
Chapter 11
Circularly Polarized Luminescence from
Gelator Molecules: From IsolatedMolecules
to Assemblies

Tonghan Zhao, Pengfei Duan, and Minghua Liu

Abstract Currently, molecular gels have become one kind of the fascinating
candidates for fabricating chiroptical materials with circularly polarized lumines-
cence (CPL) properties, due to the tunable and modifiable structure, simple yet
facile synthesis, controlled and reversible assembly, and so on. Since self-assembly
approach has been regarded as an efficient way for amplifying the chirality, supra-
molecular gelation provides a remarkable method for fabricating CPL materials with
high dissymmetry factor (glum). Various gel systems, including chiral-, achiral-,
organic-inorganic hybrid systems can be endowed with CPL activities through
supramolecular gelatinization, possessing excellent luminescence circular polariza-
tion. This chapter summarizes and reviews the present status and progress of
supramolecular gel systems with CPL activity.
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11.1 Introduction

Chiroptical materials with circularly polarized luminescence (CPL) activity have
been drawing extensive attentions owing to their potential applications in the
fields of photoelectric devices [1–3], 3D displays [4], security systems [5], chiral
sensing [6–8], asymmetric catalysis [9–13], and so on. In order to get the CPL, it
is generally necessary that both the chirality and luminescent chromophore are
integrated in one molecule. Thus, various molecules possessing such elements
are developed and some typical molecules exhibiting CPL are shown in Fig. 11.1.

It is seen that organic molecules with different kinds of molecular chirality,
i.e., point chirality, axial chirality, and planar and helical chirality, can be designed
as CPL-active molecules [14–17]. So far, a large number of the organic molecules
have been reported to show CPL. In those molecules, the dissymmetry factor
defined as glum ¼ 2 � (IL � IR)/(IL + IR), where IL and IR are the intensity of left-
handed and right-handed circularly polarized light, respectively, is in the range of
10�5 to 10�3. Since most of these molecules have been discussed in other chapters,
we will not discuss them in detail here.

Among various organic molecules, low-molecular-weight gelator (LMWG) or
simply gelator is a unique kind of molecules. The gelator molecules can self-
assemble into nanostructures via noncovalent bonds and immobilize certain organic
solvents (organogels) or water (hydrogels), as shown in Fig. 11.2. Interestingly,
many of the gelator molecules are chiral and some of them show CPL. These gelator
molecules have two states, i.e., an isolated molecular state in dilute solution and an
assembly state in gels. Interestingly, many of the assembly states showed more
intense CPL than that of their isolated molecular state. One of the important
directions of CPL research is for materials. Since many materials are in solid or
gel state, the research on the CPL of aggregation molecules cannot be avoided.
Herein, recent progress in the CPL of the gelator molecules, from isolated molecules
to their assembly state, will be discussed.

Fig. 11.1 Some typical CPL emitters integrated the chirality and luminescence chromophores.
In the case of point chirality, one of the substituent groups is fluorophore
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For the CPL of gelator molecules in a dilute molecular state, it is similar to most
of organic molecules. However, in the design of CPL molecules with point chirality,
the distance between the chiral center and the chromophore is very important. If
the spacer between the chiral center and the chromophore is too long, you cannot
get CPL. In the case of CPL from the gelators in assemblies, another phenomenon
called aggregation caused quench (ACQ) and aggregation-induced emission (AIE)
will frequently appear, which will greatly alter the CPL of the system. These are
very important issues which should be considered in the design of the CPL-active
gelators.

As illustrated in Fig. 11.2, there are three cases for the design of gelator molecules
in order to get the CPL, similar to the formation of the supramolecular chiral
gels [18].

