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intersystem crossing (ISC) of the phos-
phorescent guest but also limit the mole-
cular motion to promote RTP under room 
temperature;[8] 2) the ordered structure or 
abundant hydrogen bonds of supramolec-
ular assemblies provide a rigid microenvi-
ronment that can stabilize the triplet state 
and shield quenchers (such as oxygen, 
H2O) to inhibit the non-radiative transi-
tions to enhance RTP emission;[9] 3) the 
preparation process of supramolecular 
systems is gentle and does not involve 
complicated molecular design and syn-
thesis.[10] For example, Ma and co-workers 
reported a series of effective phosphores-
cent compounds by modifying phosphors 
to cyclodextrin(CD), wherein the hydrogen 
bond interaction between CDs can effec-
tively inhibit non-radiation transition and 
promote RTP emission.[4b] We reported 
that the encapsulation of cucurbit[6]uril 
can promote ISC and inhibit molecular 
motions of the guest phenylmethylpyri-

dinium to achieve p-RTP with a 2.62  s ultralong lifetime.[11] 
Recently, we also constructed supramolecular pins with ultra-
high fluorescence quantum yield. This property is achieved 
by the molecular folding bonding of cucurbit[8]uril and the 
bridged phenylpyridinium salt, which strictly restricts the mole-
cular vibration of the chromophore.[12]

Stimulus-response RTP supramolecular materials have 
been widely employed in the field of high-density recording,[13] 
multicolor display[14] and information encryption.[15] So far, 
this stimulus-responsive material is mainly constructed by 
regulating the noncovalent forces, e.g., hydrogen bonds,[2b,16] 
host–guest interactions,[17] in the system. Zhao et al. reported a 
series of multicolor RTP polymers with humidity response due 
to the influence of water molecules on hydrogen bonds in the 
system.[18] Tian et  al. reported a supramolecular hydrogel that 
utilizing the photoisomerization of azobenzene to control the 
host–guest interaction between CD and phosphors group to 
achieve photo-response RTP.[19] However, these studies mainly 
focus on the stimulus-responsive regulation of relatively short-
lived phosphorescence, while the regulation of long-lived RTP 
with afterglow is still rare. Therefore, we construct the photor-
eversible multicolor p-RTP supramolecular pseudopolyrotaxane 
systems by efficient energy transfer between the phosphores-
cent compound and the photochromic diarylethene (DAE). The 
supramolecular system is composed of DAE and pseudopoly-
rotaxane by α-cyclodextrin (α-CD) and polyethylene glycol 

The photoreversible switch persistent room-temperature phosphorescent 
(p-RTP) system is attractive but challenging in the field of smart lumines-
cent materials. In particular, those p-RTPs with the excitation-wavelength-
responsive and time-dependent multicolor emission are very important 
but underexplored. Herein an excitation-wavelength-responsive and time-
dependent multicolor p-RTP emission pseudopolyrotaxanes supramolecular 
system based on host–guest interaction between α-cyclodextrin (α-CD) 
and two luminophores (benzene and naphthalene) modified polyethylene 
glycol (PEG) derivatives is reported. The excitation-wavelength-responsive 
and time-dependent multicolor afterglows of the supramolecular system are 
derived from the diverse p-RTP emission species with different lifetimes. 
More importantly, the p-RTP can be reversibly adjusted by photoisomeriza-
tion of diarylethylene (DAE), that is, it could be erased under ultraviolet light 
and recovered under visible-light for several cycles. Taking advantage of the 
reversible photoencryption property, this intelligent luminescence supramo-
lecular system has broad application prospects in information storage and 
treatment.
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1. Introduction

