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Abstract Organic luminescent materials with aggregation-induced emission (AIE) characteristics have attracted much at-
tention among the scientists in the fields of optoelectronic devices and fluorescence biotechnology. AIE materials overcomes
the aggregation-caused quenching problem of traditional organic fluorescent compounds, which possess high fluorescence
quantum efficiency in the aggregated states. Thanks to the great research effort of worldwide scientists, a large variety of AIE
materials have been developed and the underlying mechanism has been rapidly explored. The deep understanding of the
structure-property relationship of AIE compounds is still in an urgent demand for the design of new materials. In this work,
based on the classical propeller-shaped AlEgen, tetraphenylethene (TPE), we designed and synthesized a series of electron
donor/acceptor-containing alkynone derivatives with AIE feature such as cyano, nitro, butyl and butoxyl groups-substituted
alkynone derivatives. Their chemical structures have been fully characterized by '"H NMR, *C NMR, IR, and HRMS spectra,
providing satisfactory analysis results. Their photophysical properties are systematically studied and the effect of substitution
groups on the emission maximum, emission efficiency, as well as AIE property are discussed, respectively. Their emission
maxima are located at 511~565 nm with the fluorescence quantum yields of up to 31% in the aggregated states in THF/water
mixtures with high water content. The fluorescence intensity of the unsubstituted TPE-containing alkynone derivative in
THF/H,0 with ¢,=90% water content is 157 times higher than that in THF solution. It is suggested that both elec-
tron-donating and electron-withdrawing substitution groups on the terminal phenyl ring decrease the emission efficiency of
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the aggregated state and the introduction of nitro group dramatically quenches the emission while redshifts the emission
maximum. Most importantly, the alkynone groups in these compounds can selectively coordinate with Pd** among a large
variety of metal ions, which quench the emission of the nanoaggregates and possess high sensitivity towards Pd**, demon-
strating the potential application as an efficient Pd** fluorescent sensor.

Keywords aggregation-induced emission; tetraphenylethene; alkynone; structure-property relationship; palladium(II) de-
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Figure 1 'H NMR spectra of compounds (A) 3a and (B) 3b in
deuterated chloroform
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Figure 2 (A) UV-Vis absorption spectra and (B) fluorescence emission
spectra of compounds 3a~3e in THF solutions. Concentrations=10""
moleL !

F£1 LAY 3a~3e FOCIER LR
Table 1 Photophysical properties of compounds 3a~3e

j~ab/ jvcm, solna/ jvcm, aggrb/ ¢suln C/ ¢aggrd/

-1 -1 e
No é&/(Lemol "ecm ') om om om o o e’/
3a 23000 351 507 517 0.8 31 39
3b 17900 374 524 533 1.2 20 17
3¢ 20600 371 566 565 0.8 1 1.3
3d 17700 356 505 515 0.7 21 30
3e 33300 317 501 512 0.9 18 20

“Measured in THF solution using Ay, as excitation wavelength, ” measured in
THF/water mixture with ¢,=90% water content. ¢ @, = fluorescence quan-
tum yields in dilute THF solution, ¢ D,y = fluorescence quantum yields in
THF/water mixture with ¢,=90% water content. € OalE =Dyoor | Dyon. Con-

