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a b s t r a c t

Materials with blue-shifted and enhanced emission exhibit extensive applications in information encryp-

tion, solar ultraviolet sensing and ink-free printing, however, preparing blue-shifted and enhanced emis-

sion from photo-responsive material remains a significant challenge. Herein, we designed and synthesized

successfully the photo-responsive ionic-bonded organic crystals (IOC) using tetraphenylethylene (TPE)-

based multidentate imidazolium salt and sulfonic acid. Impressively, the discernible response of IOC to

UV light is evidenced by a blue shift and an enhancement in dilute solution. Specifically, this has re-

sulted in a significant increase in the absolute quantum yield, from 7.0% to 41.3 %. This remarkable effi-

ciency can be attributed to the cooperative effect that reduces non-radiative processes, the restriction of

intermolecular motions (RIM) and the modulation of charge transfer (CT) behavior. This work first reports

blue-shifted and enhanced emission from ionic crystal, providing a new strategy to achieve photochromic

materials.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Photochromic materials exhibit remarkable emission color

changes and visible color changes discernible to the naked eye

in response to light [1–4], which have drawn wide range of at-

tentions due to their applications in solar ultraviolet sensing, in-

formation storage, energy conversion, and ink-free printing [5–8].

Among these photochromic materials, most photochromic mate-

rials exhibit red-shifted and quenched emission as the light time

increases [9–11]. In contrast, the blue shift and enhanced inten-

sity of the photoluminescent (PL) spectra in response to extended

UV-exposure time are seldom observed in luminescent materials.

In particular, the remarkable enhancement of emission properties

is predominantly observed in metal complexes [12,13], whereas it

has not been documented in purely organic compounds.

On the other hand, organic building blocks play an important

role in the properties of multifunctional materials, these building

blocks not only serve as the foundation for constructing crystals

[14], but also provide diverse properties, including optical proper-

ties [15,16]. Tetraphenylethene (TPE), a unique aggregation-induced

emission (AIE) [17,18], exhibits a unique photochromic property

[19–24], a series of the TPE-based materials exhibiting excellent

photo response properties were obtained by modifying the struc-
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ture of TPE molecules [2,25,26]. Moreover, planar TPE, which con-

sists of four benzene rings, exhibits exceptionally high rigidity,

which is advantageous for the preparation of optically active crys-

tals [27,28].

Supramolecular chemistry has attracted considerable atten-

tion owing to their wide range of applications in preparing

non-covalent bonding materials [29–33]. Compared with cova-

lent bonding materials, supramolecular materials are the self-

assembled aggregations of two or more organic building blocks

that are held together with noncovalent interactions, such as hy-

drogen bonds, halogen bonds, ionic bonds, π-stacking, and van der

Waals forces [34–36]. Ionic bonds, as a significant type of non-

covalent interaction, is a crucial role in the assembly and con-

struction supramolecular materials with interesting and tunable

properties, they are so compact, and can be easily introduced into

most molecules. However, ionic bonds are non-saturating and non-

directional, therefore, they have much more limited in generating

ordered supramolecular ionic organic molecules [37]. As far as we

know, early works were mainly focused on synthesizing crystals of

monovalent organic cations and anions [38–40]. Until recently, or-

ganic molecule-ionic solids have been reported by Wang’s group,

which formed from multiply changed organic cations and anions

[41,42], and there is still a necessity to explore some special prop-

erties of ionic organic crystals. The reversibility and low energy

https://doi.org/10.1016/j.cclet.2025.111732

1001-8417/© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.



J. Wang, Y. Han, Q. Guan et al. Chinese Chemical Letters 37 (2026) 111732

Fig. 1. (a) Schematic of the synthesis of IOC by TPE-based TPE-Bim-Br4 and BDA. (b) The cationic layer formed by TPE-Bim4+ . (c) The anionic layer formed by DBA2-.

nature of ionic bonds will enable ionic compounds to rapidly re-

spond to external stimuli, such as pH, light and temperature, mak-

ing them highly promising candidates as for constructing stimulus-

responsive materials [43,44].

Hence, we designed and synthesized a new ionic-bonded or-

ganic crystal (IOC, Fig. 1a) using TPE-based tetraimidazolium multi-

dentate salts (TPE-Bim-Br4) and 4,4′-biphenyldisulfonic acid (BDA)

as organic building blocks via ionic self-assembly. Impressively, this

IOC displayed a robust response to UV light in dilute solutions,

characterized by photoinduced blue-shift and enhanced emission.