The first case is that the isolated gelator shows CPL and the gel showed enhanced
or diminished CPL due to the self-assembly. The second case is that the fluorophore
does not have any chiral unit. However, when co-assembled with the chiral gelator,

Fig. 11.2 Schematics of gelation induced by self-assembly of gelator (top) and three types of
gelation-induced supramolecular chirality (bottom). Chiral gels from (a) exclusive chiral gelators,
(b) the co-assembly of chiral gelator and achiral dopants, and (c) exclusive achiral gelators
[18]. Copyright 2014, The Royal Society of Chemistry
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the assemblies showed CPL. In such case, the chiral element is from the nonemissive
gelator, while the fluorescence (comes or originates) from the nonchiral fluorophore.
The third case is the achiral chromophore without any chiral unit. In molecular state,
it does not show any CPL activity. However, upon gelation, symmetry breaking
occurs and the CPL could also be obtained.

In this chapter we will start from the design of chiral emissive gelator molecules
and then provide the examples of CPL from several typical gelator molecules and
their assemblies.

11.2 Design of the Chiral Gelator

The discovery of the gelator was fortuitous in the early stage of the development
on supramolecular gels. However, it becomes now possible to design the gelator
molecules on purpose. Hinted from the notion of supramolecular synthon in crystal
engineering and synthon in organic synthesis, we proposed a concept of gelaton
to the design of the gelator [19]. A gelator molecule can be illustrated as in Fig. 11.3.

A gelaton is defined as a special molecule or a structural unit that can be used to
formulate the supramolecular gelator and/or gels. Through the covalent bond of the
gelaton with certain fluorophore via a linker, it is easier to design the chiral gelator
for CPL. Fortunately, many of the gelatons are chiral. Figure 11.3 illustrates several
typical gelatons for the design of the gelator molecules, which will be useful for

Fig. 11.3 Three main parts of gelator and some typical gelatons [19]. Copyright 2018, The Royal
Society of Chemistry
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developing various kinds of molecules for CPL research. Among these gelatons,
sugar, cholesterol and amino acid derivatives are frequently used. However, only
one kind of enantiomers of sugar and cholesterol could be easily obtained, while it
is relatively easier to obtain both the L- and D-enantiomers for amino acids. Thus,
CPL-active materials derived from amino acids are extensively investigated.

11.3 CPL from Gelator Molecules and Their Gels

11.3.1 CPL-Active Simple Molecules with Enhanced Circular
Polarization via Self-Assembly

For fabricating chiral luminescent molecules, introduction of a luminescent moiety
to nonluminous chiral moiety through covalent bond is a general strategy [14].
In this case, lots of chiral moieties bonding with aromatic π-conjugated chromophore
exhibited CPL activity have been widely investigated. For example, Kawai
and Nakashima et al. reported the CPL from an axial chiral binaphthyl
derivatives, in which two perylene bisimides were bonded. The monomeric state
in chloroform (molecule 1, Fig. 11.4a) showed the glum value as low as 3 � 10�3

[15]. However, the assembly of 1 resulted in almost one order of magnitude
higher glum value. In addition, the morphology of the assemblies played a
crucial role in deciding the luminescence dissymmetry. These studies elegantly
demonstrated that chiral assemblies could act as an efficient approach to amplify
the luminescent dissymmetry factor of simple organic molecules. C2-symmetrical
chiral 1,2-diaminocyclohexane was also used as a chiral source for designing the
CPL-active compounds. Strong CPL activity was reported from molecules 2 and
3 (Fig. 11.4b) [20]. For the properties of CPL we could get, the force of the
noncovalent interactions, the competition of the chiral and achiral interactions, and
the length of fluorophore to the chiral center all have effect. Chiral simple molecules
with CPL activity have attracted great interests in recent years and extensive

Fig. 11.4 (a) Molecular structure of chiral binaphthyl derivatives 1. (b) Molecular structures of
chiral diaminocyclohexane derivatives 2 and 3
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accounts and reviews are available; thus, this review will not highlight such a case.
We will focus on the recent developments in the field of chiral gelators and chiral
supramolecular gels [21].

