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,e fluorescent gel with good flexibility and biocompatibility has attracted more and more attention due to its excellent optical
properties. In this paper, the research progresses in preparation methods and applications of fluorescent gels are reviewed. In
addition, the preparation methods of self-assembly and polymerization of fluorescent gel are also introduced. In this paper, it
should be noted that some outstanding research about the fluorescent gels used in sensors, bio-imaging probes, drug delivery, and
other application fields is summarized. ,is work provides useful reference information for further exploration and study of
fluorescent hydrogels.

1. Introduction

In recent years, the development of hydrogels has
attracted the attention of researchers. Hydrogel is a
polymer with a three-dimensional network structure
swollen by water [1]. Hydrogels can be classified into two
types according to their sources: synthetic and natural
hydrogels. Natural hydrogels have higher water absorp-
tion capacity, and their hydrophilic structures enable
them to contain large amounts of water in their three-
dimensional network. In addition, natural hydrogels show
good flexibility, biocompatibility, and long service life [2].
Moreover, due to its similar structure to extracellular
matrix, natural hydrogel can also be used in tissue en-
gineering fields such as drug delivery and cell transfer.
Synthetic hydrogel is rich in raw materials and has a long
service life. Compared with natural hydrogels, synthetic
hydrogels have better mechanical strength and stability
and wider adjustable range of structure and performance,
which make them play an important role in biomedical,
biosensing, and tissue engineering fields.

Fluorescence is a common phenomenon, which has been
studied in detail all over the world. In 1970, Galley et al.
independently found that the spectral properties of aromatic
fluorophores embedded in different rigid and highly viscous
media did not conform to the classical rules [3]. ,e fluo-
rescence spectrum shows different color fluorescence, which
also depends on the excitation wavelength; different exci-
tation leads to different color states. ,e distribution of
excited states and the different dielectric relaxation rate in a
certain environment promote the different emission of
fluorescence.

Fluorescent hydrogel is a kind of polymer gel, which has
attracted the attention of scientists because of its special
luminescent properties [4–8]. Fluorescent gel can be
regarded as the combination of light and gel, which pos-
sesses excellent properties of hydrogel. Adjusting the
chromophore and the environment of the excited state can
change the state of the fluorescent hydrogel and the change
of its emission spectrum, making it have great significance in
the fields of biosensor, fluorescence probe, imaging tracking,
and cancer treatment. ,is review mainly introduces the
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preparation methods, types, and properties of fluorescent
hydrogels, as well as their application in related fields, and
looks forward to their application research and development
prospects.

2. Preparation Method

With the expansion of the application field of hydrogels,
people have more requirements for their performance. In
order to improve the comprehensive performance of fluo-
rescent hydrogels and better meet the requirements of
different application fields, researchers have developed
different preparation methods. ,e water-soluble or hy-
drophilic polymers can form hydrogels through certain
chemical or physical crosslinking. ,e fluorescent hydrogels
can be prepared by self-assembly, polymerization, cross-
linking, and other methods. Among them, self-assembly
belongs to physical crosslinking and it is a method to prepare
hydrogels based on weak interaction forces. Polymerization
is a kind of chemical crosslinking, because chemical reaction
occurs, which causes the intermolecular covalent bond to act
to form hydrogel. From these two parts, the preparation
method of fluorescent hydrogel is briefly described below.

2.1. Physical Crosslinking. Physical crosslinking is the for-
mation of hydrogels through physical forces such as elec-
trostatic interaction, ion interaction, hydrogen bonding, and
chain winding. At present, self-assembly is the most com-
mon physical crosslinking method, and self-assembly plays
an important role in various technical fields [9, 10]. Self-
assembly is a process in which small structural units are
spontaneously arranged to form an ordered structure
without human intervention, which exists in natural and
unnatural systems. ,ese structural units consist of mole-
cules, nano- and micromaterials, or larger materials. Based
on the interaction of noncovalent bonds (such as hydrogen
bond, van derWaals force, electrostatic interactions, and π-π
interactions), they also spontaneously organize into a series
of regular structures. ,e following is a brief description of
the preparation of hydrogels from these different weak in-
teraction forces.

