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Multivalent supramolecular assemblies not only can efficiently enhance the photophysical properties of
functional molecules, but also are able to intelligently modulate the luminescence behavior. Herein, the
photo-controlled reversible multicolor luminescent supramolecular assembly was constructed on agarose
substrate by non-covalent interactions, which was composed of multicharged B-cyclodextrin (AMCD)
with adamantane-modified spiropyrane derivative (Adam-SP) and tetraphenylethene derivatives (TPE).
Firstly, the positively charged AMCD and negatively charged TPE form a binary assembly AMCD@TPE
through electrostatic interaction, significantly enhancing the luminescence of TPE at 480 nm with a quan-
tum yield (QY) jump from 0.68% to 31.24%. Moreover, the binary assembly AMCD@TPE and Adam-SP fur-
ther formed a ternary assembly Adam-MC@AMCD@TPE through strong host-guest interaction, which not
only achieved photo-regulated multicolor reversible fluorescence in both aqueous solution and agarose
hydrogel under alternating visible light irradiation and dark treatment, but also produced adjustable lu-
minescence changes under thermal stimulation. The ternary assembly Adam-MC@AMCD@TPE was suc-
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cessfully applied to photo-controlled multiple anti-counterfeiting.
© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Stimuli-responsive supramolecular luminescence system re-
mains a research hotspot because it can widely apply in bio-
logical imaging [1,2], luminescent materials [3-6], and informa-
tion anti-counterfeiting [7] through the response to various ex-
ternal stimuli such as temperature [8,9], light [10-12], electric-
ity [13], polarity [14], force [15,16], humidity [17] and pH [18,19].
In particular, photo-responsive supramolecular luminescence sys-
tems based on molecular skeletons including diarylethylene [20],
azobenzene [21], spiropyrane [22-25], and coumarin [26] have re-
ceived extensive attention [27]. For example, Klajn and cowork-
ers reported the photo-responsive nanoparticles in aqueous media
by adsorbing hydrophobic thiolated azobenzene and water-soluble
ligands terminated with the hydroxy group on the surface of Au
nanoparticles, revealing the precisely regulated kinetic process of
the isomerization of azobenzene by controlling the ratio of two
ligands on the nanoparticles [28]. Wang group reported a light-
controlled luminescent tunable supramolecular gel composed of
di(benzylidene)-p-sorbitol, lanthanide ions (Tb3"), diarylethylene
(DTE), and spiropyran derivative (SP), which exhibited tunable flu-
orescence since the isomerization of DTE and SP could be regu-
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lated respectively under different wavelengths of UV and visible
light irradiation, and was successfully applied to multiple infor-
mation encryption [29]. Our group reported full-color lanthanide
supramolecular photo-switch based on pillar[5]arene modified by
2,6-pyridinedicarboxylic acid (H), lanthanide ions (Ln3*) and di-
arylethene modified by quaternary ammonium salt (G1). The non-
covalent supramolecular assembly H/Ln3*/G1 achieved multicolor
fluorescence on/off by regulating the energy transfer between the
photoinduced diarylethene isomers and the Ln3+ complex, which
was used as a fluorescent ink for information encryption [30].
Although the photo-responsive supramolecular luminescence sys-
tem has been developed [31,32], it is still a challenge to construct
supramolecular assembly with bidirectional reversible multicolor
luminescence. In the light-regulated supramolecular luminescence
system, cyclodextrins, which possess various advantages such as
excellent biocompatibility, low cost, and easy modification [33], are
considered to be the ideal moiety for constructing supramolecular
assemblies [34-38]. Herein, the photo-controlled reversible mul-
ticolor luminescent supramolecular hydrogel was constructed on
agarose substrate by non-covalent interactions, which was com-
posed of multicharged S-cyclodextrin (AMCD) with adamantane-
modified spiropyrane derivative (Adam-SP) and tetraphenylethene
derivatives (TPE). As shown in Scheme 1, firstly, the positively
charged AMCD and negatively charged TPE form a binary assem-
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Scheme 1. Schematic of the multistage assembly and modulation of multicolor luminescence of AMCD, TPE, and Adam-SP.