centration=10 "> moleL "
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Figure 3 (A) Fluorescence emission spectra and (B) the change in rela-
tive emission intensities (/p//—1) of 3a in THF/water mixtures with dif-
ferent water content. /; is the emission intensity of 3a in THF solution.
(C) Fluorescence photos of 3a in THF/water mixtures with different water
contents. Concentration=10"° moleL '
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Figure 4 Changes in relative emission intensities (/(//—1) of 3a in
THF/H,0 mixture with ¢,=90% water content in response to various
metal ions. /p is the emission intensity of 3a in the absence of metal ion in
THF/H,0 mixture with ¢,=90% water content. Concentration=10"°
molsL ', concentration of metal ion=10"" moleL "'
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Figure 5 (A) Fluorescence emission spectra and (B) plot of the relative
emission intensities (/y//—1) of 3a in the presence of different amount of
Pd*" in THF/water mixture with 0w=90% water content. [, is the
intensity of 3a without Pd** in THF/water mixture. Inset: fluorescence
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&Y 3a KA B Bib&4 1 (0.38 g, 1.0 mmol).
FKHHE5(0.28 g, 2.0 mmol). —(=FILR) A ALEER8
mg, 0.04 mmol). fiifk 4732 mg, 0.16 mmol)E T 100
mL X, fEE . R 2 N AR A
SR G T AR O N DY A R IR (25 mL) Fl = 4 1% (0.3
mL), fEEIR PR 4 h KM SEEE, H Ak
FUKEERL, ¥ B3 (A HLZ 0 e s 28 Rk 4E, A EHT
[V B/ V(LR L1 =20 113840, #5355 &t [ 4
0.48 g, “F N 82%. 'H NMR (500 MHz, CDCl) ¢: 8.20
(d, J=8.4 Hz, 4H), 7.64~7.58 (m, 2H), 7.53~7.42 (m,
8H), 7.20~7.13 (m, 6H), 7.11~7.06 (m, 4H), 7.05~7.00
(m, 4H). IR (KBr) v: 3058, 2195, 1640, 1597, 1579, 1500,
1447, 1314, 1289, 1212, 1172, 1010, 801, 748, 699, 651,
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632 ¢cm . HRMS (MALDI-TOF) calcd for C4HsNaO,
[M-+Na]" 611.1987, found 611.1960.

&Y 3b &R KAhE4 1(0.38 g, 1.0 mmol).
A4-FIEFEWES(0.33 g, 2.0 mmol). (= FRFERE) —A&ALAR
(28 mg, 0.04 mmol). MIALIF4F(32 mg, 0.16 mmol) & T
100 mL P9 FfRHT, I e U BN A ORIK 2
A RERIKENVI AL (25 mL)1 = ZJ#(0.3 mL),
TEZER PR 4 h, RMEEE, H &R RERK
REHL, B BTS00 BLZ I e 2RI GE, M BTV (A
T/ V(LR LTiE)=20 © 1]3R41 /53 BB ta[H 14K 0.59 g,
AN 92%. 'TH NMR (500 MHz, CDCls) o: 8.27 (d, J=
7.5 Hz, 4H), 7.81 (d, J=8.3 Hz, 4H), 7.51~7.42 (m, 4H),
7.21~7.08 (m, 10H), 7.05~6.99 (m, 4H). IR (KBr) v:
3056, 2230, 2192, 1642, 1600, 1566, 1501, 1443, 1403,
1312, 1290, 1209, 1170, 1110, 1025, 1010, 856, 752, 701,
679, 542 cm'. HRMS (MALDI-TOF) caled for
CuHaeN>NaO, [M+Na]" 661.1892, found 661.1898.

& 3¢ 6 A K& 1 (0.38 g, 1.0 mmol).
3,5- HHHE-FE R 50(0.46 g, 2.0 mmol). (= ZEIER) A
1b4(28 mg, 0.04 mmol). L IF4H(32 mg, 0.16 mmol)
BT 100 mL P FR A, b3 4 U 290 P AR
KSR ARG RN VYRR (25 mL) A = 2 /1% (0.3
mL), FEEE FHFERN 4 h. RNEHE, &P A
B, KRG, F TS A N2 @ e i 2 R ik 4i, +)=
VA B/ V(LR 18 =20 @ 11424k, 15 5kE4 & [
1045 g, 7% N 59%. '"H NMR (500 MHz, CDCl;) o:
9.29 (s, 4H), 9.26 (s, 2H), 7.57~7.50 (m, 4H), 7.19~7.13
(m, 10H), 7.05~7.00 (m, 4H). IR (KBr) v: 3095, 2924,
2854, 2200, 1653, 1623, 1597, 1545, 1500, 1446, 1344,
1292, 1219, 1114, 1076, 1054, 919, 844, 820, 713, 664,
574, 531 cm”\. HRMS (MALDI-TOF) calcd for CysH,4N,-
NaO;o [M+Na]" 791.1390, found 791.1338.