11.3.2 CPL from Chiral Gelators

11.3.2.1 CPL from Amino Acid Derivative Gelators

In supramolecular gel system, amino acids are excellent gelaton candidates because
of its natural chirality, easy accessibility, and wide diversity [19]. For the CPL-active
amino acid derivatives, the gelator molecule usually does not show CPL because
the spacer between the chromophore and the chiral center is too long. However,
upon gelation, the chirality can be transferred to the assemblies which show intense
CPL activity. For example, Ihara et al. designed a glutamic acid gelaton-linked
anthracene gelator 4 (Fig. 11.5) [22]. Interestingly, no CPL signal was detected
for the monomeric state in tetrahydrofuran (THF). However, when 4 formed
supramolecular gel through self-assembly in n-hexane/THF (50:1), the excimer of
anthracene formed and emitted CPL at 25 �C. It was found that the formation
of assembly state of 4 could be controlled by temperature. At low temperature,
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Fig. 11.5 (a) Schematic
illustration of the excimer
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permission [22]. Copyright
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intermolecular H-bond was stronger than π–π stacking interaction. Thus, the
anthracene chromophores formed twisted stacks with partially overlapped excimer.
At 25 �C, the main driving force was π–π stacking for self-assembly. Thus, a
Sandwich-type excimer was formed by the anthracene fluorophores in the
excited state (Fig. 11.5a). Meanwhile, the obtained gel from gelator 4 with
the Sandwich-type excimer can emit intense CPL, with a dissymmetry factor of
3.2 � 10�3 (Fig. 11.5b). In addition, intermolecular interaction became weak
at 45 �C; therefore, most anthracene fluorophores could not form an excimer and
no CPL could be observed. Therefore, temperature-controlled fluorescence and
CPL of organogel was accomplished.

Photon upconversion, in which the higher-energy excited state could be
populated by lower-energy light, provides a novel view for achieving higher-energy
emission. Duan and Liu et al. proposed an idea to modulate triplet–triplet
annihilation-based photon upconversion (TTA-UC) in chiral assembly system,
in which they designed a self-assembly system based on anthracene-derived
chiral gelator (L-/D-5) as acceptor and achiral PdII octaethylporphyrin derivative
(6) as sensitizer [23]. Interestingly, the co-assembly of 6 and L-/D-5 via co-gelation
could not only generate chirality transfer from L-/D-5 to 6, but also realize triplet–
triplet energy transfer (TTET) from 6 to L-/D-5. Thus, dual upconverted (460 nm)
and downconverted CPL (550–750 nm) emission was detected in the co-gels
under excitation of 532 nm laser (Fig. 11.6a). As shown in Fig. 11.6b, L-5/6
and D-5/6 co-gels in deaerated toluene showed the mirror-imaged upconverted
circularly polarized luminescence (UC-CPL) signal at 460 nm. More interestingly,
under high excitation laser power, strong CPL signal could be observed in the
wide emission range of 550–750 nm (Fig. 11.6c). This strongly suggested that a
downconverted CPL could be emitted from 6 in the co-gels at deaerated condition.
Thus, a dual circularly polarized light emission involving upconverted CPL
at 460 nm and downconverted CPL was realized in co-gels. Two channels of
chirality and energy-transfer process were successfully integrated, and the interplay
of energy and chirality transfer to produce a dual CPL emission was revealed
simultaneously.

Except for glutamic acid-based gelator, an L-histidine-derived gelator was
designed and the CPL property has been investigated in Fig. 11.7 [24]. As
shown in Fig. 11.7a, it was found that a supramolecular gel with CPL properties
could be formed by gelator 7 upon sonication. The calculated glum was �5.0� 10�4

at 370 nm. In addition, combined with achiral benzoic acids, 7 could form
two-component co-gels. Although the benzoic acid is achiral, the co-gels exhibited
unexpected enhanced CPL and one order of magnitude amplification of the largest
glum value is detected (� 3.0 � 10�3). The possible mechanism for this CPL
enhancement was illustrated in Fig. 11.7b. A bilayer structure could be constructed
by gelator 7 due to the H-bond between the imidazole moieties and urea and π–π
stacking between the naphthalene. For the co-assembly, a C3-like secondary unit was
firstly formed by 7 and benzoic acid, then this unit further self-assembly into
hexagonal structures. The tight π–π interaction in this hexagonal stacking resulted
in better chirality transfer from gelator 7 to the supramolecular assembles, which
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might further profit the (IL � IR) values. In addition, the total fluorescence intensity
(IL + IR) decreased after adding benzoic acid. Based on the glum ¼ 2 � (IL � IR)/
(IL + IR), an amplification of the CPL resulted from lower (IL + IR) values could be
observed.