bly AMCD@TPE through multivalent interactions to form nanopar-
ticles, significantly enhancing the luminescence of TPE at 480 nm.
Moreover, Adam-SP was further introduced into the system as
a reversible photoswitch to construct a ternary assembly Adam-
MC@AMCD@TPE through strong host-guest interaction, which not
only achieved photo-regulated multicolor reversible fluorescence
from blue to green, white, pink, orange, and red under alternat-
ing visible light irradiation and dark treatment, but also exhibited
thermal responsive luminescence changes. The ternary assembly
Adam-MC@AMCD@TPE was employed in photo-writing and self-
erasing information encryption, which provided a new approach
for constructing photo-modulated supramolecular luminescent as-
sembly.

The amphiphilic cyclodextrin (AMCD) with polycationic fea-
tures and hydrophobic alkyl chains, tetra-anionic tetraphenylethy-
lene derivatives (TPE) was employed to construct the binary lu-
minescent assembly. In addition, the adamantane-modified ring-
closed spiropyran derivative, Adam-SP, was introduced into the
supramolecular assembly to endow the system with photoswitch-
ing capabilities, which was synthesized through a substitution re-
action between 1-(adamantan-1-yl)-2-(1H-imidazol-1-yl)ethan-1-
one and 1’-(3-bromopropyl)-3’,3’-dimethyl-6-nitrospiro[chromene-
2,2'-indoline] (Scheme S1 in Supporting information). The Adam-
SP exhibited increased water solubility due to the presence of an
imidazole group. The structure of Adam-SP and Adam-MC was
characterized using nuclear magnetic resonance spectrometry ('H

NMR, 13C NMR), and high-resolution mass spectrometry (HR-MS)
(Figs. S1-S5 in Supporting information). First, the optical transmit-
tance was initially evaluated to monitor the assembly of AMCD
and TPE, as well as determine the optimal concentration for their
successful assembly. In the presence of TPE monomer, there was
a slight decrease in transmittance with an increase in concentra-
tion, specifically in the region above 450 nm where TPE itself did
not exhibit absorption (Fig. S11 in Supporting information). Af-
ter the introduction of AMCD into the system, a rapid decrease
in optical transmittance was observed until the concentration of
AMCD reached 9.1 pmol/L (Figs. 1a and b). Subsequent addition of
AMCD led to an increase in transmittance, which can be attributed
to the balanced presence of positive and negative charges at the
critical aggregation concentration (CAC), further addition of posi-
tive charge disrupts the pre-existing assembly [33]. The test results
demonstrate the weak self-aggregation phenomenon of TPE itself,
no significant Tyndall phenomenon was observed (Fig. 1b, insert
1). Upon the addition of AMCD to the system, electrostatic inter-
actions induce the self-aggregation phenomenon of TPE, resulting
in a decrease in solution transmittance and an obvious Tyndall ef-
fect (Fig. 1b, insert 2), with a significant reduction in critical aggre-
gation concentration value. Conversely, when maintaining a fixed
concentration of AMCD, the optimal concentration of TPE can be
achieved by employing TPE as back titration (Fig. S12 in Support-
ing information). In this case, the critical aggregation concentration
is reached at an increased TPE concentration of 18.6umol/L and
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Fig. 1. (a) Fixed TPE concentration unchanged, optical transmittance test for AMCD@TPE (|[TPE]=20pmol/L, 25°C). (b) AMCD titrated TPE, transmittance change at
500nm, [CAC]=9.1umol/L. (c) The zeta potential gram of TPE, AMCD, and AMCD@TPE, 25°C ([AMCD]|=2.4umol/L, [TPE]=5pumol/L). (d) DLS result of AMCD@TPE
([AMCD] =2.4pmol/L, [TPE]=5umol/L). (e) TEM image of AMCD@TPE ([AMCD]=2.4pmol/L, [TPE]=5umol/L). (f) Fluorescence titration of binary assembly AMCD@TPE

