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Abstract: Tetraphenylethene, diphenylacrylonitrile, diphenylacetylene, triphenylene decorated with aggregation-

induced emission (AIE) and other liquid crystal materials are introduced. Their AIE and liquid crystal

properties are mainly described and their structure-activity relationship is also illustrated. Literatures

reported show the use of light-emitting liquid crystal materials in optoelectronic devices can greatly reduce

costs and energy consumption. Finally, it is pointed out that in the synthesis of such luminescent liquid

crystal materials, it is necessary to reasonably utilize AIE and liquid crystal groups and the future study

should focus on the luminous mechanism of such materials and their extension of the application range.

Key words: aggregation-induced emission; liquid crystal; structure-activity relationship; optoelectronic

materials

Foundation items: National Natural Science Foundation of China (11364013); Project of Education

Department of Guangxi Province (KY2015YBI129); Opening Fund of Guangxi Key Laboratory of
Electrochemical and Magneto Chemical Functional Materials (EMFM20162202) and the Startup Foundation

for Doctor of Guilin University of Technology

AR LA AR 1 A5 1) S R AR 1 3 B
P, FEJCH AR A E EE AN AN, SR, T
i AR 280 R —H, TERERT 2 e
FePEK B4 ( Aggregation-Caused Quenching, ACQ );
il o A SR A A, A SR AR A A AT
ReWg B A, AR R HF J ik b k%) o FH Y [T 9
R e LR

2001 4F, FEA PR & Pk 220 —
(Silole ) A HARELNINE, KB XA
E XN REFE TR (Aggregation-Induced Emission,
AIE ), 2003 4, Chen7ER 58 RAEEIH T K IL
1 & CHLIRE AR, Bl ()4 HLAH TR A R,
Silole fTA=YIFEAT HUAR Hh ik BEAS BTG K, 4+ N TiE e
Z PRI RAE KN, 2014 4F, Leung 45 it 71

Wi BEA: 2018-05-07; EF HHA: 2018-08-06; DOI: 10.13550/j.jxhg.20180326
E&WE: ERAKRERSTE (11364013 ); J HHB/THHE (KY2015YBI129); J PR BLFI MR EALRE (s

EMFM20162202 ); FAKBE T R 2# 11 8 sh 54500 H

e LMK (1975—), B, %, i+, BEREA: THEE (1976—), &, BlI#d%, E-mail: 2010033@glut.edu.cn,



<182+ # @m 1k T FINE CHEMICALS

36 4

fe2ET R R B IR B RN S R 2 2 i G ATE P
JE L OB DR R RS R 4T A2 3132 BR . 2017 4F, Qian®
SRS G RL o B OGRS R B Y O RN AR I
AT Kasha HLOU AT ST 47 M i e ALE R4 . AIE
MG RIS IZ IR ST, R T H 348
B S5 HE S AR R EEET, AR R ST A A A
PAR 2017 AFFEE R ARBFER 4, BHir, BA
AIE P43 F £ 24 Silole R4 . AR L
J% ( Tetraphenylethene, TPE ) ZRfT4Y . —KEN
I AT AN Ik LR AT A A0
RAEWRE BT MR AIE ML A
JEHLEE, (H2NG AIE JEHE Y5 | AW+,
AR ALE PR SUR WAL IR A L . RS 4R
R, ALE PEBA AR 3220 ITEA PO
AT A R R — i AR R
JAFAE ST . ASCLER T 2 RGE R B A
AIE PEFT W bR, JEXEANFIZE R ATE W & 53
THAT T 028, R e B E, g HITE
N E, B Ja X MR Y K R i s il 1R

1 BERAREFSEAAMRMNEEZHE
gl

TPE ZEATE WG 1, 385 1] McMurry {5
SRS, 7E TiCly/Zn MAEFIMFERT, R4E
FIASTR], Ho= R A RO 78 n-BuLi AL FI7E A
T, HA MK iewiz) U7, TPE KMk 4 4+ %8
R R 4 DRI A — DR |, s
[ BEAR K, (A5 R B R e X g 4, IR L
A AIE £t KKV, TPE KATAEYTECH
BRE Y T AT R P i S TR
1.1 EXREZHERNMFERBSR

TPE /N FRTAYI MR R Z M AIE /71
Z—, Yuan""' M W4y F TPE il ik BEOR P i (1
Yo L% 5 R Ok A L TPE-m (m=5,10), 45T
FTR :

W O W O

2 O (2 O
N;N-(cnz)m—g-oo—gc')—(CHz)m-N;N

TPE-m,m=5,10

WG &I, £ THF/H,O 14 Z 7K iR B4 45
(fi) 5 90%F}, TPE-5 FRFLH BLAIR) ATE P,
HA R B R BN e K o AW FT % LR 1 e

FIERS, IR R PR, (A& h FIH 0T
SR EAER, BRI —ar ALt 5
TPE-5 \# THF H& &1 N RIE sDTTEY) ., R H
P50 RT3 G PR B O 8 T B G [ 4 2 ol M2 e 4 4 400 oK
gy, XFH TPE-5 F1 TPE-10 & ¥, ZEMhAELEIE AL
EHEN K RERPREZEXREZNIEMN . A
TPE-m (m=5,10) XL R H AR, fefla
HB LA R S I R BRSO K AR G, X S gk
£ A ] i ARG R AE Y8 T