11.3.2.2 Aggregation-Induced Emission (AIE) Triggered CPL in Gels

As stated above, the regulated assembly of chiral emitters would be one of the
general and simple ways adopted for enhancing glum. However, due to the
aggregation-caused quenching (ACQ) effect, which leads to a much lower or

Fig. 11.6 (a) Schematics of energy acceptor L-5 or D-5 and energy donor 6 in TTA-UC process. In
the co-assembly system, the chirality can be transferred from gel 5 to 6. (b) CPL spectra of L-5/6
and D-5/6 in deaerated toluene, λex ¼ 532 nm laser. (c) CPL spectra of L-5/6 and D-5/6 in deaerated
toluene, λex ¼ 532 nm laser. Reproduced with permission [23]. Copyright 2018, WILEY-VCH
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even no emission performance of luminophores in the aggregated state, the CPL
performance of most luminophores becomes even worse from isolate molecule
to aggregated state. Fortunately, Tang’s group advanced an excellent idea to solve
this problem by combined aggregation-induced emission (AIE) effect with chiral
assembly [25]. AIE luminophore incorporated with the chiral component to fabricate
novel CPL-active materials has become an efficient way to achieve both large glum
values and high emission efficiency in condensed phase [26]. Cyano-substituted
stilbene (CNSB) is a well-known compound with AIE property. When CNSB
conjugated with a glutamic-derived gelaton, an AIE gelator was obtained (L-/D-8)
[27]. As shown in Fig. 11.8, the chiral donor (gelator 8) and achiral acceptor (BPEA)
could form a composite nanohelix through co-assembly, in which both energy and
chirality transfer were observed simultaneously. Amazingly, not only the chirality
transfer happened in the complex, but also the dissymmetry of CPL was significantly
amplified during the energy transfer. Thanks to the π–π stacking of CNSB and the
H-bond between the amide groups, an ordered nanohelix structure could be obtained
from gelator 8 through self-assembly. During the self-assembly process, not only
the emission intensity of 8 remarkably increased, but also the molecular level
chirality transferred to the supramolecular level, resulting in the excellent CPL
properties. When 8 co-assembled with achiral BPEA, the acceptor BPEA was
inserted into the nanohelix through the weak π–π stacking to form the co-gel
(Fig. 11.8a). Interestingly, the achiral acceptors could be endowed with CPL
caused by chirality transfer from the nanohelix. As shown in Fig. 11.8b, the detected
CPL glum value was �1.2 � 10�3 by directly exciting the acceptor (at 400 nm),
while the glum for the acceptor by exciting the donor (at 320 nm) showed a significant
enhancement (up to �3 � 10�3). This result exhibited that glum value of CPL
was amplified more than 2.5 times through the energy-transfer process. This might
be resulted from the enhancement of acceptor emission via the energy transfer,
which seems to further amplify the glum values.

Encouraged by the result of energy transfer amplified CPL, Liu et al.
further investigated a cooperative chirality and sequential energy transfer in a
supramolecular co-assembly system to explore its mechanism. In this work, a
cyanostilbene-appended glutamate gelator 9 and two kinds of achiral acceptors,
thioflavin T (ThT) and acridine orange (AO), were employed to from a co-gel
[28]. Similar to gelator 8, the chiral gelator 9 could form supramolecular nanotubes
with CPL activity. In addition, the supramolecular chirality could transfer to
these two achiral acceptors through co-assembly. Meantime, the excited-state energy
of 9 nanotubes could directly transfer to ThT but only be sequentially transferred
to AO. More interestingly, compared with CPL from directly exciting AO, a
stepwise amplified CPL could be observed when exciting the donor 9 or intermediate
donor ThT in the 9/ThT/AO ternary system (Fig. 11.9).

