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The structure-property relationship of three new AIEE compounds were discussed, which showed the twisted

molecular conformation avoiding =7 stacking facilitated aggregation-induced emission enhancement.
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Abstract

Three novel 2-(4-methoxyphenyl)-1, 3, 4-thiadiazddased Schiff base derivatives
(T1-T3) had been synthesized and characterizetHiyMR, *C NMR, MS and IR. The
spectroscopic properties of T1-T3 were investigategd UV-vis absorption and
fluorescence emission spectroscopy, which werecaent with theoretical calculations
that three compounds possessed obvious intramatechlarge transfer (ICT) process.
Their fluorescence emission performance in soluaod aggregation state showed that
three compounds all owned obvious aggregation-iedugmission enhancement (AIEE)
properties. To further understand AIEE nature, dyicalight scattering (DLS) and
scanning electron microscopy (SEM) were comparbtiverestigated, which demonstrated
that the small and uniform particles contributedntprove fluorescence emissions. Crystal
structures of T1 and T3 showed that the twistedemdar conformation played an
important role in AIEE. What's more, T2 and T3 hgabd biocompatibility, which were
successfully applied in live-cell imaging.

Keywords. Schiff base, aggregation-induced emission enhantgii@-imaging

1. Introduction
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Designing novel chromophores with excellent optimadperties in the condensed state
had been a popular research area because of tbhwintial applications in organic
light-emitting diodes, light-emitting liquid crydg&a circularly polarized luminescence
(CPL), optical waveguides, and fluorescent sensespgecially fluorescent probe, which
included chemical sensors, biological probes fllulze, bacterial and tissue imaging [1-4].
However, the frequently reported aggregation-caugadnching fluorescence (ACQ)
occurred in common fluorescent molecules under bagicentration solution or condensed
state had greatly limited their potential applioat. Fortunately, in 2001, Tang and
co-workers firstly discovered a novel luminescenghenomenon defined as
aggregation-induced emission (AIE), which could roeene the defect of ACQ [5-7]. In
2002, Park et al. also reported aggregation-induegdssion enhancement (AIEE)
materials were similar to AIE materials. The mospylar AIE/AIEE mechanism at the
single molecular level involved the restrictionioframolecular rotation (RIR) [8-10¥iz,
thes bonds connecting the periphery phenyl rings aedctive structure were able to rotate
freely in dilute solution, which consumed the eaditstate energy and hence quenched the
emission. However, in an aggregated state, suchnasoparticles or solid thin
films/powders, the molecules were in a crowded m@ghood and these intramolecular
motions were restricted, which diminished the nadiative decay of the excited state
energy and consequently induced strong emissiojp fckording to the RIR mechanism,
various excellent chromophores with aggregationtoredl emission or enhanced emission
(AIE/AIEE) properties had been developed, includingtraphenylethene (TPE),
hexaphenylsilole (HPS), 1-methyl-pentaphenylsil{dPPS), 1, 1-dimethyl-2, 3, 4,
5-tetraphenylsilole  (DMTPS),  distyreneanthracene SAR 2,  3-dicyano-5,
6-diphenylpyrazine, organoboron complexes and\dalaehyde azine (SAA), and so on,
which were widely applied in the novel luminogemmaterial [12-13]. These reported
AIE/AIEE molecules effectively promoted the apptioa of fluorescent probe in
biological domain, while the new AIEE moleculeslistieed further development
especially thiodiazole derivatives applied to luescent material were rarely reported.

Thiodiazole derivatives had the vast potentials dawhands in disinfection, weedicide,
and sterilization due to it possessed a varietybiofogical activities [14]. Moreover,
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thiodiazole molecule was also a highly conjugatemimatic heterocyclic which could be
applied in optical materials. Triphenylamine hadcreavidely used in opto- and electro-
active materials due to its good electron-donading hole-transporting capabilities, as well
as the special propeller starburst molecular sirec{15-16]. Schiff base compounds
usually displayed superior AIEE property due to idwmerization/rotation of C=N group,
and the intramolecular hydrogen bond which resdcthe intermolecular rotation
process[17-19].

Considering the factors mentioned above, a sefieAlBE luminogenic compounds
were developed by a simple preparation and putificaat lower cost and shown in
Scheme 1. The spectroscopic properties, DLS, SEM and crystiaicture (T1 and T3)
were researched in detail to elucidate the mechambt enhanced fluorescence in the

aggregated state, furthermore, T2 and T3 were ssftdly applied in live-cell imaging.