Yuan?"4E XARTE T TPE ZE DU 2 W
#57rF TPE4Mes, %4501 HAT AIE M. 7EMOG
8 (POM ) FW%E, TPE4Mes fEXHI R, 4
SIAE 190 F1 100 °CH BEM AR B9 AE s 2284
i AL (DSC) MEALEHERI, £E 190 CHIAR
W B, XA T HAE 190 CCAEAEARAE . E—2
T I A P81 32 0 B T BT A R A DG B
Zhao VS T B I P4 45 44 19 DU ECIR Y TPE
FKARPAT A, HorFXELIT TPE4Mes, 45
WA HAOE L =T 775 (@) R 21.9%, %
Z) A R B, N R AT DL ek AR
A TN S ) EENE N P WS =4
SR, AR O T A AR R N T 5 o

Luo VA 1A A 1 38 e P i e 522 42 1) B AR
() TPE Y5 P4, PS5, FFEXFEAT AIE P8I
s e T RSE . 7E THF/H,0 ¥ FR & T #F 58 H:
AIE TR, 4 £,=90%F}, P4, P5 AYZEGHRIE 43
JELEAL THF Y 44 F5F0 101 £5. Wik, BN1H5A
BRI ATE PR, 33X AT LAE S F DU R 206 18 e 2
2B S5 A8 A AT Sl W A BHAL N o[RS & B P4, PS
W27 R BERTS T R OGIE RN . P4 PS AYJE SR
5L )02 85, 122 M1 99, 128 °C, BAII7EH L
{18 Y B2 9 TR A B VR A . 3 Ak, XAk
HEYIMEA NG REEENER, HoTER
AN S 1 R R, Wang Y 45 R AE T AT
AU AIE ¥ 54> F TPE-PBN il TPE-2PBN, 4R iX
PR G P BT TR 0 40 2548, (R30I
e EAFERACRES T &2, o
Bk 71%F0 83%., FETF TPE-PBN #8741 OLED #%
TRRIAME FRCR T 4.1%, X TEFZE ATE 20 Fifil % 1Y
¥t OLED #fF ey, Buil™ Sl 7 — &
YIARRIEE ) TPE-n (n=1, 2, 3)KEY . 45R%E
B, BEy B S A S b T, i ELX R
Bl 2 B ] E 5 S BR AT A R TR R AR, X
W AIE HLEL A ST S0 TR iR 4%



552 ) fLFK,

S BATREVE S ROCIE B W AR I i - 183 -

ReVen
|
R‘ ‘OR

TPE4Mes

o
N
O

oWk
R= —(CHz)lz— CsHyy O O

OCIZHZS

OC12H25
Ocqus OCIZHZS
OC;Hys O N OC:Hys
YUY
|

SA®

R;

N Ne Ry
= Ny NN
TPE-PBN: R, = H, R, = 8 ) OC(,HIZCN R, R,
Rs

TPE-2PBN: R, = R, = Wocmuo CN

1.2 MEEZCHEREWMEL KSR

TE AIE WA TIIRESE R, XTFRAEYZE AIE
Wb MR iR R M A RRiE— R, B
HI, YuanPOVS5 G 0 T AN R e B BE E 200 H AT ATE
PR R W S R, by P-S BT W
1 AIE PRI, i X R AW 0 5 il FETE 346~

r v

Q

WA PTELE IR A LGRS, B AR
T OCHSERT M EBORR SR G, RIILERR
BA AT S CH, MREYN 2 E AT
PEIE i A R AR AT R, TR AS SR i SR AR 3
3 % N ( Aggregation-Induced Enhanced Emission,
AIEE ), =AW AT T T 8RR &Y
RAFHFHERMAAT R, RGN AR M g
B PR AT ) BB RE

Guol® VB T4 1 T W4T TPE jEfEHY “H
sel” BUESCHM R AW Pms, SLIRASRERY, H
ALE V5 RN i PR ot B 43— T) e S 4 B2 A A8 Ak Lk
B, Po RIMBIAFM AIE P (& la. b),
Bifi A ) o SRR BE A BG n, BEIEARIREE (T,) &
WKEAS, Pms LAY A A (Pms,m=2,4, 6) AR
ANHHARK (Pms, m=8,10,12) (& 1c). Kk,
FEBLZE C“HAe R BURSEH A Betrh, nl i

L (HC),— -0 O // o-c— (CH), —&\/N—(CHZ)X -C-0 o—c —(CHZ)X—N\N:N

P-5(x=10,y=23)

TPIIEDQ-I: R;=R;=R;=—0(CH,),;CH;

TPE-2: R,= R,= —O(CH,),,CH;, Rs=H

TPE-3: R;= R= —O(CH,),0(CH,),0CH;, R;=H

406 °Cz[a], I HA AW AAA . 24 y=0 B, B FH:
PARIPESE R 32, SO SIS 2y 5T,
T 36K, BEIE g ar e R, ot LUTE WG
pn AR . BRI, AT A BLRY A Fidt, mr e
WAy TR HE AR 5 =, DA O 4 AR O L 28
e,

