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Abstract

intelligent wearable devices to a broad variety of configurations. The incorporation of fea-

tures into conventional fabrics is one of the reasons why chromatic textiles are being consid-
ered. The goal of this study is to present and discuss the overall usability of chromic textiles by evalu-
ating recent breakthroughs in order to pave the way for future research in this field. This will be accom-
plished by describing the overall usability of chromic fabrics. A comprehensive review of the recent
advancements in smart chromic textiles is offered here, with the current state of the art serving as the
basis for the presentation. All aspects of chromic textiles, including their applications, experimental
verification, performance characterization, main barriers, and future research targets, are investigated.
Keyword: Smart dyes, color change, chromic dyes, thermchromic, photochromic

When woven into fabric, color-changing fibers have the potential to extend the capabilities of

certain dyes. A good example of electrochromism is

Introduction phthalocyanine dye. Polyaniline is a common elec-
Dyes have traditionally been used in textiles for trochromic substance. Elec_trochromic des can glso
colouring purposes. Previously, consumers pur- be used to create smart window curtains that filter

chased textiles for their aesthetic value. Consumers sunlight correctly and also camouflage is one of the
now have several options as they can get a colored application of Electrochromic dyes. [1, 5]

textile, not only normal textile dyed with traditional

dyes, but also fabrics dyed with a smart dyes that has

a chromic effect. [1] Chromic concepts are given S

names with the suffix chromism followed by a prefix

that refers to the stimulus that caused the colour

change. [2] Through induced stimuli (temperature,

humidity, brittleness, pH, ionic characteristics, Solvatochromic
chemicals, etc.) as shown in Figure 1, several natural
or manmade materials display optical changes (col-
our, transparency, reflectance). [3] These substances
are referred to as "chameleon" or "chromogenic ma-
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Electrochromic dyes are based on electrochrom-
ism, which involves reversible colour changes
caused by electricity (electronic gain and loss). This
mechanism is common in transition metal oxides,
which conduct both electricity and ions. A strong
electric field has been found to change the colour of
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Figure 1: Examples of Color change of chromo-
genic materials on the basis of the stimuli involved

(6]
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Chemo chromic dyes

Chemo chromic dyes shift colour due to pH vari-
ations. pH sensitive dyes include phthalides, fluo-
ranes, triarymethines, and simple azo dyes. As meth-
ods of application for chemo chromic dyes, conven-
tional exhaust dyeing, solgel technique, and before
addition to electrospinning solution have been re-
ported. Chemo chromic dyes can be used to detect
proteins (of particular bacteria) based on colour
change. This color-changing identification reveals
the presence of bacteria in textiles. As a result, the
application field of chemochromic dyes can be ex-
panded to include medical textile bandages. [7, 8]

Solvatochromic dyes

Solvatochromic dyes operate on the Solvato-
chromism principle, which corresponds to reversible
colour shifts caused by solvent polarity. The colour
change is caused by a shift in the maximum absorp-
tion of various solvents. [9] Positive solvatochrom-
ism and negative solvatochromism are the two forms
of solvato chromism. Positive solvatochromism cor-
responds to a hypsochromic shift caused by a de-
crease in solvent polarity, while negative solvato-
chromism is caused by an increase in solvent polar-
ity. [10] Solvatochromic dyes such as pyridinium,
merocyanine, and stilbazolium are common exam-
ples. Solvatochormic dyes can be used in textiles
through the microencapsulation process. The for-
mation of microspheres on fabric produces colour
changes while drying and wetting. The use of Solva-
tochromic dyes in textiles is extremely limited. Be-
cause of the colour shift of packaging, these dyes can
be used to identify stale or dangerous food. [11]

Mechanachromic dyes

Mechanachromism is the phenomenon in which
the colour of a polymer changes owing to defor-
mation such as elongation and compression. Changes
in pH and temperature cause elongation and com-
pression. Mechanachromic dyes are organic dyes
that are applied to polymers and create colour varia-
tions in response to mechanical pressure. Mechano-
chormic dye cannot function alone; it requires a pol-
ymer (material) to deform (elongate or compress).
Mechanochromic colourants can be physically dis-
tributed in a polymer matrix as supramolecular ag-
gregates. Covalent insertion of chromophoric units
into the backbone or side chains of macromolecules
has also been employed to apply mechanochromic
colourants. Mechanochromic dyes can be used in the
footwear and shaped garment industries, where the
product's colour can change owing to deformation.
[12-14]

Thermochromic materials

When you hear the suffix thermo, the first thing
comes to your mind is heat. Thermochromic materi-
als that used in manufacture aesthetically textiles can

reversibly (or permanently) modify their hue, colour
intensity, or transparency, if the temperature
changes.[15] When activated by a change in temper-
ature, thermochromic textiles can change their col-
our reversibly from a colourless to a coloured state.
[16, 17]

Classifications of Thermochromic materials

Depending on the type of thermochromic mate-
rial, four materials has been discovered: [18]

1- Organic substances.
2- Inorganic substances.
3- Polymers.