Room-temperature phosphorescence (RTP) materials have 
received extensive attention in the fields of chemical sensing,[1] 
information anti-counterfeiting,[2] and bioimaging.[3] Among 
them, supramolecular systems with phosphorescent emission 
have become research hotspots because the non-covalent inter-
actions have a significant impact on the luminescent properties 
of the materials.[4] Compared with several methods that have 
been reported to achieve persistent room-temperature phospho-
rescent (p-RTP), such as reasonable molecular design,[5] crystal-
lization,[6] or embedding phosphors into appropriate matrices,[7] 
supramolecular non-covalent interaction can enhance room-
temperature phosphorescence by an efficient and convenient 
way with several advantages including 1) the encapsulation of 
the macrocyclic hydrophobic cavity can not only promote the 
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(PEG) derivatives. The guest molecules are two luminophores  
benzene and naphthalene connected to the PEG chain through 
the ester bond, respectively. This system has the following 
advantages: 1) the introduction of carbonyl groups into the 
guest molecules can reinforce ISC, spin–orbit coupling and the 
formation of ordered structures of pseudopolyrotaxane could 
limit non-radiative relaxation and vibration of phosphors, which 
is conducive to the generation of p-RTP; 2) compared with 
other supramolecular RTP materials, those supramolecular 
pseudopolyrotaxane systems have the excitation-wavelength-
responsive multicolor p-RTP emission at room temperature; 
3) most importantly, the photochromic DAE can control the 
p-RTP emission of the system to realize a photoreversible after-
glow switch. Therefore, the information storage and multilevel 
encryption can be achieved by utilizing multicolor display and 
photoreversibility of this supramolecular pseudopolyrotaxane 
system.

Herein, we prepared two kinds of PEG derivatives, i.e., BPEG 
and NPEG, based on benzene and naphthalene chromophores 
(Scheme 1). Two kinds of supramolecular pseudopolyrotaxanes, 
i.e., BPR and NPR, could be constructed via the host–guest 
interaction of PEG chain and α-CD by simply adding a certain 
amount of PEG derivatives to the saturated α-CD aqueous solu-
tion. 1H NMR of supramolecular pseudopolyrotaxanes showed 
that the number of α-CD that thread on the PEG chain is about 
eight (Figures S5 and S6, Supporting Information). In the case 
of BPR, the number is calculated by comparing the H1 protons 
of α-CD at 5.05 ppm (one α-CD unit has 6 H1 protons) and the 
aromatic ring of BPEG at 8.20 ppm (a molecule of PEG chain 
has 4 benzene protons) is 7.48. For NPR, this number changes  
to 8.15. The rotating frame overhauser effect spectroscopy 
spectrum showed a clear ROE correlation between the protons 
of PEG and the interior protons of CD, demonstrating that 
the PEG chain was thread into CD cavity (Figures S7 and S8, 

Supporting Information). The powder X-ray diffraction analysis 
of BPR and NPR showed a strong reflection peak at 2θ = 20.0° 
(d = 4.44 Å) indicating the formation of a channel-type crystal-
line structure (Figure S9, Supporting Information).[20] Further-
more, scanning electron microscopy images (Figure S10, 
Supporting Information) of supramolecular pseudopolyrotax-
anes showed a number of lamellar nanosheets with an average 
size of 500 nm. These results demonstrated that the host–guest 
interaction and the stacked structure of supramolecular pseu-
dopolyrotaxane provide a protective environment to promote 
RTP emission.