2. Experimental

2.1 Materials and instruments

Chemicals were purchased and used as receivedy Bavent was purified as
conventional methods beforehand. IR spectra wecerded with a Fourier transform
infrared microscopy (VERTEX 80+HYPERION2000) in tH@®00 - 400 cnl region.
Melting points (uncorrected) were determined on B XMP apparatus (Taike Corp.,
Beijing, China).*H and **C NMR were recorded on 400 MHz and 100 MHz NMR
instruments using DMSO or CD£as solvent. Chemical shifts were reported in paets
million (ppm) relative to internal TMS (0 ppm) amadupling constants in Hz. Splitting
patterns were described as singlet (s), doublettig)et (t), quartet (q). The mass spectra
were obtained on a Bruker Autoflex Il smart beanass spectrometer. The X-ray
diffraction measurements were performed on a CCBa adetector using graphite
monochromated MoKa radiation € 0.71069 (A) at 298 (2) K. The non-hydrogen atoms
were refined anisotropically and hydrogen atoms ewentroduced geometrically.
Calculations were performed with SHELXTL-97 prograackage. Crystallographic data
have been deposited with the Cambridge CrystalpdgcaData Centre as supplementary

publication no. CCDC: 1498598 (for T1), 1498596r (fiB). DLS measurements were
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conducted on a Malvern Zetasizer Nano ZS90 sizé/zgra SEM images were obtained
using a Zeiss MERLIN Compact. The one-photon alisnrfOPA) spectra were recorded
on the UV-3600 spectrophotometer and one-photossaam fluorescence (OPEF) spectra
measurements were performed using a Hitachi F-1Q66escence spectrophotometer. The
quartz cuvettes used were of 1 cm path length.slihpass width of emission spectra: 10

nm, Voltage: 500 V.

2.2.1 Synthesisof 1

p-Anisic acid (3.04 g, 20 mmol) and thiosemicarbazid.82 g, 20 mmol) were
dissolved in 30 mL of phosphorus oxychloridéhe reaction mixture was refluxed at %5
for 10 h. After the reaction finished, the mixtuvas poured into ice water slowly and then
saturate NaOH solution was added to adjust the @devto 8.0 under vigorous stirring.
The mixture was extracted with ethyl acetate thimes and the organic layer was washed
with brine and dried over anhydrous sodium sulfafiéer solvent evaporation, the crude
product was purified by recrystallization from adhgus ethanol to get 3.15 g white
powder, yield: 76.09%. Melting point: 188.1-189G. FT-IR (KBr, Disc, cm’): 3409.28
(M, Var2), 3377.72 (Mynnz), 3304.97 (W), 3105.35 (M), 1647.15 (M), 1608 @B benzen),
1578.80 (W), 1511.49 (Spenzen), 1465.51(s), 1304.97 (W), 1267.34 (W), 1246.65¢sH2),
1174.54 (M,vocrd), 1128.97 (w), 1052.67 (w), 1031.98 (m), 978.88, (829.22 (m),
658.86 (W), 520.48 (W)H NMR (DMSO-ds, 400 MHz, ppm)s: 7.69-7.67 (d,) = 8.0 Hz,
2H), 7.28 (s, 2H, Nb), 7.03-7.01 (dJ = 8.0, 2H), 3.80 (s, 3H, OGH *C NMR (100
MHz, DMSO)¢ 167.85, 160.24 156.25, 127.77, 123.61, 144,465.27. MS (ESI) m/z:
found, [M+H]', 208.0542; molecular formulagBsN3OS requires [M+H], 208.0544.

2.2.2 Synthesis of 2-4

The compounds 2, 3 and 4 [20-21] were preparedrdicpto the reported method.