4- Hydrogels.

Organic Thermochromic Systems

Organic thermochromic technologies are em-
ployed in a variety of applications, including fibers,
optics, photo-storage devices, and optical sensors.
Depending on the chemical structure, different ther-
mochromic processes may be applied. It can happen
as a result of molecular species like acid-base, keto-
enol, lactim-lactam, stereoisomers, or different crys-
tal structures interacting. The mechanism is classi-
fied into three major groups:

1. Crystal structure modification
2. Stereoisomerism
3. Molecular reorganization

Crystal structure modification

Many organic compounds can produce stable
transitional phases as they transition from crystalline
solid to isotropic liquid. Transitions between phases
can be caused by the effect of either temperature
(thermotropic mesomorphism) or solvent (lyotropic
mesomorphism). [19] The cholesteric (chiral ne-
matic) liquid crystals as shown in Figure 2 are the
most essential types of liquid crystals for thermo-
chromic systems, where neighboring molecules are
organized in helices.
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Figure 2: Cholesteric mesophases from chiral mole-
cules [18]

Temperature can affect liquid crystal light reflec-
tion by reflecting the structure of helices. The wave-
length of reflected light is determined by the liquid
crystal's refractive index and the pitch of the mole-
cules' helical configuration as illustrated in Figure 3,
when the temperature changes, so does the pitch
length. As a result, the wavelength of the reflected
light changes, generating a progressive shift in the
color spectrum. [20] To generate thermochromic ef-
fects in a fabric, the liquid crystal material must be
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microencapsulated, and these microcapsules, like
pigments, are applied to the fabric using an appropri-
ate resin binder.

Stereoisomerism

Stereoisomerism, which is usually related with
ethylenes, is thermochromism caused by changes in
sterecisomers. The molecules of these compounds
'switch' between different stereocisomers when the
temperature rises. The color of the compounds
changes as a result of this transition. The majority of
compounds that exhibit stereoisomerism develop
color above their melting point, which is typically
greater than 150°C. As a result, they are inappropri-
ate for use as thermochromic colorants in textiles.
[18]

Molecular Rearrangement

An organic compound's molecular rearrangement
can result in increased molecule conjugation and the
development of a new chromophore. Temperature
changes, changes in the polarity of the solvent,
and/or changes in the pH of the solution can all in-
fluence this sort of chemical rearrangement. Because
the acid-base balance is temperature dependent, pH
sensitivity can result in thermochromic behavior. Us-
ing crystal violet lactone as an example, the molecu-
lar rearrangement of spirolactone dyes can be
demonstrated. [18]

O 6 Arrow indicates
0%

Nematic liquid crystal structure; direction of molecular onentation constant.

Pitch length (distance over which direction of molecular orientation tums through 360°)

Figure 3: Structure of cholesteric liquid crystal
structure, The direction of molecular orientation
shifts gradually between layers. [18]

The two types of thermochromic systems that
have been effectively implemented on textiles are
crystal structure modification and molecular rear-
rangement.

Inorganic Thermochromic Systems

Many metals and inorganic substances display
thermochromic activity in solids or solutions [37-
40]. It has been proposed that such thermochromic
behavior results from one of the following mecha-
nisms: [41]

* Phase transitions
* Changes in ligand geometry;

» Equilibrium between distinct molecular struc-
tures;

* Changes in the quantity of solvent molecules in
the co-ordination sphere (e.g. dehydration)

Inorganic thermochromic methods have not been
widely used in textiles since the color change hap-
pens at high temperatures or in solution. The color
change is also irrevocable. These should be reversi-
ble, solid (or encapsulated) systems that are suited
for dyeing and printing applications if they are to be
used on textiles. In addition, it should change color
across a narrow temperature range, typically from
low ambient temperatures to body temperature for
garments. In organic systems, they can be found in
crayons that warn of the development of heat spots,
heat-indicating paints, and/or a permanent record of
an object's thermal history.