To achieve IOC, TPE-Bim-Br4 and BDA were selected as build-

ing blocks. BDA (0.04mmol) and TPE-Bim-Br4 (0.02mmol) were

dissolved completely in 1mL of methanol and 1mL of H2O, re-

spectively. The methanol solution was then slowly added to the

aqueous solution, and the resulting mixture was allowed to stand

at ambient temperature. The single crystal of IOC slowly crys-

tallized out at ambient temperature for over a period of 3 days

(Fig. 1a). Structural analysis by single crystal X-ray diffraction

showed that the asymmetric unit is composed of two halves of

TPE-Bim4+, one water molecule and two BDA2- (Fig. S1 in Sup-

porting information), resulting in the monoclinic P21/c symme-

try. The ionic crystal consists of TPE-Bim-Br4 and DBA molecules

with a stoichiometric ratio of 1:2, ensuring electrical neutrality

within the unit cell. TPE-Bim4+ and BDA2- form alternating lay-

ers of cations and anions, respectively (Figs. 1b and c). In a single

crystal, it is observed that the molecular bonds appear disordered,

which is attributed to bond vibrations. The lattice parameters

were determined to be a=22.3483 Å, b=17.6377 Å, c=19.2841 Å,

and α =γ =90°, β =101.3169° The crystal structure appears much

more “crowded” as it adopts close packing (Fig. S2 in Supporting

information), The water molecule forms a hydrogen bond with the

oxygen atom of the nearby sulfonic acid group, and offset face-to-

face π–π stacking interactions between aromatic rings and the im-

idazolium ring are observed in the structure (Fig. S3 in Supporting

information). In addition, there are also hydrogen bonds between

the oxygen atoms on sulfonic acids and the hydrogens atoms on

imidazolium and benzene rings.

The morphology analysis by optical microscope displayed that

IOC exhibits a blue polyhedral morphology (Fig. 2a). Under the

microscope, parallelogram-shaped crystals with slightly greenish

are observed, these crystals display a regular structure (Fig. S4 in

Supporting information). Furthermore, the composition of IOC was

characterized by 1H NMR spectroscopy. As illustrated in Fig. 2b,

IOC is composed of BDA2- and TPE-Bim4+ in a molar ratio of 2:1.

The crystallinity of IOC was studied through powder X-ray diffrac-

tion (PXRD) analysis. The PXRD pattern of IOC was in good agree-

ment with the crystalline PXRD pattern (Fig. 2c), indicating that

IOC possesses high crystallinity and phase purity. The presence of

solvent within crystal pores or attached to crystal surfaces was ev-

idenced by thermogravimetric analysis (TGA), where weight loss

in IOC between temperatures ranging from 30 °C to 100 °C is at-

tributable to the evaporation of solvents. Meanwhile, TGA analyses

indicate that the IOC formed by ionic bonds has high thermal sta-

bility, with decomposition onset observed at temperatures up to

398 °C (Fig. 2d).

The Fourier transform infrared spectroscopy (FT-IR) analysis of

IOC showed that the peaks at approximately 3400 cm-1 and near

3050 cm-1 are indicative of water molecules, and weak hydrogen

bonds formed in IOC. Additionally, the peak around 1120 cm-1 cor-

responds to the asymmetric stretching vibration of the sulfonate

anion, while the peaks in the range of 1075–1030 cm-1 are at-

tributed to the symmetric stretching vibration of the sulfonic anion

(Fig. S5 in Supporting information) [45]. The stability of IOC was

investigated at high temperature by PXRD. The results indicated

that IOC exhibits high stability at high temperatures (Fig. 2e). To

investigate the stability of IOC in different solvents, samples were

soaked in various organic solvents for 24h and subsequently mea-

sured by PXRD (Fig. 2f), indicating that IOC remains stable in com-

mon solvents. These results suggested that hydrogen bonds with

the crystal water likely stabilize the structure of IOC. The Brunauer-

Emmett-Teller (BET) specific surface area of IOC, obtained from CO2

sorption analysis, revealed that a BET specific surface area of 7

m2/g (Fig. S6 in Supporting information), this result suggested an

almost negligible specific surface area. This result aligns with the

simulation of the single-crystal data, indicating that the internal

pore is a sealed cavity (Fig. S7 in Supporting information). This

prevents gas from entering the pore, consequently resulting in a

low specific surface area. For comparative analysis with the theo-

retical surface areas, the Connolly surface area was calculated to be

386 m2/g (Fig. S8 and Table S2 in Supporting information), which

is significantly higher than the experimental values. Despite IOC

possessing a high Conolly surface area, the experimental surface

area remains relatively low due to the lack of accessible pores for

gas molecules.