2.1.1. Electrostatic Interaction. ,e fluorescent hydrogel can
be prepared by electrostatic interaction. For example, Xia
et al. [11] reported a self-assembled peptide based printable
fluorescent hydrogel, which has the ability to grow the beta
folded fiber through self-assembly [12–14]. Here, the se-
quence of the ion complementary peptide is selected as the
self-assembly motif, and the N-terminal of the peptide is
capped by the powerful ligand 2,2-bipyridine (Bpy), for
metal ion chelation (Figure 1(a)). According to the inves-
tigation, the metal ion Eu3+ has excellent fluorescence
performance, so it is selected as the metal ion center here.
,e self-assembled motif contains lysine (K) of the side
chain protonated amino group and glutamic acid (E) with
carboxylic acid on the side chain. ,e electrostatic inter-
action between positive and negative ions, coupled with the
hydrophobic interaction between phenylalanine (F) residues

and the pion stacking effect, can be self-assembled into a
fibrous hydrogel structure under neutral pH (Figure 1(b)).
Bpy-KFEFKFEF with the combination of metal ions Eu3+,
Eu3+Eu3+, Eu3+ and Bpy”. Please check and confirm the
correct usage.” and Bpy, and the hydrogel has photo-
luminescence properties (Figures 1(c) and 1(d)).

2.1.2. Hydrogen Bonding. In solution systems, intra-
molecular and intermolecular hydrogen bonding can also
act as a physical crosslinking point. Chu et al. [15] selected
two nonaromatic functional amino acids, serine (S/Ser) and
aspartic acid (D/Asp), and used them as side chains of amino
acids (Figure 2(a)). ,eir unique structure can generate
extended hydrogen bond networks during self-assembly.
,ere are different side chains of amino acids, and the pH
value of self-assembly is also different, which is pH de-
pendent. ,e hydroxyl containing tetraphenylethene-serine
acid (TPE-Ser) with the lowest molecular weight will self-
assemble into supramolecular hydrogels under physiological
pH conditions. Tetraphenylethene-aspartic acid (TPE-Asp)
side chains with carboxyl groups will undergo self-assembly
and hydrogelling process under weak acidic conditions
(Figure 2(b)). Because TPE has strong hydrophobicity, the
rotation of phenyl group is limited and the molecules of
benzene ring cannot rotate in aqueous medium, which
makes the space limited luminescence, so the gel shows
enhanced fluorescence intensity. Yan et al. [16] reported a
reversible multi-sensitive quantum dot gel formed by
hyperbranched polyamidoamine (PAA) on the surface of
functional fluorescent semiconductor quantum dots (QDs).
Furthermore, the formed QDs gel showed stronger fluo-
rescence than the corresponding solution.

2.1.3. Other Weak Interaction Forces. ,ere are many re-
ports about the physical crosslinking of hydrogels [17]. In
addition to electrostatic interaction and hydrogen bonding,
weak interactions also exist in the gels, such as the π-π
stacking and hydrophobic interactions. For example, Ji et al.
[18] have successfully synthesized luminescent supramo-
lecular crosslinked polymer gel based on benzo-21-crown-7
(B21C7)/dialkyl ammonium salt host-guest interaction with
TPE. Because TPE has the effect of aggregation induced
emission (AIE), the luminescence intensity of hydrogel will
also increase with the increase of concentration. Zhang et al.
[19] also applied the crosslinking method. A supramolecular
polymer gel with AIE effect was prepared by the combi-
nation of host-guest interaction and TPE. Subject-guest
interaction is also a weak interaction, including π-π stacking
and hydrophobic interaction. In addition, non-coordination
action is also a kind of weak interaction force. Bhowmik et al.
[20] proposed a new design strategy of rare Earth lumi-
nescent materials based on self-assembly, prepared a su-
pramolecular gel doped with lanthanide complexes, and
sensitized the gel by doping pyrene into the gel in a non-
coordinated manner. Lanthanide ions are part of the gel
matrix and participate in the self-assembly process. At the
same time, hydrogel as a matrix of lanthanide enhances the
luminescence potential.
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2.2. Chemical Crosslinking. Chemical crosslinking refers to
the connection of polymer chains through chemical reac-
tion. Generally speaking, when external force is applied, the
fluidity of crosslinked gel will decrease. In addition, the
swelling property will decrease, and the chemical resistance
and solvent resistance will increase [21]. Chemical hydrogels
are three-dimensional network polymers formed by
chemical bonds and crosslinking, which are irreversible.
Among them, different crosslinking agents also have dif-
ferent effects on the formation of hydrogels. By changing the
concentration and properties of the crosslinking agent, the
external environment at the time of crosslinking, such as
temperature, can precisely adjust the mechanical properties
in the linear and strain strengthened state [22]. Polymeri-
zation is one of the chemical crosslinking methods and plays
an important role in the preparation of hydrogels. It is a
common form in the formation of fluorescent hydrogels,
including free radical polymerization, precipitation

polymerization, emulsion polymerization, and in situ
polymerization.