Polymers used in Thermichromism

Polymers inhert thermochromism

This category includes liquid crystalline and con-
jugated polymers. [21] When exposed to visible
light, liquid crystal polymers with chiral molecular
structures develop helical superstructures and exhibit
a Bragg's reflection kind of thermoresponsive phe-
nomenon. [22] Cholesteric liquid crystalline poly-
mers are the most frequent liquid crystalline phase.
The pitch length of this form of liquid crystalline pol-
ymer changes with temperature, resulting in thermo-
chromism colour variations. Cholesteric liquid crys-
talline polymers, polymer gels and thermochromic
pigments, which are microencapsulated cholesteric
liquid crystals with a low molecular weight, are ex-
amples of liquid crystalline polymers. [23] Among
these, cholesteric liquid crystalline polymers are the
most studied and commercially available. The con-
jugated polymers are also thermochromic by nature.
[21] They have a conjugated p-electron system,
which means they have a backbone chain made up of
alternate double and single bonds. These polymers
are coloured because they absorb visible light, and
their colour changes when their conjugation state
changes with temperature, resulting in thermochrom-
ism. Even minor changes in their structure, such as
changes in stereoisomeric form, result in considera-
ble colour shift during a phase transition. [24] Con-
jugated polymers, in general, have reversible ther-
mochromic effects. However, irreversible thermo-
chromism will be found if the thermal treatment is
kinetically controlled. Polyacetylenes, [25] polydi-
acetylenes (PDA),[26] polysilanes, polythio-
phenes,[27] and poly-diacetylenes (PDA) are exam-
ples of conjugated polymers (phenylenevinylene).
[28] Polymers with overcrowded partial stems of
polycyclic aromatic groups exhibit another form of
inherent thermochromic effect. The thermochrom-
ism is noticed for the higher thermal atomic oscilla-
tions81 of the deformed molecules found in the
polymer's congested partial stems.
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The thermochromic pigments are embedded in pol-
ymers.

Polymer microencapsulated leuco dye-devel-
oper-solvent systems are the most often utilised ther-
mochromic pigments. A polymer shell often isolates
the thermochromic core, which is essentially a mix-
ture of leuco dye, a developer, and a solvent. They
are often pigmented in the solid state but convert to
a colourless liquid when heated. There are a few ex-
amples of colour changes that occur during the phase
shift from liquid to solid. [29] Crystal violet lactone
(CVL)-lauryl gallate (LG)-long-chain alcohol (LCA)
system is an example of a leuco dye-developer-sol-
vent system. The system is made up of three compo-
nents mixed in the molar ratio 1:6:40. LG and LCA
react violently to generate the colourless chemical
(LG)2-LCA. LG interacts poorly with LCA and
strongly with CVL in the molten state, leading in the
production of colourful complexes of the formula
(LG)x- CVL, where x can vary from 3 to 9. Slow
cooling causes the evacuation of CVL from the (LG)
X- CVL, resulting in the creation of the colourless
(LG)2-LCA molecule. LCA also functions as a de-
colorizer in this case by complexing with the CVL
and deactivating it. [30, 31] Cholesteric liquid crys-
tals with low molecular weight can also be employed
as a component of thermochromic pigment compo-
sites. In the case of thermochromic pigments, the
typical art for technical progress is microencapsula-
tion of the pigments by a suitable polymer. [32]

Hydrogels

Because of the existence of hydrophilic mole-
cules within their chemical structure, hydrogels are
crosslinked or hydrogen-bonded polymeric networks
that are swelled with significant amounts of water.
Hydrogels can display both thermochromic and ther-
motropic characteristics and have been successfully
produced for a wide range of applications including
camouflage fabrics, drug release textiles, drug deliv-
ery textiles, temperature sensors, smart windows,
and many others. [33-35]

Poly(N-isopropyl acrylamide) (PNIPAM), [36-
38] hydroxypropyl cellulose (HPC), [33]
poly(acrylic acid), [39] and poly(vinyl alcohol) are
examples of thermochromic hydrogels. [40] Phase
transformations between isotropic and anisotropic
phases via changes in the lyotropic liquid crystalline
structure and the generation of temperature-respon-
sive micelles are a common process for thermotropic
hydrogels. [32]