1 P ] e B ) RS U W A 1 AR

(I)I{CH—CHZ)"— O
O(CHzMO—C@ﬁ—O—(CHz)M—O O < O
0
m=2,4,6,8,10,12 O

PL intensi




<184 - A 4m 1 T FINE CHEMICALS

5 36 &

0 C 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
fl%
L - A @
Increasing the P, -
length of e
the spacers

Hexagonal columnar phase
(m=8,10,12)

Smectic A phase
(m=2,4,6)

K1 P6 fEAIE £, FIZGIE (a), FOGIEEIE LA
(b), WEENEINTTE P6 (£,=0 1 90%); &
EH) Pms FHEEASE (c) BY
Fig. 1 Emission spectra (a) and emission peaks value (/1)
(b) in different THF/H,O of P6, the inset photos
(fw=0 and 90%) was taken under UV light; Phase
transition picture of Pms (c) *¥

B2, TPEAEN AIE 4 FrRRy “BHE” 4F,
WA & IerERE . FERIHEMEN AIE Bt E
KAy T, URIE TPE £7 48 9 Bk it it 2
BRI ALE M0, BPRESE A RIBERIMIA, 5
FesR AW SR, I, 7E4>F TPE4Mes W1, 5
TPE I EEAHE 19 M bt S I 5E , JF AR AL R 4%
s EI, WA A 9IS &I, TPE4Mes 43
THAEIEMAICHICN K Z¥It, TPE Hocif
KB AIE %, (HZEFE TPE REWT, 41
P-5 A5 Pms H' TPE FAICHL 5 e SR I i EL 434 4%,
B8R F P T A0 B ATE ¥, BB TPE 28/ 1
M TPE REW#A QA3 fBrh SR 25, il
RS A IR IETERE

2 AEREFSLEURN-EERNERE
Kb

TE AIE 43 FIBH & i, WFE & BIAE O W
WU R ] AFUIE T R K kA ACQ BLE . 2006
4F, Tong™VEE4[GE T HA AIE PR A — 3R IE N5 I
KB IW T CN-TFMBE, ‘& ¥ 1% 058 i £ 4 5
FOREVOLHE G, HAEB IR o] DU E bt
HR,

LuPl55m i 5] AR A R T B AIE MR

W Hor T CN-APHP, & S HAFAEN S A PR .
STERAEREW], A S (Z)-CN-APHP & H A L
ERI B BRIR A, 1M R4S K (E)-CN-APHP | T2
BT K, 7ERAERBHE—Fh Mg h . Bhigr Pl
WAHE T 2519 43T PHPA . PHPA 7E [#l 2SI % H 45
SRIYEEE, AR AIE M ETHREZE 160 °C
B, POM T iU BIRCR SR fd 3L Al . A T
dE—25WF5E PHPA HYJG2E AR, 4 L R e i
MhA e BA &G4 m 50 A% PHPA W TR M
BoR, WRER g, BB R AR, Lk
A CN-AFAN Hil/E T —Fig s T 26, HER
SR B FHMME

Shal* 45 4 18 T — BB B &6 TR S T
CN-NPFA., CN-NPFA 7£ &5 i 80 H 300 ) 2k
£ DMF/H,0 1R &R, B K26 I £,=40%
B, JFRFRIH R ATE YRR, P& ARG
HUm) 2T LY, % FIE R T R A TR
i, BARENPOCE T, WX R
FA, 45U — 5 o A . WangU Y% 15 11 B S )
i AIE 2 F NG &M Silole i &M T
DMTPS-DCV, F-¥4 H W FAE SOt & G s, &3
BHA &R YRR kR, TR T
A YR AR S AR R O B . A B
BT R S w9 EL AT ALE P T B9 5 47 BHPA .
BE THF/H,O (R R T A e, RIH AIE 2.
it DSC Al POM A #, BHPA I /it iR e
400 °CUA I AETHES RS, HA 3 A-medhag, FBF

RSP BRI, YIRS TE 2 180 °CHY, JEAL T
11 5 200
OC12H25
F5C NC
CF, —
-0
F;C NC CF, HN Cp,Hys0 7]
CN-TFMBE (Z)-CN-APHP (E)-CN-APHP
NC CN
F N, C9H'»°CONH1
CN-AFAN CN-NPFA

N
CN B NC Mp'oc.ﬂa
/
NC-N\ Me,skMe P~cN CH0 0 -
BHPA

DMTPS-DCV

ParkU VSR GE T EA ML ATE R AW S F
GCS, HAE4 THF LA LN, TEREREKI T
AIE £ ; FIH POM MEHL A GCS M 85 °C
BHIFE] 30 °CHE, HIBIELUE (& 2a), BHHIE
RCHIRAR ;K gk e HI B =R A, B aigs i (1’
2b). ¥ GCS N FHENE ST, ke A



552

LA, 4 BAREES RO AR5 2t R - 185+

JCBOHAZBITERT, T H A LUK AR B R RE R %
P, &R e B AT o

Ci2Hzs0

OC\;Has
C,H,50
12Hos O A OC,HL,
C:Hs0 NC

OCi2Has

K2 fk&Y GCS ¥EIF] 30 °CHER POM &l (a); GCS
AR E T POM E (b) B

Fig. 2 POM texture of compound GCS obtained at 30 °C
(a) and RT (b) during cooling"*