2.2.1. Emulsion Polymerization. Emulsion polymerization
usually refers to the polymerization reaction initiated by
heat, light, radiation, and initiator in the microemulsion
system with the polymerizable monomer as the dispersed
phase and water or other media as the continuous phase. In
2010, Shibata et al. [23] prepared injectable hydrogel beads
by polymerization. ,ey first synthesized the fluorescent
monomer GF consisting of glucose recognition sites, fluo-
rescent sites, spacers, and polymerization sites. Subse-
quently, the fluorescent monomer GF was polymerized with
acrylamide monomer and crosslinking agent, and then the
fluorescent polyacrylamide hydrogel beads with injectable
size were prepared (Figure 3). Because of the good hydro-
philicity and biocompatibility of acrylamide, the use of
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Figure 1: Schematic diagram and related fluorescence diagram of self-assembled peptide. (a) ,e molecular structure of EFK-Bpy peptide
and the structure of EFK-Bpy-Eu peptide. (b) Schematic diagram of co-assembled hydrogel and energy transfer process. (c) UV-Vis
absorption spectra of EFK-Bpy hydrogel (4mM), EuCl3 (1.3mM), and EFK-Bpy-Eu hydrogel (1.3mM). (d) Optical images of EFK-Bpy-Eu
hydrogels irradiated by natural light (left), ultraviolet 1 (330–390 nm) and ultraviolet 2 (220–280 nm) (reprinted from [11]).
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Figure 2:,e structural formula of TPE-Ser and TPE-ASP and the optical picture after self-assembly. (a),e structural formula of TPE-Ser
and TPE-ASP, (b) TPE-Ser (2% w/v, pH� 7.1) and TPE-Asp (2% w/v, pH� 6.0) self-assembling optical images of hydrogels. Among them,
the first two were TPE-Ser gels, and the other two were TPE-Asp gels. (A) (C) are ordinary light, and (B) (D) are ultraviolet light (reprinted
from [15]).
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acrylamide as a polymerization site can greatly promote the
polymerization process.

In addition, numerous studies have been conducted on
fluorescent hydrogels, which have been used to synthesize
various functional fluorescent gels. Nishiyama et al. [24]
synthesized polyacrylic acid (PAAc) gel particles containing
DNA by emulsion polymerization, and certain chemical
reagents were added to assist in the polymerization process,
for example, initiator potassium persulfate, crosslinking
agent n, n-methylene bisacrylamide, etc. ,en, PAAc gel
particles containing DNA were immersed in bromo-ethane
(EtBr) solution to prepare PAAc gel particles with DNA-
EtBr complex. ,e fluorescence intensity of PAAc gel
particles embedded in DNA-EtBr complex showed high
sensitivity and was found to decrease exponentially with pH.
,erefore, it can be used in the development of optical micro
pH sensor.

2.2.2. Free Radical Polymerization. Free radical polymeri-
zation can be finished by a water-soluble molecule which
contains a double bond.,e crosslinker is usually a molecule
containing at least two polymerizable double bonds, which
can generate free radicals during the reaction and then
conduct polymerization.

Chen et al. [25] have prepared an easily synthesized
thermal responsive organic hydrogel and used covalent
bonded 10-phenophenthiazine (PTH) to achieve controlled
free radical polymerization. Various monomers (acrylate,
methacrylate, acrylamide, vinyl ester, and vinyl amide) were
polymerized by reversible addition-fragmentation chain
transfer polymerization (RAFT) and atom transfer radical
polymerization (ATRP). ,e study reported that the “high

and low” temperature of the fluorescent hydrogel, the
“switch” of the light, and the “in and out” of the catalyst
could switch the real-time controlled radical polymerization
reaction. ,e “and” gating of controlled radical polymeri-
zation is realized, which provides a valuable idea for the
design of logic control.

2.2.3. Precipitation Polymerization. Precipitation polymer-
ization is a process in which the resulting polymer does not
dissolve in monomers but is precipitated continuously as the
reaction progresses. ,e monomer and initiator can be
dissolved in the reaction medium, and the polymer is in-
soluble in the reaction medium during the reaction. Wang
et al. [26] prepared a hybrid nano-hydrogel, which was
prepared by precipitation polymerization of polyethylene
glycol (PEG)macromonomer, chitosan, and graphite carbon
dots (CDs) in aqueous medium in one pot without sur-
factant. Chitosan chain and CDs are crosslinking agents in
aqueous solution, so that hydroxyl and amino groups on the
repeating unit of chitosan chain, hydroxyl and carboxyl
groups on CDs surface, and the ether oxygen on the PEG
macromolecule monomer can form hydrogen bond asso-
ciation or complexation. ,en, PEG and other macromol-
ecules were used as monomers for one-pot precipitation
polymerization. When these PEG macromonomers are
polymerized and crosslinked, chitosan chains will be
physically entangled in the formed nonlinear PEG chain
network, and CDs will be fixed in situ in the polymerized gel
network, where the fixation of CDs is due to hydrogen
bonding. When these aqueous dispersions of hybrid
nanogels are exposed to ultraviolet rays (365 nm), they will
obviously emit green-blue light. Due to the embedding of
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Figure 3: Synthesis of fluorescent monomer (GF-monomer) and hydrogel (GF-hydrogel). (a) Preparation of GFmonomer. (b) Preparation
of GF hydrogel (reprinted from [23]).
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CDs, the hybrid nano-fluorescent hydrogel also retains the
characteristics of CDs and has pH responsiveness and high-
efficiency synergistic response, which makes it have great
potential in medical diagnosis and treatment in vivo.