Mechanism of Thermochromism

Thermochromic devices change colour in re-
sponse to temperature changes, which are usually re-
versible, and can be induced directly or indirectly.
[31] The term "direct thermochromism® refers to
the effect of temperature on a chemical without the
use of any other agent. Color changes can occur in

this circumstance due to reversible bond breakage,
chemical rearrangements, and stereoisomerism.
Color change in indirect thermochromism is
caused by reversible chemical reactions between a
chromophore (a molecular region of a compound
where the energy difference between two atomic or-
bitals falls within the visible spectrum range) and the
other components in the system. In this situation, the
heating of the system causes these reactions, and the
chromophore molecule is not thermochromic in and
of itself, but exhibits this behaviour due to interac-
tions with other components of the mixture when the
system temperature is raised or decreased. [41]

The liquid crystalline type and leuco dyes are
two thermochromic system kinds that have been used
successfully in textiles. [42] The liquid crystals, alt-
hough this method can produce subtle and very sen-
sitive color effects, they have limited textile applica-
tions due to their high cost and low color density.
Chiral nematic liquid crystalline homologues of es-
ters as shown in Figure 4 have been applied in com-
mercial thermochromic products. [43]

Figure 4: Chiral nematic liquid crystal molecular
structure (asymmertric centre)

The most common type of thermochromic dye is
leuco dye, which is made up of three components:
dye, solvent (in solid form), and color developer.
[39, 44] The developer's role is to act as a proton do-
nor to the thermochromic compound. [45] The tem-
perature at which the transformation between the
colorless and colorful states occurs is controlled by
both crystallization and the melting point of the sol-
vent. [29]In this mechanism, two competing reac-
tions occur: between the solvent and the developer
and between the developer and the dye, and the fa-
cilitation of thermochromism is dependent on the
strength of solvation and intermolecular contacts.
[46, 47]

Alcohols, hydrocarbons, ester, ketones, thiols,
and alcohol-acrylonitrile mixtures are the organic
solvents employed in microencapsulation. N-acyl
leuco-methylene blue derivatives, fluoran dyes, and
diphenylmethane compounds are useful thermo-
chromic colourants. There are numerous chemicals
that act as colour developers, including phenol deriv-
atives, notably bisphenol A and bisphenol B. Re-
cently, 1,2,3 triazoles such as 1,2,3 benzotriazole,
dibenzotriazole, thioureas, and 4 hydroxy coumarin
derivatives have been used in research. [48]
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A colorless dye precursor and a color developer
are both dissolved in a hydrophobic, non-volatile or-
ganic solvent in reversible thermochromic systems,
and the solution is then encapsulated so that all three
components are retained within a single closed sys-
tem. The microencapsulation of the leuco dyes en-
sures the duration of their use, as they are prone to
fading without such a barrier. [49, 50] When heated,
the organic solvent melts, resulting in either color de-
velopment or color loss. When the solvent cools, it
hardens and the system returns to its original color.
[51] Although reversible thermochromic colorants
are commercially available with activation tempera-
tures ranging from 15 to 65 °C, most applications are
limited to three conventional temperature ranges:
cold (about 10 °C), body-heat activated (around 31
°C), and warm (around 43 °C). [52]

At lower temperatures, the dye-developer inter-
actions take precedence while the solvent is solid.
The solvent dissolves at high temperatures, increas-
ing its reactivity with the developer and allowing a
color change to a colorless state. However, the most
typical mechanism of thermochromism in leuco dyes
is a change in molecular structure, specifically the
lactone ring-opening as shown in . Ring opening, is
one of the various mechanisms of thermochromisn is
illustrated in Figure 5

This ring-opening, aided by a developer in the
form of a weak acid, is followed by the development
of covalent bonds between an electron donor (chro-
mogenic molecule) and an electron acceptor, allow-
ing for the elongation of conjugation and the for-
mation of its characteristic visible hue. [43, 53]
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Figure 5: Protonation of crystal violet lactone (ther-
mochromic mechanism) [2]

Application of Thrmochromic dyes in Textiles

There are many applications of thermochromic
dyes in textile industry. It can be applied in spinning
of the fibers, dyeing and textile printing.

