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ABSTRACT: Stereoisomers that differ only in spatial orientation of their atoms could exhibit 

distinctive properties and have attracted immense interest in drug development and material 

science. Herein, a series of AIE-featured stereoisomers with pronounced difference in 

luminescent and biomedical activities were efficiently synthesized and easily purified. One of 

the isomers in the E/Z pair is emissive with high fluorescence quantum yield at room 

temperature, while the other one is nearly non-emissive. As the isomers could transform 

between each other under UV irradiation, the light-up cell imaging was successfully 

demonstrated using the non-emissive isomer as a turn-on probe via isomerization process. 

Analysis of crystal packing patterns illustrated that the contrasts in void space possibly caused 

the difference in molecular motion and thus led to their distinct luminescence properties. 

Further, the E/Z isomers displayed remarkable difference in enzymatic conversion rates and 

cellular toxicities for several cancer cell lines. The distinctive luminescence properties of the 

isomeric pair provided a powerful tool to image those divergencies in biomedical activity, 

holding great potential for visualizable drug screening and development.  

INTRODUCTION 

Exploring the relationship between molecular structure and property is crucial to the 

development of material science. Isomers with the same composition but differing in 

constitution, stereochemistry and chirality usually exert huge different effects on molecular 

engineering and life science. Although many efforts have been devoted to investigating the 

dramatic role of molecular chirality in dictating their optical properties and drug potency, much 

less work has been done to learn how the E/Z stereoisomers could modulate their properties. A 

few cases of geometric E/Z  isomers have been reported to differ in their drug properties.1,2 For 

mailto:tangbenz@ust.hk


instance, Z-tamoxifen is a weak estrogen agonist, but its E-cousin behaves as an effective 

estrogen antagonist in treating breast cancer.3,4 Cis and trans-platin show distinct activities 

toward the target, in which cisplatin exhibited high potency to various types of cancer,5,6 while 

the trans-platin shows negligible anticancer activity.7 Recently, some fluorescent stereoisomer 

probes were reported with distinct binding affinities to enzyme or DNA target.8,9 However, 

there is still a big challenge to track stereoisomers in the process of cellular endocytosis, 

biotarget binding and responsive conversion, and finally to visualize their distinctive 

biomedical activities.  

    The efficient synthesis of E/Z stereoisomers with distinct luminescence properties is 

important to elucidate their individual characteristics, interactions and may offer a unique 

opportunity to explore their practical applications for molecular engineering and drug 

discovery. The stereochemistry of carbon–carbon double bonds of aggregation-induced 

emission luminogens (AIEgens), such as the triphenylethylene, tetraphenylethylene and their 

derivatives are well-suited for such studies because their E/Z configurations can be readily 

prepared by the McMurry coupling of benzophenone carrying asymmetric functional groups.10 

Additionally, they exhibit AIE properties with efficient luminescence emission in aggregate 

state via the restriction of intramolecular motion, featuring large absorptivity, robust luminosity 

and strong photobleaching resistance.11 These exceptional luminescence properties overcome 

the problems of aggregation caused quenching and photobleaching from traditional 

fluorophores12,13 and enables a wide range of practical applications based on functionalized 

AIEgens for photoelectronic devices,14-16 chemical/bioanalyte sensing,17-23 molecular 

imaging,24-26 dynamic process tracking27,28 and photo responsive therapeutic applications.29-33  

     However, due to the difficulties in separation caused by little difference in polarity, the study 

of AIE-featured pure isomers is still in the infancy. Although palladium-catalyzed coupling 

reactions were attempted to directly synthesize pure isomers,34 it was found that the expected Z 

isomer is usually accompanied with E isomer as a minor product.35,36 Strategies such as 

attaching bulky groups to the AIE core or stabilizing it with multiple hydrogen bonds to enlarge 

size and improve polarity differences had successfully realized the separation of  some AIE 

stereoisomers.37,38 Nevertheless, the complexities in molecular design would limit their 

practical use. Consequently, mixtures of the E/Z isomers were prepared and used in most 

applications,39-41 leading to compromised effects on the properties and functions of these 

molecules. Another tough task is to identify E/Z geometry after separation. Current approach 

relies on growing single crystals for X-ray diffraction to confirm the isomeric geometry,42-44 a 

tedious task and only applicable to those isomers that can easily pack into single crystals. 