2.2.4. In Situ Polymerization. In situ polymerization is
developed from nanocomposites and is a method to disperse
nanoparticles and polymerize them in situ under certain
conditions. Zhu et al. [27] synthesized the thermal sensitive
poly (N-isopropylacrylamide)/Au nanocomposite fluores-
cent hydrogels (PNIPAM/Au) by in situ gamma irradiation
assisted polymerization, which initiated the polymerization
in situ by inducing the reduction of aqueous chloroauric acid
(HAuCl4·H2O). ,ese studies keep emerging, providing a
broader space for the development of fluorescent gel in the
future.

2.2.5. Other Chemical Crosslinking Methods. All fluorescent
gels prepared by chemical reaction belong to chemical
crosslinking method. In addition to the above chemical
crosslinking methods, there are other crosslinking methods
such as graft copolymerization and complexation cross-
linking. For example, Kawa and Takahagi [28] made terbium
(III) nuclear dendrimer copolymers with n-iso-
propylacrylamide and prepared a transparent hydrogel
which can produce green fluorescence. Ma et al. [29] re-
ported a method of using glutaraldehyde crosslinked bovine
serum albumin (BSA) (or human serum albumin (HSA)) to
form a new luminescent biological hydrogel (Figure 4(a)).
Glutaraldehyde (GA) has low cost, dry reactivity, and good
chemical stability compared with the same kind of alde-
hydes, so it is widely used as a good crosslinking agent [30].
,e crosslinking of glutaraldehyde and BSA mainly occurs
on the α-amino group of lysine [31]. In this study, a high
concentration of BSA solution was used to generate a large
number of 3D networks during the intermolecular cross-
linking process, thus forming a gel phase, and the gel showed
strong green and red autofluorescence in the larger exci-
tation wavelength range (Figure 4(b)). ,e results of UV-Vis
and fluorescence spectra indicate that three kinds of fluo-
rescent compounds may form in BSA hydrogels with GA as
crosslinking agent. ,e luminescence of this gel is specu-
lated, which may be attributed to four aspects: firstly, sec-
ondary amines and ethylenediamines in the molecule are
believed to contribute to the fluorescence mechanism.
Second is electronic transition, such as π-π∗ transition of
C�C bond.,ird is synergism of several amino acids close to
each other. Lastly, the charge around the fluorophore in BSA
hydrogel is another potential factor affecting fluorescence. In
short, a new fluorescent gel was prepared by crosslinking
method, and the mechanism of its luminescence could be
further studied and discussed. In addition to GA, genipin is
commonly used as crosslinking agent. As a water-soluble
bifunctional crosslinking agent, genipin is highly respected
in the preparation of crosslinked fluorescent gel. For ex-
ample, Muzzarelli [32] used genipin to rapidly crosslink with
chitosan (usually with protein or amine) to produce blue

fluorescent hydrogels, which play a great role in biomedicine
and pharmaceutical auxiliaries.

In addition, the most common forms of alginate are its
gel and polyvalent metal ions, but in practical application,
gels without any polyvalent metal ions are welcome [33].
Recently, Kasak et al. [34] have prepared polyvalent non-
metal alginate fluorescent hydrogels by dynamic complexing
method. Crosslinking occurs through the dynamic com-
plexation of 5-oxo-2, 3-dihydro-5H-[1, 3]-thiazolo[3, 2-a]
pyridine-3, 7-dicarboxylic acid (TPDCA), carboxylic acid
groups in alginate cages and sodium ions (Figure 5). First,
different substances, TPDCA and CDs, were synthesized
under different external conditions and then crosslinked.
,e gelation ability and stability of the gels were verified by
the gel and inverted tests of stainless steel balls for 16 hours.
Among them, molecular fluorophore TPDCA is the key
component to initiate gelation, and the existence of fluo-
rophore provides them with bright luminescence.

3. Types and Properties of Luminescence

At present, hydrogels can be divided into two types: self-
luminescence and non-self-luminescence. Self-lumines-
cence can emit strong fluorescence without other substances.

