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a b s t r a c t

White light-emitting (WLE) switches have greatly promising and worthy applications in the field of
controllable lighting, display, and sensing. Here, we unprecedentedly construct a photocontrollable light-
harvesting supramolecular nanoassembly (G/H@NiR) with rarely switchable white light emission, which
comprised oligo(phenylenevinylene)-bridged pillar[5]arenes (H), photochromic diarylethene (G), and
Nile red (NiR), through hosteguest complexation. In the nanosystem, color-tunable photoluminescence
such as cyan, orange red, and especially white with chromaticity coordinates (0.33, 0.34) is achieved
through altering the proportions of the energy donor (H in assembly G/H) and acceptor center (NiR).
Importantly, G, acting as a modulator, can controllably change the energy-transfer (ET) pathway between
H and NiR, when the G/H@NiR nanoassembly was exposed to distinct light, achieving reversible
switching of multicolor photoluminescence including white-light emission. In addition, the designed
intelligent supramolecular assembly G/H@NiR with captivating characteristics has extremely valuable
application as erasable multicolor fluorescent inks to be filled in the groove of a three-dimensional model
and further form a high-security-level chromatic anticounterfeiting quick response (QR) code, which can
be completely hidden and revealed under stimulation of distinct light. Besides, the erasable fluorescent
inks can also be used to record data information in mixed fiber film, which can be completely wiped off
and rerecord by distinct light. The study provides a controllable supramolecular light-harvesting strategy
(the photo-modulating ET pathway in the light-harvesting process) for developing photo-responsive
intelligent photoluminescence materials, particularly photosensitive WLE materials, possessing poten-
tial applications in photosensitive lighting and display, multicolor imaging, light-manipulative data
storage, and high-security-level anticounterfeiting.

© 2021 Elsevier Ltd. All rights reserved.
1. Introduction

The design and construction of color-tunable photo-
luminescence materials, especially white light-emitting (WLE)
materials, have merited particular attention because of their
attractive applications in lighting, display, and sensing [1e4].
Generally, WLE materials are produced by mixing blue and yellow
fluorochromes, or via blending discrete red, green, and
blue primary color luminescent dyes, as per the Commission
Internationale de L'Eclairage (CIE) chromaticity diagram [5,6]. In
recent years, supramolecular self-assembly has been handily used
occasion of his 80th birthday.
to develop WLE systems through hosteguest complexation-
induced color-adjustable photoluminescence [7e10]. On the other
hand, artificial light-harvesting systems based on fluorescence
resonance energy transfer (FRET) with the color-tuning photo-
luminescence characteristic [11e14] provide an innovative plat-
form for the fabrication of WLE materials. For developing the light-
harvesting systems with high antenna effect, several strategies
have been implemented so far, such as dendrimers [15,16], orga-
nogels [17,18], porphyrin arrays/assemblies [19,20], surface-cross-
linked micelles [21], biopolymer assemblies [22,23], organ-
iceinorganic hybrid materials [24,25], and macrocycle-based su-
pramolecular assemblies [26e28]. More recently, artificial light-
harvesting systems constructed through macrocycle-mediated su-
pramolecular assembly gradually display a particular advantage in
developing advanced WLE devices because diverse-color fluoro-
chromes in this system can gather spontaneously through non-
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covalent interaction to achieve FRET between them under certain
conditions [29e32]. Nevertheless, most of artificial photo-
harvesting systems with white-light emission reported so far
were non-adjustable. It is well known that plants can alter their ET
pathways to protect light-harvesting systems from damage when
they are exposed to strong light [33]. This provided us guidance for
the construction of the controllable artificial light-harvesting sys-
tem. However, it is a huge challenge to build stimuli-switchable
WLE materials based on the controllable light-harvesting platform.