2.2.3 Synthesisof T1-T3

Scheme 1 Preparation of compoundsl, T2, T3

T1 (0.271 g, 1 mmol) and compound 1 (0.248 g, 1n2of were dissolved in 15 mL of
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anhydrous alcohol, the reaction mixture was reftliae 70°C for 12 h. After the reaction
finished, the solution was cooled to room tempeegtthe solid was filtered and washed
two times with anhydrous ethanol to give 0.37 gegrsolid, yield: 80.43 %. Melting point:
217.4-218.5 °C. FT- IR (KBr, Disc, ¢M): 1601.19 (Sypenzen), 1582.00 (m), 1558.11 (m),
1514.46 (Syvpenzen), 1445.05 (s), 1417.20 (m), 1360.58 (m), 1337.09, (1312.98 (w),
1252.84 (m), 1224.75 (Miocha), 1178.97 (Myochs), 1159.28 (Myocra), 825.46 (m),
737.66 (m), 718.23 (m)H NMR (DMSO-ds, 400 MHz, ppm)J: 9.20 (s, 1H, CH=N),
8.38-8.36 (d,J = 8.0 Hz, 2H), 8.30-8.28 (d,= 8.0 Hz, 2H), 7.98-7.91 (q, 4H), 7.58-7.56 (d,
J = 8.0 Hz, 2H), 7.51-7.48 (t, 2H), 7.37-7.34 (t,)2A.16-7.14 (dJ = 8.0 Hz, 2H), 3.85(s,
3H, OCH). ¥3c NMR (100 MHz, CDd) 6 172.83, 167.39, 165.10, 162.03, 142.39, 140.16,
133.11, 131.72, 129.25, 126.89, 126.27, 123.95,262320.74, 120.49, 114.59, 109.86,
55.50.MS (ESI) m/z: found, [M+H] 461.1427; molecular formula,§,0N4OS requires
[M+H] ¥, 461.1436.

T2 and T3 were obtained by following the similaogedure of T1.

T2: yellow powder, 0.35 g, yield: 75.76 %. Meltipgint: 184.6-185.7C. FT- IR (KBr,
Disc, cm®): 1606.39 (Myc=n), 1582.88 (s), 1552.78 (M), 1509.19 (frnzen), 1490.09 (m,
Vbenzen), 1442.73 (m), 1332.67 (m), 1301.00 (m), 128488, (1257.11 (m), 1170.88 (s,
vocra), 829.85 (w), 700.67 (W)'H NMR (DMSO-ds, 400 MHz, ppm)s: 8.83 (s, 1H,
CH=N), 7.91-7.88 (q, 4H), 7.45-7.41 {t= 8.0, 4H), 7.26-7.21 (q, 6H), 7.12-7.10 Jc; 8
Hz, 2H), 6.92-6.90 (dJ = 8Hz, 2H), 3.85 (s, 3H, OGH *C NMR (100 MHz, DMSO)
173.37, 167.44, 164.88, 161.49, 152.32, 145.54,8B31130.00, 128.86, 126.33, 125.44,
122.71, 118.58, 114.84, 55.47. MS (ESI) m/z: foufidi+H]", 463.1584; molecular
formula GgH»,N4OS requires [M+H], 463.1592.

T3: orange solid, 0.48 g, yield: 70.69 %. Meltingimi: 239.3-240.6C. FT- IR (KB,
Disc, cmY): 1608.27 (Mybenzend, 1587.27 (), 1505.43 (Spenzen), 1444.61 (m), 1413.57
(W), 1325.46 (m), 1305.39 (m), 1287.21 (m), 12568 1168.06 (Syocha), 832.15 (W).
'H NMR (DMSO-ds, 400 MHz, ppm)J: 8.95(s, 2H, CH=N), 8.03-8.01 (d,= 8.0, 4H),
7.94-7.91 (dJ = 12 Hz, 4H),7.52-7.49 (t, 2H), 7.36-7.32 Jt= 8.0Hz, 1H), 7.28-7.20(q,
6H), 7.14-7.12 (dJ = 8.0 Hz, 4H), 3.86(s, 6H, OGH **C NMR (100 MHz, CDGJ) ¢
173.37, 166.64, 165.22, 161.89, 151.20, 145.50,703130.11, 129.32, 129.17, 126.96,
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126.16, 123.38, 123.02, 114.52, 55.47. MS (ESI) folmd, [M+H]’, 680.1889; molecular
formula GgH29N,0,S, requires [M+H], 680.1902.

3. Results and discussion

3.1 Spectroscopic properties

Fig. 1 Absorption (a) and fluorescence spectra (B) 2fn five organic solvents with different polarities

at a concentration of 1xPanol L.

The absorption and fluorescence spectra were @epiatFig. 1 and Fig. S2-S3, the
corresponding spectroscopic data were collectédile. S1. Taking T2 as an example, it
could be seen frorkig. 1la that T2 had two absorption peaks locted at ~293anth~425
nm, respectively, the former was assigned tonth® electronic transition caused by the
triphenylamine core whereas the latter was likalgrided to intramolecular charge transfer
between the triphenylamine core and the terminaligrFig. S2a-3a showed T1 and T3
had similar feature in absorption spectra comparighl T2. The fluorescence spectrum of
T2 (Fig. 1b) exhibited one emission peak located from 528 on%@8 nm in different
polarity solvents, which was assigned to the ICTssian [22]. As shown iffable. S1 and
Fig. 1b the fluorescence emission of T2 was obvious réileshwith increasing solvent
polarity, Fig. S2b-3b presented T1 and T3 had the simpaenomenon compared with T2.
Large stokes shifts were observed for the threepoamds in five solvents due to strong
solvent-solute dipole-dipole interactions, a mastditon of the large dipole moment and
orientational polarizability. An increased dipol@ale interaction between the solute and
solvent generate a lower energy level. Stokes sldfe approximately proportional to the
orientational polarizability. To discuss the effettsolvents on the fluorescence spectrum,
Lippert-Mataga plots for T1-T3 were given Kig. $4 and the calculation dates were

collected inTable S2 [23-24].