Li et al. in their work (2022) developed a low-
cost, practical, and scalable method for wet spinning
thermochromic fibres. It is possible to create flexible
fibres with numerous and reversible colour changes
by combining various thermochromic microcap-
sules. The naked eye can easily see these colour
changes. Additionally, even after 8000 heat cycles,
the fibres still show exceptional color-changing sta-
bility. The thermochromic fibres may also be easily
woven or implanted into a variety of fabrics with
good mechanical performance and can be produced
on a big scale. Thermoplastic polyurethane particles
(1 mm) were cleaned in pure ethanol before being
vacuum-dried at 70 °C for about 4 hours. The parti-
cles (40 g) were then combined with 180 mL of di-
methylacetamide (DMAC, 95%) to create a solution.
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Figure 6: Various mechanisms of thermochromism. [32]
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A thermochromic spinning stock solution was
created by combining the polymer solution with a
thermochromic microcapsule (TCM, 10 g, 9 m). Wet
spinning machines made to order were used to create
thermochromic fibres. At room temperature, 0.35
mL/min of the thermochromic spinning stock solu-
tion was introduced into the coagulation bath (deion-
ized water). The traction motor was used to maintain
a constant speed as the thermochromic fibres moved
through the coagulation bath. [54]

create thermochromic fibres [54]

-

Figure 8: Thermochromic yarns and their color
change between 31°C and 55°C [54]

It is proved using temperature control that the
patterns on the thermochromic cloth may be modi-
fied dynamically. As an example, they created a fab-
ric that displays numbers ranging from 0 to 9. To ac-
complish this objective, thermochromic fibres and
commercial wool were woven into fabric in the
shape of a "8," which comprised of seven independ-
ent pieces, each of which could be individually
hanged to 55 °C as illustrated in Figure 9.

e
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T’\ n N
K
micro control unit g

Figure 9: Thermochromic fabric numbers from 0 o
9 with the color cange at Temp. 55°C [54]

iz

Zhang et al. (2022)[12] used melt spinning to cre-
ate a series of reversible thermochromic produced fi-
bres incorporating thermochromic pigment micro-
capsules. There is also advancement in the field of
smart textiles with various organic polymers, such as

poly (alkoxythiophenes). When underheated, this
polymer's reversible intrinsic thermochromism
changes from red-violet to yellow. The process in
this situation is based on changes in the crystallinity
and molecular conformation of the polymer. [55, 56]

Tozum et al. (2022) develped cotton and wool
fabrics that have both thermoregulation and thermo-
chromic characteristics. Three-component thermo-
chromic systems (TCTS) were microencapsulated
and applied to pure cotton and wool textile fabrics to
achieve this goal. The researchers used an emulsion
polymerization approach to microencapsulate
TCTSs made of crystal violet lactone (CVL), bi-
sphenol A (BPA), and myristyl alcohol in a shell of
poly(methyl  methacrylate-co-methacrylic  acid)
(P(MMA-co-MAA)). Under appropriate reaction cir-
cumstances, microcapsule wall architectures were
engineered to have affinity for cotton and wool fi-
bres. Microcapsules with a spherical form, compact
morphology, and an average size of 23.24 mm were
successfully manufactured. These microparticles
have a latent heat energy storage capacity of 197.7
J/g as well as the necessary thermal stability for tex-
tile application process conditions. The exhaustion
method was used to apply P(MMA-co-MAA)/TCTS
microcapsules to cotton and wool textiles. A sub-
strate absorbs the chemicals in the bath in the proce-
dure, and the affinity between the chemicals and sub-
strate molecules determines the exhaustion process.
The structural, colorimetric, and thermal properties
of microcapsule-applied fabrics were investigated.
The fabrics' colours changed reversibly as a function
of temperature. Their colours were blue at room tem-
perature and the original colour of the fabric at tem-
peratures over the thermochromic system's activa-
tion point as illustrated in Figure 10. Furthermore,
the cotton fabric stored 23.4 J/g of latent heat, but the
wool fabric stored 62.1 J/g. They had thermoregula-
tion properties due to the absorbed latent heat. [16]