Although a few separated isomers possess different optical property,37,38,45-47 such as emission 

wavelength shifts and fluctuation in fluorescent brightness, it is still very difficult to precisely 

discriminate individual isomeric type, let alone to monitor their potential distinct biomedical 

activities. As the isomerization is closely associated with the molecular motion, the 

stereoisomer is often unstable in solution and causes changes in luminescence properties.45 

Therefore, it is highly desirable to obtain stereoisomers that possess simple structures, high 

stabilities that could be engineered to robust forms, and trackable characteristics for the study 

of their properties and related applications. 

     Herein, a series of AIE stereoisomers with simple molecular structures were efficiently 

synthesized and easily separated (Scheme 1). The E/Z isomer in each pair exhibited huge 

difference in luminescence properties and biomedical activities. That is, one isomer in the E/Z 

pair is emissive with a high quantum yield, while the other one is non-emissive in the solid-

state. The divergence in luminescence properties of the precursor could be inherited by the 

derivatives with keeping the stereo configuration without any extra separation. The emissive 

and non-emissive characters could be applied for the precise discrimination of the E/Z 

geometric structures. Due to their capabilities of isomerization, the application of the non-

emissive isomer for light-up bioimaging under photoirradiation was successfully demonstrated. 

Further, the E/Z isomers displayed different enzymatic conversion rates and distinct 

cytotoxicity toward a variety of cancer cell lines, holding a great potential in pharmaceutical 

candidate development and screening.  

RESULTS AND DISCUSSION 

Synthesis, Separation and Characterization of Luminescent Properties  

The starting stereoisomers, including E/Z-TPAN-M, E/Z-TPAN-OM, E/Z-TPAN-NMBr and 

E/Z-TPAN-NM were easily synthesized through one-step reaction (scheme 1) To obtain pure 

stereoisomer for investigation of its properties, separation of isomers was first tried for E/Z-

TPAN-M mixture with two distinctive nucleic magnetic resonance (NMR) peaks for the methyl 

proton (2.41 ppm and 2.28 ppm). Unfortunately, the common C18 reverse column was unable 

to realize their separation as they always eluted out at the same time, no matter what ratio of 

elution solvents was employed in high performance liquid chromatography (HPLC). After 

incorporating an electron donor group, methoxy, isomer pairs E/Z-TPAN-OM could be easily 

separated because of apparent difference in elution time. Compared to the previously reported 

isomers that need to stretch their molecular structure to a pretty large degree for separation, the 

E/Z-TPAN-OM isomers with simple structures would benefit from their easy and efficient 
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synthesis and versatile structural modifications. The purified isomers of E/Z-TPAN-OM were 

confirmed by 1H and 13C NMR spectra, high-resolution mass spectra as well as X-ray single 

crystal diffraction. Noteworthy, in the 1H NMR spectra of Z and E-TPAN-OM,  the protons 

resonance in the methyl group appeared at 3.86 ppm and 3.77 ppm, respectively; and the 

aromatic protons also showed apparent differences with peaks at 7.02–7.00 ppm (zone 1) and 

6.71–6.68 ppm (zone 2), that belong to the Z and E isomer, respectively. These remarkable 

differences could be employed for their assignments and monitoring their structural evolutions. 

The derivatives including E/Z-TPAN-OH, E/Z-TPAN-POE and E/Z-TPAN-POH perfectly 

inherited the stereo configurations as they could be synthesized under very mild conditions. As 

a result, no further separation was needed. Their purities and geometries were also confirmed 

by the same measurements as described above. 