We herein successfully developed an intelligently photo-
responsive biomimetic light-harvesting system through non-co-
valent supramolecular assembling of oligo(phenylenevinylene)-
bridged pillar[5]arenes (H), diarylethene-containing triazole
butylcyanide branches (G), and Nile red (NiR). This system had
several promising advantages shown as follows: (1) H held an
excellent aggregation-induced emission (AIE) property in high
concentration or insoluble solvent (high fraction of water) envi-
ronment, and it is a good candidate for energy donor. (2) The
introduction of the diarylethene unit to G endowed this system the
photo-adjustable ability, which could effectively alter the ET
pathway in this light-harvesting system. (3) Pillar[5]arenes and
cyano-triazole branches were modified to H and G, respectively,
leading to self-assembling of G and H. (4) NiR, a hydrophobic
fluorochrome, could be loaded into the hydrophobic interlayer of
the G/H nanoparticles and served as an energy acceptor center
because of their energy matching. Therefore, the constructed su-
pramolecular system not only possesses high ET efficiency, energy
donor/acceptor ratio, and antenna effect but also is endowed with
photo-tunable ability. To the best of our knowledge, this is the first
time that a peculiar WLE molecular photoswitch is fabricated
through a controllable supramolecular photo-harvesting strategy
based on the photomodulation of the ET pathway (Scheme 1).

2. Results and discussion

2.1. Preparation of the host H and guest G

The novel host compound (H) and guest compound (G) were
tactfully designed and successfully synthesized via several simple
procedures (Scheme S1). The reaction of mono-bromineemodified
P5 1 with 4-hydroxy benzaldehyde in the presence of K2CO3 ob-
tained substance 2. Subsequently, the mixture of 2 and 2,20-(1,4-
phenylene)diacetonitrile was refluxed in ethanol to give H.
Alkyne 4 reacted with 5 under the catalysis of Cu(I) to prepare the
guest G. Detailed synthetic procedures and characteristics of all
new compounds were shown in the Supplementary Information.

2.2. Photoisomerization and photochromism of the guest
compound G

In the view of the structural feature of G, its photoisomerization
and photochromic properties were first evaluated. As displayed in
Fig. 1a, the maximum absorption of the open form of G (OF-G) at
269 nm (ε ¼ 3.60 � 104 L/mol/cm) was gradually decreased on
irradiation at 254 nm light, whereas two new absorptions at
373 nm (ε ¼ 8.20 � 103 L/mol/cm) and 570 nm (ε ¼ 9.80 � 103 L/
mol/cm) emerged and increased, accompanied by the presence of
an isosbestic point at 292 nm. Meanwhile, the color of the sample
solution was changed from colorless to blue-violet (Fig. 1a, inset).
The abovementioned phenomena were all attributed to photo-
cyclization of OF-G to its closed-form (CF-G), as shown in Scheme 1.
The photocyclization conversion was determined to be 85% by
nuclear magnetic resonance (NMR) spectral examination of the
irradiated sample (Fig. S1). Subsequently, photoirradiation of the
resultant sample at >450 nm visible light triggered the UV-vis
2

absorption spectra, the color and NMR of the resultant sample to
return to their original states (Fig. 1a and S2). These phenomena
indicated the reversible photoisomerization of G between its open
form and closed form as illustrated in Scheme 1. The photo-
cyclization and photocycloreversion quantum yields were deter-
mined to be 0.54 and 0.019, respectively. Importantly, the
photochromism of G manifested a good reversibility, and no
apparent deterioration was observed even after seven times
repeating cycles (Fig. 1b).