Karpagam et al. (2016) designed printings on cot-
ton fabrics that can change colour (chameleon-like)
using thermochromic colourants for military applica-
tions. Blue and orange thermochromic colourants
combined with turmeric (a natural dye) and graphite
have been used to create a variety of coloured coat-
ings, including bright green, dark green, black,
brown, and sandal. In order to improve the thermal
conductivity of the fabric and make the heat distribu-
tion and colour change faster and better than with
conventional thermochromic coatings, graphite is
added to the thermochromic coatings of the fabric.
The printed colour pattern imitates a jungle motif
(traditional green and brown camouflage), which
when heated by outside sources changes to a desert
colour motif (using hot air oven or electrical
power).According to the test results, the brown col-
our was the most sensitive of all the colours tested.
Dark green fabrics took a very long time to change
colour at 40 °C compared to fabrics dyed brown.
Dark-green shade restored its original hue in 63
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seconds but brown shade required a very long period
or extremely low temperature to do so. For the light-
green colour, the colour shift became apparent in 72
seconds, whereas it took 198 seconds for the colour
to return to its original state. All colours took less
time to change from their original colours as the tem-
perature goes up. But as compared to sandal and
brown colours, light green and dark green exhibit
better response when considering the ability of their
native colours to restore. [57]

e = o
28°C 27°C 2 Zi 25°C

Ther: hromic micr psule applied wool fabric

Figure 10: Thermochromic microcapsules applied
on cotton&wool fabrics [16]

Figure 11: Printed camouflage fabric and its re-
versible color change
a)without heating, b)after heating at 60C for 2 min
[17]

According to Garcia-Souto (2018), thermo-
chromic pigment applied to a specific region of cloth
could be used as a non-invasive and wearable early
fever detection device for young babies. As a result,
the authors looked into appropriate skin sites and
skin temperature threshold values that corresponded

to the development of fever. However, there was no
direct application of the thermochromic cloth. Bio-
sensing also made use of thermochromic cloth as
shown in Figure 12. [58]

Photochromic dyes

Photochromism is described as a reversible col-
our shift caused by light or a reversible transfor-
mation between two different chemical structures
with different absorption spectra caused by electro-
magnetic radiations. [11, 12] In photochromism, a
colourless molecule becomes coloured in the pres-
ence of UV light [4].

Photochromic dyes are classified as either inor-
ganic or organic compounds. Metal oxide, alkaline
earth metals, sulphides, copper compounds, and mer-
cury compounds are the most important inorganic
kinds. Organic types are effective and environmen-
tally friendly, and they are members of the spiropy-
rans, spirooxazines, chromomenes, fulgides, ful-
gimides, and diarylethenes families. Spiropyrans,
spirooxazines, and chromomenes are thermally sen-
sitive and revert to a colourless state when exposed
to heat or visible light, but fulgides, fulgimides, and
diarylethenes are thermally stable. Spiropyrans are
of more scientific interest than any other class. [59]

skin
temperature
tﬂzw'rq:eratue - sensor
{mm clothing
core skin
body

Figure 12: a) Thermochromic applied over the skin,
b)possible location of the thermothromic dyes on
the garment [58]

Types of photochromic dyes

Spiropyrans
Spiro compounds have a pyran ring that is

bonded to another heterocyclic ring via the spiro
group. Because of their ease of production and
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ability to create reversible deep hues, spiropyrans
have been widely employed in commercial applica-
tions. [60, 61] The photochromic effect in spiropyran
is caused by a reversible light-stimulated molecular
rearrangement of the colourless spiropyran form
through ring opening, which results in the formation
of the colourful photomerocyanine as shown in Fig-
ure 13 Photomerocyanine is usually violet or blue in
hue. [43, 62]

Ri R, Ry Ry

e —

N o /7 \ ultraviolet
Y k = x heat and/or Y

) light
colourless spiropyran

0]
coloured photomerocyanine

Figure 13: Photochromic performance of spiropy-
ran; R=alkyl; R1,R2=alkyl; X,Y=H,halogen,nitro
[43]

Spirooxazines

Spirooxazines have a nitrogen atom in place of a
carbon atom in the spiro group. These colourless
molecules feature a nonplaner structure, which pre-
vents electron delocalization in the molecules. In the
presence of UV light, molecules absorb photon en-
ergy, causing the -C-O- link in the pyran ring to
break and the production of a colourful planar struc-
ture molecule. The planarity of the molecule allows
electron delocalization, and the molecule becomes
coloured. This is a short-term phenomena in which
molecules return to their original structure after be-
ing exposed to heat or visible light (colorless) as
shown in Figurel4. [48, 63]