    The successful purifications of these isomers make it feasible to study their individual optical 

properties. In the solution state, E/Z-TPAN-POH isomers shared similar absorption spectra in 

the ultraviolet band with maximums at 332 nm. Surprisingly, their AIE curve in DMSO/water 

showed huge difference with 0.5-fold and 30-fold enhancement in emission intensity for Z-

TPAN-OM and E-TPAN-OM, respectively, at 99.5% water fraction (Figure 1). TEM images 

clearly showed their differences in aggregation morphology, in which E-TPAN-OM inclined to 

form regular rod-like shapes and even arranged into a two-dimension plane at 99.5% water 

fraction. In contrast, Z-TPAN-OM could not form regular morphologies. Encouraged by those 

remarkable difference in the solution state, the properties of the stereoisomers in solid-state 

were next investigated. As shown in Figure 2a, both of E/Z-TPAN-OM isomers showed red-

shifted absorption spectra compared to the ones in solution state, indicating the formation of 

much higher planar conformations. Additionally, larger red-shift occurred for the E isomer, 

possibly due to its relatively stronger donor-acceptor (D-A) structure. Regarding its 

fluorescence properties, once again there was a significant difference in fluorescence 

brightness, in which E-TPAN-OM was ultrabright with quantum yield up to 21.8%, while the 

Z isomer was nearly dark (Figure 2b,c). The E isomer had a fluorescence lifetime of 938 ps, 

which was 4 times longer than its Z counterpart, further demonstrating the much higher 

efficiency of the radiative transition in E-TPAN-OM. When E/Z-TPAN-OM were cooled down 

to cryogenic temperature (CT, 77K), both of them emitted strong fluorescence but with green 

and blue color, respectively. The significant enhancement in fluorescence intensity at CT could 

be attributed to the higher degree in restriction of intramolecular motions, confirming that both 

of them were typical AIE-featured luminogens (Figure 2c). The powders of both E/Z-TPAN-

OM were identified as crystalline morphology, as sharp peaks appeared in their XRD patterns. 



The fluorescence spectra were also measured under temperature evolution. As shown in Figure 

2d, the emission intensity of Z-TPAN-OM swiftly decreased to nearly 0 when the temperature 

rose up to 160 K. On the contrary, the E isomer displayed much slower rate in decrease of 

emission intensity and could preserve about 20% even when approaching the room temperature. 

The dynamic change of fluorescence from 77 K to RT of E and Z-TPAN-OM with blue and 

green color fluorescence emission, respectively, was also real-time captured in the Video 1. 

E/Z Isomerization and Light-up Bioimaging 

The isomerization was studied next in E/Z-TPAN-OM. As the protons in the methyl group and 

aromatic zone showed distinct chemical shifts, NMR spectroscopy was first employed to 

monitor the isomerization process. Quartz tubes filled with CDCl3 solutions of E/Z-TPAN-OM 

were placed under 365 nm UV irradiation at room temperature. As shown in Figure 3a, the 

resonances of the characteristic protons of E-TPAN-OM appeared in the Z-TPAN-OM samples 

(denoted as zone 4 for methyl group and zone 3 for aromatic zone) after irradiation, 

demonstrating its capability to transform to its isomeric counterpart. Similarly, the 

transformation of E-TPAN-OM to its Z counterpart was also realized under UV irradiation in 

which the characteristic proton resonances of the Z isomer in zone 2 and 4 appeared. The 

irradiation time dependent transformation processes for E and Z-TPAN-OM were depicted by 

proton NMR resonance. In contrast, samples stored under ambient light showed negligible 

change in NMR spectra even after 7 days, suggesting their stability in solution state. Due to the 

different elution times, the isomerization process could also be monitored via HPLC. As shown 

in Figure 3b, the appearance of peaks in zone 5 and zone 6 after UV irradiation could be 

assigned to the freshly generated Z and E isomer, respectively, as they located in the same 

elution position as the original isomer. Prolonged irradiation time led to a dramatic decrease in 

the peak intensity of the E isomer accompanied with increase in the ones of Z isomer and vice 

versa. The ratio of Z to E isomer was about 1.14 after 150 min of irradiation and close to the 

