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Abstract:  

Mechanochromic (MC) luminogens in response to external stimulus have shown promising 

applications as pressure sensors and memory devices. While, research on their underlying mechanism 

is still in the initial stage. Here, three pyridinium-functionalized tetraphenylethylenes bearing n-

pentyloxy group, hydrogen, nitro group, namely TPE-OP, TPE-H and TPE-NO, are designed to 

systematically investigate the influence of push-pull electronic effect and molecular conformation on 

MC luminescence. Upon anisotropic grinding and isotropic hydrostatic compression, TPE-OP with 

strong intramolecular charge transfer (ICT) affords the best MC behavior among them. Analysis of 

three polymorphs of TPE-H clearly indicates that planarization of molecular conformation is 

responsible for their bathochromic shift under mechanical stimuli. Theoretical calculations also verify 

that high twisting stress of AIEgens can be released under high pressure. This study presents a clear 

picture for MC behaviour and proposes an effective strategy to achieve high-contrast MC 

luminescence. 

  



Introduction 

Mechanochromic (MC) luminogens are pressure-responsive materials and show properly optical 

change in response to external stimuli, such as shearing, grinding, crushing, rubbing and pressing.1-4 

MC materials, including organic compounds,5 polymers6 and metal complexes7, have attracted 

increasing interests over the past decades owing to their academic significance and promising 

applications as pressure sensors and memory devices.8-14 Pressure is a common external energy input 

and can induce MC luminescence through altering the chemical structure or solid-state 

morphology.15-18 Although the former mechanism is a universal method to achieve emission change 

in the solid state, scattered examples based on this strategy have been documented due to their 

irreversibility.19-23 Up to now, most reported MC luminogens with red-shifted emission24-28 or blue-

shifted emission29,30 are attained by modulation of their morphologies, including transformation from 

crystal to crystal,31 crystal to amorphous state32,33 or stable to metastable phase in the liquid crystal,34 

and conformation variation before and after exerting external stimuli.35,36 Although their mechanisms 

are somewhat clear case by case, they are not applicable in other systems. Thus, further deep 

understanding of the underlying mechanism and proposing an effective and general strategy for 

synthesizing MC luminogens will be of importance to guide molecular design and shed light on the 

relationship between molecular structure/packing and corresponding MC luminescence. 

Generally, mechanical stimuli can be divided into anisotropic pressure (eg. grinding and rubbing) 

and isotropic compression (eg. hydrostatic pressure).37-42 In recent years, MC luminescence has been 

widely investigated by anisotropic pressure because of its simple operation. However, it comes across 

the bottleneck restriction in the development because it can only afford qualitative analysis of color 

change. To remove the constrain, big progress has been made by using isotropic compression through 

the diamond anvil cell (DAC) technique, which can realize in-situ monitoring the dynamic 

luminescence variation during the compression process.43,44 Unfortunately, due to high requirement 

for the instrument, only limited hydrostatic pressure-induced MC luminogens have been developed 

by Yamaguchi,45 He,46 Zou,47 and so on. These studies show that the hydrostatic pressure is a more 

useful and controllable tool to explore the structure-property relationship of MC materials than 

anisotropic pressure. Thus, much attention should be paid to this new technique. 

Most MC luminogens prepared so far possess planar structure and show weak and low-contrast 

MC luminescence in the aggregated state due to aggregation-caused quenching (ACQ) effect, which 

dramatically impedes their real-world applications. Recently, a series of propeller-like molecules 



were found to display a phenomenon exact opposite of the ACQ effect.48-53 These molecules are non-

/weakly emissive in the molecularly dissolved state but fluoresce strongly in the condensed state. 

Such a photophysical phenomenon is termed as aggregation-induced emission (AIE).54-56 

Accordingly, AIE luminogens (AIEgens) are decent alternatives to traditional dyes if they show MC 

behavior as well. The twisted conformations of AIEgens often afford a loose packing structure in the 

crystal state, which is beneficial for transformation between different phases through applying 

external stimuli. To date, some MC luminogens based on AIEgens have been reported by Chi,57 

Tian,58 Li,59 and so forth. While, for a better understanding of the molecular behavior under pressure, 

much more examples showing high contrast in emission switching and efficient solid-state 

luminescence need to be developed. 

