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Design, Synthesis and Characterization of Triarylacrylonitrile
Compounds Exhibiting Aggregation-Induced Emission and
High Contrast Reversible Mechanochromism

Mao, Wengang* Chen, Kang"” Ouyang, Mi* Sun, Jingwei®  Zhou, Yongbing®
Wang, Yongsheng”  Song, Qingbao™  Zhang, Cheng™*
(“ State Key Laboratory Breeding Base for Green Chemistry Synthesis Technology, College of Chemical Engineering and
Material Science, Zhejiang University of Technology, Hangzhou 310014)

Abstract Two triarylacrylonitrile compounds, (Z)-2,3-bis(4-(diphenylamino)phenyl)-3-phenyl acrylonitrile (2DPA-TPCN)
and (Z)-2,3-bis(4'-(diphenylamino)biphenyl-4-yl)-3-phenyl acrylonitrile (2TPA-TPCN) have been designed and synthesized.
Characterizations were performed via nuclear magnetic resonance (NMR) and electron ionization-mass spectrometry (EI-MS).
Exhibiting aggregation-induced emission (AIE) activity, the obtained 2DPA-TPCN and 2TPA-TPCN hardly have any lumi-
nescence in pure THF solution. However, strong luminescences were observed after adding water to the THF solutions (f,,>
60%). When 2DPA-TPCN and 2TPA-TPCN were ground, their colors and intensity turned weakly from saffron [fluorescence
quantum efficiency (@r)=2.0%] to orange (®r=12.0%) and from jade green (Pr=44.6%) to croci (Pr=16.8%), respec-
tively. And the change of the color of 2TPA-TPCN could be discriminated at natural light. Moreover, the ground powder re-
turns to original colour by being exposed to solvent vapor or being heated at about 100 ‘C for 2 min. Photoluminescence (PL)
spectra of the samples, which were obtained under different conditions (ungrind and grind), showed that the maximum emis-
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sion wavelength (4.,,) had a significant red-shift as high as 8 and 39 nm after being ground, respectively. The morphological

structures of 2DPA-TPCN and 2TPA-TPCN under different aggregative state were observed by scanning electron microscopy

(SEM). The results indicate that the damage on the surface morphology, which was caused by external stimuli, could be re-

stored by being exposed to ethanol vapor or heated. The X-ray diffractometry (XRD) measurements show that the dye that was

not ground displays indicative of well-defined microcrystalline-like structures and the grinding dye shows amorphous features

in this state. These observations further indicate that the optical properties (PL spectra, @, fluorescence lifetime) of changes

originate from the altering molecular packing mode from the high-order to disorder by being ground. The differential scanning

calorimetry (DSC) measurements indicate that the grinding samples which have cold crystal peaks are thermodynamical me-

tastable, while the other states are thermodynamical stable. These results further demonstrate that the primary cause of the

reversibility of the grind sample might be the thermodynamical metastable. Furthermore, the thermal decomposition tempera-
tures of 2DPA-TPCN and 2TPA-TPCN is 387.6 and 436.4 ‘C by thermogravimetry (TG) measurement, respectively, which

indicates that the compounds have very good thermal stability.

Keywords mechanochromism; reversible; fluorescent material; molecular packing; triarylacrylonitrile
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Figure 2 UV-vis absorption spectra of 2DPA-TPCN (A) and
2TPA-TPCN (B) in different THF-H,O mixtures with water frac-
tions

WL R I PR RS, H PL e 2 s n (&
3C, 3D). 2TPA-TPCN [#) PL il e AE W RS AL 5 AL 5,
HATE 3L [RE F 45 %), 1fii 2DPA-TPCN () PL
JEU LIRS I Gt T v FE AL i R 2 1) 2DPA-TPCN 43 ?
TEALEE o3 R g PO e i, ARGR ST RT3 n, 4