balance. In addition, the fresh peak with longer elution time could be assigned to the 

photocyclized side-product with less polarity as indicated by the mass spectra. This process was 

similar to the previously reported photocyclization that usually happened in the aromatic ring 

constituted AIE systems.48 

    As they are capable of isomerizing into each other, the non-emissive Z-TPAN-OM was 

expected to be applicable in the light-up bioimaging by transforming to its emissive E 

counterpart. As shown in Figure 4, no apparent aggregation occurred outside the cellular 

membrane after incubation with the Z isomer. The fluorescence signal could neither be detected 



under microscopy because of the inherent non-emissive property of Z-TPAN-OM. Surprisingly, 

after 2 min of irradiation under the mercury lamp, the HeLa cells lit-up with scattered green-

color fluorescence signal. The blue-color fluorescence was probably originated from the 

photocyclization of Z-TPAN-OM accompanying the isomerization process. No signal appeared 

in the control cells without incubation with Z-TPAN-OM, indicating the light-up fluorescence 

signal indeed originated from the isomerization process. On the other hand, when E-TPAN-OM 

was incubated with living cell, rod-like aggregates formed rapidly in the medium, and it seemed 

hard to enter the cell, with green-color fluorescence only came from the extracellular 

membrane. This rapid aggregation manner of E-TPAN-OM agreed well with the phenomenon 

recorded by TEM image. The dynamic process of light-up cell imaging using Z-TPAN-OM 

was investigated next. The intensity of the green-color fluorescence reached plateau in just 2 

min, indicating rapid responsiveness in the living cell. Furthermore, the light-up imaging could 

be operated with precise spatial control, with fluorescence signal generated only in the area 

under irradiation. Complementary to the previous reported photocyclization-activated turn-on 

fluorescence, the photoisomerization process provides another potential strategy to realize 

light-up bioimaging.  

Mechanism Study for the Divergent Luminescent Properties  

Void space in the molecular crystal packing is able to provide the free space for molecular 

motion to exert influence toward luminescence behavior.49 X-ray diffraction analysis revealed 

that the single crystals of E and Z-TPAN-OM were in the P21/n and P21/c space groups, 

respectively (Figure 5a,b). For E-TPAN-OM, each molecule was connected to 6 nearby 

molecules with 10 weak intermolecular interactions. Cavities could be observed in the three-

dimensional packing structure of E-TPAN-OM with pores along the c axis at room temperature 

(Figure 5c). Meanwhile, for the Z-TPAN-OM, each of the molecule linked with 3 nearby 

molecules through 6 weak intermolecular interactions. The pores in the packing structure 

became much conspicuous along the c axis (Figure 5d). The calculated void space in crystal 

packing of Z-TPAN-OM was up to 3.311 Å3 at 160 K, nearly 8-fold bigger than its E counterpart 

at the same temperature (as VV,Z/VV,E in Figure 5e). Throughout the tested temperature range 

from 100 K to 300 K, the void space of Z isomer continued to be much larger in comparison. It 

is expected that the larger free space in Z isomers would possibly allow their intramolecular 

motion leading to a reduction in the emission efficiency. On the other hand, the much smaller 

void space in the E isomers would be able to constrain molecular motion resulting in the 

observed robust emission.  



    Another set of isomers, E/Z-TPAN-OH, presented similar divergency in their fluorescence 

properties. The AIE emission intensities enhanced by 1.92-fold and 11.27-fold for E and Z 

isomer at 99.8% water fraction, respectively, showing their different AIE properties (Figure 6a). 