It should be noted that energy transfer boosted CPL was considerable, and a
possible analysis was proposed. When donor 9 nanotubes are excited by unpolarized
light, a CPL is obtained due to its intrinsic chirality. However, when acceptors
were added, the excited-state energy with chiral information will transfer to
acceptors, resulting in a new CPL from the acceptor. Based on a theoretical
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calculation by Bene and co-workers, in a helicity and energy-transfer process
(hFRET), the helicity in fluorescence from a rotating donor dipole could be
preserved [29]. In the instance of 9/ThT/AO system, the helicity of luminescent
donor 9 even ThT may be sequentially transferred to acceptor AO and amplified
the glum of AO. For experimental aspect, the L-9/ThT system exhibited an amplified
glum value (1.89 � 10�2) when excited by circularly polarized light contrasted to
the glum value excited by unpolarized light (glum ¼ 3.3 � 10�3). Thus, the helicity
in the donor excited state could be transferred to the acceptor and subsequently
amplified the glum was indirectly illustrated.

11.3.2.3 CPL from Chiral π-Conjugated Gelators

In supramolecular gel system, π-conjugated gelators also play an important role
because of their unique electronic and optical properties. Ajayaghosh’s group
has reported the design of oligo( p-phenylenevinylene) (OPV)-derived gelators
and their hierarchical self-assembly properties [30]. Furthermore, the CPL property
of a photosensitive π-conjugated gelator azobenzene-linked phenyleneethynylene
(10) was also been investigated in Fig. 11.10 [31]. As shown in Fig. 11.10a, the
assembly of 10 showed a positive CPL before photoisomerization. Interestingly,
the signal of CPL was inverted after irradiation. A possible mechanism for the
observed photoinduced CPL inversion resulted from helicity inversion was proposed
in Fig. 11.10b. The assembly of 10 groups in methylcyclohexane (MCH) shows
P-helical. After ultraviolet (UV) photoirradiation, the remaining E,E isomers
were low in the photostationary state and the excess homonuclear M-helical YY
aggregates will nucleate and control the self-assembly. Therefore, the photoinduced
CPL signal was reversed.

11.3.3 CPL from Achiral Luminophores

11.3.3.1 Symmetry Breaking Triggered CPL

In the above description, luminophores conjugated with chiral gelaton moieties are
required for the fabrication of CPL-active gels. Nevertheless, not only chiral gelators
but chiral supramolecular gels can be formed by completely achiral gelators through
assembly, thus provided the possibility for the exclusive achiral fluorophores
to fabricate CPL materials [32]. If an asymmetric environment is provided during
self-assembly, some achiral gelators can result spontaneous symmetry breaking to
form chiral supramolecular assemblies in this situation. As showed in Fig. 11.11,
CPL activities could be observed if an achiral ionic polymer 11 and Rhodamine B
were under mechanical stirring [33]. Moreover, the stir direction could determine
the CPL signal: a positive sign was resulted from counterclockwise (CCW) stirring,
while clockwise (CW) stirring induced a negative sign (Fig. 11.11a). In order to
reveal the origin of the CPL, CPL spectra from four different angles of the cuvette
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were detected (Fig. 11.11b). The CPL spectra detected from the four different angles
showed a same sign with similar shape in a series of evaluation, indicating that the
chirality of Rhodamine B was induced by stir on a macroscopic level. Nevertheless,
it should be noted that such CPL only can be observed during the stirring process.
Once the stirring stopped, the sample became CPL silent.