(ITPE] = 15 pmol/L, [AMCD] = 0-316.6 umol/L).

transmittance is reduced to 94.8 %. By comparing positive titration
and inverse titration results, it is calculated that the optimal as-
sembly effect is obtained when maintaining a concentration ratio
of AMCD@TPE at 1:2.04. Subsequently, the concentrations of AMCD
and TPE were adjusted to 7.2 and 15 pmol/L, respectively, based on
the optimal ratio.

Next, the photoluminescence enhancement of the binary as-
sembly induced by AMCD through electrostatic interactions was
investigated. The fluorescence titration experiments indicated that
the aqueous solution of TPE emitted an extremely weak fluores-
cence centered at 480nm (Fig. S13 in Supporting information).
Due to the aggregation-induced emission property of TPE, the lu-
minescence intensity of AMCD@TPE enhanced with the increasing
AMCD concentration until it reached a value of 1.22-fold equiva-
lent, whereupon fluorescence enhancement peaked (Fig. 1f). The
results demonstrated that poly-cationic cyclodextrin AMCD en-
hanced TPE’s photoluminescence intensity to the original a dozen
or so times through electrostatic interactions. The electrostatic as-
sembly effect of the assembly was further investigated through the
zeta potential experiment (Fig. 1c). At 25 °C, TPE exhibited an elec-
tric potential of —10.06 mV, AMCD had a potential of +2.45mV,
the small positive zeta potential of AMCD should be due to its low
concentration (2.4umol/L). And the binary assembly showed a po-
tential of —2.1 mV, possibly due to the distribution of negatively
charged TPE around AMCD. Consequently, the resulting binary
assembly nanoparticles can assemble with functional molecules
through hydrophilic, hydrophobic interactions and electrostatic in-
teractions. To investigate the basic morphology of AMCD@TPE,
transmission electron microscopy (TEM) and dynamic light scatter-
ing (DLS) were employed. TEM images revealed that the particle
size distribution of AMCD was uneven, ranging from 50-200 nm
due to self-aggregation at the selected concentration which mainly
depends on hydrophilic and hydrophobic interactions, while TPE
and AMCD@TPE exhibited uniform nanoparticles with a size of
approximately 20nm (Fig. 1e and Fig. S14b in Supporting infor-
mation), indicating successful assembly. DLS experiments showed

that the effective diameters of AMCD, TPE, and AMCD@TPE were
685.30, 40.24, and 209.96 nm respectively (Fig. 1d and Fig. S15 in
Supporting information), this is consistent with the results given
by TEM.