Huge difference in emission intensity could also be observed in the solid-state with a quantum 

yield of 13.72% for Z-TPAN-OH but not detectable (ND) for the E isomer (Figure 6b). The 

isomerization between Z and E-TPAN-OH under UV light irradiation were also verified by 1H 

NMR spectra and HPLC elution. The cell imaging test showed that neither of them could be 

internalized into the living cell, as they both rapidly aggregated into macrostructures. However, 

the emissive and non-emissive characters were maintained for the Z/E isomer, respectively. The 

crystal packing patterns of E/Z-TPAN-OH presented obvious cavities (Figure 6c,d). But the 

volume of void space displayed drastic difference, in which the values from E-TPAN-OH was 

always larger than the Z isomer, and  the values of VV,E/VV,Z in all tested temperature surpassed 

17 (Figure 6e). Guided by the same principle for E/Z-TPAN-OM pair, the lower degree in 

crystal void volume in Z-TPAN-OH afforded its higher efficiency in fluorescence when 

compared to E-TPAN-OH. The configuration reversal from E-TPAN-OM to Z-TPAN-OH that 

showing much stronger fluorescence compared to their individual isomeric counterpart, 

indicated the significant role of aggregated pattern in shaping the material properties apart from 

effects from molecular structure. Theoretical calculation for the HOMO and LUMO energy 

levels were further conducted in E/Z-TPAN-OM and E/Z-TPAN-OH pairs. Compared to their 

individual non-emissive counterpart, both E-TPAN-OM and Z-TPAN-OH possessed lower 

reorganization energy in 100 K. These differences became much bigger when the temperature 

increased to room temperature, suggesting the sharp contrast in fluorescence efficiency mainly 

came from their distinct non-radiative transition. Extending to the case of E/Z-TPAN-POE, the 

brighter Z isomer still displayed smaller void space in its crystal pattern, indicating the positive 

correlation between aggregated pattern and fluorescence emission efficiency in those 

fluorophores. It was observed that the Z-type isomers, including Z-TPAN-POH, Z-TPAN-

NMBr and Z-TPAN-NM, all showed remarkable higher fluorescence quantum yield than their 

individual E counterparts, possibly following the same relationship between packing pattern 

and luminescence properties. 

Divergency in Enzymatic Responsiveness  

As the cellular uptake of E/Z-TPAN-OM and E/Z-TPAN-OH was limited, E/Z-TPAN-POH 

modified with phosphate group were further designed to improve their water solubilities and 

endow them with enzymatic responsiveness, as the phosphate group is the substrate of alkaline 



phosphatase (ALP) that plays a significant role in cell signaling pathway and has become an 

important biomarker in cancer diagnosis.50-53 The obtained E/Z-TPAN-OM isomers retained 

the same stereo-structure as their individual precursor and displayed different fluorescence 

quantum yields. As the E/Z-TPAN-POH and their hydrolysis product, E/Z-TPAN-OH (Figure 

7a), eluted out with different time scales, the ALP-catalyzed hydrolysis of E/Z-TPAN-POH 

could therefore be quantitatively monitored by HPLC. As shown in Figure 7b, as the reaction 

proceeded, the intensity of the peak of Z-TPAN-POH continuously decreased, accompanied by 

increased peak intensity of the product with the same elution time as Z-TPAN-OH. Similarly, 

the hydrolysis of E-TPAN-POH also led to apparent decrease of its peak intensity and increase 

in the production of E-TPAN-OH. Importantly, nearly 4.2-fold faster hydrolysis rate was 

observed for E-TPAN-POH than its Z counterpart, indicating that the nuance in structure could 

leverage big difference in their enzymatic recognition and reaction (Figure 7c). To gain insights 

into the binding mode of E/Z-TPAN-POH with ALP, we carried out molecular-docking studies 

with the structure of ALP. More than three times lower binding energy proved that the binding 

affinity of ALP with E-TPAN-POH at its active site was much stronger than the Z counterpart. 