In the supramolecular gel systems, an achiral C3-symmetric gelator was also
found to display fascinating CPL performance (Fig. 11.12) [34]. It was found
that when the achiral gelators formed the organogels, it showed strong emission
as well as the CPL. The handedness of the CPL appeared randomly, suggesting

Fig. 11.10 Chemical structure of 10 and (a) CPL spectra for 10 before (filled circle) and after (open
circle) UV irradiation. (b) Schematics of supramolecular helical assembly of 10’s reversible helicity
inversion via a disassembly/reassembly process accompanying with E/Z photoisomerization of
azobenzene moieties.Δ¼ heating; � ¼ cooling. Reproduced with permission [31]. Copyright 2012,
Wiley-VCH
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a spontaneous symmetry breaking and the glum value was �0.8 � 10�2, as
shown in Fig. 11.12a. Interestingly, in such a system mechanical stirring could
enhance the glum values during the supramolecular gelation process (Fig. 11.12b).
In addition, the obtained gel dispersion was quite stable and the CPL remained
even after stopping the stirring. However, the direction of the CPL signals could not
be controlled by the stirring direction. The direction of CPL signals can be readily
regulated by adding some simple chiral dopants (Fig. 11.12c). More interestingly,
the glum value was also amplified by chiral dopants (� 2.3 � 10�2).

In some cases, the CPL from the nanoassemblies based on achiral molecules showed
a morphology dependence. As illustrated in Fig. 11.13, twisted ribbons, nanobelts
and trumpet-like nanostructures can be formed from an achiral C3-symmetric molecule
via the assembly in a mixed DMF/water solvent [35]. At a unity mixing ratio, nanobelts
were observed. Upon increasing the amount of dimethylformamide (DMF), nanotwists
and nanotrumpets were formed by such nanobelts through twisting and rolling,
respectively. Intriguingly, the nanotwists showed supramolecular chirality with
relatively strong CPL performance (glum ¼ � 2.1 � 10�2) although the component
compound is achiral, while the other nanostructure could not.

Fig. 11.11 Chemical structures of 11, Rhodamine B and (a) CPL spectra recorded with counter-
clockwise (CCW, blue line) stirring, clockwise (CW, red line) stirring, and no stirring (black line).
The inset shows the four faces of the cuvette detected for the CPL measurements. (b) Statistical
distributions of glum values in five different samples under CCW (blue) and CW (red) stirring
preparation in four faces of the sample cuvette. Reproduced with permission [33]. Copyright 2011,
Wiley-VCH
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11.3.3.2 CPL from Chiral Gelator and Achiral Luminophores

As stated above, exclusive achiral luminescent gelators could exhibit CPL through
self-assembly in asymmetric environment. In addition, another important approach
for the fabrication of CPL-active materials from achiral luminophores is the
co-assembly. The chirality transfer from chiral components to achiral luminophores
causing induced chirality is of utmost importance. It is not only having potential
to endow almost all luminophores with CPL, but also simplify the strategy to
produce various CPL-active materials instead of the tedious organic synthesis.

Fig. 11.12 Chemical structure of 12 and photographs showing 12 assemblies in N,N-
dimethylformamide/H2O (DMF/H2O) upon stirring during preparation of the gels (top). (a) CPL
spectra (left axis) and fluorescence spectra (right axis) of 12 gels in DMF/H2O. CPL spectra of 12
assemblies after 900 rpm clockwise stirring during gelation (b) and containing 900 mol% chiral
1-cyclohexyl ethylamine (c) in DMF/H2O. Reproduced with permission [34]. Copyright 2015, The
Royal Society of Chemistry
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For the chirality induction of the achiral luminophores, the interaction between
the chiral molecules and the achiral luminophores plays a very important
role. Noncovalent interactions, such as electrostatic interactions, hydrophobic inter-
actions, hydrogen bonds, and host–guest interactions, could be employed to regulate
the chirality induction.