VA M RN RIER o Fid s, w5
H AR — 20T RO HLEHEAT T 5T, ZhuB74%
R T AEIEE AU B RIS Y, R
SEMLZRI | HAE 125~190 °C AR & JEi B
FERFFE BT, HAE 480 nm AbELK 50T RE
THF/H,O {4 F HrK & A3 hinin s AR, 243k
AR 330 nm B, B A0 BE Bl K B 5 0y 3 fnm
R, TE £,=40%H 5 B EE(E , ZEGEREERE 10 %,
AN 2K JE R 0 i AN 6% 2 (8] A7 7E g i L IR 5%
¥, SEGOEH, ShiPYERIFEIIY T RN
25 AIE 23 TR OEHLER, 45K, XHTFiZAk&R
FERRE R P RE ROk &Y, HRER L6
AR, T E MW FHR . 51 0N 5T AR
J1. H 5T REMIENAEZ R R R MR R
PRI F 1 B

B UNRE o= I = PSP ey T |
SFIE LR, A LR, AT SR
B 5 HoA B e % 3 LAAS B B0 SR AR B, ek
PRHEA LS 0 RSk, R RER R AR 5
AP IARFENIRIGE 7, G T 1 ) S AR B
Wl =5 R ARV R ) THT

3 ERAREFSRAUMRNIZEFEZHRE
i BB
T CREE R EYIE R, —RRTIA
AR B Be S HEMIGE , LAJA RO AR S 1L S5 Sl ]
DI b 5 A A i SR A0 A, SRR 2R A T Y &
JCEHL, A BT E AR RO R, I3k R

LA Y & SR R o, BEJS BIIESR
K, EWEA AIE WF. Fit, o [&EE 8
FIGA ATE 500 T &6 4> T 58T . Chen
SENF TR EL N AT T b A A, A5 BRIk S
IR A B Z i W PAPs, 7F THF/H,O ¥EFIA
AP AIE P, 24 £,=70%Ff @=0.18, J&4l
THF H 8 21 £% o W AR A9 & 30, FE R T R o
DSC ik L3 4 A ilcag 735l & 165, 137, 116
133 °C; 7 POM T WEEHE A2 FIAHAE , 25 M
H 1 [E R ENE] 160 °CHE,  KERA LU KT S AR
A, YRR 125 °CHY, SGEEURINIL & C HMIE
B, YRR SRR, ERREGUA LA B
MIE R, IREFRRR R, HEskhRES 5.
AT DV Y 2R3 e+ HA L R 19 Ot
AR R b A

BrC12H24OCSHll

PAPs

Cheng "V 31—l /5 175 TN WS o 4 8
W TFPER AR T 1TC8* (HURT- MRk ), HEHRE
(75 Ak 2 B AN RS o Zang! V4558 i — 25 [
WA T — M e AR ROE SR AIE 20 T
DPA-1. Sl SR A 1F, W RE | R Ak
LA A e B TROR /98 K 454 . DPA-1 78 0 °C i
THF % AE R IR 5 7E 2.5 ¢/L LB, EIE
Jl—HH i AR BER 4 TIOK /KA o T EL, XA F
RO 8 S B2 A i 9L, A B BOEI SR
L, JXAEAR A T 5 L T A

H,CO coo@— O*CH(CH;)CeHis

1TC8*

O,
Orm 3= -oon
N
f‘
DPA-1

4 REFSLAHFEGHEHIFELER
b 2 i 4

#JF3E ( Triphenylene ) ZE#EIRIK 2R i %
P ECIRE i, 5 T A s R, DAL i 7 A 1) L
AR IR, EWEE 0GRk,
Feng 4738 T A [a) B BE 1 A9 49 3628 OB oy
T 6a-k. Fifi HAnb &30 A 41 OB AH, B
TR 55 v BT S A, R DX B) e s AT R I 200 °C
TEVE ORI 2 h 2 R WG B et S 45 AN 45
AR, A 38 BRI A o1 1 A1 B D RE AL AN



. 186 # 4m it T FINE CHEMICALS

36 4

o> TR A AT A B 22 5, i ARy B
ZRERDEHE T

6a-k; R, R’=Ph or alkyl

Yul YRR 2R I JE R 2R 3k 205 BOT IS &,
AT HA AIE )% %) TPE-4. TPE-E fl TPE-Z
X3 AR (HRERENDFEARMSTER, %
HY5247- =R EGE, BT niREGYWH
HLm G R A EAE R, X SE IR R ] VAl i L
FEAYNEBICERE, FRFE BRI T A
PRI . AR BT A LT — R B EAT W
AIE YRS Y Ph-m-D-n (m=6, 12; n=4, 6). ¥4~
) ot SR L R A 1) — R, DA ) B ) 2 M e i
FIHFFE L, T EAA X REEH B S BUR A I FEAT
Y. WA NN TR SR SRS R,
T AR EE R A B AT S, AR B bR AR
WO, AR BRI N ERE Z R, HARE T
PRI RN S MBS, HIb, kR