In this contribution, a group of pyridinium-functionalized tetraphenylethylene (TPE) 

luminogens with different substituents, namely TPE-OP, TPE-H and TPE-NO, were rationally 

designed and synthesized to explore the influence of molecular conformation and push-pull electronic 

effect on the MC luminescence in the crystalline state under mechanical stimuli. (Fig. 1). Through 

tuning the substituent from electron-donating n-pentyloxy group to electron-withdrawing nitro group, 

the resulting molecule exhibits quite different MC behaviours to its parent in response to anisotropic 

and isotropic pressure. Grinding of crystalline TPE-OP and TPE-H powders cause a remarkable 

luminescence red-shift. However, the electron-withdrawing character of the nitro group of TPE-NO 

weakens push-pull electronic effect to result in a minor emission red-shift in the presence of external 

force. These results indicate that AIEgens showing strong intramolecular charge transfer (ICT) 

characteristics are more susceptible to mechanical stimuli. Isotropic pressure was then applied to 

TPE-OP and TPE-H crystals to decipher the structure-property relationship. TPE-OP crystal shows a 

reversible emission switching between 562 nm and 675 nm with high contrast by repeated 

compression or decompression process. Meanwhile, single crystal of TPE-H exhibits an emission 

alteration from 479 nm to 529 nm under hydrostatic pressure. Upon relaxing the pressure, the 

emission cannot restore to the original state due to the hysteresis effect. By virtue of this effect, 

another two polymorphic crystals of TPE-H were cultured by using the compressed samples in the 

same tube with different standing time. These polymorphs emit much redder fluorescence than the 

pristine one due to their more planar molecular conformations, indicating that planarization of the 

twisted conformations of AIEgens is the main reason for their MC luminescence under mechanical 

stimuli. 



Results  

Molecular engineering plays an important role in materials science and pharmaceutical study. The 

establishment of a large library of AIEgens will undoubtedly open a new venue to unravel the 

underlying mechanism of MC luminescence. Then, we adopt the following molecular design 

principles to achieve efficient MC AIEgens: 1) introduction of TPE can bestow the resulting 

molecules with AIE characteristics and loose molecular packing in the aggregated state by virtue of 

their twisted conformations. 2) It has been found that molecules with donor-acceptor (D–A) structure 

are easy to undergo conformation change under mechanical force. Thus, pyridinium was employed 

as a typical electron-withdrawing unit and coupled with electron-donating TPE to form a D–A 

structure with push-pull electronic effect. 3) Hexafluorophosphate anion can not only restrict the 

intramolecular motions but also inhibit π−π interactions through anion−π+ interactions to further 

enhance solid-state emission efficiency. As shown in Fig. 1A, to strengthen the ICT transition, 

precursors 1A–1C were ionized by methyl iodide firstly. Then through anion exchange by 

hexafluorophosphate, three novel AIEgens (namely, TPE-OP, TPE-H and TPE-NO) with intrinsic 

positive charges were obtained. The two n-pentyloxy groups of TPE-OP further enhance the electron-

donating power of TPE to afford strong ICT effect. On the other hand, TPE-NO bearing two nitro 

groups were designed as a control and TPE-H without any substituents was designed as an 

intermediate state. All the AIEgens were characterized satisfactorily by 1H, 13C and 31P NMR and 

high-resolution mass spectrometry (Supplementary Fig. 19-S20). The detailed synthetic route and 

characterizations are presented in Scheme S1. 