As the TPE moiety exists in the IOC, its photoluminescence (PL)

spectra were measured. It is well-established that solvent polar-

ity and the local environment have a significant influence on the

emission spectral properties of fluorophores [46]. So, the optical

properties of IOC were investigated in various solvents. As shown

in Figs. S9-S11 (Supporting information), the photo-physics in so-

lution displayed irregular changes in different solvents, indicating

that the fluorescence intensity is highly dependent on the nature
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Fig. 2. (a) The optical microscope image. (b) 1H NMR spectra of IOC dissolved in DCl and D2O at room temperature. (c) The PXRD analysis of single crystals and experimental

PXRD patterns. (d) TGA profiles in nitrogen atmosphere. (e) The PXRD of IOC after treatment at 120 °C for 2h. (f) The PXRD pattern of IOC after 24h in various solvents.

of the organic solvent molecules. The peak shape and the inten-

sity of the fluorescence emission spectra of IOC are optimal in

methanol and water (2:3, v/v), indicating that IOC is best dispersed

in these solvents. Unexpectedly, a photo-activated blue shift was

observed in IOC when the excitation wavelength was changed (Fig.

S12 in Supporting information). This phenomenon prompted us to

investigate the photochromic properties of IOC, and the findings

revealed that its photoluminescence (PL) exhibits distinct charac-

teristics compared to those of the raw materials, which do not pos-

sess photochromism (Figs. S13 and S14 in Supporting information).

Consequently, it is evident that IOC demonstrates a typical photo-

activated blue shift [47–49]. In addition, we noticed a strong UV

absorption peak at 270nm. the emission wavelength when the ex-

citation wavelength is 270nm have been tested, which is located

at 316nm in the ultraviolet region, it is indeed different from the

emission wavelength at 340nm as the excitation wavelength, and

the intensity is much stronger (Fig. S15 in Supporting information).

The photo-activated fluorescence enhancement and blue shift

were observed at an excitation wavelength of 340nm in the IOC

solution, as shown in Fig. 3. Specifically, IOC demonstrated remark-

able properties of blue shift and fluorescence enhancement. At an

excitation wavelength of 340nm, a new peak emerged at 415nm,

and the fluorescence intensity was more than twice that at 488nm

(Fig. 3a). Moreover, the corresponding fluorescence quantum yield

(QY) was significantly enhanced with values increasing from 7.0%

to 41.3% (Fig. 3b), resulting in a visible color change from green

to blue under UV irradiation (Fig. 3c). In addition, we tested the

changes in the emission wavelength of the IOC solution with an

excitation wavelength of 270nm after being exposed to UV light

for different periods of time, the results showed that no blue or

red shift occurred, but the strength was weakened (Fig. S16 in Sup-

porting information). For IOC solids, the fluorescence QY and life-

time of the solid state were tested and the result reached 63% and

6.11×10–8 ns respectively (Fig. S17 in Supporting information). No-

tably, once the solution was exposed to UV light and subsequently

to visible light for an extended period, the fluorescence did not re-

vert to its original state (Fig. S18 in Supporting information), indi-

cating that the photochromism exhibits irreversible behavior. Addi-

tionally, the chromaticity coordinates of IOC in the solution before

and 20min after exposure to UV light (Fig. 3d). The coordinates be-

fore and after irradiation are (0.1952, 0.3082) and (0.1747, 0.1679).

Evidently, it exhibits a significant blue shift after exposure to UV

light. When the IOC solution was used to write the words “LICP”

on the filter paper, the writing initially appeared bright blue; how-

ever, after irradiation for 30min, the writing appears dark blue

(Fig. 3e). Based on this phenomenon, the IOC crystal was further

tested. Upon irradiation for 11h by a 10W UV lamps at room tem-

perature, under various lighting conditions, we captured images of

the crystal both before and after UV light irradiation. The color

changed from a bright green to dark blue under UV light (Fig. 3f).

Under the incandescent light, the color changed from a pale green

to a light yellow (Fig. 3g). When all the lights are turned off, the

light green crystal visibly transition to a more pronounced yellow

(Fig. 3h). When IOC powder is exposed to UV light, its color gradu-

ally changes from white to yellow over time. These color-changing

behaviors not only demonstrates the unique response of IOC to UV

light but also reveals its photosensitive properties. Specifically, as

the irradiation time extends, the color change of the powder shows

a clear gradual progression: initially remaining white, then slowly

transitioning to light yellow, and finally becoming dark yellow (Fig.

S19 in Supporting information).

To investigate the blue-shift and fluorescence enhancement

mechanism of IOC, a series of control experiments were conducted.

As shown in Fig. S20 (Supporting information) that there is no new

absorption peak in the UV–vis absorption spectra. Furthermore, the

hydrogen nuclear magnetic resonance (1H NMR) spectra, as well as

PXRD patterns of IOC remained unchanged before and after 24h of

UV irradiation (Figs. S21 and S22 in Supporting information), indi-

cating that UV irradiation did not alter the molecular structure of

IOC.