20 5
Av=—"(u — +b Eq. (D
4me hca’ (s, = 1t,) d
e-1 n -1
Af = Eq.

T 26+l 2 +1

in which Av = vaps—vem Stands for Stokes shifitaps andven, are absorption and emission
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(cm™), h is the Planck constart,is the velocity of light in vacuuna is the Onsager radius
andb is a constantdf is the orientation polarizability,e andugy are the dipole moments of
the emissive and ground states, respectivelycgithe permittivity of the vacuumed -
,llg)z is proportional to the slope of the Lippert-Matagat. Fig. $4 showed the slopes of
the fitting line for compounds T1-T3 were as highlZ268, 10643 and 7066, respectively.
The large slopes verified large dipole moment clkanfpr these compounds, the large
values ofue - ugindicated that the molecule in the excited stateé &a extremely polar
structure.

3.2 Electronic Structure

Fig. 2 Electron density distributions of the frontier mallar orbitals of compoundsl-T3

To understand the relationship between the oppicgderties and the electronic structure,
the highest occupied and the lowest unoccupied cutae orbitals (HOMO and LUMO)
were obtained by Gaussian 03 program and the B3&-8RG basis sets based on crystal
structure (T1 and T3) and optimized structure (T2, results were similar to all of which
based on optimized structure. Most of the electttouds of the HOMO were evenly
distributed in 9-phenyl-carbazole and triphenylaenpart, while the majority of electron
clouds of the LUMO were transferred and evenlyritigted in the Schiff base (C=N) and
1, 3, 4-thiadiazole moieties, which revealed thiasoaption and emission of the three
compounds originated from the ICT transitions [25]can be seen that the energy gaps
calculated of the chromophores followed the orlg(T3) <AE(T2) <AE(T1) fromFig. 2,
while the linear absorption wavelength increasetthéorder T3 > T2 > T1 in five solution,
which were well consistent with experiments.

3.3 Aggregation-induced emission enhancement

Fig. 3 Absorption (a) and fluorescence spectra (bB) 2fn ethanol/water mixtures with differefjtat a
concentration of 1xI0mol L. The inset depicts the changes of fluoresceneasity with different

fw.

Considering the three compounds were insolubleatembut soluble in organic solvents,
we determined the absorption and emission spetti@ol 1-T3 in organic/organic-water
mixtures with different water fraction§,( the volume percentage of water in organic-water

7
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mixtures, that can adjust the solvent polarity sybtwhich were revealed by the images in
Fig. 3 and Fig. S5-S6. We used T2 as example to discuss the AIEE prppédite
absorption and fluorescence spectra of T2 werestigaged in mixtures of ethanol/water
with various water volume fractiong,). Fig. 3a showed T2 had a large absorption peaks at
430 nm, meanwhile, wheg > 70%, the absorption spectra started to show lefie&ils in
the long wavelength region caused by the Mie scatjeeffect, which indicated the
formation of nanoaggregates. Similar effects ofaf#l T3 were observed Fig. Sba-S6a.
The fluorescence spectra of T2 in the ethanol/waiigture with different water contents
were shown inFig. 3b, which exhibited a strong AIEE activity. Whdp < 60%, the
fluorescence (FL) intensity primarily decreasedhwiicreasing,, which was due to the
increase of the solvent polarity and then transfeonthe twisted intramolecular charge
transfer (TICT) state [26-27]. The light emissioraswvinvigorated fronf,, > 70% and
reached its maximum value at 90% water contentchvinas 4.2-fold higher than that in
pure ethanol solution, accompanying a small rett-ghiwhole spectra. The increased in
FL intensity can be attributed to the AIEE effe@¥e can also clearly see that the
fluorescence spectra of T3 in ethanol/water mixurad similar trend with that of TEig.
S6b). Fig. S5b showed that T1 had two emission peaks in dense ddliRion, located at
Jem1(~450 nm) andem2(~500 nm), which had a slightly difference compawéth that of
T2 and T3. Asf, increased,lem1 disappeared gradually, the emission locatedic.ab
increased correspondingly. The FL intensity was/ weeak accompanying with the slow
increase af, from0% to 60%, and a significant enhancement of flumrese was observed
whenf, > 70% accompanying a small red-shift in the spectrit was noteworthy that the
fluorescence intensity ¢f, = 70% lower than that df, = 60%, this phenomenon was often
observed in some compounds with AIEE properties3@B but the reasons remained
unclear. There were two possible explanations fos pphenomenon, first, after the
aggregation, only the molecules on the surfacehef nanoparticles emitted light and
contributed to the fluorescence intensity upon taxicn, leading to a decrease in
fluorescence intensity. However, the restrictiorindfamolecular rotations of the aromatic
rings in the aggregation state could enhanced kghission. The net outcome of these
antagonistic processes depended on which procagsdh predominant role in affecting