 

Fig. 1 Molecular structures and proposed mechanistic diagram. | (A) Molecular structures of precursor 1, TPE-

OP, TPE-H and TPE-NO. (B) Schematic illustration of work mechanism of MC behaviours. 
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Photophysical Properties of TPE-OP, TPE-H and TPE-NO. The photoluminescence (PL) 

and UV-vis spectra of the molecules were measured in tetrahydrofuran (THF) solutions (1.0 ×10-5 M) 

and aggregated state. TPE-OP showed a broad absorption band at 393 nm due to the ICT effect and 

a strong π-π* transition band at 285 nm in THF (Supplementary Fig. 1). Similar phenomena were 

also observed in TPE-H and TPE-NO with absorption bands at 355/283 nm and 340/280 nm, 

respectively. The absorption shift of TPE-OP > TPE-H > TPE-NO was attributed to the reinforced 

push-pull electronic effect. Upon photoexcitation, TPE-OP showed yellow emission in the aggregated 

state (Supplementary Fig. 2). The emission varied with the solvent polarity owing to the ICT effect. 

Their AIE characteristics were confirmed in THF/hexane mixtures. Upon addition of poor solvent 

hexane to THF, weak fluorescence of TPE-OP was observed with a low QY of 1.2% at the hexane 

fraction less than 60% (Supplementary Fig. 3). At 80% hexane fraction, the PL intensity was 

drastically boosted. By further enhancing the fraction to 95%, slightly decrease in PL intensity 

occurred due to the generation of amorphous aggregates. The solid-state QY of TPE-OP measured 

by using an integrating sphere was 86.2%, being 72-fold higher than that in solution. Clearly, TPE-

OP is AIE-active. TPE-H was also AIE-active and its QY enhanced from 0.9% in solution to 31.2% 

in solid (Supplementary Fig. 4). The AIE property of TPE-NO was similar to TPE-OP, it was weakly 

emissive in THF (Φsoln = 0.8%), but fluoresced strongly in 70% THF/hexane fraction. The PL 

intensity, however, decreased slightly at higher hexane fraction (Supplementary Fig. 5). The QY of 

TPE-NO in the solid state was calculated to be 12.8%.  

MC Behaviours upon Anisotropic Grinding. To evaluate the MC behaviours of the AIEgens, 

their solid-state emission was explored in the presence and absence of anisotropic grinding. Our 

preliminary research indicates that precursor 1A is an force-responsive luminogen.37 Upon ionization, 

as shown in Fig. 2 and Supplementary Fig. 6, the pristine powders of TPE-OP and TPE-H emitted 

bright yellow and greenish yellow fluorescence at 563 nm and 516 nm, respectively (QY (Φ) = 86.2%, 

lifetime (τ) = 4.07 ns for TPE-OP; Φ = 31.2%, τ = 3.08 ns for TPE-H). Upon grinding with a pestle, 

TPE-OP emitted red PL with a 60 nm red-shift in the emission maximum. The fluorescence QY of 

TPE-OP became lower (56.4%) but the lifetime was enhanced to 5.56 ns (Supplementary Fig. 7). For 

TPE-H, its PL was red-shifted to 554 nm to display a wavelength change of 38 nm. The QY and 

lifetime of TPE-H presented similar trend as those of TPE-OP (Φ = 22.1%, τ = 5.40 ns) 

(Supplementary Fig. 8), suggesting that anisotropic grinding drastically affects its emission behaviour. 

To further understand the photophysical properties of TPE-OP and TPE-H, their fluorescence rate 



constants were calculated and summarized in Table 1. The radiative decay constants (kr) of TPE-OP 

and TPE-H from S1 to S0 decreased from 2.11  108 and 1.01  108 s−1 in pristine powders to 1.01  

108 and 0.41  108 s−1 after grinding, respectively. The non-radiative rate constants (knr), however, 

only enhanced in a small extent, which implied that the emission efficiency became weaker in the 

presence of anisotropic force. Then, UV-vis measurements were carried out to explore their ground-

state change. As shown in Fig. 2B and Supplementary Fig. 6, TPE-OP and TPE-H showed obvious 

red-shifted absorption upon grinding, which was consistent with the distinct PL spectrum shift. On 

the other hand, the emission of the ground powders could recover to their original state by solvent 

fuming, indicating the reversibility of the MC luminescence process. Powder X-ray diffraction 

(PXRD) was then implemented to understand the relationship of PL variation and molecular packing. 

