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S R Al B R R R A B
AR F o, AT RLTE— g RE bk E B TR K R
AR, (HANRESE 2 R, b8 3], 27k B
ATE R PE AR SR 051 A B L B 2 1, [
M A 5K L B R T 2R A W) — s K
Al fE 2 v oK PRI PE o 1 5 AR 0 AR
H 5 AR RO . o, A8 &
T B XUE GEM B TPE 7 2E ), i i iR Y
Pd AL BRI S N 5 15 2 T & A TPE 2549
JLRYILPE R A1, il X BE R )R D REAL, T
T IHER T B, IR S A i
RAEFIIS 1 ATE LR RALEHEATATSE, il 5 2
A ATE RV K PR 2 T 3R 4 T — iR R
JF T R A A 1 531 G 0 4051 Js8 e 442 T S B 2R i, it o
GURLEER

1 SLWES

B 5k

Rl JE AR 203 A 3% ('H-NMR, " C-NMR) 7
ARX-400 A% % L4z AX ( Bruker 24 w)) FAT. 5T
WEAE Voyager-DE STR & J5 4 B 06 g 25 AT B
[ o 3% AN 1 A5 7 iR 36 B Waters A ]
IS 1% AN 2, U B AH S DMIF, IR 3% 7
50°C, M 1.0 mL /min, DLEE 205 WFRRE
LHNERERE TU-1901 SOEH A0 ] W4 66 B 11
( b prm AR A | ) AR, 298t is 7
Cary Eclipse %6615 (36 E Varian 23 w]) 1]
5. PObE T R AL R 25 7 F % W (0. 1 mol/L
Mt iR ) S bn e Bt (@ =0.55).

1,45 2K R TS WS A 1 b s 2 R R
BRI M, WS REE) #(0) WA
Alfa Aesar 23 ) Jf B4R A JooKk B iR 41 1 A [
AL, P EEME; FEWA A RERAF;
B CEE R R e /A IR P R R R 1K
2z e AL B Al o b 23R R 28 0 1 b R Ak 2t
R E] SLH HK R 3 RFRIEK.

1.2 BEHMER

4-(6-TRC AL ) 4- IR IR FEH I 1 F1 4-(6-
TROAEEE) ORI 4 (4 RS % ik [35]
TEA G 1,2-2[4-(6-1R_ O 43k ) Rk ]-1,2-—
(A-TRZEF) 2 2 N 1,2-—[4-(6-T0 O 4 3% )
F-1,2- B2 MC-0 14 1% 2 2 % SOk
(36 ]y 5k, HARG B BT,

2 A L PRI A 1(5.64 g, 12.8

1.1

mmol) BB (2.47 g, 25 mmol) Jji A F| 100 mL
W B, E s, RAR, RE 3 REE
AR T EAFZEN AL 40 mL, ZJ5
FEVKIE 25 T 248 A DY S P0 B W, T in 58 5
JEE B 10 min, FEFHEF] 80°C KN 2 h. J
NEZE S, o iECAE UE R, e T N IS AR AR R
VEU, AW e 2R UG B R R AR .
Yok 2 BT AE 3 4 85, YRR S Ak, BT AR
TE T RS TRARE AT (2.5 g,
50% ). MS ( MALDI-TOF) m/z: [M] " i+ & {4
848.3, 5z Uy {H 848.0. 'H-NMR ( 400 MHz,
CDCl,, §):7.21 (dd, 4H), 6.87 (dt, 8H),
6.68 ~6.54 (m, 4H), 3.88 (dd, 4H), 3.57 ~
3.08 (m, 4H), 1.94 ~1.82 (m, 4H), 1.82 ~
1.67 (m, 4H), 1.50 (dd, 8H);"” C-NMR (100

MHz, CDCl,, &): 157.95, 157.86, 143.15,
142.99, 139.13, 139.07, 135.64, 135.42,
135.15, 133.11, 132.62, 132.57, 131.12,
131.01, 120.59, 120.45, 113.98, 113.90,

67.71, 33.95, 32.80, 29.24, 28.08, 25.45.

MC-0 1) & Wb BR8] 54K 2, 15 8 (0 ) 9
(3.51 g, 64.4% ). MS ( MALDI-TOF) m/z:
[M]" i &8 690.5, 52 {4 690.2. 'H-NMR
(400 MHz, CDCl,, §):7.05 (m, 10H), 6.89
(d, 4H), 6.58 (d, 4H), 3.83 (t, 4H), 3.37
(t,4H), 1.85 (m, 4H), 1.72 (m, 4H), 1.45
(m, 8H);"” C-NMR (100 MHz, CDCl,, &§):
157.34, 144.22, 139.54, 136.14, 132.40,
131.27, 127.54, 126.04, 113.45, 67.37,
33.62, 32.56, 29.01, 27.82, 25.20.
1.3 E&¥%P1R4KEH MC-1 HEK