In order to achieve photo-responsiveness of the supramolecular
system, Adam-SP was introduced as an imperative component for
further assembly with the binary assemblies AMCD@TPE through
host-guest interactions. To confirm whether the spiropyran moi-
ety contributed to the optical switching performance of Adam-SP,
it was characterized using 'H NMR (Fig. 2a). A small amount of
DCl was added to DMSO for the ring-closed form better conversion
to the ring-open form (Adam-MC). For testing purposes, Adam-
MC form was irradiated under a UV lamp (365 nm) for 3 min be-
fore conducting tests in quick succession. It was observed that the
protons in the spiropyran part of Adam-SP are shifted to the low
field, which indicates that Adam-SP can be reversely converted to
Adam-MC by placing it in darkness or subjecting it to UV radia-
tion. Furthermore, the UV-vis absorption spectra of equal concen-
tration gradients of Adam-MC were tested to establish an absorp-
tion intensity-concentration standard curve (Fig. S16 in Support-
ing information). According to the one-to-one relationship between
the intensity of the Adam-SP’s characteristic absorption peak at
515nm and solution concentration, the photoisomerization extent
of Adam-SP after one light-dark cycle could be obtained (Fig. 2b).
Finally, based on measurements taken after keeping Adam-SP in
darkness for 120 min (abs.=0.241) and subjecting it to light for
only 15s followed by another period of darkness lasting for an-
other 120 min (abs.=0.179), we calculated that the conversion rate
reached approximately 62.5%. Moreover, the fluorescence spectra
of Adam-SP with increasing temperature (Fig. S17 in Supporting in-
formation) shows that the fluorescence peak of Adam-SP at 620 nm
decrease after heating, indicating that Adam-MC could undergo
ring-close Adam-SP through thermal activation. To investigate the
light responsiveness of Adam-SP upon the introduction of spiropy-
ran, we examined its UV-vis absorption spectra under various light
conditions (Fig. 2c). The results revealed that after 120 min in dark-
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Fig. 2. (a) 'H NMR spectrum of Adam-SP in DMSO-ds, which was kept in light before testing; '"H NMR spectra of Adam-MC in DMSO-dg ([DCl] =20 mmol/L). (b) UV-vis
absorption spectrum of Adam-MC after dark and one light-dark cycle, 25 °C. (c) UV-vis absorption spectrum of Adam-MC (20 pmol/L) during 0-30s illumination, the solution
was left in the dark for 120 min before testing (Insert: curve of absorption intensity at 515 nm as a function of illumination time). (d) UV-vis absorption spectrum of Adam-MC
and emission spectrum of AMCD@TPE ([AMCD] = 7.2 pmol/L, [TPE] = 15 pmol/L, 25°C). (e) Fluorescence emission spectrum of Adam-MC@AMCD@TPE ([Adam-MC] =20 pmol/L,

[AMCD] = 2.4 pmol/L, [TPE] =5 pmol/L, 25°C).

ness, the solution exhibited two distinctive absorption peaks at
360nm and 515nm. The absorption peak at 515nm corresponds
to Adam-MC in the ring-open state. Upon continuous irradiation
with visible light, the intensity of the peak at 515 nm gradually di-
minished. After 30s, it almost completely disappeared while an ab-
sorptive point emerged at 300 nm which confirms the occurrence
of isomerization. This process can be reversed through thermal re-
laxation in darkness after a duration of 120 min. Furthermore, un-
der cyclic stimulation alternating between dark and light condi-
tions, reversible recovery of the absorption peak at 515nm was
observed in the UV-vis absorption spectra (Fig. S18 in Support-
ing information). The results demonstrated that the incorporation
of spiropyran conferred a favorable light-responsive behavior upon
the guest molecule.

In view of the retained assembly sites of the binary assemblies
and the ability of the spiropyran moiety to generate the fluores-
cence switching in conjunction with photoisomerization, it was hy-
pothesized to be able to achieve effective fluorescence resonance
energy transfer (FRET) between AMCD@TPE and Adam-MC/SP. As
depicted in Fig. 2d, the emission peak of AMCD@TPE binary as-