Fig. 11.13 (a) Molecular structure for the gelator 13 and CPL spectra of 13 at a volume ratio of
DMF/H2O ¼ 2, 6, and 7. (b) Schematics of the formation of nanotwists and nanotrumpets from
nanobelts. Bottom was the SEM of the nanotwists and nanotrumpets. The nanotwists showed CPL
activities, while the nanotrumpets did not. Reproduced with permission [35]. Copyright 2018, The
Royal Society of Chemistry
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An example of a three-component co-assembly for induced CPL is shown
in Fig. 11.14 [36]. Interestingly, the helix of Fmoc-Glu assembly could be
triggered by the achiral nucleobase (guanine (G) or adenine (A)). Furthermore, this
supramolecular chirality transferred to the achiral cationic dye ThT. It should
be noted that only the second achiral molecule is introduced; the co-assembly
of Fmoc-Glu and ThT exhibits helicity at the nanoscale level, finally leading to a
distinct CPL.

On the other hand, chiral confined spaces or environments can also endow achiral
components with chirality. Figure 11.15 shows a general approach to fabricate
CPL-active assembly nanotubes through loading achiral AIE luminophores
(AIEgens) [37]. As illustrated in Fig. 11.15a, the hexagonal nanotube structures
can be constructed by C3 symmetric chiral gelators L-/D-14, and the intrinsic
chirality of the substituted glutamate moieties can transfer to the supramolecular
nanotubes during the self-assembly process. Furthermore, the achiral AIE
luminophores could be embedded into the confined nanotubes via co-assembly,
and achiral AIE dyes aggregated during the gelation process, which showed
enhanced fluorescence intensity (Fig. 11.15b) and distinct circularly polarized
luminescence by direct excitation. Meantime, the polarization of the CPL
is regulated by the supramolecular chirality of the nanotubes. As shown in
Fig. 11.15c, through simply altering the doped dyes, mirror-imaged CPL signals
from 425 to 595 nm, covering the full-color from blue via green and yellow
to orange-red color, can be tuned.

A proton-triggered CPL switch in a co-assembled gel system consisted of a chiral
gelator and an achiral fluorophore was showed in Fig. 11.16 [38]. A co-gel could be
formed by chiral gelator L-/D-15 and achiral perylene bisimide (PBI) in ethanol and
gelation-induced chirality of PBI was transferred from L-/D-15. Due to low lumi-
nescence efficiency of PBI, no CPL signal could be observed. However, after
exposing the co-gel to an acid atmosphere, significantly increased emission intensity

Fig. 11.14 Left: Schematic illustration of the achiral nucleobase-assisted helical self-assembly
based on the Fmoc-Glu and supramolecular chirality transfer from Fmoc-Glu to achiral ThT. Right:
CPL spectra of Fmoc-(L/D)-Glu/A/ThT. Reproduced with permission [36]. Copyright 2016, Wiley-
VCH
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as well as a CPL signal could be detected in the co-gel. Additionally, if the co-gel
was exposed to an ammonia atmosphere, both fluorescence and CPL could be
switched off. Therefore, this co-gel system achieved a dual switch of fluorescence
and CPL (Fig. 11.16a). Because of protonation by acetic acid, the co-gel showed
strong fluorescence when under excitation at 447 nm. Meanwhile, CPL was
also detected, as verified by the mirror image CPL spectra in Fig. 11.16b. As
shown in Fig. 11.16c, when the L-15/PBI film was exposed to HCl atmosphere,
appearing the fluorescence and CPL curve. However, if exposing the film to an
ammonia atmosphere, the fluorescence and CPL will be wiped out. The glum value
showed stable repeatability after several cycle treatments. Therefore, a chiroptical
switch based on acid–base exposure regulated could be fabricated.