2. Results and Discussion

In order to investigate the luminescence behaviors of BPR and 
NPR, a series of spectroscopic experiments were performed. 
The ultraviolet (UV) absorption and fluorescence spectra of 
the guest molecules in the aqueous solution were investigate. 
The fluorescence spectrum of BPEG exhibited a fluorescence 
emission at 324 nm (fluorescence lifetime = 0.82 ns, quantum 
yield  =  1.61%) and the fluorescence spectrum of NPEG gave 
an emission at 372  nm (fluorescence lifetime  =  15.22  ns) and 
388 nm (fluorescence lifetime = 15.42 ns) with 54.47% quantum 
yield, respectively (Figures S11 and S12, Supporting Informa-
tion). No phosphorescence emission was observed for BPEG 
or NPEG. Due to the poor water solubility, the luminescence 
behavior of BPR and NPR was investigated in the solid state. 
Upon 254  nm UV illumination, the solid powder of BPR or 
NPR glowed bright blue or greenish-yellow photolumines-
cence with long-lived phosphorescence and afterglow phenom-
enon that could be observed by the naked eye for ≈0.5 or 2  s 
after ceasing the UV light irradiation under ambient condi-
tions (Figure 1a, Video S1, Supporting Information). In the 
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Scheme 1. Photoreversible multicolor p-RTP supramolecular pseudopolyrotaxanes.
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phosphorescence excitation spectra and emission spectra meas-
urements at room temperature (Figure  1b,c), the maximum 
excitation wavelength of BPR or NPR was 300 nm. When the 
excitation wavelength ranged from 225 to 325  nm, both BPR 
and NPR phosphorescence could be excited, but only NPR 
could be excited in the wavelength range of 325 to 400  nm. 
The phosphorescence emission spectra of BPR exhibited the 
emission bands peaking near 425 nm, and its phosphorescence 
lifetime and quantum yield were 57.94  ms and 0.39% respec-
tively (Figure S13, Supporting Information). Significantly, NPR 
gave two phosphorescence emission bands at 517 and 556 nm 
at room temperature accompanied by the ultralong lifetimes 
up to 705.18  ms (556  nm) and 721.37  ms (517  nm) as well as 
a phosphorescence quantum yield of 3.67% (Figure S14, Sup-
porting Information). These millisecond scale lifetimes are 
consistent with the characteristics of phosphorescence emis-
sions. In addition, we further investigated the prompt and 
the delayed (0.1  ms) photoluminescence spectrum of BPR 
and NPR at different temperatures (Figures S15 and S16). The 
results showed that the prompt photoluminescence emission of 
BPR at 425  nm increased significantly when the temperature 
decreased from 297 to 77 K. Because the fluorescence emission 
in the prompt photoluminescence spectrum of NPR is domi-
nant, and the influence of temperature on its phosphorescence 
emission cannot be got from the photoluminescence spectrum, 
we studied the delayed (0.1  ms) photoluminescence spectrum 
of NPR at different temperatures. The delayed photolumines-
cence emission of NPR at 556  nm also increased when the 

temperature decreased. It is well known that the low tempera-
ture can suppress the non-radiative relaxation process of the tri-
plet state to the ground state (S0) to promote phosphorescence 
enhancement. The above results demonstrate that the lumines-
cence of BPR (at 425 nm) and NPR (at 556 nm) belong to the 
phosphorescence emission. The phosphorescence lifetime at 
low temperature further proves this phosphorescence character-
istic (Figures S17 and S18, Supporting Information). Compared 
to 297 K, the lifetimes of BPR and NPR both increased at 77 K, 
and the phosphorescence intensity of NPR did not increase sig-
nificantly when it changed from 297 to 77 K compared to that 
of BPR. This phenomenon is mainly due to the difference in 
the binding ability of α-CD to chromophores. Compared with 
benzene ring, the binding ability of α-CD to naphthalene ring 
is weaker.[21] Moreover, the inclusion of naphthalene and CD 
is enthalpy-driven. In this system, although low temperature 
promotes phosphorescence emission, the weaker inclusion 
of naphthalene chromophore and CD at low temperature dis-
favors the formation of assembly, which is also an important 
factor in promoting phosphorescence emission. Therefore, the 
effect of low temperature appears to be weaker for NPR.