sembly appears around 480 nm, while the absorption peak of ring-
open Adam-MC occurs at 515nm. The FRET could take place base
on the substantial spectral overlap between the emission peak
of AMCD@TPE and the absorption band of ring-open Adam-MC.
Furthermore, due to electrostatic interactions between AMCD and
TPE as well as host-guest interactions between S-cyclodextrin and
adamantane, the distance between the two fluorophores decreases,
facilitating FRET process. Subsequently, fluorescent titration was
performed on AMCD@TPE binary assembly with various concen-
trations of Adam-MC to determine its optimal concentration in
ternary assembly. As shown in Fig. 2e, when Adam-MC concentra-
tion reaches 20 umol/L, both TPE (480 nm) and Adam-MC (620 nm)
exhibit maximum emission peak intensities within ternary assem-
bly. The titration test was also conducted for ring-closed Adam-SP,
and the outcome demonstrated that the optimal luminous effect
was still achieved at a concentration of 20 pmol/L (Fig. S19 in Sup-
porting information). That’s probably because when the concentra-
tion of Adam-MC is 20 umol/L, it is hypothesised that the multi-
ple weak interaction forces between Adam-MC and the AMCD@TPE
balance each other and exhibit optimal co-assembly, resulting in
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Fig. 3. (a) UV-vis absorption spectrum of Adam-MC@AMCD@TPE during 0-30s illumination, the solution was left in the dark for 120 min before testing. Insert: curve of
absorption intensity at 515nm as a function of illumination time. (b) Changes in the fluorescence spectra of Adam-SP@AMCD@TPE in the dark. (c) Curve of emission intensity
at 480nm and 620nm as a function of illumination time. (d) Fluorescence spectra of Adam-MC, Adam-SP, Adam-MC@AMCD@TPE and Adam-SP@AMCD@TPE (365 nm Ex
for Adam-SP/Adam-MC, 520nm Ex for ternary assembly). (e) 1931 CIE chromaticity diagram of Adam-MC@AMCD@TPE upon alternating visible irradiation and keeping
in the dark. (f) The Adam-MC@AMCD@TPE solution undergoes a color change upon visible light irradiation and keep in the dark, as observed through photography. The
concentrations used in the above experiments are [Adam-MC]=[Adam-SP] =20 umol/L, [AMCD] = 2.4 umol/L, [TPE] = 5pumol/L.

a more effective energy transfer efficiency and the maximum flu-
orescence intensity at 480nm and 620 nm. Therefore, henceforth
setting Adam-MC concentration at 20 pmol/L for subsequent tests.

Benefiting from the strong bonding ability between cyclodex-
trins and adamantane, the molecules with adamantane moiety and
cyclodextrins were able to rapidly form supramolecular complexes
in the aqueous phase. Due to the poor water solubility of AMCD,
the assembly behavior was investigated by 'H NMR titration us-
ing the reference molecules natural B-cyclodextrin and Adam-
SP (Fig. S20 in Supporting information). Compared to the spec-
tra containing only Adam-SP monomer, the addition of 2, 4, and
6 equiv. B-CD resulted in a downfield shift of the adamantane
proton peak, indicating successful encapsulation of the adaman-
tane moiety of Adam-SP into the B-CD cavity through host-guest
interaction [39]. In order to investigate the photoresponseness of
the ternary assembly Adam-SP@AMCD@TPE, the UV-vis absorption
spectrum was examined (Fig. 3a). Similar to the binary assem-
bly condition, the spectrum also exhibits an absorption peak at-
tributed to spiropyran at 515 nm. The intensity of this peak gradu-
ally diminishes with increasing illumination time and reaches zero
after approximately 30s. During thermal relaxation in darkness,
the intensity of the 515 nm absorption peak gradually recovers and
stabilizes after a dark period of about 120 min (Fig. S21 in Sup-
porting information). Moreover, to confirm that the fluorescence
emission of the binary and ternary assemblies was independent of
the excitation wavelength, fluorescence excitation mapping spec-
tra were scanned for them (Fig. S22 in Supporting information).
The binary assemblies exhibited stable blue fluorescence emission
when the excitation wavelengths were varied in the range of 295-
365 nm, and similarly, the ternary assemblies under dark condi-
tions showed certain fluorescence emission centered at 480 nm
and 620 nm varying with the excitation wavelengths from 280 nm
to 375nm. The experimental results demonstrated that changing