3.1. Self-Luminescent Hydrogel. Although different covalent
bonding and physical embedding methods have been devel-
oped to immobilize the fluorophores, their application has been
greatly limited due to the complexity of the synthesis route, the
potential leakage and photobleaching of the fluorophores, the
impact of fluorescent markers on the degradation mode and
their application. Unlike non-self-photoluminescence hydro-
gels, self-luminous hydrogels do not require additional
phosphors or fluorophores to label them. In recent years,
researchers have immersed many painstaking efforts in the
field of unconventional luminescent gel. According to the
investigation, a few polymers only contain auxiliary chromo-
phores or unconventional chromophores, such as carbonyl,
ester, and amide, which can emit strong fluorescence. At the
same time, a small number of clusters can also achieve fluo-
rescence emission and avoid the traditional luminescence
defects, that is, aggregation induced quenching (ACQ) effect.
On the contrary, it will cause aggregation induced emission
(AIE) effect, when the aggregation degree is larger, and the
fluorescence is significantly enhanced.

3.1.1. Cluster Luminescence. Cluster luminescence is most
common in metal nanoclusters, such as gold nanoclusters,
silver nanoclusters, etc. In the gel field, it is not common to
include metal nanoclusters, and most of them are based on
polymer and small molecule clusters. Based on the com-
pletely non conjugated structure of saturated C-C, C-O, or
C-N bonds, the clusters show bright fluorescence, which is
called cluster luminescence [35–38]. In general, with the
increase of cluster size, the fluorescence increases. For ex-
ample, Sugár et al. [39] simulated dimyr-
istoylphosphatidylcholine/distearoylphosphatidylcholine
(DMPC/DSPC) lipid bilayer by using Ising model and
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Monte Carlo method, and it can be found that there was a
strong positive correlation between the permeation
threshold temperature of gel cluster and FRAP threshold
temperature.

3.1.2. Unconventional Chromophore Luminescence.
Conventional fluorescent polymers are composed of con-
jugated main chains or π electron systems, which form
enough conjugation by covalent bonding, thus producing
bright fluorescence. However, their defects, such as poor
photostability and high cytotoxicity, limit their application
[40]. Due to these limitations, researchers have discovered
and designed a series of unconventional luminescent
hydrogels. Xu et al. [41] reported the autofluorescence of
carbonyl hydrogels. Even without any specific functional
groups, polyacrylamide (PAM) gels are autofluorescent. In
this work, polymers with carbonyl groups were synthesized
from different monomers, and very similar fluorescence
could be observed in the gel. Meanwhile, the fluorescence
lifetime of the dried PAM gel was measured. ,e average life
expectancy was 1.28 ns, similar to that of the traditional
fluorophore containing large conjugated structure. In this
work, the factors affecting the fluorescence intensity were
studied, and it was found that the fluorescence properties
were related to the gel structure. In addition, the water
content in the gel also affects the luminous intensity. With
the decrease of water content, fluorescence increases grad-
ually. Like traditional fluorescent gel, adding some specific
metal ions can quench fluorescence.

3.2. Non-Self-Luminous Hydrogel. Non-self-luminous
hydrogel does not have fluorescence emission itself and
needs other light emitting materials to achieve fluorescence
emission. In general, the organic fluorescent substances,
quantum dots, and metal complexes are usually labeled by
physical or chemical methods, and then the non-self-lu-
minous hydrogels emit fluorescent quantities.

3.2.1. Multiresponse Supramolecular Luminescent Hydrogel.
Compared with single response fluorescent gel, multi-re-
sponse supramolecular luminescent hydrogel can respond to
many factors and improve the utilization and sensitivity of
fluorescent gel. ,erefore, the multi-stimulus responsive
fluorescent gel has become the focus of current research [42].
,e synthesis of supramolecular luminescent hydrogels by
rotaxane with typical mechanical interlocking structure has
become a research hotspot. At present, rotaxane usually
prepares supramolecular gels with multiple stimulus re-
sponses by self-assembly in solution [43]. Sun et al. [44]
prepared the first rotaxane with fluorescent functional group
based on BODIPY and aromatics. ,en, using the rotational
alkane as gelation factor, by means of the π-π interaction
between the phenylene parts of the adjacent column aro-
matic ring of the rotaxane, noncovalent action such as π-π
interaction between BODIPY and imidazolium parts, the 3D
crosslinking network is finally self-assembled (Figure 6).
Among them, BODIPY is its fluorescent chromophore. By

heating-cooling, vibrating-standing at temperature, and
adding different anions, the gel can realize reversible gel-
solution transformation. At the same time, it also has
stimulation response to different pH values. After being
exposed to hydrochloric acid (HCl) gas, the fluorescence
intensity of the thin film gel is significantly reduced by 50%,
and at the same time, under ultraviolet light, the fluorescence
color changes from yellow to purple-red.