It is documented that the chromophores with different 
degrees of conjugation may lead to the different p-RTP emis-
sion.[22] The fluorescence and RTP center of BPR and NPR 
is the carbonyl-containing benzene group and carbonyl-con-
taining naphthalene group on the guest molecule, respectively. 
The phosphorescence emissions of pseudopolyrotaxane are  
basically consistent with these of the previously reported 
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Figure 1. a) Photographs of BPR, NPR taken under 254 nm UV light and at different time intervals after ceasing irradiation. b) Phosphorescence excita-
tion spectra and c) emission spectra measurements of BPR, NPR under ambient conditions excited at 300 nm.
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benzene and naphthalene derivatives.[16,23] According to the 
above experimental results, we speculated that the following 
factors mainly promoted the effective phosphorescence 
emission of the supramolecular system. Both BPEG and NPEG 
possess the ester bond, and the introduction of carbonyl groups 
can reinforce ISC and spin–orbit coupling for generating effi-
cient phosphorescence emission.[23] On the other hand, the host 
molecule CDs can form channel-type crystalline structure pseu-
dopolyrotaxane with the guest molecules through hydrogen 
bonding and hydrophobic interaction. The abundant hydrogen 
bonds in this ordered structure will suppress molecular vibra-
tion and non-radiative decay, thereby further promoting RTP 
emission. Meanwhile, the pseudopolyrotaxane structure can 
effectively avoid the side effects caused by the energy transfer 
and aggregation of chromophores. In the control experiment, 
the solid obtained by freeze-drying the solutions of adding 
BPEG or NPEG to D-glucopyranose showed no phosphores-
cence (Figure S19, Supporting Information). Such a control 
experiment demonstrates that the host–guest interaction is the 
key factor for the RTP of supramolecular assemblies.

In order to further explain the reason for the enhanced phos-
phorescence emission, we performed theoretical calculations of 
host-guest inclusion compound between model molecule bis(2-
(2-methoxyethoxy)ethyl) naphthalene-2,6-dicarboxylate(MNp) 
and CD (see Supporting Information for details). The opti-
mized structures of MNp⊂CD-S0 and MNp⊂CD-T1 are shown 
in Figure S20 (Supporting Information). The structures of 
the compound S0 and the first-excited-triplet-state are sim-
ilar greatly due to the interaction of hydrogen bonds. As can 
be seen in Figure S21 (Supporting Information), calculation 
results indicate that there are strong hydrogen-bonding interac-
tions in the MNp⊂CD-T1 complex. In Figure S21a (Supporting 
Information), O1 of guest molecule MNp and H3 of CD formed 
a hydrogen bond with the MNP-O1···H3-CD distance of 
0.181 nm. The H4 of CD is presumably located at the center of 
one benzene ring of the guest molecule MNp, which indicates 
a strong C–H π interaction between CD and the guest mole-
cule MNp with the H4-benzene center distance of 0.268 nm. In 
Figure S21b (Supporting Information), O2 of guest molecule 
MNp and H5 of CD formed a hydrogen bond with the MNp-
O2···H5-CD distance of 0.179 nm. The hydrogen bond forms 
between the guest molecule MNp and CD, resulting in a MNp-
O3···H8-O4-CD distance of 0.185  nm and a bond angle of 
172.5°, which is a strong hydrogen-bonding interaction. Guest 
molecule MNp and CD also have a certain steric effect, for 
example, there are multiple hydrogen bonds close to each other 
with the H1-H2 distance of 0.246 nm and the H6-H7 distance 
of 0.221 nm, which also limits the rotation of chemical bonds of 
guest molecules resulting in reducing energy dissipation. The 
hydrogen-bonding interactions between guest molecules MNp 
and CD make the rotation of single bonds of guest molecules 
MNp relatively difficult, which will decrease the energy dissi-
pation of MNp⊂CD complex in the first-excited-triplet-state 
and enhance the phosphorescent emission. These calculation 
results indicate that the hydrogen bond on CD plays an impor-
tant role in promoting the phosphorescence emission.