8
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the fluorescence behavior of the aggregated masc@econd, when water was added, the
solute molecules can aggregate into two kinds nbparticle suspensions: crystal particles
and amorphous particles. The former leaded to dmreement in the fluorescence
intensity, while the latter leaded to a reductianintensity. However, it was difficult to
control the formation of nanoparticles in high wateontent. Thus, the measured

fluorescence intensity often showed no regularitizigh water.

Fig.4 Particle size distribution and SEM imagedl@fin the ethanol/water mixtures with differdptat a
concentration of 1xI®mol L™ (a, al) in ethanol/water (20/80, v/v); (b, blpthanol/water (10/90,

vIv); (c, cl) in ethanol/water (5/95, viv) .

To further elucidate the influence of morphology grarticle size on AIEE properties,
SEM and DLS studies were supplemented. As showingn4, the size distribution of T2
were 241.2 nmf§ = 80%), 135.3 nmf{ = 90%) and 164.0 nnf,(= 95%) respectively,
which was conducted by DLS in solvent mixtures whiigh water ratios. SEM was used to
observe the aggregation, which were also well fietitthe nano-level aggregation of T2 at
the same water fractions as DLS. The results rhtisti that the enhanced emission was
related to the small and uniform particles, thesosamay be that the weak intermolecular
interactions could work efficiently under orderegheegation conditiorfig. S7-S8 showed
that T1 and T3 had the similar size distribution inflaeron AIEE properties in mixture
solution.

3.4 M echanisms of emission enhancement

Crystal structure was most important for us to usided the optoelectronic properties
and molecular packing, which will help deeply oundarstanding of luminescence
processes and guided us to develop new AIEE systemgle crystals of T1 and T3 were
obtained by slow evaporation from the solutionslichloromethane / acetonitrile at room
temperatureThe crystal structures of T1 and T3 were showhig 5 andFig. S9. Their
crystallographic dates were summarized able. S3. The ORTEP diagrams of T1 and T3
with the N, O and S atom numbering schemes and sdfrtiee packing interactions in the
crystals were depicted Fig. 5a andFig. S9a.

As shown inFig. 5b and Fig. S9b, the dihedral angles between the plane of the 1, 3
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4-thiadiazole ring and the adjacent benzene riegsa85° for T1 and 7.98° for T3, which
indicated that the T1 and T3 had good planarity. deampound T1, we could see that the
C-H-- N hydrogen bondsd(= 2.494 A ZC18-H18---N3 = 173.66°) and C-H-weak
interactions (C8-H8-m;, d = 2.894 A) played significant role in the growth D chain,
then the 2D layer structure formed throu@hH---N hydrogen bondsd(= 2.724 A
ZC5-H5 - N4 = 134.89°) Fig. 5c-5d). However, the vertical distances between the
terminal benzene ring and double bonds (C=N) w5434 and the slip angles was 33.90°
in the neighboring molecules, which indicated th&@lenule hadz- - t packing interactions
(Fig. 5e), this was why T1 only possessed weak FL intensigggregation state.

For compound T3, every two molecules were packedarsmall unit, the adjacent three
small units were stacked together to form the 18ircktructuresia three kinds ofc-H- - -O
hydrogen bondgd = 2.521 A, ZC50-H50-01 = 147.22°% = 2.501 A, ZC5-H5-02 =
145.04° andd = 2.664 A ZC1-H1-03 = 151.02°andtwo kinds of C-H- - « interactions
(C54-H54--x, d = 2.813 A and C24-H24 %, d = 2.842 A) Fig. S9c). Furthermore, the
two 1D chain structure were connected to form tBel&yer structure through C-Hx
(C33-H33--w, d = 2.820 A) interactionsFig. S9d). The results illustrated that twisted
molecular conformation could avoie -t stacking and boost aggregation induced emission

enhancement.