THBIREEE R, T2 £ =T0%00), 712K é%ﬁ/ﬁiz
émﬂé%*i, Loy Pt Z W8, 4y [t S A MR {4
iR TRy fap e e TR S I e M SO SR AT
I, ﬁt?;zﬁwiﬁéﬁz. i 4 s, MKl 4 1) SEM &
H ] 3] 2DPA-TPCN 1E £,=90% [¥] H,O/THF %5
JERK 200~300 nm [F4KKF; 11 2TPA-TPCN £ f,=
70% (1) HO/THF ¥ TE 2 R 1K i R () 4b),
{HAE £,=80% A1 90% M) H,O/THF ¥ T Bt AR
[F Rk, DL ERIH 2TPA-TPCN 1E &% 7K &
(f=>60%) 1) HyO/THF 5 P Je AL A [R] 5 52 1) 5 A

B R BT IR 23 1 FEAR I R v B B T AN [R] SR 4
&

BN

http://sioc-journal.cn/ 163



BHLE ML
1000
000 | A f.—0 200 ] B L [550
— 10% v - 540
800 —20% 90% . I
s 700+ —30% o~ 5 /// [ 930 g
= i — 40%, 4\ 5 500 L £
2 600 “ \ g / - 520 £
3 500 / \ @ 1 -510 %
g 4004 / \ E 300 1 /-/ 500 §
300 / Lo = | " 490
200 | / &l / — | 480
100 = 2 100 g—"——8 " "—u o I
S 470
0= T T T T T T T I T L L L L L L L
450 500 550 600 650 700 0 10 20 30 40 50 60 70 80 90 100
Wavelength/nm Water volume fraction/%
1000 570
{C 2TPA-TPCN s = 0
900 0% 70% 80% 90% 800 /./'\-
800 - A ~—= '\\\,/’/. - 560
- _‘ l:' kY - L
s 700 ! % 600 550 E
3 GOOT i / [ © r s
c ' AR 3 =)
= 500 AR £ = 540 $
£ 1 v LA T 0 - 50% c 400 . I ©
1 400 ' W g z
o 1 " Y o/ 10% 60% £ 530 ;
3007 i VA 20% - 70% T 200 I
200 __ ! /," ‘\‘.“ “-\‘.— 30% ----- 80% .\ \ L 520
100 / N 40%---- 90% . _
o1 510

| L L S L R
450 500 550 600 650 700 750 800

Wavelength/nm

T T [ T [ T [ T [ T T T T T T F [T
0 10 20 30 40 50 60 70 80 90 100

Water volume fraction/%

B 3 2DPA-TPCN (A, B)F1 2TPA-TPCN (C, D)ZEAN [ 5 /K R KR HyO/THF YR A v H 98 Y6 6 . 96 5 i e 34 BRI Bk SR

KA

Figure 3 PL spectra, variation in the PL intensity and the 4,,,x change of 2DPA-TPCN (A, B) and 2TPA-TPCN (C, D)
The insets images of 2DPA-TPCN (A) and 2DPA-TPCN (C) in different water fraction mixtures solution under 365 nm UV illumination in PL spectra
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Figure 4 SEM image of 2DPA-TPCN and 2TPA-TPCN in

H2O/THF mixtures with difference f;,
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Figure 5 Images of 2DPA-TPCN and 2TPA-TPCN powders

ungrinding or grinding taken at room temperature under natural
light (a, ¢) and 365 nm UV light (b, d)
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Figure 6 PL spectra of 2DPA-TPCN (A)f1 2TPA-TPCN (B)

in different states
Unground, ground, grinding sample are fumed with ethanol or heated at
about 100 C for 2 min
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Table 1 Physical prosperities of ungrinding and grinding compounds of 2DPA-TPCN and 2TPA-TPCN
Compd. State Aem’/mm 1% T./C TFC BiluoreSeence decaey