2.3. Construction of the photoresponsive binary supramolecular
assembly G/H

As we all know, P5 and the neutral guests bearing two or three
short alkyl chains with a triazole site and a cyano site at either end
possessed strong binding ability with complex stability constant
(KS) up to 1.2 � 104 M�1 in chloroform [34,35]. For examining the
assembling behaviors of G andH, a series of experiments were then
achieved. The NMR titration experiments were firstly carried out.
From NMR titration spectroscopy (Fig. S3), the resonance for
methylenes (Ha-d) on G all showed an apparent upfield shift, and
their integral areas maintained unchanged after continued addition
of equivalent amounts of H, revealing a 1:1 hosteguest binding
stoichiometry. Their complex stability constant (KS) was deter-
mined to be 1.47 � 103 M�1 using the 1H NMR single-point method
[36,37]. More intuitively, the comparison of 1H NMR spectroscopies
of H, G/H, and G (Fig. 1c) manifested that the methylene groups
between the cyano segment and triazole on G were apparently
shifted upfield, indicating the segments were located in the cavity
of P5 on H. In addition, further evidence provided by the two-
dimensional rotating frame overhauser effect spectroscopy
(ROSEY) spectrum (Fig. S4) indicated hydrogenehydrogen corre-
lation of the protons on methylene groups (Ha-d) on G with the
protons on methylene and phenyl groups of P5 on H, verifying the
above-proposed assembling pattern. To further ascertain the
assembling behaviors of H and G, diffusion-ordered spectrocopy
(DOSY)-NMR spectra were subsequently performed to investigate
which model (polymers, oligomers, or small-size supramolecular
assemblies) was formed by H and G. As shown in Figs. S5eS7 and
Table S1, the diffusion coefficient of G/H (3.48 � 10�10 m2/s) was
less than that ofH (4.34� 10�10 m2/s) and G (8.72� 10�10 m2/s). As
per the StokeseEinstein equation, the average size of the assembly
G/Hwas estimated to be 1.73 times sum ofH and G by assuming the
complexes as being hydrodynamically spherical [38,39], implying
that G/H consisted of two small-size supramolecular assemblies, i.e.
G/H[1þ1] and G/H[2þ 2], as illuminated in Scheme 1. Furthermore,
their high resolution mass spectrum (HR-MS) (Fig. S8) manifested
the feasible structures of G/H[1 þ 1] and G/H[2 þ 2] (Scheme 1). In
addition, relevant structural optimization and energy calculation
were executed as well to support our viewpoints. As manifested in
Fig. 2, the geometry-optimized structures of the two assemblies
were consistent with the structures that we suspected (Scheme 1).
In addition, the optimized geometries of their precursors and a
series of relevant state functions (U, H, G, DH, DU, and DG) also
revealed that the proposed assembling patterns were relatively
reasonable and the formation of G/H[2 þ 2] had more favorable
tendencies than that of G/H[1þ1] because of relatively lower DG of
G/H[2 þ 2] (Fig. S9 and Tables S2 and S3), which was consistent
with composing proportion from DOSY results.

2.4. AIE of the binary supramolecular assembly

Afterward, the AIE property of H was investigated in consider-
ation of introducing the diphenylethylene group [40,41]. As man-
ifested in Fig. S10a, when water fraction (fw) of H2O-



Scheme 1. Schematic illustration of the controllable light-harvesting nanosystem based on photo-modulation of the ET pathway.
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Fig. 1. (a) The absorption spectra and the alteration of photographs (inset) of G on irradiation at alternative 254 nm and >450 nm light, [G] ¼ 2 � 10�5 mol/L. (b) The variation of the
absorbance of G at 570 nm on irradiation at alternative 254 nm and >450 nm light. (c) 1H NMR (600 MHz, CDCl3, 25 �C) spectra of the host H, assembly G/H, and guest G.
[H] ¼ [G] ¼ 5 � 10�3 mol/L.