Fig. 5 Crystal structure of 1, (a) ORTEP diagram df1, (b) The dihedral angles ®fl, (c) The 1D

linear structure of 1, (d) The 2D linear structure @fl,(e)Ther- - 7t stacking.

3.5 Cell Imaging

To explore the application in biology for T1-T3,etlbio-imaging experiments were
carried out by confocal laser scanning microscopngiHepG2 cells as an example. The
tested compounds were dissolved in DMSO and theallgediluted in complete culture
medium. The excitation wavelength was fixed atrth@ximum absorption wavelength in
microscopy imaging. Fronkig.6 a2-a3, we can see that the bright-yellow fluorescence
mainly focused on the cytoplasm for T2 and T3, Wwlgonfirmed that the two compounds
both had good biocompatibility and could enter inbt@ cells and aggregate in the

cytoplasm successfully. But, any fluorescence ire-tiell for T1 could not observed

10
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although we had tried many timeBidg. 6al), which could be attributed the weak FL

intensity caused by the particular molecular strrect

Fig. 6 (al - a3) Fluorescence image of HepG2 cells WithT 3 after 15min of incubation and washed

with PBS buffer. (b1 - b3) Bright-field images, (¢t3) Merged images

4. Conclusion

In summary, three AIEE-active compounds have beesigded and synthesized by
subtle structure adjustment. Their fluorescencessiom performance in ethanol/water or
THF/water solutions were obviously different, DL8daSEM images of the compounds
revealed that the small and uniform particles wierdavor of fluorescence emissions.
Crystal structure demonstrated that the structuealations had a great influence on
photophysical properties, molecular packing, eteutr structure, and aggregation-induced
fluorescence properties. Furthermore, T2 and T3evgerccessfully applied to label the
cytoplasm in live cells, which could offer a newedition for developing biological probe

based on AIEE luminophores.

Acknowledgements

This work was supported by General Program of Malidlatural Science Foundation of
China (51472002, 51432001), Science and Technol®pn of Anhui Province
(1604b0602016), the Ministry of Education of Chikiggher Education Revitalization Plan
Talent Project of Anhui Province (2013) and Openrtéation of Co-operative Innovation
Research Center for Weak Signal-Detecting Mater@ad Device Integration of Anhui

University (Y01008411).

Reference

[1] Odabas S, Tekin E, Turksoy F, Tanyeli C. Synthedisnew N-heteroaromatic
attached tetraphenylethene based luminogens hagggegation induced emission
and their applications in organic light emittingodes. Journal of Luminescence
2016;176:240-9.

[2] Han TY, Hong YN, Xie N, Chen SJ, et al. Defectswe crystals based on
diaminomaleonitrile-functionalized Schiff base wabgregation-enhanced emission.
Journal of Materials Chemistry C 2013;1(44):7314-20

11



© 00 N O Ol WDN P

A D DB DWW WWWWWWWWDNDNDNDNDNDNDNDNMMDNMNNDMNMNDNRPRPRPREPEPEPRPEPRERPRPRELPR
W NP O OWO0O~NOOOOPWDNPREPOOOWLWSNOOOOPMWDNEO OOWLNOOOOGPMWNDNIPEO

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Zhou J, Chang ZF, Jiang YB, He BR, Du M, Lu P, @h&J, et al. From
tetraphenylethene to tetranaphthylethene: structewalution in AIE luminogen
continues. Chemical Communications 2013;49(25):2391

Viglianti L, Leung NLC, Xie N, Gu XG, Sung HH, MiaQ, Williams ID, Licandro E,
Tang BZ.  Aggregation-Induced  Emission: MechanisticStudy  of
Clusteroluminescence of Tetrathienylethene. Chdrici@nce 2017;8:2629-39.
Yoshii R, Nagai A, Tanaka K, Chujo Y. Highly Emiss Boron Ketoiminate
Derivatives as a New Class of Aggregationduced Emission Fluorophores.
Chemistry—A European Journal 2013;19(14):4506-12.

Zhao ZJ, Deng CM, Chen SM, Lam JW, Qin W, Lu Pn¢/dH, Kwok HS, Ma YG,
Qiu HY, Tang BZ. Full emission color tuning in lumoigens constructed from
tetraphenylethene, benzo-2, 1, 3-thiadiazole aimgptiene building blocks. Chemical
Communications 2011;47(31):8847-9.