The PXRD diffractograms of pristine powder of TPE-OP and TPE-H exhibited many sharp and strong 

scattering peaks, suggestive of their good crystallinity with ordered molecular packing (Fig. 2D and 

Supplementary Fig. 9A). However, the ground powder showed only broad and weak peaks, implying 

the occurrence of phase transition from crystalline to amorphous state upon grinding. 
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Fig. 2 The luminescent images, PL spectra and PXRD patterns. | (A) Photos of reversible mechanochromic 

luminescence of TPE-OP taken under 365 nm UV irradiation. (B) UV-vis  and (C) PL  spectra of TPE-OP before 

and after grinding. Exitation wavelength: 380 nm. (D) PXRD patterns of TPE-OP before and after grinding. 



Table 1. Photophysical Properties of TPE-OP, TPE-H and TPE-NO 

 

 

In contrast, TPE-NO with a A–A structure was not sensitive to anisotropic grinding due to the 

intrinsic electron-withdrawing feature of nitro group. The pristine powder of TPE-NO emitted a green 

colour at 497 nm with a fluorescence QY of 12.8% and lifetime of 3.17 ns (Supplementary Fig. 10). 

Upon grinding, the PL spectrum was shifted by 19 nm to 516 nm, whose wavelength change was 

much smaller than TPE-OP and TPE-H. The fluorescence QY and lifetime also exhibited a minor 

variation after grinding (Φ = 10.9%, τ = 3.40 ns) (Supplementary Fig. 11). The kr of TPE-NO 

decreases from 0.40  108 to 0.26  108 s−1and the knr also exhibits a negligible change. The PXRD 

patterns verified that amorphous aggregates were generated by grinding as well (Supplementary Fig. 

9B). The above results clearly demonstrated that the MC behaviors of AIEgens were largely 

influenced by the push-pull electronic effect and a D–A structure is favourable to show an enhanced 

MC performance. 

MC Behaviours upon Isotropic Pressure. On the other hand, hydrostatic pressure as a common 

isotropic compression is often applied on single crystals to in-situ monitor the MC process. The 

pressure-dependent MC experiments were investigated by a DAC technique at room temperature. 

The single crystal of TPE-OP was yellow in colour with good optical transparency under day light 

and ambient pressure (Fig. 3A). However, its colour turned to orange and then deep red with 

increasing the surrounding pressure. As discussed above, TPE-OP emitted intense yellow 

fluorescence at 562 nm at normal atmosphere pressure. When the pressure was raised to 0.53 GPa, 

its PL spectrum was red-shifted to 585 nm accompanied with a decreased intensity (Fig. 3B). Further 

raising pressure to 4.06 GPa, red emission at 622 nm was attained, which was similar to that of the 

ground crystals (Supplementary Fig. 12). When the pressure was further increased to 10.04 GPa, the 

emission band gradually shifted to 675 nm and its intensity continuously decreased. This indicated 

that hydrostatic pressure was more powerful to generate intense MC luminescence. Generally, 

pressure-responsive luminogens afford a planar conformation at high pressure to enhance the 



oscillator strength to cause PL attenuation.34 On the other hand, the large wavelength change of 113 

nm indicated high-contrast emission was achieved by hydrostatic pressure. In the following 

decompression process, the emission wavelength could be restored to the original state, but the 

emission intensity suffered a certain decline (Fig. 3C). The high reversibility of the MC behaviors 

implied that the molecular phase and packing mode underwent no remarkable change during 

compression. Thus, it was assumed that the MC luminescence of TPE-OP under hydrostatic pressure 

was ascribed to the planarization of molecular conformation. As a structural evidence, dynamic 

Raman spectroscopy was performed on TPE-OP crystal (Fig. 3D). Some stretching and bending 

vibrations of TPE-OP disappeared at pressure above 4.97 GPa and obvious blue-shift was observed 

in the range of 900-1120 cm-1 from the amplified Raman spectra (Supplementary Fig. 13). These 

results indicated that hydrostatic pressure-induced conformational planarization was attributed to the 

MC luminescence of propeller-like AIEgens. 
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Fig. 3 PL properties of TPE-OP under hydrostatic pressure. | (A) In-situ images of TPE-OP crystal taken under 

daylight and UV light. In-situ PL spectra of TPE-OP crystal measured at (B) increasing pressure and (C) decreasing 

pressure. (D) In-situ Raman spectra taken at increasing pressure. 