This striking divergency in enzymatic responsiveness to stereoisomers is similar to known 

drugs, e.g. cisplatin that displays remarkable activity towards the target compared to its trans 

counterpart.6  

Diversified Cellular Toxicity 

Inspired by the difference of E/Z-TPAN-POH in ALP responsiveness, their intracellular 

toxicities were further investigated as ALP expression level was commonly upregulated in 

cancer cells caused by dysfunctional biochemical and metabolic processes.54,55 As shown in 

Figure 8, after incubation with HeLa cells for 2 hours, the E/Z-TPAN-POH exhibited distinct 

toxicities. The cell survival rate rapidly decreased to 0 for Z-TPAN-POH when the 

concentration reached 300 μM. In sharp contrast, the cell viability retained nearly 100% for the 

E isomer. This cellular toxicity was also dependent on incubation time. When the time extended 

to 12 h the toxicity of the Z isomer became more pronounced, as 200 μM isomer could 

completely kill the cells. The cell viability for E isomer, however, maintained above 70% at a 

concentration of 800 μM. The sharp contrast of toxicities was also evidenced by the destroyed 

cellular morphologies after incubation with Z-TPAN-POH and the intact morphologies with its 

E counterpart, undoubtedly verified their dramatical differences in cell toxicity. This correlation 

between toxicity and E/Z configuration was established not only in HeLa cells, but also for 

numerous other cancer cell lines, including human renal adenocarcinoma cells (ACHN), human 



osteosarcoma cells (HOS, SJSA-1 and drug resistant U2R), and human liver cancer cells 

(HepG2). As shown in Figure 8b-f, all of them displayed striking toxicities upon incubation 

with Z-TPAN-POH but good biocompatibilities with the E isomer, suggesting a general trend 

for distinct toxicities of E/Z-TPAN-POH to cancer cells. The apparent cell morphological 

changes that ubiquitously happened in all the cell lines after incubation the Z isomer further 

verified the cell death fates.  

     To investigate the origin of the difference in toxicity, the enzymatic hydrolytic products, 

E/Z-TPAN-OH, were first tested. However, no obvious differences in the toxicity could be 

observed in both E/Z isomers after incubation with HeLa cells. The cellular uptake amount was 

next evaluated. Strong fluorescence signal from the Z-TPAN-OH fed HeLa cells appeared in 

almost every cell unit. However, to E-TPAN-OH, negligible signal could be observed even 

after irradiation under the mercury lamp for 10 min. The distinctive Raman peak at 2220 cm-1 

from the cells incubated with Z-TPAN-POH which could be assigned to the nitrile bond (C≡

N) displayed much stronger intensity than the ones incubated with E-TPAN-POH. Further, the 

HPLC elution profile of the content extracted from the cells incubated with Z-TPAN-POH 

showed much higher concentration of Z-TPAN-POH precursor and Z-TPAN-OH hydrolysis 

product in the cells, demonstrating the much faster rate in uptake of the Z isomer by cancer cells 

when compared to the E isomer. Accompanied by its much slower rate in enzymatic hydrolysis, 

the massive net accumulation of Z-TPAN-OH in the cancer cells reasonably led to the severe 

toxicity. This discrepancy in cell viability induced by the stereoisomers are summarized, in 

which the toxicity from Z-TPAN-POH was attributed to its faster internalization and slower 

conversion by cancer cells. Simultaneously, the discriminative brightness in fluorescence signal 

will be contributive for discrimination of the stereoisomers and self-portrait of the toxicity from 

each isomer, providing a potential tool for the isomeric structure determination, drug screening 

and therapeutic evaluations. 

CONCLUSIONS 

In sum, a series of stereoisomers with nuance in molecular structures while displaying huge 

disparities in luminescence and biomedical properties were synthesized and separated. The E/Z 

isomers could be controllably transformed between each other and had been successfully 

applied in photo-switchable bioimaging by employing the process of photoisomerization. 

Attributed to their differences in aggregation patterns and enzymatic responsiveness, huge 

difference in toxicities from the E/Z isomers to numerous types of cancer cells were discovered. 

The distinctive luminescence properties could serve as an imaging tool to discriminate the E/Z 



configurations and monitor their biomedical activities, promising for visualizable drug 

screening and pharmaceutical evaluation. 
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Scheme 1. Molecular structures of a series of AIE stereoisomers with their solid-state fluorescent 

pictures under 365 nm UV irradiation (I: E/Z-TPAN-M; Ⅱ: E/Z -TPAN-OM; Ⅲ: E/Z -TPAN-OH; Ⅳ: 

E/Z -TPAN-POE; Ⅴ: E/Z -TPAN-POH; Ⅵ: E/Z -TPAN-NM; Ⅶ: E/Z -TPAN-NMBr). 