Spirooxazines, like Spironaphthopyrans, change
colour when exposed to UV radiation, from colour-
less to pale yellow to red, purple, or blue. All com-
pounds are photocolorable due to their huge molar
absorption coefficients, high reaction yields, and
comparatively delayed bleaching kinetics. Spirooxa-
zines have been studied as nylon, polyester, and
acrylic dispersion dyes. They observed that by gently
washing the dyes, the strength of the photochromic
effect induced may be increased. This could be be-
cause aqueous alkaline surfactant treatment en-
hances dye transport, colourant fibre interactions,
and colourant disaggregation inside the fabric, creat-
ing more favourable conditions for merocyanine
conversion. They discovered that spirooxazines de-
veloped colour faster and faded faster than naph-
thopyrans, and that the latter exhibited a residual col-
our after fading. [64-66]

o]
R1 R2 R R2
—N 1 . A\
OO wee (L0
h{ 0 Q heat andior light N
R R
Ra

(R: alkyl: Ry. Raalkyl (usually both methyl): Ra: H. halogen. etc.)

Figure 14: Reversible color change of spiroxazine
(photochromic dye) [43]

Naphthopyrans

The most prevalent type of photochromic chemi-
cal used in industry is naphthopyrans. Their photo-
chromism, like that of the spiropyrans and spirooxa-
zines families, is based on light-induced ringopening
as illustrated in Figurel5. Because of its changeable
colourant chemistry, many other types of functional
groups may be added cost-effectively, allowing for a
wider colour gamut that spans the visible spectrum
from yellows to oranges, reds, purples, and blues.
Commercial naphthopyrans, like other known fami-
lies of photochromic colourants, exhibit high stabil-
ity and are less temperature sensitive than spirooxa-
zines. [59, 64]

uv

heat and/or light

Figure 15: Photochromoism of naphthopyrans
through ring opening [64]

Mechanism of photochromism

The photochromic process changes the electronic
absorption spectra of molecules. The formation of a
new absorption band as a result of electron transi-
tions from various vibrational levels during the exci-
tation of colourless molecules from the S1A level to
the excited state S1B after absorption of an energy
photon in the UV region, and then deactivation of the
coloured molecules to the ground state SOB. Follow-
ing that, there occurs a spontaneous energy release
mechanism, and the molecules return to their original
SOA ground state. The molecules in the B state are
less stable thermodynamically because they have
more energy, but after releasing energy, they become
colourless and more stable. The transition from state
B to A occurs via transition state X, which has a
higher energy than the triplet state of coloured form
SOB and is thermally activated. [48]

The photochromic effect is caused by six mecha-
nisms, which are as follows:

* Triplet triplet photochromism.
* Hetrolytic cleavage

* Hemolytic cleavage

* Trans-Cis isomerismation

» Tautomerism

* Photodimerisation

Figure 16 illustrates the transition of molecules at
different energy levels following light absorption

Application of photochromic dyes on textiles

There are many applications of photochromic
dyes in textile industry. It can be applied in spinning
of the fibers, dyeing and textile printing.
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non radiative transitions in photochromic materials
[48]

Suju et al. (2022) worked on the as-synthesized
AB polymer exceeded the azobenzene (AB) mono-
molecule in terms of photochromic ability and chem-
ical resistance. Through a simple wet spinning tech-
nique as illustrated in Figure 17 an intelligent fibre
with photochromic properties may be successfully
generated using as-synthesized AB polymer and pol-
yvinylidene fluoride (PVDF). Doping AB polymer in
intelligent fibre had little effect on the intrinsic prop-
erties of PVDF fibre but drastically changed surface
performances such as aesthetics, UV sensing, and
shielding. Under UV irradiation, the intelligent fibre
may reversibly change colour from pale yellow to or-
ange red, indicating that it could be employed as a
flexible UV indicator. The photochromic PVDF fibre
demonstrated consistent photochromic responses, re-
versible optical contrast, and good photo-coloration
kinetics as a functional embroidery thread on fabric,
considerably increasing the aesthetic and usefulness
of the substrate fabric. Furthermore, the fabric knit-
ted with this photochromic fibre may provide UV
shielding, as evidenced by the excellent ultraviolet
protection factor. Furthermore, the functional fibre
was resistant to several solvents, indicating that it
might be employed in harsher settings. In compari-
son to the considerable research on spiropyrans (SPs)
and spirooxazines (SOs) in color-changing textiles,
this study would be a complimentary study for the
use of azobenzenes (ABs) in intelligent textiles as il-
lustrated in Figure 18 and Figure 19. [67] Z

hang et al. (2022) used the interfacial polymeri-
zation process to create dyes, multi-color spiropyran
and spiroxazine microcapsules with consistent parti-
cle sizes by employing compounds of different col-
ours as the core material and polyurethane as the
shell material. The hard and soft chemicals are tolu-
ene diisocyanate and polyethylene glycol. Polyure-
thane soft portions, respectively as shown in Figure
20

The colour of spiropyran and spiroxazine micro-
capsules can transition between colour and colour-
less with high photo fatigue resistance. The particle

size of microcapsules is 2.951 mm on average, and
the particle distribution index is 0.314, indicating
that the particle size is small and uniform.