 

TPE-H is colorless with excellent transparency at ambient pressure (Fig. 4A). Upon application 

of hydrostatic pressure (10.00 GPa) to its single crystal, the color turned to brown. The pristine crystal 

of TPE-H showed a bright sky-blue emission at 479 nm under UV irradiation. At high pressure, a 



notable colour change from blue to green and then to greenish yellow was observed, suggesting that 

the molecular planarity was gradually improved (Fig. 4C). By further raising the pressure to 10.00 

GPa, the fluorescence intensity decreased dramatically and a broad band centered at 529 nm, implying 

that the kr value reduced remarkably during compression. To confirm the molecular conformation 

alteration, in situ UV-vis measurement was performed at different pressures. As shown in Fig. 4B, 

the UV-vis spectrum of TPE-H showed minor change at pressure less than 6.03 GPa. However, 

continuously increasing the pressure to 10.00 GPa, the absorption band red-shifted to the long visible 

wavelength, which was in agreement with the noticeable red-shift of the PL spectrum. When the 

pressure was released to 0 GPa, the emission could only restore to 491 nm even the sample was stood 

for several days (Fig. 4D). Such a emission wavelength  was also attained when the sample was 

compressed at 1.98 GPa. Such spectral residue may be ascribed to the hysteresis effect that the phenyl 

rings of TPE-H suffer from difficulty in recovering to their original position owing to the possible 

structural deformation at high pressure. The Raman spectrum of TPE-H blue-shifted with increasing 

pressure, demonstrating the occurrence of structural variation in the crystal (Supplementary Fig. 14). 
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Fig. 4 PL properties of TPE-H under hydrostatic pressure. | (A) In-situ images of TPE-H crystal taken under 

daylight and UV light. In-situ (B) UV-Vis and (C) PL spectra of TPE-H crystal measured during the compression 

process. (D) In-situ PL spectra of TPE-H crystal during releasing pressure. 



Analysis of Single Crystals. By virtue of this hysteresis effect, an attempt was made to obtain 

single crystals with planarized conformation by using compressed samples. Fortunately, another two 

polymorphic crystals of TPE-H suitable for X-ray structural analysis were cultured by slow 

evaporation of a THF solution of its compressed samples in the same tube with different standing 

time. Upon evaporation of the solution after two days, a blocky crystal of TPE-H (namely TPE-H-K) 

displaying greenish-yellow emission was formed. When elongating the standing time to 14 days, 

another rod-like crystal emitting green light was achieved (Fig. 5A). PL measurement showed that 

pristine crystal of TPE-H, TPE-H-K, TPE-H-T and crystalline powder of TPE-H exhibited emission 

bands at 479 nm, 506 nm, 496 nm and 516 nm, respectively (Fig. 5B). 

 

Fig. 5 PL properties of polymorphs of TPE-H. | (A) Fluorescent photos of crystal of TPE-H, TPE-H-K and TPE-

H-T taken under UV irradiation. (B) PL spectra of TPE-H in different crystalline morphologies. 

Discussion 

Such intriguing phenomenon motivate us to investigate the relationship between the MC 

luminescence and the molecular structure. First, the precursors (1A, 1B and 1C) were took as 

examples to cognize MC luminescence under anisotropic grinding. Upon grinding of 1A, 1B and 1C, 

they all showed obvious colour change from blue to greenish-yellow. Analysis by crystal structures 

showed that all the molecules adopt a twisted conformation with high twisting stress in crystals due 

to the strong steric hindrance of neighbouring phenyl rings. The torsion angles between phenyl rings 

and double bond of 1A were in the range of 39.75o to 53.49o. Such large distortion impeded a compact 

- stacking between adjacent molecules (Supplementary Fig. 15). Moreover, the long n-pentyloxy 

groups of 1A also served as blocks to afford a loose molecular packing. Besides, some short contacts, 



such as C-H···N (dCH···N = 2.683 Å), - (d··· = 3.353 Å) interactions, were observed in 

neighbouring molecules to solidify the molecular conformation. Precursor 1B also showed a twisted 

conformation with torsion angles lying between 39.18o and 52.14o, and adopted a face-to-face 

stacking by the aid of numerous non-covalent interactions including C-H···N (dCH···N = 2.350 Å), C-