The photosensitizer is excited in the S0 by absorbing light of 
a specific wavelength, which is transferred from S0 to the first 
excited singlet state (S1). Then, energy is transferred from its S1 

to the lowest excited triplet state (T1) through the relaxation pro-
cess of ISC. The ISC efficiency of the sensitizer is inversely pro-
portional to the energy barrier value (ΔEst) which is the energy 
gap between the S1 and T1 states. As can be seen in Figure S22 
(Supporting Information), the calculation result shows that, 
when the molecule contains carbonyl, ΔEst  =  20.2  kcal  mol−1, 
and when there is no carbonyl, ΔEst  =  28.0  kcal  mol−1. The 
results indicate that in the presence of carbonyl group, due 
to p-π conjugation, the relaxation process of ISC is easier to 
occur. Then, the phosphorescent emission is enhanced. These 
calculated results confirm our speculation that the presence 
of carbonyl groups enhances the phosphorescence emission. 
According to theoretical and experimental results, we believe 
that BPR and NPR have similar mechanisms for enhancing 
phosphorescence emission by the synergistic effect of carbonyl 
groups, hydrogen bonds and host–guest interactions to promote 
ISC, limit molecular motion and reduce non-radiative decay.

Since BPR and NPR have different colors of phosphorescent 
emissions, we can reasonably speculate that the ratio variation 
of different luminophores may have a significant impact on 
the p-RTP color in the resulting supramolecular pseudopoly-
rotaxane. A series of multicomponent pseudopolyrotaxane 
with different molar feed ratio of BPEG/NPEG changed from 
1:1, 2:1, 4:1, 5:1, 7:1, and 10:1 were prepared. As shown in phos-
phorescence emission spectra, with the increase of the molar 
feed ratio, the corresponding BPR phosphorescence intensity at 
425 nm increases, accompanied by the decrease of NPR phos-
phorescence intensities at 517 and 556  nm (Figure 2b). This 
series of pseudopolyrotaxanes depicted various p-RTP colors 
from blue to greenish-yellow, lasting for up to 2 s by the naked 
eye after ceasing the 254 nm UV lamp irradiation (Figure 2a). 
The Commission Internationale de l’Éclairage (CIE) coordi-
nates of multicomponent pseudopolyrotaxanes (Figure  2b) 
evolved from (0.16, 0.10) to (0.27, 0.32) and then to (0.39, 0.56), 
indicating that the color change matches well fits the naked-
eye observation. More importantly, the supramolecular system 
displayed the time-dependent p-RTP property, presenting the 
different p-RTP colors of multicomponent pseudopolyrotax-
anes with evolution at different time after ceasing the UV light 
irradiation (Figure  1a). Furthermore, these multicomponent 
pseudopolyrotaxane systems also have the excitation-wave-
length-responsive afterglow emission (Figures S23 and S26, 
Supporting Information). Taking BNPR-5 as examples, when 
the excitation wavelength ranged from 260 to 360 nm, the phos-
phorescence emission spectra showed a difference in the inten-
sity of the emission bands at 425 and 556 nm (Figure 2d). The 
coordinates on the corresponding CIE diagram also changed 
from the blue region to the greenish-yellow region, which was 
also in line with the observation by the naked eye. This prop-
erty could be explained by the fact that the supramolecular 
system has two isolate phosphorescent emission species, i.e., 
BPR and NPR, with different excitations. According to their 
excitation spectra (Figures 1b and 2c), this series of pseudopoly-
rotaxanes can be excited with an excitation wavelength in the 
range of 225–400 nm. When the excitation wavelength is 260, 
280, and 300 nm, two chromophores species jointly emit phos-
phorescence. Under the excitation of 320 and 340 nm, only the 
yellow-green phosphorescent emission of NPR can be excited. 
This time-dependent and excitation-wavelength-responsive 
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multicolor p-RTP feature of supramolecular pseudopolyrotax-
anes endows them potential applications in the field of smart 
anti-counterfeiting materials.