&Y 3d & e KA 1 (038 g, 1.0 mmol).
TR A28 mg, 0.04 mmol). {4k 4R (32
mg, 0.16 mmol) & T 100 mL X IR, #E T HE <%
FAEASRKZES. ARG A P AR R N DY Sk
(25 mL). 4-1F T JE-ZEBES((0.36 mL, 2.0 mmol)Fl = 2%
(0.3 mL), fE=HE FHFERM 4 h MN5EHEE, H &
FRE FHZK 2R, K B 15 G B2 08 e 2 28 IR 4,
JERTIVCA TR V(IR CFR)=20 @ 1145240, 753 B s 4t
G4k 0.59 g, 773 A 84%. '"H NMR (500 MHz, CDCl;) o:
8.11 (d, J=8.0 Hz, 4H), 7.44 (d, J=9.2 Hz, 4H), 7.30 (d, J
=8.0 Hz, 4H), 7.17~7.06 (m, 10H), 7.03~6.98 (m, 4H),
2.68 (t, J=7.6 Hz, 4H), 1.75~1.58 (m, 4H), 1.38~1.33
(m, 4H), 0.93 (t, J=7.3 Hz, 6H). IR (KBr) v: 3056, 2957,
2929, 2860, 2195, 1638, 1602, 1569, 1500, 1443, 1413,
1312, 1289, 1216, 1172, 1110, 1075, 1025, 1008, 844, 815,
743, 699, 629, 525 cm . HRMS (MALDI-TOF) calcd for
Cs5,HyyNaO, [M+Na]" 723.3239, found 723.3254.
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WA 3e BIERL: HALEP 1 (0.38 g, 1.0 mmol).
T(EFEE) &AL (28 mg, 0.04 mmol). AL VAR (32
mg, 0.16 mmol) & T 100 mL P M, #3455 Fk
FH P E SRR ZE S, SR A0 AR I N DY A i
(25 mL). 4-1E T 5 2E- 2K Bt 50(0.36 mL, 2 mmol)Fll = 2, Ji%
(0.3 mL), E=H FHFERMN 4 h. M EEE, A2
FRGE RN KR, ¥ BT A A WL 2l I e i 28 ki, A%
ERTVCAMEER V(LR OB =20 @ 1884, 1331340
B4 0.60 g, 723 A 81%. '"H NMR (500 MHz, CDCl;) ¢:
8.15 (d, J=8.7 Hz, 4H), 7.43 (d, J=8.1 Hz, 4H), 7.24~
6.76 (m, 18H), 4.04 (t, J=6.4 Hz, 4H), 1.82~1.77 (m,
4H), 1.52~1.48 (m, 4H), 0.98 (t, J=7.4 Hz, 6H). IR
(KBr) v: 3056, 2958, 2872, 2195, 1632, 1597, 1571, 1503,
1467, 1422, 1291, 1257, 1219, 1162, 1114, 1069, 1022,
1001, 844, 753, 700, 629, 507 cm '. HRMS (MALDI-
TOF) calcd for Cs,HyyNaOy [M—I—Na]+ 755.3137, found
755.3077.

BN+ #H(Supporting Information)

WA 3c~3e WMIIZHIILIREE, A 3a~3e 1]
LA, &% 3b fEANE E7K & THF/H,0 i 1)
WHIERER, 1b A4 3e~3e £F THF FIE 7K &N 90 vol%
1) THF/ZKIB AR 56060, a4 3b SAF 4
R 5 T I PR R X 7 i T Je L THF/ZKVR A T TR AT
R PA> R R et i,
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