H··· (dCH···N = 2.822, 2.825 Å), C-H···C (dCH···N = 2.862 Å) and - (d··· = 3.369 Å) 

(Supplementary Fig. 16). The torsion angles of 1C  fell in the scope of 37.34o and 52.25o and the 

neighboring molecules were contacted by C-H···N (dCH···N = 2.712 Å), C-H···O (dCH···N = 2.862 Å) 

and - (d··· = 3.359 Å) interactions (Supplementary Fig. 17). The results gave a clear picture for 

AIE behaviour that when these luminogens were in the molecularly dissolved state, their excited-state 

energy were consumed non-radioactively through rotation or vibration to render them non-emissive 

characters. However, in the crystalline state, the multiple non-covalent interactions could efficiently 

inhibit intramolecular motions and rigidified further the molecular conformation. These decreased 

the energy loss by non-radiative pathway enabled the molecules to show intense emission. Upon 

amphorization by anisotropic grinding, the high twisting stress and weak interactions existing in 

crystals were destructed to generate a relatively planarized conformation, accompanied by a 

decreased QY and a redder emission. 

Three polymorphs (TPE-H, TPE-H-K and TPE-H-T) were then utilized to systematically 

analyse the structure-property relationship under hydrostatic pressure. TPE-H and TPE-H-T crystals 

belonged to the monoclinic system, while, TPE-H-K crystallized in an orthorhombic manner. In the 

crystal state, TPE-H showed the most twisted molecular conformation as compared to TPE-H-K and 

TPE-H-T. As shown in Fig. 6, the torsion angles of TPE-H are 43.37°(θ1), 58.02°(θ2), 49.46°(θ3), 

48.66°(θ4), 34.03°(θ5) and 31.10°(θ6), respectively. In contrast, TPE-H-K cultured from the 

compressed samples for two days exhibited a more effective conjugation with notably reduced torsion 

angles of 43.57°(θ1), 47.98°(θ2), 47.98°(θ3), 43.57°(θ4), 29.70°(θ5) and 29.70°(θ6). Such a planarized 

molecular conformation was attributed to the hysteresis effect at high hydrostatic pressure and was 

also responsible for its greenish-yellow emission at 506 nm. As extended the standing time, the as-

prepared TPE-H-T crystals were apt to recover to its original state and presented a more twisted 

conformation than TPE-H-K. The corresponding torsion angles increased to 46.02°(θ1), 54.14°(θ2), 

54.14°(θ3), 46.02°(θ4), 32.91°(θ5) and 32.91°(θ6), respectively. Consequently, the reduction of 

molecular conjugation lead to green fluorescence at 496 nm. Moreover, the two hexafluorophosphate 

anions were in close contact with the pyridinium core with distances of 3.18 and 3.20 Å in TPE-H. 



This clearly demonstrated the existence of anion−π+ interactions, which can restrict the intramolecular 

motions and inhibit π−π interactions between neighbouring molecules. However, the distances raised 

to 3.61 Å in TPE-H-K, implying that the interactions became weakened. While, the distances 

shortened to 3.38 Å in TPE-H-T. Due to the twisted conformation and large steric hindrance of 

hexafluorophosphate, the coplanar π−π stacking was impossible to be formed in these AIEgens. 

Crystals of TPE-H and TPE-H-T exhibited a head-to-tail molecular packing mode with strong short 

contacts of C-H···, F- and C-H···F. In contrast, the TPE-H-K crystal adopted a head-to-head 

packing assisted by only relatively loose F- and C-H···F interactions. These solid evidences clearly 

demonstrated that planarization of the twisted molecular conformation under hydrostatic pressure 

caused the red-shifted emission and sufficient intermolecular interactions can rigidify the molecular 

conformation to give rise to a high emission efficiency in the crystalline state. 