IR FE 0] LU A ALE 5 19 &G
Lin! V453 i Wk e 5 55— 2 D s I ok 188 1 2 - B
JT, BT TP-n (n=1,2,3), SZELERFEH, 1]
BIREIE LS A tRAH T, 78 THF/H,0 1R &R T 5%
H AIE PR, RIS £,=60%Z A0, 3 N5
PR E B B K (Ae=364 nm ), {HJE £, 4hLL1
Kip, BRI TOCE RIS . 12363 AIE 4
TFueihnd, HAEEM B &2 8RR ot 9ok
VERFEm, I, X8 A 9¢CH I Rt , AHE
o 2 PR T2 1 3 I e B A 34 R B R e
AIDe eI, HARTRIR 2 R OEE KA . Guol* 4 )
TR I IENT A4 2TP-a. 2TP-b 1 2TP-c.
XA YR STE RS T HURME Y, 5 Lin S48
[ 92 7E L ATE R RS, 78 £,=20%0 i T4
AW, EHRKIET (1,=390 nm ), BlEZE K
SRAWIZ, Y £,=90%HAKIRF I AIE W5,
WA B SR PSRRI

AIFIESE ATE A BT R M S R R 1

R IFAES TFAE A 2 2% 3 R Hp il v 43 [R] ) (R RE
WA I ACQ BRI AR T 24 F I s B I
T ERWH IR R o BRI B AR R AR 19 2R
JEK AIE Wi 5, 47 OLED #8Frh %45 kG2 Fi e
TAEH)Z .

OC{H,; OR

O S
N: C5H130
g, OO
OCeHis

) o

CGH 1 30
R, R4 TPE-4: R=R,~R;=R,=R
TPE-E: R=R,=H, R,=R;=R
TPE-Z: R=R,=H, R,=R,=R

R, R,

Hlﬁﬁiﬁk&

0 N—N
O

OC,Hy,

2TP-a: n=3
2TP-b: n=6

NC OC:H;,
ot S ot L
XY~ O )
CN

OR
0
=)

OR

OR

Re —(CHy),0 O — O O(CH),CH,

m=6,12 n=4,6
Ph-m-D-n

CN

TP-1: R,=R=H, R;= /OWO
CN

TP-2: R/=H, R,=R,= /OWO
CN

TP-3: R,=R,~R,= /OWO

OCsH;;

OCH;,
CsH,,0

2TP-c: n=10



552 ) LAk, 4

FAT R T AOCHE BRI I 5 2t J - 187 -

5 HibBAREFSLAMRNER

B BT 5N > T B, R
S o <O A R L1 8 D NTO 1
ARG E o Pathak 7S50 B e K651 AR AU 4311
BT, ST RIS la~e, SEHANTT TR
P e B vl A BRI B AT (WD 231 TB) LB, (7
BRI H AR E o

R R
R R R, R,

| |
R R R

la: R =—0C,(H,;, Ri=H
1b: R=R,=—0C,,H,,

le:R=—0C;(H,,R;=R,=H
1d:R=R=—0CH,;, R,=H
le: R=R=R,=—O0C,H,,

SRR, MHMEIR A IERER T 6 B, A&
H 2H 2% s R AV T, 8 it XRD Wk B R B4 F7E
FER B 00 IE L T 40 F ) S5 X Tl Bl
ALE 0 ) = S0 GV A AR A B, BT TR A
R 7 T B WK R RS . Zhang MRS B T AL
A AIE MEIRR R & Y BPH-n, n ARFEIMNE LA
FEEER T . FIHZLAMEIE (FTIR ) M BEEH7E N—
H fl C=0 Z R T 4rF A%, 76 POM T W%
ZIL BPH-10 2 2 ISR A . K BPH-8 il AL
BECIS , B0 ORI 113 75, FZFRE
ST RS 2 PR AL A J- BRI . Wan!*”!
SEHIE T PR A T 1 W N SR AR AL, A
o e 2 [ 20 %% ) D DR R 1 L o S 32 ) 4 11
EH .

T8, BRI SR A — AT RV A b
BE, W FHRTEE K. RenPY2545 1 1T — £ 5 LA
J AL SR A, Herh— 2R R ALE P
HIR S 53T o FEXTEATTHEA T 40 oI i g 1 S 56 Bf &
B, IR A U HO A e T, R, X sk
Wy 5 AT LA A — BB e g4 |- . Tanabel 45 71
SN FRERALEE, BIFESRT i A B it
-2Z R (D-A) 454, B4 T H 17 D-A LA,
A LT A 5 R UL N Y S RO AT Y
Pyn .Pmn Ml Qn (n=1, 2, 3)= F I ) & CH A K 3 ).
RS> 1 A AR AR G, R ATE PR
LﬁﬁﬁDA*ﬁM%%ﬂﬁ%ﬁ%,%E%%%

s A W AE N AN (B

R, R,

R Ry
R, R,
< §~N
\ % \ I\/R@
'\(\q 3PFP ‘(\q 3PFP
~N®
) / ®\ R, @ R,
R, \_/ R, R 7

R R, K R,

Pyl: (R, = Rz —OCqus R;=H) Pml: R, = —Oclezs R;=H)
Py2: R, = =—0C;Hs) Pm2: (R, = =—0C,;Hys)
Py3: (R, = R: H R; =—N(Cy,Hzs),) Pm3: (R, =Ry = H, R, =—N(CyoHys),)

® R
P‘ ( %
O "

Ry

R, R,

Q1: (R; =R, =—O0C,;H,5, R; =H)
Q2: (R, =R,=R3 =—0C,,Hy;)
Q3: (R, =Ry=H, R, = —N(C;,Hys),)

,, Photol escl
o Jonic hq crystals

Intensity/a.u.