the excitation wavelength only affects the intensity of the emis-
sion peak, but does not impact the emission wavelength, which
suggests that the system does not possess excitation-dependent
characteristics. The photoresponse photoluminescent behavior of
the ternary supramolecular system was monitored using fluores-
cence spectra. The spectra revealed a gradual quenching of TPE
emission at 480 nm with increasing darkness time, while the emis-
sion peak of Adam-MC at 620 nm gradually increased. It is shown
that energy is gradually transferred from TPE to Adam-MC through
the FRET process (®gr=47.73%) as the darkness time increases
(Figs. 3b and c). Additionally, when the aqueous solution of Adam-
MC@AMCD@TPE was exposed to visible light for 30s, the fluores-
cence emission returned reversibly to its initial state (Fig. S23 in
Supporting information). At the same time, it has good cycling sta-
bility, and the fluorescence intensity does not change significantly
after 5 dark-light cycles (Fig. S24 in Supporting information). Addi-
tionally, we have observed successful excitation of the ternary as-
sembly at 365nm, whereas Adam-MC does not exhibit emission
at this wavelength but can emit red fluorescence when excited at
520 nm. This suggests that through the synergism of electrostatic
and host-guest interactions, the luminescent behavior of the as-
sembly can be modulated (Fig. 3d and Table S1 in Supporting in-
formation). Not only that, the fluorescence emission process from
blue to red and the visible light-induced inverse process can be
observed by both the naked eye and camera when the solution is
placed in darkness under 365 nm excitation (Fig. 3f). These obser-
vations are consistent with the results obtained from the 1931 CIE
chroma diagram, which was utilized during thermal relaxation in
darkness and visible light irradiation. The reversible transition from
(0.1995, 0.3139) to (0.3748, 0.3128) can be achieved (Fig. 3e). More-
over, the fluorescence spectra confirmed that the luminescence be-
havior of the assembly in agarose hydrogel was similar as that
in aqueous solution (Fig. S25 in Supporting information). In addi-
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tion, transient fluorescence spectroscopy was employed to exam-
ine the lifetime of the binary assembly at 480 nm and the ternary
assembly at 620nm under different conditions (Fig. S26 in Sup-
porting information). The results demonstrate that AMCD@TPE ex-
hibits a lifetime of 5.18 ns, while Adam-SP@QAMCD@TPE and Adam-
MC@AMCD@TPE display lifetimes of 3.30ns and 2.51ns, respec-
tively. The quantum yields for TPE and AMCD@TPE upon excita-
tion at 365nm are determined as 0.68% and 31.24%. Moreover,
the quantum yield excited by Adam-MC at 520 nm is measured as
1.89%, whereas that excited by Adam-MC@AMCD@TPE at 365 nm
reaches up to 3.22 %. These findings indicate a significant enhance-
ment in the luminescence behavior of guest molecules due to the
synergistic effect between electrostatic interaction and host-guest
interaction (Fig. S27 in Supporting information). Finally, DLS and
TEM techniques were utilized to characterize the morphology of
the ternary assembly, revealing minimal changes compared with
both binary assembly (or free guest) before and after assembly;
moreover, an effective diameter of approximately 209.96 nm was
obtained through DLS measurements (Fig. S28 in Supporting in-
formation). In addition, the ternary assembly is also highly respon-
sive to temperature. As shown in Fig. S29 (Supporting information),
with the increase in temperature, the emission peak intensity of
Adam-MC@AMCD@TPE at 480nm and 620nm will gradually de-
crease, but the red emission at 620 nm will decrease more strongly,
in 1931 CIE chromaticity diagram, we can see that the color of the
assembly will switch between lavender and red with the heating
and cooling process. This may be due to the fact that adaman-
tane falls out of the cavity of cyclodextrin with increasing temper-
ature leading to unassembly [40,41]. At this time, the distance be-
tween TPE and Adam-MC is too far, resulting in a decrease in the
efficiency of the energy transfer process. Moreover, the assembly
showed only slight fatigue after five cycles, indicating that Adam-
MC@AMCD@TPE has a good response to temperature and cycle re-
versibility.