Ma research group of Tianjin University [45] reported a
fluorescent hydrogel composed of lanthanide and nucleo-
side. Here, nucleosides, the main component of nucleic
acids, act as ligands and successfully chelate with lanthanide
elements to form complexes in water. ,en, it can self-as-
semble into fluorescent gel with characteristic luminescence
of lanthanide series elements, and the prepared fluorescent
hydrogel showed fluorescent photochromic characteristics
in response to external stimuli such as pH value and tem-
perature. Intelligent stimuli responsive hydrogels may un-
dergo reversible deformations when triggering various
external stimuli. Cheng and colleagues [46] proposed a
double-layer hydrogel actuator with fluorescent coumarin
groups. Under the stimulation of pH or temperature, the
double-layer hydrogel shows reversible deformation be-
havior, and the whole hydrogel has bright fluorescence due
to the introduction of coumarin units. In conclusion, the
research progress of multi-response supramolecular lumi-
nescent hydrogels has always been a hot topic.

3.2.2. White Luminescent Hydrogel. White light emitting
(WLE) hydrogel has attracted considerable attention in the
manufacture of intelligent molecular machines, equipment,
luminescent lamps, and materials [47].

Xia et al. [11] reported a fluorescent hydrogel based on
peptide motif and transition metal ion assembly. ,e in-
troduction of metal ions to immobilize them on the hydrogel
network at specific locations can prevent the aggregation and
self-quenching of chromophores. In addition, white light
emission is realized by using three different metal ions
(Figure 7). Because the emission spectra of Eu3+, Ru2+, and
Ir2+ are complementary in the visible range, Eu3+, Ru2+, and
Ir2+ are selected here to form fluorescent metal complexes
with EFK-Bpy. ,e emission spectra of EFK-Bpy-Eu, EFK-
Bpy-Ir, and EFK-Bpy-Ru hydrogel excited by 365 nm can
cover the whole visible range.,erefore, white light emission
can be easily realized by adjusting the proportion of the three
components.

Lanthanide has always been popular in the field of lu-
minescence because of its good luminescent properties, even
though it is expensive. Recently, Xue et al. [48] reported a pure
white emissive hydrogel composed of luciferin and carbon
dots with high quantum yield. By adjusting the stoichiometry
of lanthanide complexes, fluorescein and carbon dots, a pure
white emitting hydrogel can be obtained.,e absolute yield of
WLE hydrogel was up to 18.00% by computation.

3.2.3. Reversible Fluorescent Chromotropic Hydrogel.
More and more attention has been paid to the development
of advanced sensors and luminescent materials, which are
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dynamically changing in response to external stimuli
[49, 50]. Reversible fluorescent chromotropic hydrogel is
also used as a kind of fluorescent gel. Yang et al. reported a
work based on polymer hydrogel containing lanthanide
elements and prepared reversible fluorescent color-changing
gel by using lanthanide-mannose compound in gel matrix
[51]. Among them, mannose, as a ligand, coordinated with
lanthanide ions (Eu3+ and Tb3+) in aqueous solution, sen-
sitized rare Earth ions to emit light, and first formed lan-
thanide mannose (Ln-Man) complex. Subsequently, gelatin
network was introduced into the system to prepare the rare
Earth hydrogel successfully (Figure 8). ,e prepared fluo-
rescent gel has fluorescence discoloration function for Fe2+,
and the recovery rate of fluorescent discoloration is 63.2%
after three cycles of “ON/OFF.” Despite the decrease of

fluorescence intensity, the “ON/OFF” switchable emission is
reversible in response to Fe2+ and edetic acid (EDTA) due to
the dynamic coordination between lanthanide andmannose.
Because of its good biocompatibility, the gel can be used as a
3D cell culture medium and still has a reversible “ON/OFF”
fluorescence characteristic in the matrix.

3.2.4. Color Matching Intrinsic Luminescence Metal-Organic
Frameworks (MOF) Gel. In recent years, metal-organic
framework has been a new material which attracts much
attention. As for the tintable intrinsic luminescent MOF
gel, it has been developed as early as 2018. Chen group of
Nankai University [50] reported for the first time a series
of coloring luminescent lanthanide MOF gel materials.
Lanthanide metal ions and organic ligands with unevenly

Multiple
stimuli

(a)

Assembly

GelSolution

[2]rotaxane BC12P5
DMSO
Fibers

(b) (c)