P-0 [ 4 A% 2 FR BRI 2 (490.4 mg, 0.5781
mmol ) , 1,4-XF 28 — W FR N A MlE 3 (142.2 mg,
0.5781 mmol ), PU( = ILHE) 4 (14. 5 mg, 0.0116
mmol) , FRFRE (1106.3 mg, 80.04 mmol) it A 25
mL BEEH, JFLAR DR E®R H, REBRE 3 K
J5E FHEST 88 e R TE A G BR A R (6 mLL) Fil =28
K (4 mL), ZEIHEZE 98C, EREY F RN
24 h. MR )E, I EER, MAZ&A P K%
WUs, S M40k i %4 5 T A 300 mL 1E
CobeH, B0 80T 1A TG 8 A k™Y
(378 mg, 86% ). 'H-NMR (400 MHz, CDCL,, §):
7.59 (m, 4H), 7.39 (d, 4H), 7.11 (d, 4H),
6.98 (d, 4H), 6.65 (s, 4H), 3.89 (d, 4H),
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3.40 (dt, 4H), 1.89 ~1.75 (m, 8H), 1.49 (d,
8H). GPC 73 #7 (PS NArtE) . E¥r F it M, =
7200, Z ket d = 1.41.

P-1 )& 2K KA Y P-0(26. 8 mg) il T
20 mL PSR, 0 A = IR O BEE 10 mL,
R TP R N 24 h. R 52 %5 e T 7,
FH B i, DOk R T VR A MR LR E B
ZTFTEBEASREgE ™Y P1 (240 mg,
65% ). 'H-NMR (400 MHz, CD,0D, §):7.37 ~
6.64 (m, 20H), 3.90 ~3.72 (m, 4H), 3.47 ~
3.42 (m, 4H), 3.13 (s, 18H), 1.88 ~1.29
(m, 16H).

MC-1 /)& B3R [A P-1, 13 =4 (1.90
g, 83.1%).'H-NMR (400 MHz, CD,0D, §):
7.27 ~6.94 (m, 10H), 6.86 (m, 4H), 6.60
(m, 4H), 3.84 (m, 4H), 3.40 ~3.30 (m,
4H), 3.13 (dd, 18H), 1.75 (m, 8H), 1.52
(m, 4H), 1.42 (m, 4H).

2 GRS

2.1 FRERIE
BARFR SRS AR E R 1 iR, HA

0
BrOR + Ticl, 2

NS B
R]=

1

(ON 0
- C ’BOB\ 3 Pd(PPh;),
0 0] KyCO;
3

P-0 + N(CHy); THE

Ethanol

SR ARG R IR e o3 BRI 55 O B BOR R AT
THGE. A 2 007 BRI AT DL 5 SO RR R R A=
Suzuki BB NE, A LB R AW, TG BRI R
ZARME I, H R AEAEA R TREYNE
hfefl. ASCi i 1,4-%F 28 0 N R S
HfR 2 7E PA(O) AL TR REIE A REGY PO, @
it GPC g H i ¥y 43 5 Oy 7200, Z 43 HLE 48
Bl 141, peAh, FRATT AR S T A B O
W -"RAT B[] 5T 3% ( MALDI-TOF MS, %&£ i fy -
Be-A-BREENERR ) X R AW AT T I, it
BHRAE N3 ~8, 5 GPC 4 RIEA . N
TIHEE/NFFX I, FATE BT TPE BTG
P MC-0, Q7R K 2 fras, I % g 3k &
SRS E T ER AT T A . R TR
G WA TPE ST Ak & W v B A7 76 T i — 20 ' R
T b 3L IR, aE I AR IR 5 = A TR R
A A B AU 1 Y S 2R g BT P-1 RN TPE
HITAb A MC-1. ARG b 4 S0 I3k 45 2R % 1
HBHIHAARRKT 90% .
2.2 RigHERK

B, X P-1 5§ MC-1 #1776k, H
ZERANE 1 i, P-1 F1 MC-1 #3247 &
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ol kO
A
saell
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Scheme 1 Synthetic route for P-1
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Scheme 2 Synthetic route for MC-1

I 75 P-1 rf, 284 nm Kb i) W SO X6 7 T
KIRH) mom” BT ERIT, 356 nm 4b Y 5 05 XS
THEFREN mom” BT ERIT; /£ MC-1 1,
I mm” BT BRIEAE 240 nm 4 i B ik
W, -G HE- R R B mom " BT BRI
5 312 nm Kb B YCie . L HE SR A WA X Tl
T, AR m PR R, LT BROE AR XA
G, BT LA W SO 1% AR X /N o T8 R T AL RS
HRFCRE R B Y] 1k — 1. P-1 ik
PR G WAL 519 nm, 7T MC-1 1 %2 3Kl
477 nm, RE YRR TN T I KPOE KGR
2L 1 42 nm. fE P-1 (MIEE A T T,
WY T 3G R A MK Ve W B T
RN LW RS YR RS, gt — 2
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Fig. 1 Normalized UV-Vis absorption and PL

intensity of P-1 (—O—) and MC-1 (—[J—) in

water

SE M HOGIE PR BT FRATIN 1 AS [ B - vk B Y
fik 15 2% sh W ( PBS, H) NaH,PO, fl Na,HPO, (iR
HW) X P-1 RS Em, ik 2 pros, KT
P-1 1% G5, BEE & TR, LMK
DG IRALN , X AT RE S KN B TR A R B
I ER RN A5 5L, AR AH SR G W BE A ROk 2 )
W HR SR AS  BEE PBS WREER i — 2B T 5, w-
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ik, e, FeATE KR S sl g 9 00, S AT RE
PSR B W AE A ER RIS TR SRR ST D 1 o

f 1 A
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Fig. 2 PL spectra of P-1 in different concentration of PBS