 

 

Fig. 6 Crystal structures of polymorphs. | The molecular geometry and intermolecular interactions of (A and D) 

TPE-H, (B and E) TPE-H-K and (C and F) TPE-H-T in crystals. Green: Hydrogen, Grey: Carbon, Yellow: Fluorine, 

Orange: Phosphorus and Purple: Nitrogen.  

 

To further understand the MC behavior, time-dependent density functional theory (TD-DFT) 

simulations were carried out based on the single crystals at the B3LYP/6-311G** level. As depicted 

in Supplementary Fig. 18, the vertical excitation energies were calculated first under different torsion 

angles. In each step, only the chosen torsion angle was immobilized and all other atoms were fully 



relaxed to exert the geometric optimization. As an increment of torsion angle of C1-C2-C3-C4 in 

TPE-OP from 0 to 60o, the excitation energy decreased from 0.32 eV to the minimum at 25o, but it 

gradually raised up to 0.19 eV at 60o. When the torsion angle of C3-C4-C5-C6 was flipped, its 

excitation energy increased initially from 0 to 50o, but showed a small decease at 60o. However, the 

energy change (0.055 eV) was quite small as compared to the value of C1-C2-C3-C4. This suggested 

that the rotation of n-pentyloxy substituted phenyl rings played a minor role in tuning the excitation 

energy. Through analysis of the excitation energy of TPE-H under different torsion angles, both kinds 

of rotations (C1-C2-C3-C4 and C3-C4-C5-C6) were found to be important to achieve a low excitation 

energy. Taking these factors into consideration, it evidently indicated that the relatively small torsion 

angles between phenyl rings and double bond were beneficial to give a low vertical excitation energy 

and enhance co-planarity of the whole molecule to lead to red-shifted emission. Fig. 7 depicts the 

frontier orbitals of the polymorphs of TPE-H. The highest occupied molecular orbital (HOMO) of all 

polymorphic crystals was mainly resided on the phenyl rings and double bond. The lowest unoccupied 

molecular orbital (LUMO), on the other hand, was primarily localized on the pyridinium groups due 

to their electron-withdrawing nature. Upon excitation, electrons were transferred from the phenyl 

rings of TPE to the pyridinium groups. Thus, an effective CT transition occurred by virtue of the 

spatial separation of HOMO and LUMO. Due to different molecular conformations, the calculated 

energy gap were in the order of TPE-H (2.339 eV) > TPE-H-T (2.290 eV) > TPE-H-K (2.265 eV), 

which was consistent with their PL spectra. Moreover, the vertical excitation energy of S1 also showed 

an order similar to that of energy gap, further verifying the above-mentioned results.  

 
Fig. 7 Calculated energy diagram. | Molecular orbitals and vertical excitation energies of polymorphs of TPE-H. 



    In this work, three pyridinium-functionalized TPE derivatives with different substituents were 

designed and synthesized. Through anion exchange, two hexafluorophosphate anions were 

introduced to construct anion−π+ interactions in these AIEgens to restrict the intramolecular motions 

and inhibit compact π−π interactions between neighbouring molecules. Upon anisotropic grinding, 

TPE-OP with effective ICT transition showed the better MC characteristics than TPE-H and TPE-

NO. Such emission alteration was reversible aided by solvent fuming. When isotropic hydrostatic 

pressure was applied on the crystals of TPE-OP and TPE-H, high-contrast MC emission was observed. 

In the following decompression process, the emission of TPE-H cannot recover to its original state 

due to the hysteresis effect. Taking advantage of this effect, another two polymorphs of TPE-H were 

obtained by using the compressed samples with different standing time. Careful investigation of their 

different emission properties found that the redder fluorescence of TPE-H-K was attributed to its 

much more planar molecular conformation than TPE-H and TPE-H-T. Similar results were also 

obtained from theoretical calculation. In a word, the ICT-type AIEgens with multiple intermolecular 

interactions and loose molecular packing mode are ideal candidates for high-contrast MC luminogens 

and planarization of molecular conformation is responsible for their emission variation under external 

stimuli. 

 

Data availability 

The data that support the findings of this study are available in Supplemenary Information and from the 

corresponding author on reasonable request.  
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