In the co-assembly system, gelator with photochromic properties could also
construct the CPL switch. As illustrated in Fig. 11.17, a photo-switched nano-
structure, formed by photosensitive cinnamic acid derivatives (L- or D-16) through
self-assembly, can successfully change from superhelix to nanokebab by light
irradiation, resulting from the dimerization of cinnamic acid. Meanwhile, the supramo-
lecular chirality could be reversed [39]. Furthermore, fluorescent achiral dyes (CBS)
could embed into these helical nanostructures and induced chirality was observed
as well as CPL properties. These nanohelixes could turn into nanokebabs by irradiated
with UV light (365 nm), and both the inversion of helicity and CPL were observed.
Interestingly, the handedness of CPL showed that following the supramolecular
chirality of the nanoassemblies rather than the intrinsic molecular chirality. Based

Fig. 11.15 (a) Schematic representation of chiral nanotubes formed by L-/D-14 encapsulated
different AIE luminophores. (b) The photograph of AIEgens-loaded co-gels under UV light
irradiation. (c) Mirror image CPL spectra of TPE (λex ¼ 300 nm), HPS (λex ¼ 365 nm), β-DCS
(λex ¼ 354 nm), α-DCS (λex ¼ 363 nm), MeCNS (λex ¼ 376 nm), BuCNS (λex ¼ 376 nm) in L-14
(solid lines) or D-14 (dash lines) host gels; all the co-gel samples were made in DMSO/H2O (1/1,
v/v) mixing solvents. Reproduced with permission [37]. Copyright 2017, Wiley-VCH
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Fig. 11.16 (a) Molecular structures of L-/D-15 and PBI and schematic illustration of the fabrica-
tion of co-gel composed of L-/D-15 and achiral PBI. Circularly polarized light emission could be
switched by changing acid–base exposure. (b) CPL spectra of protonated co-gels (L-15/PBI and D-
15/PBI) excited at 447 nm. (c) Intensity of the CPL glum value of the co-gel L-15/PBI against the
repeated acid–base exposure cycles. The inset pictures are the gel on quartz under a UV lamp.
Reproduced with permission [38]. Copyright 2018, the Royal Society of Chemistry

Fig. 11.17 Left: Schematic illustration of the self-assembly nanohelices formed by 16 and
co-assembly of 16 with a chiral fluorescent molecule (CBS). The chirality, morphology of formed
nanostructures, and induced CPL inversion are triggered by alternating UV irradiation and heating/
cooling. Right: CPL spectra of 16/CBS methanol co-gel under repeated treatment of UV irradiation
and heating/cooling. Reproduced with permission [39]. Copyright 2019, Wiley-VCH

268 T. Zhao et al.



on these results, alternative photoirradiation and heating/cooling procedures were
utilized to treat the supramolecular nanoassemblies; thus, the inverted helicity
and CPL performances could be reversibly repeated during the treatment processes.
Therefore, the switched inversion of supramolecular chirality and CPL are successfully
realized in one kind of chiral nanostructures by using the co-assembly strategy.

11.4 Conclusion

CPL-active materials have potential applications in various research fields. To
achieve this goal, molecular gelator could be regarded as one of the better
candidates because of the precisely adjustable intermolecular interactions and
enhanced performances in relating to CPL [40–41]. Now, the introduction of
new fluorescent materials and the concept of self-assembly have led to the rapid
development of CPL-active materials [42–44]. For the research of materials
with CPL activities, supramolecular gels provide a broad platform. Besides the
self-assembly from chiral luminophores, chiral supramolecular gels could be
fabricated from many of the building blocks either chiral or achiral. On the basis
of various noncovalent interactions such as H-bond, π–π stacking, host–guest
interaction and so on, non-CPL-active isolated chiral gelators could assembly into
supramolecular gels exhibiting CPL performance. Analogously, chiral gel matrixes
can load or encapsulate achiral luminophores; the achiral luminophores thereby are
endowed with CPL activity. This is beneficial not only for organic system but
also for inorganic system. Except for the construction of CPL-active materials
through gelation, supramolecular gels also can further develop their functions
such as energy transfer, CPL switch, and so on. The energy-transfer amplified
dissymmetry in gel systems will serve as an excellent platform for expanding the
fabrication of highly efficient CPL-active materials. It is worth further research in
the future. Although CPL-active gels have shown their application in some cases,
a future effort for the CPL application is still in its infancy.
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