1 1 1 1 1 -
350 400 450 500 550 600 650 700
A/mm

B3 BRI A AR A AOEE (a, b, ¢l
Pyn; d, e, f 5 Pmn; g, h, i N Qn (n=1, 2, 3)P°!

Fig. 3 Self-assemble of ionic liquid crystal and full-color tunable

photoluminescent picture [ a, b, ¢ represent Pyn; d, e,

f represent Pmn; g, h, i represent Qn(n=1, 2, 3) ] 51



° 188 -

A% 4m 4£ T FINE CHEMICALS

36 4

FERRZORI Y ALE Wb 20T, AR A S AH E 5L
MROF AL, FEFE R K& LT 5T 7 SO0 R X
DAERGAEE . (HJE 22 & R Z R ATE T4
TR, ZIEPOE SR £ 48 A
B ATFHER AR R 2 512 D) RE Tk RO R
B TR, LRSS REN, XA LA
L4 B A A Y A RS SR, I HoaT LI
i R R s AW KM . Voskuhl 2145 & B —
KR BT T B0 A A ALE M A0 55 B iRk I
1 T B RE AT A4 51 A AT LUAE— N7 B AL B v ik
15, b sefb &9 HL2 T A Bk 22 A 5 9 40
B, AR R E AR

6 SREERE

H T AIE 7> FAOLR RO AERE, BOTHE AR
AIE PR BTH AR AR BAT T R B R RS o il B
SESCHRT B ALE PRGSO T
FAIUHT AIE 70§ 800, IR P o1 ] U e
SEA B PR R I R ST N - HERR, AT 4
HMHEAT ATE PEBTRYM S AR H AT B = KOt
SR ERRE RS TR ATE WA, R RL, anfar Ay
R B 20 L SR PR A

FIAT, A ALE PEBUR RO AR IE R, T
HXF AIE BER MLt = ERR IR AR GR . AL,
BT A UL B R R, REARSEPR T ATE BA
SEOHLEEL, JEEE AR G 53 i TR
W ARE H AR N R B 2, HAOEEREE A Z 1%
i, BT LR AR Bt S A s gy, SRt e A
MBI 71, LUMESE B ALEAT ALE Pt
Wb T

SE

1

v

—

Bisoyi H K, Kumar S. Liquid-crystal nanoscience: an emerging
avenue of soft self-assembly[J]. Chemical Society Reviews, 2011,
40(1): 306-319.

[2] Wang Y, Shi J, Chen J, et al. Recent progress in luminescent liquid
crystal materials: design, properties and application for linearly
polarised emission [J]. Journal of Materials Chemistry C, 2015,
3(31): 7993-8005.

[3] Tang B Z, Zhan X, Yu G, et al. Efficient blue emission from
siloles[J]. Journal of Materials Chemistry, 2001, 11(12): 2974-2978.

[4] Chen J, Law C C W, Lam J W Y, ef al. Synthesis, light emission,
Nano aggregation, and restricted intramolecular rotation of 1,
1-substituted 2, 3, 4, 5-tetraphenylsiloles[J]. Chemistry of Materials,
2003, 15(7): 1535-1546.

[5] Leung N L, Xie N, Yuan W, et al. Restriction of intramolecular
motions: the general mechanism behind aggregation-induced
emission[J]. Chemistry, 2014, 20(47): 15349-15353.

[6] Qian H, Cousins M E, Horak E H, et al. Suppression of Kasha's rule

as a mechanism for fluorescent molecular rotors and aggregation-

(71

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

induced emission[J]. Nature Chemistry, 2017, 9(1): 83-87.

Tang B Z. Conceptual novelty: the holy grail of scientific pursuit[J].
National Science Review, 2017, 4(3): 283.

Mei J, Leung N L, Kwok R T, et al. Aggregation-induced emission:
together we shine, united we soar![J]. Chemical Reviews, 2015,
115(21): 11718-11940.

Liu B, Zhang R. Aggregation induced emission: Concluding remarks.
[J]. Faraday Discussions, 2017, 196: 461-472.

Pathak S K, Pradhan B, Gupta R K, ef al. Aromatic n—n driven
supergelation, aggregation induced emission and columnar self-
assembly of star-shaped 1, 2, 4-oxadiazole derivatives[J]. Journal of
Materials Chemistry C, 2016, 4(27): 6546-6561.

Hu G, Kitney S P, Kelly S M, et al. Novel liquid crystalline organic
semiconducting oligomers incorporating N-heterocyclic carbazole
moieties for fluorescent OLEDs[J]. Liquid Crystals, 2017, 44(11):
1632-1645.