7,/ns 7,/ns A/A, <t>Ins

Ugrinding 549 12.0 216.5 387.6 4.07 1.49 61/39 3.06

2DPA-TPCN G ding 557 2.0 2248 — 0.90 2.58 45/55 1.82

Ugrinding 506 44.6 248.5 436.4 2.86 — 100/0 2.86

2TPA-TPCN Grinding 545 16.8 249.1 — 4.02 1.59 46/54 2.72

“ Jem=emission maximum; * @r=fluorescence quantum yield of solid-state; ¢ T,,=melting temperature; ¢ Ty=decomposition temperature; ¢ Fraction (A, %) and
lifetime (7, ns) of shorter (1) or longer (2) lived species;’ The mean lifetime <> was calculated according to <t>= (47 +4,72)/(4; +42)
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Figure 7 SEM images of 2DPA-TPCN (left) and 2TPA-TPCN (right) powders in different states
(a, e) crystal; (b, ) ground; (c, g) sample B are fumed with ethanol; (d, h) heated at about 100 ‘C for 2 min
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Figure 8 XRD patterns of 2DPA-TPCN (A) and 2TPA-TPCN
(B) in different states (unground, ground, fumed with ethanol and
heated at about 100 ‘C for 2 min)
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Figure 9 DSC thermogram of 2DPA-TPCN (A) and 2TPA-
TPCN (B) in different states (before grinding and after grinding)
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Figure 10 TG thermogram of 2DPA-TPCN and 2TPA-TPCN

W13 1 RS IR HE AR 2 1 502 FOE 2 M i (9ot
W 9T MR 1 RCRAE) R BRI RRAS 5L AL, T E
VB I R it A7 A R 2 MR AT e e L AT W] 3 P 14
HRAS 5t TR EE ) AT 2 WAL & 0 A AR B 1) i RRE 1
(2TPA-TPCN, T,=436.4 ‘C; 2DPA-TPCN, T,=387.6
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C), XPpIERE MELF FLIRIBAT ATE ROV A1) B0t
PERE MDA B Bk B B 22 D REA REAS )

3 XWEH

3.1 UESIKFH

SIS BT FH R0 75 Bk BH AR 380 A Wi, T N AL
MAL T, SR BB T R 4-1R0K O, 4-37
TORHI, AR, ORI, ORI, DU(REERE)
L, BEERE, RRTORRRE, BRIREG, BRIREY, mERDN, W
ARSI A RTRL T AR, R E AT H.

'H NMR 7F Bruker AVANCE III A% R 4R 1% b3
1Tt Bruker A ), 500 MHz, %714 CDCly). “&4h-
A WHEE(UV-Vis)fE UV-1800 HVLAMgitAX E k4T (H
A B T], AR EE N 10 pmoleL™"). %26 % % (PL)
i H RF-5301PC 5050 606 BEvh(H A Byt A =], il
IR R 10 pmolsL™ ") Flsp920 et 1Ay (J [
Edinburgh Instruments /A 7). XRD F] X'Pert PRO % X i
LLATHAX (22 PANalytical 2% )Wk, 4 E 73 Hr 7E
TGA-6 B M (ZEH Perkin-Elmer 24 7)) EHEAT, N,
R, THEEE 10 Cemin ', ZEHGHIE NI HH(DSC)
£ Mettler Toledo DSC-1(Hi M4 #)—FCHI £ 24 7)) Lt
17, Ny AR, THEIEZE 10 Cemin . FIH T B Es
(SEM) % H 7% Hitachi S-4800 17 % 5 414t p 1
BT R T S22,

32 WHE
321 2,3-=-(4-78 3R 3K)-3- 31K R M A (TPCN) 49 4
AR

7E 500 mL — FUB AR 4-V 2Kl 11.6 g
(44.5 mmol), Z AL 2.2 g (60%) , 7K 100 mL, 7£%
AT 90 THEFE 0.5 h, ZZEMA 4-1R 2K R
9.4 g 1) 150 mL PRV IkLEEE, RVT 90°C MK
PE, TCL MRERE N 5E e, A1, 1A 100 mL H,0, 7
AN, KA SR, & IEANAH, i
TR KPR =K, /K Na,SO, T, g, IRGHIH=
WGAEJZNT o B VA MR - V(&R =50 @ 1], 15
FR G HAREY) 8.26 g, FEFEN 42.3%. '"H NMR
(500 MHz, CDCl;) 8: 7.60~7.55 (m, 2H), 7.39~7.29 (m,
5H), 7.28~7.22 (m, 2H), 7.16~7.11 (m, 2H), 7.00 (dd,
J=5.0, 3.5 Hz, 2H); “C NMR (125 MHz, CDCl;) o:
157.0, 138.9, 138.2, 133.4, 131.8, 131.7, 1314, 131.2,
130.6, 129.5, 128.6, 124.6, 122.8, 119.4, 110.8; MS (EI)
miz: 439.0 [M'].