DAE derivatives are promising building blocks for con-
structing photo-responsive supramolecular systems due to their 
outstanding photochromic properties.[24] Herein, 1,2-bis(2,4-
dimethyl-5-phenyl-3-thienyl)-3,3,4,4,5,5-hexafluoro-1-cyclopen-
tene was selected to provide the photoreversible switching  
function to the supramolecular pseudopolyrotaxane system 
(Figure S27, Supporting Information). The UV–vis absorption 
spectra of DAE indicated that it could interconverted between 
open and closed forms upon light irradiation (Figure S28, 
Supporting Information). With the irradiation of 254  nm UV 
light, the maximum absorption peak at 273 nm assigned to the 
open form DAE (OF-DAE) decreased, and the absorption peak 
at 571  nm assigned to the closed form of DAE (CF-DAE) was 
constantly rising. Figure 3a revealed that the phosphorescence 
emission of NPR and the UV absorption of CF-DAE had excel-
lent spectral overlap. In contrast, there was no spectral overlap 
between NPR and OF-DAE. Therefore, we can speculate that 
the energy transfer could occur form NPR to CF-DAE, thereby 
quenching the phosphorescence of supramolecular pseudopol-
yrotaxane. In the photoreversible p-RTP system (NPR/DAE)  
composed of 91  wt% NPR and 9  wt% DAE, the greenish-
yellow p-RTP was quenched by UV light (254  nm) irradiation  
(Figure S29, Supporting Information), while the quenched 
p-RTP function was recovered by irradiation with visible light 
(>420  nm). As shown in the photographs in Figure  3c and 

Video S2 (Supporting Information), the disappearance and 
recovery of afterglows could be observed by the naked eye. 
Figure  3b shows the phosphorescence spectra of photorevers-
ible p-RTP system under alternate irradiation of UV light and 
visible light. A reasonable explanation of this property is as  
follows: The phosphorescence intensity at 556  nm decreased 
due to the formation of CF-DAE caused by UV radiation, which 
triggered the energy transfer between NPR and CF-DAE and 
thus led to the quenching of p-RTP from NPR. Subsequently, 
under UV irradiation, the conversion of CF-DAE to OF-DAE 
led to the interruption of energy transfer process, and the 
phosphorescence emission of the photoreversible p-RTP supra-
molecular system recovered at the same time. The changing 
behavior of phosphorescence intensity during alternating UV 
and vis irradiation illustrated that the conversion process of the 
photoreversible on-off p-RTP supramolecular pseudopolyro-
taxane system could repeated for several times without obvious 
light fatigue (Figure 3d). All these results demonstrated that the 
p-RTP supramolecular polymer had excellent photoreversibility.

The fact that the p-RTP emission of supramolecular poly-
rotaxane can obviously respond to UV and vis light brings 
promising applications in the field of information storage and 
encryption. Morse code, as a language code, expresses different 
English letters, numbers, and punctuation marks through the 
sequence of dots (“.”) and dashes (“−”), and further conveys 
information. Inspired by the photo reversibility of the p-RTP 
system, an information storage and encryption medium based 
on supramolecular pseudopolyrotaxane to transmit information 
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Figure 2. a) Photographs of the series of supramolecular pseudopolyrotaxane polymers taken under 254 nm UV light and at different time intervals 
after ceasing irradiation. b) Phosphorescence spectra and CIE chromaticity diagram of the series of supramolecular pseudopolyrotaxane polymers 
under ambient conditions excited at 300 nm. c) Normalized phosphorescence excitation spectra of the series of supramolecular pseudopolyrotaxane 
polymers under ambient conditions. d) Phosphorescence spectra and CIE chromaticity diagram of BNPR-5 with excitation varied from 260 to 340 nm 
under ambient conditions.
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through Morse code had been developed. First, the p-RTP 
imaging is used for information storage. As shown in Figure 4a  
and Video S3 (Supporting Information), NPR/DAE was used 
as the recording medium. The p-RTP imaging was obtained 
by blocking UV light through a photo mask, and it could be 
erased by vis irradiation. In the initial state, the entire area 
of the recording medium had yellow-green p-RTP emission 
when the UV excitation was removed. Then, the medium was  
irradiated with 254 nm UV light for a period of time through 
a photomask, whose black part was opaque and showed the 
message “NKU” via the Morse code. The DAE of the supramo-
lecular system in the illuminated part became a closed form to 
quench the p-RTP of NPR, and the p-RTP image representing 
the message “NKU” appeared and lasted for a few seconds after 
removing the 254  nm excitation. The recorded p-RTP image 
information can be erased by irradiating the entire sample with 
vis light (>420  nm) to restore it to original state. Benefitting 
from the photoreversible on–off switch p-RTP properties of the 
supramolecular system, this information storage material can 
be repeatedly reused. Then we used the different p-RTP char-
acteristics of these pseudopolyrotaxane polymers to make time-
resolved information encryption codes. The Morse code of the 
message “VJB” was prepared by arranging different polymer 