Liedtke A, O’Neill M, Wertmoller A, et al. White-light oleds using
liquid crystal polymer networks[J]. Chemistry of Materials, 2008,
20(11): 3579-3586.

Binnemans K, Gorller-Walrand C. Lanthanide-containing liquid
crystals and surfactants[J]. Chemical Reviews, 2002, 102(6): 2303-
2346.

Sergeyev S, Pisula W, Geerts Y H. Discotic liquid crystals: a new
generation of organic semiconductors[J]. Chemical Society Reviews,
2007, 36(12): 1902-1929.

O'meill M, Kelly S M. Liquid crystals for charge transport,
luminescence, and photonics[J]. Advanced Materials, 2003, 15(14):
1135-1146.

Duan X F, Zeng J, Lv J W, et al. Insights into the general and
efficient cross McMurry reactions between ketones. [J]. Journal of
Organic Chemistry, 2006, 71(26): 9873-9876.

Chen X, Shen X Y, Guan E, et al. A pyridinyl-functionalized
tetraphenylethylene fluorogen for specific sensing of trivalent
cations[J]. Chemical Communications (Camb), 2013, 49(15): 1503-
1505.

Du Bin (ft3&), Ding Zhijun (T &%), Guo Lei (%), et al.
Research progress of tetraphenyethene-based compounds in the field
of fluorescence sensing[J]. Materials Review(#f 5 4f), 2015,
29(23): 134-140.

Luo Haiyuan (Fifi%), Zheng Jie (fBH), Liang Shuimei (F2/K1E),
et al. Research progress of tetraphenylethene derivatives as organic
electroluminescent materials[J]. New Chemical Materials({k T 877
D, 2016, 44(10): 14-16.

Yuan W Z, Mahtab F, Gong Y, et al. Synthesis and self-assembly of
tetraphenylethene and biphenyl based AIE-active triazoles[J]. Journal
of Materials Chemistry, 2012, 22(21): 10472-10479.

Yuan W Z, Yu Z, Lu P, et al. High efficiency luminescent liquid
crystal: aggregation-induced emission strategy and biaxially oriented
mesomorphic structure[J]. Journal of Materials Chemistry, 2012,
22(8): 3323-3326.

Zhao D, Fan F, Cheng J, et al. Light-emitting liquid crystal displays
based on an aggregation-induced emission luminogen[J]. Advanced
Optical Materials, 2015, 3(2): 199-202.

Luo M, Zhou X, Chi Z, et al. Fluorescence-enhanced organogelators
with mesomorphic and piezofluorochromic properties based on
tetraphenylethylene and gallic acid derivatives[J]. Dyes and
Pigments, 2014, 101(2): 74-84.

Wang Y, Liao Y, Cabry C P, et al. Highly efficient blueish-green



52 M

LA, 4 BAREES RO AR5 2t R

* 189 -

(25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

fluorescent OLEDs based on AIE liquid crystal molecules: from
ingenious molecular design to multifunction materials[J]. Journal of
Materials Chemistry C, 2017, 5(16): 3999-4008.

Bui H T, Kim J, Kim H, et al. Advantages of mobile liquid-crystal
phase of aie luminogens for effective solid-state emission[J]. The
Journal of Physical Chemistry C, 2016, 120(47): 26695-26702.

Yuan W Z, Yu Z, Tang Y, et al. High solid-state efficiency
fluorescent main chain liquid crystalline polytriazoles with
aggregation-induced emission characteristics[J]. Macromolecules,
2011, 44(24): 9618-9628.

Chen Lie (3#:1), Kong Huanling (fL¥%#), Chen Yiwang (1% X IE),
et al. Synthesis of liquid crystalline polyacetylene containing chiral
terphenyl and its “Jacket Effect”[J]. Chinese Journal of Applied
Chemistry (% FfL2%), 2012, 29(11): 1231-1239.

Guo Y, Shi D, Luo Z W, et al. High efficiency luminescent liquid
crystalline polymers based on aggregation-induced emission and
“jacketing” effect: design, synthesis, photophysical property, and
phase structure[J]. Macromolecules, 2017, 50(24): 9607-9616.

Tong X, Zhao Y, An B K, et al. Fluorescent liquid-crystal gels with
electrically switchable photoluminescence[J]. Advanced Functional
Materials, 2006, 16(14): 1799-1804.

Lu H, Qiu L, Zhang G, et al.

photoluminescence of fluorescent-molecule-dispersed liquid crystals

Electrically switchable
prepared via photoisomerization-induced phase separation[J]. Journal
of Materials Chemistry C, 2014, 2(8): 1386-1389.

Lu Hongbo (FE£L%), Zhang Chao (5Ki#), Wu Shaojun (R/DF), et
al. Synthesis and photoluminescence property of luminescent liquid
crystal material [J]. Chinese Journal of Luminescence (& )t244),
2015, 36(11): 1227-1232.

Lu H B, Xu C, Li Z Y, et al. High-contrast electrically switchable
light-emitting liquid crystal displays based on a-cyanostilbenic
derivative[J]. Liquid Crystals, 2018, 45(1): 32-39.