Fig. 2. Geometry-optimized structures of the supramolecular assemblies G/H[1 þ 1] and G/H[2 þ 2].
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tetrahydrofuran (THF) mixed solvent was up to 80%, the fluores-
cence intensity of H was enhanced dramatically. Meanwhile, its
emission maximum displayed a bathochromic shift by 76 nm by
comparison of that in pure THF. Visually, gradual increase of un-
dissolved water fraction turned on the Kelly fluorescence of H
because of the formation of nanoaggregates, enabling naked-eye
observation (Fig. S10c). These findings inspired us to further
examine whether the supramolecular assembly G/H possessed the
AIE property. To our delight, the assembly G/H also exhibited
excellent AIE performance, and strong cyan fluorescence emerged
with increase of water fraction to 90% (Fig. S10b and d). Discrimi-
native fluorescence color and emission maximum (Fig. S11) were
presented in H and G/H because of different aggregation degrees,
implying the formation of two nanoaggregates. Furthermore, the
UV-vis absorption spectra of H and G/H in fw ¼ 90% THF-water
mixed solution displayed an apparent bathochromic shift by
10 nm and 20 nm, respectively, and the absorption bands between
425 nm and 800 nm displayed an obvious upper shift, compared
with that in pure THF solution (Fig. S12). These phenomena jointly
implied that the nanoaggregates were formed and the G/H as-
sembly exhibited tighter aggregation than H in fw ¼ 90% THF-water
mixed solution. The more intuitional proofs came from structural
information of G/H given by transmission electron microscope
(TEM), scanning electron microscope (SEM) and dynamic light
scattering (DLS). The TEM image gave a distinct insight into the size
and shape of the G/H assembly in fw ¼ 90% H2O-THF mixed solvent.
From the TEM image (Fig. 3a), we could find a lot of quasi-spherical
nanostructures with an average diameter of 51 nm, indicating
further aggregation of the assemblies into spherical nanoparticles,
which was further confirmed by the SEM image (Fig. 3b). In addi-
tion, the hydrodynamic radius of G/H (ca. 99.94 nm) determined by
DLS (Fig. 3c) was appreciably larger than the diameter observed by
TEM because of the shrinking of nanoparticles on air-drying in the
sample preparation for TEM [42]. Based on the morphological an-
alyses, a plausible illustration of the spherical nanoparticle G/Hwas
given in Scheme 1.

2.5. Multicolor and white light emission of light-harvesting ternary
supramolecular assemblies

Inspired by the formation of the nanoaggregate G/H in inert
solvent, we hypothesized that embedding another energy-matched
Fig. 3. (a) The TEM image of the G/H assembly; (b) The SEM image of the G/H assembly; (c)
image of the G/H@NiR assembly. (f) DLS data for G/H@NiR at 25 �C.
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fluorescent dye into the supramolecular assemblies might fabricate
a supramolecular light-harvesting system. It is feasible to imple-
ment that supramolecular assembly G/H loads some luminescent
dyes as model substrates within the interior of the nanoparticles
through hydrophobic effect and pep interaction (Scheme 1). NiR, a
fluorochrome with strong red emission in the hydrophobic envi-
ronment, was chosen as a model substrate to construct a ternary
supramolecular light-harvesting system because of the following
advantages: (a) The absorption band ofNiRmostly overlappedwith
the emission of OF-G/H in 90% water fraction of H2O-THF solvent
(Fig. S13), which will be beneficial to the occurrence of the FRET
process; (b) On account of no complexation of NiRwith H, a spot of
NiR could be loaded into the hydrophobic interlayer of the G/H
assembly rather than encapsulated in the cavity of P5, where the G/
H assembly could not dissociate. As manifested in Fig. 4a, when G/H
was excited by 377 nm, the fluorescence intensity of G/H at 484 nm
gradually declined; however, another emission at 590 nm (assigned
to NiR) was progressively increased, with continuous addition of
NiR to the assembly G/H. Visually, the strong cyan fluorescence was
changed to orange red in the presence of a trace amount of NiR in
this process, where the energy donor/acceptor (D/A) ratio is 100:3
(Fig. 4b). The fluorescence lifetimes (t) of OF-G/H and OF-G/H@NiR
were determined to be 6.69 ns (l ¼ 484 nm) and 4.99 ns
(l¼ 590 nm), respectively, when their excitationwavelengths were
both 377 nm (Table S4 and Figs. S14 and S15). Meanwhile, their
fluorescence quantum yields were determined to be 7.13% and
6.35% through the relative method (the reference compound was
rhodamine B) on excitation at 365 nm (see Table S4 and the rele-
vant calculation method in Supplementary Information). Very
interestingly, when the D/A ratio was 160:3, strong white fluores-
cence appeared with the chromaticity coordinates (0.33, 0.34) in
the abovementioned process (Fig. 4aec), which would conduct as
an excellentWLEmaterial. The fluorescence quantumyield of OF-G/
H@NiR with white-light emission was measured to be 6.36%
through the same method as OF-G/H (Table S4). To confirm the
occurrence of the abovementioned light-harvesting process,
several control experiments were then conducted. Under the
identical conditions, the same concentration of the samples con-
taining free NiR (excitation at 377 nm or 543 nm) and NiR in the G/
H@NiR assembly (excitation at 543 nm) in fw¼ 90% H2O-THFmixed
solvent all exhibited a negligible fluorescence intensity in com-
parison with G/H@NiR on excitation at 377 nm (Figs. S16eS18). In
DLS data for G/H at 25 �C; (d) The TEM image of the G/H@NiR assembly; (e) The SEM