powders on paper, and different numbers represent the polymer 
at the corresponding position, as shown in Figure 4b and Video S4  
(Supporting Information). Under the UV lamp of 254 nm, the 
solid powder emits blue fluorescence. When the excitation  
was turned off, the multi-color Morse code “VJB” showed due 
to the polymer emitting different p-RTP colors. Thereafter, the 
p-RTP emission of the position 1 was attenuated to be invis-
ible and the color in other positions changed to yellow-green 
due to the short-lived luminescence of BPR species, and the 
remaining part showed the yellow-green message “SJB”. When 
we continued to irradiate the Morse code with 254 nm UV lamp 
for ten minutes and then removed, the information displayed 
by the p-RTP of the pseudopolyrotaxanes system changed. In 
this case, the multi-color Morse code represented the message 
“VOS” appeared. Then the message “SOS”, representing the 
international code signal of extreme distress, was displayed. 
The code evolved owing to the photoisomerization of DAE in 
the polymer at position 9. Therein, the excellent photorevers-
ibility of DAE also gave the code change repeatability. There-
fore, we realized visible, time-resolved multi-level information 
encryption by supramolecular polymers with different life-
times. This research provides new ideas for the development of 
secure information storage and anti-counterfeiting.

Adv. Optical Mater. 2022, 2102169

Figure 3. a) Normalized absorption spectrum of OF-DAE and CF-DAE in CHCl3 and phosphorescence emission spectrum of NPR in solid. b) Phos-
phorescence emission spectrum (λex = 300 nm) and (inset) photographs of NPR/DAE upon alternating UV (254 nm) irradiation for 10 min and Vis 
(>420 nm) irradiation for 3 min. c) Photographs of the photoswitching p-RTP under 254 nm UV light and at different time intervals after ceasing 
irradiation when the NPR/DAE are repeated by exposure to UV (254 nm) and Vis (>420 nm) light. d) Phosphorescence intensity change at 556 nm 
(λex = 300 nm) when the NPR/DAE are repeated by exposure to UV (254 nm) and Vis (>420 nm) light.
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3. Conclusion

In summary, we have proposed an effective and simple 
strategy to achieve p-RTP with color tunable and photorevers-
ible switching properties in the supramolecular pseudopolyro-
taxane polymer constructed by α-CD and PEG derivatives of 
anthracene and naphthalene. The carbonyl groups, the abun-
dant hydrogen bonds and the rigid channel-type crystalline 
structures of pseudopolyrotaxane in the system can reinforce 
ISC and inhibit luminophores vibration and non-radiative 
decay for promoting p-RTP emissions. The pseudorotaxanes 
formed by two different chromophores have different colors 
afterglows but comparable lifetimes, which endow the system 
with excitation-wavelength-responsive and time-dependent 
afterglow emission properties. Intriguingly, the photoreversible 
switching property of p-RTP in pseudopolyrotaxane materials 
composed of NPR and DAE was demonstrated. The p-RTP of 
NPR quenched after irradiation with UV lamp and recovered 
after vis light irradiation. The multicolor and photoreversible 
p-RTP features of supramolecular pseudopolyrotaxane poly-
mers system can enrich the coding information of the pure 
organic materials for advanced time-resolved information 
encryption.
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