelling underwater sensors, solvent 53
polymer Quinolinecarboxaldehyde, methacryloylchloride, fluorescent hydrogel detection, shape memory
methacrylic Acid, diacrylate, Zinc acetate materials
dihydrate
35. Solvent Schiff base L2, 130 2-Amino-4-methylben Different Polarity with solvents Metal ion detection 123
Organic crystal zothiazole and 2-amino-6-chlorobenzothiazole
36. Solvent Schiff base HL3 3-ethoxy-2-hydroxybenzaldehyde, 4- ESIPT Mechanism Optoelectronic device 124
Organic crystal aminotoluene technology,
chemosensing, biologi
cal or clinical application,
and solar cell designs
37. Solvent Schiff base P19 (E)-5-(4-(dimethylamino)styryl)thieno([3,2- N-bridge formation, ICT covalent probes and sensors 202
polymer b]thiophene-2-carbaldehyde, Protein chain to analyze the protein
misfolding and aggregation
38. Solvent Schiff base L32 5-Aminoquinoline, 2,5-Dibromothiophene-3- n-* Transition, ICT, H-bonding Diverse applications of Schiff 125
Organic crystal carboxaldehyde bases in AIEE and analyte
detection.

This journal is © The Royal Society of Chemistry 20xx
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Abbreviations
TICT Twisted Intramolecular Charge Transfer
AIE Aggregation-Induced Emission
TPE Tetraphenylethene
THF Tetrahydrofuran
DFT Density functional theory
LE Locally Excited
PEG Polyethylene Glycol
MAA Methacrylic acid
THF Tetrahydrofuran

HLCT Hybridized Local and Charge Transfer

AIEE

TFA

TEA

PEG

CMCSs

OHA

MSH

PU

ICT

PXRD

DCM

MFC

HOMO

FESEM

VMA

LA

DMAMVA
acrylate

HBI

Sas

HBABSA

RAFT
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DOI: 10.1039/D5MA00109A

Aggregation-induced enhanced emission

Trifluoroacetic acid

Triethylamine

Polyethylene glycol

carboxymethyl chitosan

Oxidized Hyaluronic Acid

Metallo-Supramolecular Hydrogels

Polyurethane

Intramolecular Charge Transfer

Powder X-ray Differaction

Dichloromethane

Mechanofluorochromic

Highest Occupied Molecular Orbital

Field Emission Scanning Electron Microscopy

Vanillin methacrylate

Lauryl methacrylate

2-((dimethylamino)methyl)-4-formyl-6-methoxyphenyl

2-(2'-hydroxyphenyl)benzimidazoles

Salicylideneanilines

4-((2-hydroxybenzylidene)amino)benzenesulfonic acid

Reversible Addition-Fragmentation Chain Transfer
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(2)-N-(4-(2-((1H-indol-3-yl)methylene)hydrazino-1-

carbonyl)phe nyl)methacrylamide

OEG Oligoethylene Glycol

PET Polyethylene Terephthalate

Pt-TFPP Platinum(ll) meso-(pentafluoro phenyl)porphyrin
PEGMA Poly(ethylene glycol) methacrylate

PAMPS Poly(2-acrylamide 2-methyl-1-propane sulfonic acid
MDI Methylene Diphenyl Diisocyanate

DDM 4,4'-diaminodiphenyl methane

HA Hyaluronic acid

3,4-DABA  3,4-diaminobenzoic acid

TPA Triphenylamine

QHPMA (Z)-N-(4-(2-(quinoline-2-methylene)hydrazine-1-

carbonyl) phenyl) methyl acrylamide

PEGDA

Polyethylene glycol diacrylate
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