 

Figure 1. AIE property characterization. (a) fluorescence spectra of E-TPAN-OM in mixture of DMSO 

and water with varying fraction of water, respectively. (b) The evolution of intensity in the fluorescence 

emission peak of E/Z-TPAN-OM with varying fraction of water, respectively.  



 

Figure 2. Optical property characterization of E/Z-TPAN-OM. (a) Absorption spectra of solid E/Z-

TPAN-OM, respectively, with absorption maximum labelled. (b) Fluorescent pictures of E/Z-TPAN-

OM powder at RT and CT under UV light, respectively. The absolute quantum yield (ΦF) was labelled 

for E-TPAN-OM. (c) Fluorescent spectra of solid E/Z-TPAN-OM under room temperature (RT) or 

cryogenic temperature (CT, 77 K), respectively. The decay lifetime (τ), emission wavelength (λ) were 

labelled. (d) Temperature dependent fluorescence emission intensity of E/Z-TPAN-OM, respectively.  

 
Figure 3. Isomer transformation tests of E/Z-TPAN-OM under 365 nm UV irradiation for 150 min. (a) 

Monitored by 1H NMR in CDCl3. The proton resonances in the aromatic ring in zone-1and zone-3 

belonged to Z and E-TPAN-OM, respectively. And the proton resonances in methyl group in zone-2 and 

zone-3 were assigned to Z and E-TPAN-OM, respectively. (b) Monitored by HPLC at 280 nm. The 

elution peaks in zone-5 and zone-6 belonged to Z and E-TPAN-OM, respectively. The elution peak in 

zone-7 was derived from their photocyclization products.  



 

Figure 4. Photo-switchable cell imaging. HeLa cells incubated with Z-TPAN-OM in bright-field, 

fluorescence imaging at 0 min, and fluorescence imaging after irradiation under a mercury lamp for 2 

min, respectively.  

 

Figure 5. (a, b) Crystal structure of E/Z-TPAN-OM under 293 K, respectively. (c, d) Packing pattern of 

E/Z-TPAN-OM under 293 K, respectively. (e) Evolution of volume of void (VV) in crystal packing of 

E/Z-TPAN-OM by measuring the space outside the molecular surface with 1.0 Å distance and their 

calculated ratios under varying temperatures.  



 

Figure 6. (a) AIE curve of Z/E-TPAN-OH in the mixture of DMSO/H2O. (b) Fluorescence spectra of 

Z/E-TPAN-OH crystals with absolute quantum yield (ΦF) was labelled for Z-TPAN-OH under RT. (c) 

Crystal packing pattern of Z-TPAN-OH under 250 K, (d) (c) Crystal packing pattern of E-TPAN-OH 

under 250 K. (f) Evolution of volume of void (VV) in crystal packing of Z/E-TPAN-OH by measuring 

the space outside the molecular surface with 1.0 Å distance and their calculated ratios under varying 

temperatures.  

 

 

Figure 7. (a) The enzymatic reaction from E/Z-TPAN-POH to E/Z-TPAN-OH. (b) ALP catalyze 

hydrolysis of Z-TPAN-POH monitored by HPLC. (c) The calculated hydrolysis conversion rates of E/Z-

TPAN-POH. The concentration of E/Z-TPAN-POH was 100 µM, ALP was 1.05 nM.  



 

Figure 8. Cellular viability tests of E/Z-TPAN-POH in various types of cancer cell lines. Varying 

concentration of E/Z-TPAN-POH incubated with (a) HeLa cells for 2 hours, (b) ACHN cells for 12 

hours, (c) U2R cells for 6 hours, (d) HOS cells for 12 hours, (e) SJSA-1 cells for 6 hours, and (f) HepG2 

cells for 2 hours, respectively.  

 