Different from conventional photoresponsive security systems,
the Adam-SP@AMCD@TPE supramolecular system enables bidirec-
tional reversible dynamic information encryption. This is achieved

through its ability to respond to reversible light-induced isomer-
ization, resulting in the formation of fluorescence patterns with
distinct colors during the process of information writing and in-
terpretation (Fig. 4a). The Adam-SP@AMCD@TPE solution was uni-
formly dispensed into a 96-well plate and kept in darkness for
120 min. Subsequently, a self-made black hollow cardboard with an
"NKU" pattern (abbreviation of Nankai University) was placed on
top of the plate, which was then irradiated for 30s using a visible
lamp emitting light at a wavelength of 530 nm. Upon observation
under daylight conditions, no discernible information was visible
initially. However, when exposed to a 365 nm UV lamp, it became
apparent that the region previously illuminated by the visible lamp
displayed the word "NKU" in blue while the unexposed area ap-
peared red. Over time, as the solution remained either in darkness
or under continuous UV irradiation, the color sequence of "NKU"
transitioned from blue to green, white, orange, and finally to red.
At this stage, interpretation under ultraviolet light at 365 nm be-
came impossible due to erasure caused by dark or UV stimulation.
Furthermore, leveraging this system’s reversible characteristics un-
der cyclic dark-light stimulation allows for the sequential gener-
ation and erasure of various patterns through light-induced writ-
ing followed by erasure via dark or ultraviolet irradiation. As de-
picted in Fig. 4b, Morse code representing "super” is written upon
exposure to visible light; its color changes over time spent in dark-
ness until eventual erasure occurs within this environment; sub-
sequently replaced by Morse code representing "molecule,” which
undergoes similar erasure once again within darkness.

It is worth noting that, in addition to writing and erasing in-
formation in solution, the supramolecular assembly also exhibited
excellent photochromic properties when incorporated into PVA
films. To prepare the film, 0.5g of PVA was added to 5mL of sec-
ondary water and stirred at 95°C for 2h until complete dissolu-
tion. The mixture was then cooled to room temperature before
adding Adam-SP@QAMCD@TPE. The resulting solution was poured
onto a slide and subjected to oven treatment for 1h until film
formation occurred. Under sunlight, the prepared PVA film ap-
pears colorless and transparent; however, after being irradiated by
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Fig. 5. (a) The Adam-SP@AMCD@TPE ternary supramolecular system enables information writing and erasing through visible light and UV stimuli in PVA film. (b) The “502”
and whale pattern was written under visible light, and the photo was read under ultraviolet light.

an ultraviolet lamp for 30s, it turns red. Remarkably, upon ex-
posure to visible light from a lamp source, the film can be re-
stored back to its original transparent and colorless state, indi-
cating that Adam-SP@AMCD@TPE not only demonstrates excellent
reversible light responsiveness in solution but also on solid sub-
strates such as this PVA film. The self-erasure performance of the
Adam-SP@AMCD@TPE-PVA film is illustrated in Fig. 5. In order to
observe this phenomenon, the film was covered with a self-made
black hollow cardboard featuring the word "NKU". Information was
written onto the film using visible light while erasing was achieved
through irradiation with an ultraviolet lamp. This process involved
repeated writing and erasing cycles using both "502" text and a
whale pattern - during which time the photoresponsive nature of
the film remained intact for continued use.

In summary, photo-controlled reversible multicolor luminescent
supramolecular assembly was constructed through supramolecu-
lar cascade assembly, which mainly depends on multivalent inter-
actions between multi-charged amphiphilic AMCD and negatively
charged TPE and strong host-guest interactions of AMCD encapsu-
lating Adam-SP in agarose substrate. Taking advantage of the pho-
toisomerization of Adam-SP, the multivalent supramolecular as-
sembly Adam-SP@QAMCD@TPE not only achieved photo-controlled
multicolor reversible luminescence from blue to red through an ef-
fective FRET process upon alternating visible light irradiation and
darkness, but also modulated luminescence changes in response to
thermal stimuli. Due to the tunable luminescence properties of this
ternary supramolecular system, it has been successfully applied to
dynamic information encryption. This work provided a novel ap-
proach for constructing intelligent luminescent supramolecular as-
sembly through cascade assembly.
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