On the other hand, there is charge transfer (CT) between an

electron-rich group (sulfonate anion) and an electron-deficient

group (imidazolium). X-ray photoelectron spectroscopy (XPS) was

conducted to provide experimental evidence for this electron

transfer process. As shown in Figs. 4a-d, before irradiation, the im-

idazolium cation exhibits a single N 1s core-level peak at 401.8 eV,

including two peaks at 401.8 and 400.8 eV, which are attributed

to C-N and C=N, while the oxygen atoms of the IOC exhibit strong

peaks at 530.9 eV, which contains two peaks at 530.9 and 532.0 eV,

these attributed to S-O and S=O. In the IOC, the sulfur atom in

the IOC exhibits a pronounced peak at 167.4 eV, and two peaks at

167.4 and 168.6 eV, which are attributed to S-O and S=O. Follow-

ing irradiation, the N 1s signal shifted to a lower binding energy

(401.7 eV), and the peak of C=N shifts to 400.4 eV, whereas the

O 1s and S 2p signals exhibited shifts to higher binding energies.

More precisely, the O 1s signal shifted to 531.3 eV, the peak of C-

O/C=O shifts to 531.4 and 532.7 eV, and the S 2p signal shifted to

167.6 eV, In addition, the characteristic peak of S-O/S=O shifts to

167.6 and 168.7 eV. This result proves that the electrons from the

sulfonate are transferred to the nitrogen radical on the imidazole.

The interactions in organic blocks and π-π stacking play a crucial

role between electron donor and acceptor groups [50]. The weak
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Fig. 3. (a) Emission spectra of IOC after UV-light irradiation for different periods of time. (b) Time-dependent PL intensity of IOC in solution at 415nm. (c) Photographs of

the crystal solution IOC before and after UV light irradiation (under a 365nm UV lamp). (d) Corresponding 1931 CIE chromaticity diagram of IOC before and after UV light

irradiation. (e) The pictures of the before and after irradiation using writable ink made of IOC. Time-dependent photographs of IOC crystals with UV irradiation: (f) under a

365nm UV lamp, (g) under an incandescent light, (h) in the dark.

Fig. 4. (a-d) XPS spectra of IOC before and after irradiation. (e) Changes in crystals

of IOC before and after irradiation.

interactions of ionic bonding and π–π stacking are well-organized

in IOC. Furthermore, the continuous π–π stacking in the backbone

may provide an electron transfer pathway. As is known, electron

transfer can occur upon external light stimuli when the distance

between donor and acceptor blocks is shorter than 3.7 Å in single-

crystal data [51]. Notably, in the structure of IOC, the distance be-

tween the oxygen atom of the sulfonic acid and the nitrogen atom

of the imidazole is shorter than the value of 3.7 Å (Figs. S23 and

S24 in Supporting information), facilitating charge transfer (CT).

Generally speaking, the fluorescent intensity of materials is pre-

dominantly governed by non-radiative decay processes [52], a phe-

nomenon frequently observed in carbon quantum dots [53]. The

significant increase in the fluorescence emission and QY of IOC

clearly indicates a reduction in non-radiative decay. The PL life-

time measurements confirm the reduction of non-radiative losses,

the corresponding fluorescence lifetime was significantly elongated

with values increasing from 3.92×10–9 ns to 1.24×10–8 ns (Fig.

S25 in Supporting information), According to the previous re-

ports [54,55], adding water molecules to optical materials can

help reduce non-radiative losses. In addition, the hydrogen bonds

between water molecules and sulfonic acid groups restrict in-

termolecular motions (RIM). In our experiment, SC-XRD analy-

sis revealed that after 12h of UV light exposure, two additional

water molecules were incorporated into the asymmetric unit of

the IOC single crystal. These two water molecules form hydro-

gen bonds with the oxygen atoms of the sulfonic acid group

(Fig. 4e). The increase in hydrogen bonds enhances structural sta-

bility and may help reduce non-radiative decay. When IOC is dis-

persed in methanol and water, it absorbs water molecules more

readily under UV irradiation compared to when it is in air, leading

to a rapid increase in fluorescence intensity. Furthermore, hydro-

gen bonds between fluorescent molecules and water, along with

van der Waals forces and electrostatic interactions among solvent

molecules, can induce blue shifts in fluorescence emission peaks.

In conclusion, a new class of ionic-bonded organic crystal

(IOC) has been successfully constructed using TPE-based multi-

dentate ionic salt and multidentate sulfonic acids as customized

monomers. The crystal was composed of anion, cation, and water

molecules. The IOC exhibits a clear response to UV light, charac-

terized by blue-shifted and enhanced emission in dilute solutions

through the reduction of non-radiative processes, including RIM

and CT. After irradiation, the QY increased from 7.0% to 41.3%. This
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study has potential applications in information storage, data en-

cryption and anti-counterfeiting measures.
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