Figure 6: Schematic diagram and gel SEM diagram of the wheel molecule and gel structure. (a),e structure of rotaxane and the schematic
diagram of its structural transformation under various stimuli. (b) Schematic diagram of self-assembly of BC12P5 in supramolecular gels. (c)
SEM images of rotan-based supramolecular gels formed in DMSO (reprinted from [44]).
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distributed carboxyl groups were selected. Nanobelts were
formed through the high valence and biased carboxyl
distribution of Ln3+ ions, boric acid groups were intro-
duced to improve anisotropic growth through steric
hindrance and hydrogen bonding, and then these nano-
belts were wound together and gelled to form MOF gel
(Figure 9(c)). Among them, the addition of boron in the
side chain of Isophthalic acid (ISP) changed the ligand’s
entropy, hydrogen bond, and steric hindrance, which
played an important role in the formation of MOF gel.
Monometallic MOF shows red, green, and blue fluores-
cence. ,erefore, mixed metal MOF gel was prepared by
adjusting the type and/or proportion of Ln3+ ions; single
wavelength excitation can make it obtain full-color lu-
minescence (Figure 9(a)). As an excellent chemical/
physical hybrid gel with excellent optical properties, it will
have great potential in the field of target detection and
biosensing.

4. Study on the Application of
Fluorescent Hydrogel

Luminescent materials have attracted considerable attention
due to their wide potential applications, especially hydrogels.
Based on the noncovalent interaction of gel factor, soft
materials, which have highly swelling, degradable, and ad-
justable rheological properties, are more convenient for
synthesis and preparation methods, responsive to external
stimuli, and have unique physical properties and self-
repairing properties. ,e special properties of these unique
structures make them have great potential in sensors, fluo-
rescence imaging, molecular devices, and biological therapy.

4.1. Sensors. Fluorescence-based sensors have been rou-
tinely used in biology, physiology, pharmacology, and en-
vironmental science. Because of their physiological
compatibility, fluorescent gel sensors have attracted wide
attention in medicine. Diabetes is a very common chronic
disease at present, which is accompanied by various com-
plications, and it is particularly necessary to detect and
observe it in real time.

Park and Park [52] reported a glucose sensor with
fluorescence and size changing dual response, which was
fabricated by microfluidics. Poly(acrylamide) (PAAm)
hydrogel forms PAAc hydrogel under the treatment of
sodium hydroxide and tetramethylethylenediamine
(TEMED). Finally, gelatin was modified to combine
fluorescent CDs, glucose oxidase (GOx), horseradish
peroxidase (HRP), and gel droplets. ,e reaction of GOx
and HRP with glucose will produce gluconic acid and -OH
radicals, which will lead to fluorescence quenching and
size reduction of CDs, respectively. Moreover, the glucose
sensor shows good sensitivity (linear range is about
30mm; detection limit is 0.052mm). Because of its good
biocompatibility, it has no other side effects on organisms,
so it is of great significance to use it as a long-term glucose
test.

Lanthanide-based sensors have unique spectral properties
such as long fluorescence lifetime and large Stokes shift.
,erefore, many people love to use it to make fluorescent gel
for sensor [53]. Weng et al. [54] reported fluorescence
hydrogels based on Eu-Iminodiacetate (Eu-IDA dynamic)
coordination, which can be dynamically broken and bonded
under pH, temperature, metal ions, ultrasonic treatment, and
various force stimuli and can switch light device and sol-gel

Gelatin

Ln-Man
complex

Gelatin network

Fluore scence “ON” Fluore scence “OFF”

EDTA

Fe2+

(b)

SMCs

Ln-Man-Geln network

EDTA (“ON”)

Fe2+ (“OFF”)

3D cell culture

(c)

Figure 8: Gel formation and its application as a substrate for 3D cell culture. (a) ,e formation of lanthanide mannose (Ln-Man) complex.
(b) ,e formation of lanthanum mannose gelatin (Ln-Man-Geln) hydrogel and the fluorescence “ON/OFF” on Fe2+/EDTA. (c) Ln-Man-
Geln hydrogel as a schematic diagram of 3D cell culture medium (reprinted from [51]).
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trasition easily. Intelligent optical materials can respond to a
variety of stimuli, which provides a new method for the
development of multi-responsive biosensors.

4.2. Biological Imaging Probe. Prior to this, Mehwish et al.
[55] summarized the supramolecular fluorescent hydrogels
used as biological imaging probes in detail. ,is includes the
research of preparation methods, excellent fluorescence
properties, prospective applications in biological imaging,
and opportunities and challenges in the future and makes a
detailed classification and description of the imaging
mechanism of different types of fluorescent probes.,e team
points out that the supramolecular gel fluorescent probes are
highly specific and have excellent stability and sensitivity. At
the same time, molecules are assembled by noncovalent
bonds, such as hydrogen bonds and hydrophobic interac-
tions, which makes the imaging method more physiological
and have good biocompatibility. ,erefore, fluorescent gel
has a larger market in the application field of biological
imaging probes.