Fig. 4. (a) Fluorescence spectra of G/H ([G] ¼ 1.0 � 10�5 mol/L, [H] ¼ 1.0 � 10�5 mol/L) in fw ¼ 90% THF-water mixed solution with sequential addition of NiR; The concentration of
NiR was increased from 0 to 3.0 � 10�7 mol/L; lex ¼ 377 nm; Slit ¼ 5, 2.5. (b) Photographs of G/H and G/H@NiR under UV light (365 nm); [G] ¼ 1.0 � 10�5 mol/L,
[H] ¼ 1.0 � 10�5 mol/L, [NiR] ¼ 0 mol/L (A), 1.875 � 10�7 mol/L (B), and 3.0 � 10�7 mol/L (C). (c) The 1931 CIE chromaticity coordinate changes from cyan (0.17, 0.33) to white (0.33,
0.34) and orange red (0.36, 0.34) with the addition of 0, 0.01875 eq (D/A ¼ 160:3), and 0.03 eq (D/A ¼ 100:3) of NiR to the G/H ([G] ¼ [H] ¼ 1.0 � 10�5 mol/L) aqueous solution with
lex ¼ 405 nm, where X is the chromaticity coordinate that represents the proportion of red primary and Y is the chromaticity coordinate that represents the proportion of green
primary.
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consequence, we asserted that these small amounts of NiR were
loaded in interior layers of the nanoparticles and light harvesting
based on ET from G/H to NiR occurred in the ternary supramolec-
ular nanosystem G/H@NiR. It is necessary to investigate the ET ef-
ficiency and antenna effect, which are two important factors in the
artificial light-harvesting system. The ФET was determined
approximately to be 69%, and the antenna effect was estimated to
be 15.28 at a D/A ratio of 100:3 (see calculation details in
Supporting Information). With the addition of NiR, there are no
obvious changes in topological morphology and sizes of the G/H
and G/H@NiR nanoaggregates through observation of TEM
(Fig. 3d), SEM (Fig. 3e), and DLS (Fig. 3f) results of the ternary su-
pramolecular assembly G/H@NiR, implying that G/H was simply
loading toward NiR (as illuminated in Scheme 1). Furthermore, the
nanoaggregates formed by only H could also load a spot of NiR to
construct a light-harvesting system, but possessed lower ET effi-
ciency (60%) and antenna effect (4.34) than that of G/H@NiR
(Fig. S19).

2.6. Photosensitive multicolor and white light-emission switching of
light-harvesting ternary supramolecular assemblies

By comprehensive analysis of photochromic and photo-
luminescence properties of the ternary supramolecular assembly G/
H@NiR, it prospectively conducted as a photoresponsive artificial
light-harvesting system. First, we studied photoswitchable photo-
luminescence behaviors of the binary assembly G/H in 90% water
fraction of H2O-THF solution. It is well known that the fluorescence
switching properties originate from good spectral overlap between
the emission band of the fluorescence group and the absorption
band of the colored photochromic unit [43,44]. To our delight, the
emission spectrum of H possessed perfect overlap with the ab-
sorption spectrum of CF-G and had hardly any spectral overlapwith
OF-G that could not act as an energy receptor because of its high
energy (Fig. S20). Owing to good photoisomerization performance
of the guest G, the fluorescence of G/H at 484 nm was greatly
quenched by 90% on irradiation at 254 nm UV light for just 10 s
(Fig. 5a). Correspondingly, the strong cyan fluorescence became
6