Sha J, Lu H, Zhou M, et al. Highly polarized luminescence from an
AIEE-active luminescent liquid crystalline film[J]. Organic Electronics,
2017, 50: 177-183.

Wang, Evans J S, Mei J, et al. Lasing properties of a cholesteric
liquid crystal containing aggregation-induced-emission material[J].
Optics Express, 2015, 23(26): 33938-33946.

Bai Xiangyang (I118]FH), Chen Nuo (%i#), Tan Wen (f830), et al.
Synthesis and luminescence property of Schiff base modified
a-cyanostilbene derivative fluorescent liquid crystals material [J].
Chinese Journal of Luminescence (% :2441%), 2016, 37(5): 532-537.
Park J W, Nagano S, Yoon S, et al. High contrast fluorescence
patterning in cyanostilbene-based crystalline thin films: crystallization-
induced mass flow via a photo-triggered phase transition[J].
Advanced Materials, 2014, 26(9): 1354-1359.

Zhu M G, Zhuo Y Z, Cai K C, et al. Novel fluorescent perylene
liquid crystal with diphenylacrylonitrile groups: Observation of a
large pseudo stokes shift based on AIE and FRET effects[J]. Dyes &
Pigments, 2017, 147: 343-349.

Shi J, Suarez L E A, Yoon S J, et al. On the solid state luminescence

enhancement in m-conjugated materials: Unraveling the mechanism

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

beyond the framework of AIE/AIEE[J]. Journal of Physical
Chemistry C, 2017, 121(41): 23166—23183.

Chen Y F, Lin J S, Yuan W Z, et al. 1-((12-Bromododecyl)oxy)-
4-((4-(4-pentylcyclohexyl)phenyl)ethynyl) benzene: Liquid crystal
with aggregation-induced emission characteristics[J]. Science China
Chemistry, 2013, 56(9): 1191-1196.

Cheng Z, Zang Y, Li Y, et al. A chiral luminescent liquid crystal
with a tolane unit[J]. Liquid Crystals, 2016, 43(6): 777-782.

Zang Y, Li Y, Li B, er al. Light emission properties and
self-assembly of a tolane-based luminogen[J]. Rsc Advances, 2015,
5(48): 38690-38695.

Feng C, Ding Y H, Han X D, et al. Triphenylene 2, 3-dicarboxylic
imides as luminescent liquid crystals: Mesomorphism, optical and
electronic properties[J]. Dyes & Pigments, 2017, 139: 87-96.

Yu W H, Chen C, Hu P, et al. Tetraphenylethene—triphenylene
oligomers with an aggregation-induced emission effect and discotic
columnar mesophase[J]. Rsc Advances, 2013, 3(33): 14099-14105.
Li Wei (Z=J). Synthesis and properties of organic luminescent
liquid crystals with aggregation-induced emission [D]. Shenzhen:
Shenzhen University (IRYIIK2%), 2015.

Lin L, Guo H, Fang X, et al. Novel AIE columnar liquid crystals: the
influence of the number of diphenylacrylonitrile groups on the
mesomorphic and fluorescence properties[J]. Rsc Advances, 2017,
7(33): 20172-20177.

Guo H, Lin L, Qiu J, et al. Phenylacrylonitrile-bridging triphenylene
dimers: the columnar liquid crystals with high fluorescence in both
solid state and solution[J]. Rsc Advances, 2017, 7(84): 53316-53321.
Pathak S K, Pradhan B, Gupta M, et al. Liquid-crystalline
star-shaped supergelator exhibiting aggregation-induced blue light
emission[J]. Langmuir, 2016, 32(36): 9301-9312.

Zhang P, Wang H, Liu H, et al. Fluorescence-enhanced organogels
and mesomorphic superstructure based on hydrazine derivatives[J].
Langmuir, 2010, 26(12): 10183-10190.

Wan J, Mao L, Li Y, et al. Self-assembly of novel fluorescent silole
derivatives into different supramolecular aggregates: fibre, liquid
crystal and monolayer[J]. Soft Matter, 2010, 6(14): 3195-3201.

Ren Y, Kan W H, Henderson M A, et al. External-stimuli responsive
photophysics and liquid crystal properties of self-assembled
"phosphole-lipids"[J]. Journal of the American Chemical Society,
2011, 133(42): 17014-17026.

Tanabe K, Suzui Y, Hasegawa M, et al. Full-color tunable
photoluminescent ionic liquid crystals based on tripodal pyridinium,
pyrimidinium, and quinolinium salts[J]. Journal of the American
Chemical Society, 2012, 134(12): 5652-5661.

Yuan Hong (32i), Zhang Jing (ik##), Wei Xuehong (B2%4T),
et al. Chiral luminescent liquid crystal material based on europium-
substituted polyoxometalate[J]. Acta Physico-Chimica Sinica (43
fb2244R), 2017, 33(2): 407-412.

Voskuhl J, Riebe S, Vallet C, et al. Aromatic thioethers as novel
luminophores ~ with  aggregation-induced  fluorescence  and
phosphorescence.[J]. Chemistry-A European Journal. 2017, 23(55):
1366.