Jiang YH, Wang YC, Hua JL, Tang J, Li B, Qian SHan H. Multibranched
triarylamine end-capped triazines with aggregatimuced emission and large
two-photon absorption cross-sections. Chemical Comaeations
2010;46(26):4689-91.

Wang D, Li SM, Zheng JQ, Kong DY, Zheng XJ, FangC,DJin LP.
Coordination-Directed Stacking and Aggregation-icetll Emission Enhancement of
the Zn (II) Schiff Base Complex. Inorganic Chemi2017;56(2):984-90.

Kwok RTK, Geng JL, Lam JWY, Zhao EG, Wang G, ZIR¥, Liu B, Tang BZ.
Water-soluble bioprobes with aggregation-inducedission characteristics for
light-up sensing of heparin. Journal of Materiale@istry B 2014;2(26):4134-41.
Wang LK, Zheng Z, Yu ZP, Zheng J, Fang M, Wu JyaleSchiff base particles with
aggregation-induced enhanced emission: random gagre preventingn—n
stacking. J Mater Chem 2013;1(42):6952-9.

Hu RR, Kang Y, Tang BZ. Recent advances in AlEypwdrs. Polymer Journal
2016;48:359-70.

Feng Q, Li YY, Wang LL, Li C, Wang JM, Liu YY, LK, Hou HW. Multiple-color
aggregation-induced emission (AIE) molecules asndumsimeters for pH sensing.
Chemical Communications 2016;52(15):3123-26.

Wang LK, Shen YF, Yang MD, Zhang XZ, Xu WN, Zhu,@d JY, Tian YP, Zhou
HP. Novel highly emissive H-aggregates with aggredhiorescence change in a
phenylbenzoxazole-based system. Chemical Commionsa2014;50(63):8723-6.
Shang XF, Li WL, Wei XF, Zhang HL, Fu ZY, Zhang,JXu XF. Synthesis,
Bioactivity, and the AnionBinding Property of 2/Sulfydryl'11, 3, 4 thiodiazole
Derivatives. Heteroatom Chemistry 2015;26(2):142-9.

Ning Z, Tian H. Triarylamine: a promising core urior efficient photovoltaic
materials.Chem. Commun 2009;37:5483-95.

Liu YQ, Kong M, Zhang Q., Zhang ZW, Zhou HP, Zhaf@y, Li SL, Wu JY, Tian
YP. A series of triphenylamine-based two-photonodtisg materials with AIE
property for biological imaging. Journal of Matdsia Chemistry B
2014;2(33):5430-40.

12



© 00 N O Ol WDN P

A DA B DA DO WWWWWWWWWNDNDNDNDDNDNDMNMDDNDMNMMNMNMNMNRPRPRPPRPEPRPEPERERPREREPREERE
A WOWNPFPOOONOOOOOPWNEPOOOWLONOOOOGPAWDNEO OOWLNOOOOPMWNDNIPEO

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Zhang X, Huang XD, Gan XP, Wu ZC, Yu JH, Zhou HRan YP. Two
multi-Functional aggregation-Induced emission psobe Reversible
mechanochromism and bio-imaging. Sensors and AxwiatB: Chemical
2017;243:421-8.

Gan XP, Liu GJ, Chu MJ, et al. Intermolecular attions boost aggregation induced
emission in carbazole Schiff base derivatives. @igaiomolecular Chemistry
2017;15(9): 2119-2119.

Lou XD, Zhao ZJ, Hong YN, et al. A new turn-on of@sensor for bio-thiols based
on the nanoaggregates of a tetraphenylethene-counflaorophore. Nanoscale
2014;6(24): 14691-96.

Shao HX, Chen XP, Wang ZX, Lu P. Synthesis anaréscence properties of
carbazole and fluorene-based compounds. Journal laiminescence
2007;127(2):349-54.

Thomas M, Said G, Meziane M, Mireille B. Olivier .MPractical and efficient
synthesis of tris (4-formylphenyl) amine, a keyldung block in materials chemistry.
Synthesi005;11:1771-4.

Ji S, Yang J, Yang Q, Liu SS, Chen MD, Zhao Jzing the intramolecular charge
transfer of alkynylpyrenes: effect on photophysigadperties and its application in
design of OFF- ON fluorescent thiol probes. Therdalof organic chemistry
2009;74(13):4855-65.