almost invisible to the naked eyes (Fig. 5d). More quantitatively, the
fluorescence quantum yield (FF) was greatly decreased from 7.13%
to 0.35% (Table S4). These observations were originated from
photocyclization of OF-G to CF-G and occurrence of RET from H to
non-luminous CF-G because the D/A distance as 9.136 Å or 13.738 Å
(Fig. 2) was short enough within the range of the F€orster radius
(R0 < 10 nm) to facilitate the ETchannel [45]. The ETefficiency (ФET)
from H to CF-G was calculated to be approximately 90% through
tracking the change of fluorescence intensity at 484 nm
(see calculation details in Supporting Information). To prove an
important role in the photocontrolled ET process played by
hosteguest complexation, we selected the compound R (Scheme
S1) without P5 instead of H to mix with G and further examined
whether ET from R to G occurred. When the sample containing G/R
was irradiated by 254 nm light, the fluorescence intensity was
quenched by 60% (Fig. S21), which was apparently lower than ET
efficiency of G/H (90%). The abovementioned phenomena implied
that hosteguest complexation closed the distance between the
energy donor and acceptor. Subsequently, the quenched fluores-
cence of the G/H complex was completely recovered to its original
level on continuous irradiation by the visible light (>490 nm) for
320 s, indicating inhibition of the RET process from H to G. This
result was attributed to the reverse photoisomerization of G from
CF to OF that had a high excitation energy mismatched with the
emission energy of H. Importantly, the abovementioned photoin-
duced fluorescence switching process could be repeated for at least
seven times without any recession (Fig. S22). Second, we investi-
gated photo-responsive luminescence switching behaviors of the
ternary supramolecular assembly G/H@NiR with orange red fluo-
rescence (the D/A ratio was 100:3) under the encouragement of
successful photoswitching fluorescence of the assembly G/H.
Intriguingly, the fluorescence of G/H@NiR at 484 nm and 590 nm
was strongly quenched by 82% and 98%, respectively, when it was
irradiated by 254 nm UV light for 10 s (Fig. 5b). The total photo-
triggered quenching rate of fluorescence emission and ФET in this
process was estimated to be 90%, which was consistent with that of
G/H, revealing that excitation energy ofH in the G/H@NiR assembly
should be transferred to non-luminous CF-G. Furthermore, the



Fig. 5. The fluorescence spectra of G/H (a), G/H@NiR with the energy donor/acceptor ratio of 100:3 (b), and G/H@NiR with the energy donor/acceptor ratio of 160:3 (c) in fw ¼ 90%
THF-water mixed solution on irradiation at alternative 254 nm and >450 nm wavelength light; (d) Fluorescence photographs in the abovementioned process under UV light
(365 nm); lex ¼ 377 nm, Slit ¼ 5, 2.5; [G] ¼ 1.0 � 10�5 mol/L, [H] ¼ 1.0 � 10�5 mol/L.
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fluorescence of the G/H@NiR assembly at 590 nm was almost
entirely quenched after irradiation at 254 nm light for 10 s,
implying that the energy delivery from H to NiR was intercepted
and then completely transferred to CF-G (as displayed in Scheme 1),
probably because of the shorter D/A distance from G to H than that
from NiR to H. Accordingly, the ФF was decreased from 6.36% to
0.33% (Table S4), and the orange red fluorescence turned dark
(Fig. 5d). Furthermore, another probable mechanism was that the
excitation energy of H was delivered to NiR and subsequently
transferred from NiR to CF-G, as shown in Fig. S23. However, to
ascertain which mechanism was more convinced, we performed a
control experiment. The concentration of NiR added was enhanced
for convenient observation. As manifested in Fig. S24, the G/H-NiR
mixture was irradiated for 10 s; the fluorescence intensity was
slightly decreased. Therefore, we asserted the first probable
mechanism (Scheme 1) should be dominant. Subsequently, when
the resultant sample was irradiated by >450 nm visible light, the
original fluorescence intensity and color were both restored, which
was attributed to the excitation energy ofH delivering to NiR again.
The assembly also exhibited good fluorescence switching revers-
ibility, and the proposed fluorescence switching mechanism in the
abovementioned process was illuminated in Scheme 1. Finally, the
G/H@NiR assembly (the D/A ratio was 160:3) with white-light
emission was investigated on the photo-triggered luminescence
switching behaviors. As discerned in Fig. 5c, to our excitement, the
white fluorescence of the G/H@NiR assembly was reversibly
switched ‘on’/‘off’ on alternate irradiation at 254 nm and >450 nm
light, accompanying by reversible alterations of fluorescence im-
ages (Fig. 5d). The present ternary supramolecular nanoassembly
constructed by us was the first well-defined photosensitive white-
light emitter, to the best of our knowledge. These observationswere
attributed to photochemical control of FRET from H to NiR through
the interference of G, and the mechanismwas completely identical
with the G/H@NiR assembly (the D/A ratio was 100:3). Hence, these
7

ternary supramolecular nanosystems constructed by us were
defined as distinguished photosensitive artificial light-harvesting
systems based on the photo-modulating ET pathway.