Intelligent Fiber

(I

Pump = T

AY /7 q

.

Coagulation bath

Spinning dope

(PVDF matrix containing
azobenzene compounds)

(Deionized water)

Figure 17: Wet spinning process to develop intelli-
gent PVDF fiber [67]
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Figure 18: Isomerization of azobenzene derivatives
(reversible reaction) [67]
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Figure 19: PVDF fiber unde various wavelength
irradiation [67]

. The maximal thermal breakdown temperature is
426 degrees Celsius, indicating excellent thermal
stability. The hydrophobic photochromic fabric was
created by covering cotton knitted fabric with multi-
color spiropyran and spiroxazine microcapsules and
applying a hydrophobic treatment. The hydrophobic
photochromic fabric is stain resistant and hydropho-
bic, with multicolor dynamic switching and long-
lasting use. Furthermore, spiropyran and spiroxazine
microcapsules are used in template and screen print-
ing to give fabrics rich and dynamic color-changing
effects, resulting in photochromic fabrics. Photo-
chromic fabrics may have usage in both civilian and
military applications as shown in Figure 21. [68, 69]

Khattab et al. (2020) recently reported on immo-
bilising the inorganic Strontium aluminate phosphor
at low total content value in an aqueous binder onto
cotton fabric via screen printing to produce light-re-
sponsive apparel with superior color-exchange per-
formance and colourant stability. To create a dark
red backdrop, the photochromic knitted cotton was
first dyed conventionally using Reactive Red AEF,
followed by screen printing with an aqueous paste
including strontium aluminate pigment, binder, di-
ammonium phosphate, synthetic thickener, and am-
monium hydroxide.
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Figure 20: a) Schematic diagram of preparation process of the spiropyran and spiroxazine photochromic mi-
crocapsules, b) subtractive color mixture principle. PDMS: polydimethylsiloxane; PEG400: polyethylene gly-
col400; TDI: toluene diisocyanate; UV: ultraviolet; Vis: visible [68]

(@) n l l (b)

(c)

Figure 21: a)Scheme illustrates the fabrication of template print; b)template print fabrics; rewritable fabrics of
c)flowers, d)phases of before and after ultraviolet; e)color change of camouflage fabric [68]
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The printed cotton was dried at room temperature
before being thermofixed at 160 °C. This method
was distinguished by its quick and simple applica-
tion, ease of handling, and low cost, allowing photo-
chromic cotton fabric of great durability without
compromising its aesthetic features, such as comfort
and handling. Cotton cloth changed colour from red
to greenish yellow as shown in Figure 22. It had good
fatigue resistance, good colorfastness, great reversi-
bility, and photo- and thermal stability. [43, 70]

Under UV Irradiation

Normal View

Original Red color of Cotton Fabric Color Appe
Figure 22: Screen-printed photochromic cotton fab-

ric before and after ultraviolet irradiation [43]

Summary

The current work provides an overview of the
current state of the art in smart chromic fabrics. The
applications, experimental verification, performance
characterization of chromic textiles have all been
covered. Chromic textiles are still a new field with
chances to create unique items that can change the
way people interact with their clothes. In recent
years, there has been an increase in research and de-
velopment of chromic fabrics and fibres, with an em-
phasis on improving and expanding textile function-
ality. Chromic textiles are a type of high-tech textile
with enormous promise in a variety of fields. Be-
cause of their potential applications in sectors such
as wearable displays, sensors, camouflage, and even
the military industry, smart colour change fabrics
have become an important topic. The research effort
in the smart textile sector has steadily increased, and
the multidisciplinary approach has been a fundamen-
tal reason in this extraordinary expansion. Circuit de-
sign, smart materials, microelectronics, and chemi-
cal knowledge are fundamentally combined with a
thorough understanding of textile fabrication.
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