322 23- = [44-(= K IE)RAK]-3- KK R
(2DPA-TPCN)#94-5%,
7t 250 mL = FJEHFKZOmA TPCN 1.56 g (3.6
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mmol), ZKfi% 1.52 g (9.0 mmol), Cs,CO; 1.95 g (6.0
mmol), Pd(OAc),0.196 g (0.088 mmol), P(+-Bu); 2.0 mL
(0.02 mmol), HZK 80 mL. HklsEYe, KMV ALEmai% R
PR 110 CHtPEHEAT, TCL MRERZE RV 5EEE, WA,
AU, KA &AL, &I HLAH, R
R HKPE =K, Jo/K NapSO, T4, i0E, W45 11
=R 2T 0 S V(A ) © (& ) =20 ¢
11, B2 AOH AR 1.60 g, 7% N 73.4%. '"H NMR
(500 MHz, CDCly) d: 7.32~7.23 (m, 13H), 7.18 (d, J=
7.5 Hz, 4H), 7.14~7.04 (m, 12H), 7.02 (t, J=8.0 Hz, 2H),
6.84 (d, J=8.5 Hz, 2H); *C NMR (125 MHz, CDCl;) ¢:
155.8, 149.2, 147.4, 1472, 147.0, 139.8, 133.0, 131.1,
130.9, 130.5, 129.4, 129.3, 128.7, 128.5, 128.2, 125.5,
124.9, 123.9, 123.4, 122.0, 120.8, 120.7, 109.16; MS (EI)
mlz: 615.2 [M'].

323 23-=-[44-(=RME)RFRA3- KA AW
(2TPA-TPCN)#4-&,

£ 250 mL = EFAKXIMA TPCN 1.08 g (2.5
mmol), Pd(PPh;), 0.018 g (0.015 mmol), = ZKJ&HiR 0.44
g (3.0 mmol), Na,CO; /K# (2.0 molsL ™', 6.0 mL), H
K 40 mL. kR, RNAEEAEEAT T 90 CF
PHEREAT, TCL BRER 2 NV 5e e, YA, 70 A HUH, /K
R RA, A IFA P, A Shok ok =k,
Jo/K NapSO, 45, bk, edi 5 WA~ p )24 7 i
(VA E) - V(S e =20 @ 11524 H b=
1.52 g, 7% A 79.4%. 'H NMR (500 MHz, CDCl;) o:
7.64 (d, J=8.4 Hz, 2H), 7.57~7.50 (m, 4H), 7.49~7.43
(m, 4H), 7.34 (s, 1H), 7.32 (d, J=3.2 Hz, 2H), 7.30 (d, J=
8.1 Hz, 7H), 7.25 (t, J=7.4 Hz, 2H), 7.20~7.10 (m, 14H),
7.07 (dd, J=13.1, 7.2 Hz, 4H); “C NMR (125 MHz,
CDCLy) d: 157.0, 147.7, 147.6, 147.5, 142.1, 140.3, 139.3,
138.7, 133.8, 133.6, 133.3, 130.9, 130.5, 130.1, 129.3,
129.3, 129.0, 128.3, 127.7, 127.5, 126.4, 126.3, 124.6,
124.5, 123.6, 123.5, 123.1, 123.1, 120.3, 110.8; MS (EI)
m/z: 767.8 [M'].

323 MRKETEH &

BATE TR UCsE VLR & gk Bk, H THF /B R
PR, KRR BAATmT: HBRE I —
SERIRE N 1X107* mol/L IV, MMAIERIK, B
BRI N 1X107° mol/L RAEH - /KR AHW. 76
AR 5 min /i, ARJEAE IR NECE 3 d, 4K
Fi—7K 120 8RR Aa e ok, Blan: B 1 mL
(1X107* mol/L) 2DPA-TPCN &k 2TPA-TPCN [{] THF
W, TEAE]9 mL K, AEEATPREY 3 min AR
JEAE W R CE 3 d.
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