2.7. High-securityelevel anticounterfeiting and data storage and
confidentiality

With multicolor photoluminescence, photoresponsive perfor-
mance, and good fatigue resistance in hand, the biomimetic light-
harvesting nanomaterials fabricated by G/H@NiR could be
applied in themulticolor fluorescent inks with erasable function for
recording data information. As manifested in Fig. 6 (up), we fabri-
cated a three-dimensional (3D) model of the QR code using 3D
printing technology and filled the five color samples containing H
(Kelly fluorescence), binary supramolecular assembly G/H (cyan
fluorescence), ternary supramolecular assembly G/H@NiRwith the
diverse D/A ratio such as 160:3 (white fluorescence) and 100:3
(orange red fluorescence), and NiR (magenta fluorescence) in the
3Dmodel. Then, under 365 nm light, a chromatic QR code emerged,
andwe could recognize the information from the QR code using our
cellphone. Interestingly, when it was irradiated by 254 nm UV light
for only 10 s, the QR code was destroyed and could not be observed
completely, which was attributed to complete quenching in fluo-
rescence of G/H and G/H@NiR. Crucially, the QR code could ree-
merge with lossless again after irradiation of >450 nm visible light
for 2 min. The aforementioned process could be repeated for many
times without any recession, originating from good fatigue resis-
tance of G/H@NiR. In addition, as shown in Fig. 6 (down), we drew a
beautiful flower in mixed fiber film using the samples containing
these ternary supramolecular assemblies with a diverse D/A ratio
such as 400:1 (cyan fluorescence ink), 160:3 (white fluorescence
ink), and 100:3 (orange red fluorescence ink), remaining likewise
lifelike after drying under 365 nm light. Subsequently, the pattern
could be completely erased on irradiation at UV (254 nm) light for



Fig. 6. The photo-switched chromatic fluorescent QR code and photo-manipulative data storage, anticounterfeiting, and data confidence.
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only 10 s. Afterward, the fascinating pattern could reemerge with
lossless again after irradiation of >450 nm visible light for 2 min.
The abovementioned recording-erasing behaviors could be con-
ducted for lots of cycles without any recession as well.

3. Conclusion

In summary, we have fabricated unprecedentedly a rare photo-
sensitive supramolecular light-harvesting WLE nanomaterial based
on photoregulation of the ET pathway, which consisted of H, G, and
NiR.H andGmainly formed a small-size supramolecular assemblyG/
H[2 þ 2] as energy donors that further agglomerated into quasi-
spherical nanoparticles in aqueous solution. The resultant nano-
particles could accommodate with energy acceptors (NiR) to form
the biomimetic light-harvesting system G/H@NiR based on FRET.
Along with addition of NiR, photoluminescence color of the light-
harvesting system could be changed from cyan to orange red.
Interestingly, white-light emission with the chromaticity co-
ordinates (0.33, 0.34) emerged in the abovementioned process.
Notably, in this system, the ET pathway from H to NiR could be
reversibly intercepted and restored by G under stimulation of
distinct lights. Thus, multicolor photoluminescence, particularly
white-light emission formed by the system, could be further
switched on/off on distinct light irradiation, which was greatly rare
and intriguing. Crucially, the photo-responsive supramolecular
smart materials based on the light-harvesting platform could act as
erasablemulticolor fluorescent inks to record the chromatic QR code
and special pattern, which could be reversibly hidden and reemerge,
presenting promising applications in data storage, diverse-color
imaging, high-securityelevel anticounterfeiting, and WLE devices.
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