Grabowski ZR, Rotkiewicz K, Rettig W. Structuralhanges accompanying
intramolecular electron transfer: focus on twistetramolecular charge-transfer
states and structures. Chem. Rev 2003;103(10),3892-

Patel SA, Cozzuol M, Hales JM, Richards CIl, Sarbh et al. Electron
transfer-induced blinking in Ag nanodot fluoreseendhe Journal of Physical
Chemistry C 2009;113(47):20264-70.

Gan XP, Wang Y, Ge XP, Li W, Zhang X, Zhu W, etH&iiphenylamine isophorone
derivatives with two photon absorption: Photo-pbgkiproperty, DFT study and
bio-imaging. Dyes Pigments 2015;120:65-73.

Hu RR, Lager E, Aguilar-Aguilar A, Liu JZ, et alwisted intramolecular charge
transfer and aggregation-induced emission of BODUeYivatives. The Journal of
Physical Chemistry C 2009;113(36):15845-53.

Qin W, Ding D, Liu JZ, Yuan WZ, Hu Y, Liu B, Tan@®Z. Biocompatible
Nanoparticles  with  Aggregatiorinduced Emission  Characteristics as
Far IRed/Near!Infrared Fluorescent Bioprobes for In Vitro and \ivo Imaging
Applications. Advanced Functional Materials 201282/71-9.

Zhang XQ, Chi ZG, Xu BJ, Li HY, Yang ZY, et al. &hesis of blue light emitting
bis (triphenylethylene) derivatives: a case of aggtion-induced emission
enhancement. Dyes and Pigments 2011;89(1):56-62.

Zhang XQ, Chi ZG, Xu BJ, Chen CJ, Zhou X, Zhangi ,SW, Xu JR. End-group
effects of piezofluorochromic aggregation-inducethanced emission compounds
containing distyrylanthracene. Journal of Mater@alemistry 2012;22(35):18505-13.
Xu BJ, Chi ZG, Li HY, Zhang XQ, Li XF, et al. Symsis and properties of
aggregation-induced emission compounds containingphenylethene and

13



tetraphenylethene  moieties. The Journal of Physic@lhemistry C
2011;115(35):17574-81.

14



Figure captions

Scheme 1 Preparation of compoundsl, T2, T3.

Fig. 1 Absorption (a) and fluorescence spectra (b) ®fin five organic solvents with

different polarities at a concentration of 110l L™.

Fig. 2 Electron density distributions of the frontier molilar orbitals of compounds

T1-T3.

Fig. 3 Absorption (a) and fluorescence spectra (b)Y afin ethanol/water mixtures
with differentf,, at a concentration of 1xPamol L. The inset depicts the changes of
fluorescence intensity with differefy.

Fig.4 Particle size distribution and SEM imagesT& in the ethanol/water mixtures
with differentf, at a concentration of 1xPamol L% (a, al) in ethanol/water (20/80,
vIv); (b, bl) in ethanol/water (10/90, v/v); (c,)df ethanol/water (5/95, v/v).

Fig. 5 Crystal structure of 1, (a) ORTEP diagram df1, (b) The dihedral angles of
T1, (c) The 1D linear structure @fl, (d) The 2D linear structure @fl,(e)The weak
7+ - o Stacking.

Fig. 6 (al - a3) Fluorescence image of HepG2 cells WilaT3 after 15min of
incubation and washed with PBS buffer. (b1l - b3jgBrfield images, (c1 - c3)

Merged images.
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Fig. 1 Absorption (a) and fluorescence spectra (b) ®in five organic solvents with

different polarities at a concentration of 110l L™.
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Fig. 3 Absorption (a) and fluorescence spectra (b)Y afin ethanol/water mixtures

with differentf,, at a concentration of 1xPamol L. The inset depicts the changes of

fluorescence intensity with differefyf.
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Fig.4 Particle size distribution and SEM imagesT& in the ethanol/water mixtures
with differentf, at a concentration of 1x®amol L' (a, al) in ethanol/water (20/80,
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Fig. 5 Crystal structure of 1, (a) ORTEP diagram of1, (b) The dihedral angles of
T1, (c) The 1D linear structure @fl, (d) The 2D linear structure @fl,(e)The weak

7- - 7t stacking.

Fluorescent image Brightfield Overlay

Fig. 6 (al - a3) Fluorescence image of HepG2 cells WilaT3 after 15min of
incubation and washed with PBS buffer. (b1 - b3igBirfield images, (cl - c3)

Merged images



Highlights

> The structures of T1 and T3 were determined by single crystal X-ray diffraction
anaysis.

> The twisted molecular conformation facilitated aggregation-induced emission
enhancement.

> T2 and T3 were applied in live cell imaging, which highlighted their practical

performance.