Subsequently, Xu et al. [56] reported a fluorescent hydrogel
probe for monosaccharide detection. ,e anthracene fluo-
rescence probe based on boric acid was functionalized with
acrylamide unit to incorporate into the hydrogel system for
monosaccharide detection (Figure 10). ,e fluorescence probe

showed a strong fluorescence opening response after being
exposed to fructose. According to the fluorescence response,
the sensitivity of the probe was improved 10 times by adding
D-fructose, and it showed excellent monosaccharide detection
ability. Recently, the application of hydrogel fluorescent probes
has not been reduced and is still in active research and de-
velopment [57–59].

4.3. Drug Delivery. Using appropriate drug delivery system
can ensure higher bioavailability of drugs, and it can exert its
efficacy for a long time. Fluorescent gel with good bio-
compatibility and biodegradability and no toxic and side
effects has become a suitable material [60, 61]. ,e sulf-
hydryl-disulfide bond is easily broken in the cell, resulting in
the destruction of the nanomaterials 3D network, and
further accurately releasing the drug. ,erefore, in the redox
drug delivery system, the disulfide bond has been the most
commonly used functional group to prepare nanogels to
achieve controlled release of drugs in cancer cells [62]. At the
same time, the design of nanogels with redox response and
aggregation induced emission luminescence (AIEgen)
function can achieve accurate and traceable delivery of
drugs.

Ma et al. [63] reported a multifunctional nanomel gel
project with redox reaction and AIEgen characteristics.

5-bop

+

+
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Coordination Anisotropic growth
-gelation

Colorful MOF gels

Coordination

Dy-MOF gel

Tb3+

ISP

Tb-MOF gel

Separated
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Figure 9: Formation and photoluminescence of chemical/physical hybrid gel with intrinsic fluorescence emission. (a) Choosing different
types and proportions of Ln3+ ions to formMOF gel with different colors. (b) Formation of Dy-MOF and Tb-MOF. (c) Formation of MOF
gel (reprinted from [50]).
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All-transretinoic acid (ATRA), with a disulfide bond as a
linking agent and a group of aggregation induced lumi-
nescence (TPENH2) grafted with hyaluronic acid (HA),
forms a fluorescent gel HA-ss-ATRA/TPENH2HNPs
delivery carrier: ATRA as the hydrophobic core of mul-
tifunctional hyaluronic acid nanomaterials (HNPs), HA
as a hydrophilic agent, using disulfide bond as redox
sensitive bonds between HA and ATRA, and preparing
HA-ss-ATRA two affinity conjugates, which can control
the release of drugs according to the intracellular envi-
ronment (Figure 11). Finally, HA-ss-ATRA, dichloro-
ethane (EDC), and N-hydroxysuccinimide (NHS) were
co-dissolved in formamide to modify AIE fluorescence

group. With the successful preparation of HNPs with
unique AIE characteristics, adriamycin loaded on them is
selectively absorbed by cancer cells, and real-time imaging
in dynamic environment is realized.

4.4. Other Applications. Fluorescent gel has excellent water
content and unique luminescent properties. It can be used as
a sensor and effectively adsorb heavy metals and other
environmental pollutants [64, 65].

At present, fluorescence hydrogels are used to encrypt
and protect data information so as to realize the possibility
of multi-stage data security. Zhang research group of
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Ningbo Institute of Materials [66] showed a 3D based anti-
counterfeit platform based on fluorescent hydrogel, shape
memory, and self-repair feature and made full use of the
data inside the 3D structure to encrypt. At the same time,
the research group [67] reported a safe information storage
method, which can store information on fluorescent
hydrogel based on controllable ion imprinting. When the
2D information of fluorescence quenching and the 3D
information of activation are exposed to ultraviolet rays
and put into water, it can be decrypted in layers and di-
mensions. Fluorescent gel can also be used to manufacture
special materials [68]. Due to its excellent self-healing
function, fluorescent hydrogels can also be used as medical
excipients in biomedicine [69, 70]. In a word, the function
of fluorescent hydrogel is reflected in many aspects, and
there will be more room for further application in the
future [71–77].

5. Conclusion

,e hydrophilic functional groups attached to the polymer
backbone make the gel have high water absorbency and
unique 3D network. ,e fluorescent hydrogels with good
biocompatibility and luminescence properties show good
application prospects in biomedicine. At present, the fluo-
rescent hydrogels have been widely used in sensors, bio-
logical imaging probes, and so on. In this review, three

different preparation methods are introduced, which are
used to construct fluorescent hydrogels with excellent
properties. However, the fluorescent hydrogels also have
some defects. For example, the gel prepared by noncovalent
interaction has poor mechanical stability due to the weak
interaction between the gels. ,erefore, based on the good
prospect of fluorescent hydrogel, accelerating the perfection
of fluorescent gel defects and preparing better fluorescent
hydrogels are particularly important.
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