[P-1] =1.0 wmol/L; Excitation wavelength:380 nm

2.3 TN EBHEIR
X FAEK B ATE (E) /Ny T 996 G 1 5
HLBAIF 58 22 2 3 1 0 A0 3 390 9 7 s s o



41 R HEM A5 K I P DO I B L R A W B B B A RE B ST 457

R o AE 2 ALE 5 9 0 WP oin AR R
R ATE 437 & A R A, BRIT SO 5 1Y
FUAEE, FITH 2O sRHLE. BRI Ty
PR R GY P-1 PG RIS, ik 3 A
Kl 4 s, 76 P-1 17K W 2 o AR R )
THF, &3, HILHEEZEX MM m—m " B FERE
ARE Gy, W kA T 208, WE 3 iy
BIiR, mAOB T 20 nm. X £ P-1 7T
FEEMENL T AT o F a5 FHm o
RE, FEORBOEIE KA. xR %otk
SO R U T 2 7 B N AEAE - A,
WA 4 o, B DUER THE BN, ¢ 650
A P REAR, HLH e KR S I K R /NI FE 41 %
XFEREH m-m REFFBONIOCH KSR, Y
THF By A &8t 60% 5, S4E N RE S 20
B, A K PR BT ARG N, HL SR R R G i
T kAR, RUTDINERE T 60% 5 R E 2
(0 BRI A PR B H B, B IR R A B B 0 45 2k
Mt =T, i om-m RS E0N TR K
A5 48 59 i A 402K G WD BT R b, 3R B R SOk 1
. BEE THF @ — L8, FREIRER 3 i ies
M REARAE R S e B B R R £ S i g,
R RO BBy 2 I, >4 THF /5 &8
99. 9% ik Fll e KAA, i H =5 K& F K KR
% 504 nm, [t P-1 7E KW (515 nm) thiERE T
10 nm. FC s BRI ] g S Bl 5 TO0E 77 & & i 3, P-
1 FAER Ty R Bk, REKNA T
FEEEREAR, P DA Rk S0k AR A 578, A
TNAAS B 500 0 7 36 7] L3R4S ATE R4 5 & 1Y)
— e F B, R U0 i R A AR W AR 2 A
B, EARM B ERERAR, S8T 50
TERRAE A2 QR IRATTIE B A A A B A A 2R
G WAVE R BRI TPE o0 2R R e 4% iR, 7T LA
G P-1 4y F 85 F N m-m RSB K
A, (RSP I B E Ak,
1330 8 2 B FHALEE B

eI AW 53 FAE I isidl, kit — 4R
PR R, RIS —Fheh 2 Fh 2 Hisc
BER MR K+, BTt BA
4 B far, LA PUEE PR T, 7E 25 B2 Rl IR
B H Iz Y YA & m ok
VWM AE] P-1 (R 7K B R s, T A2 1 2o # o
HL AR AR, W 5 (a) Bos, BIE A
KRS EMER, HEm R KW RA &AL

1.0 E37st o
= o
= o
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Fig. 3 Normalized UV-Vis absorption of P-1 in the
mixture of THF and water

[P-1] =10.0 pmol/L
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Fig. 4 PL intensity of P-1 in the mixture of THF and
water

[P1] =1.0 pmol/L

¥, X RWIEY R TR LSR8 S P-1 ]
AN P-1 5 R 7l A0 AR, JF
NG P-1 JpFE s oy T NI R AR HR
P-1 55 i1 3 73 3 o v AR EL AR AT L BR i 2 3
(9 RERE , AT 8 AR R A BE R, B e
PLo & ININE Y S S AR B ANEE BTl S I
S(b) s, BEETE P-1 BRI P mAN R, H
TGS R BE AL R R, (H L S e AT AL
F. 4 P-1 9 1E L fr 55 2R AP A 6 A Ay s 20 40
W, FEOUSRBEE I, O T A T R SO
SRR AT L o= (1-1,) /1, Forfr, 1R
KN 519 nm AL #9 5 SC 3R BE L I, SR heparin B
P-1 K WP N 519 nm Ab B 9058 BE. 18] S
(¢) FRWITECHE BE (19 3K 5 A I 3R H Ay
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BLIF YR T 56 3R, S e 2% 5L 2 ) 90 6 38 I £ 30 o
I 11 A A A A RE B B 274 - [ Additon ofhepari (umol/L)
1R , TS (o) BT, AT 22 v B ost 13
SR T R R B R R C R Tl § T-43
iof 4 FRLVE PR o) TPE v (g S BR e , T LAY I 7 2% s
VLU A o B P B AR VK MO B, R T AIE 3. 540
(E)BL% R LB BF5c. B2, BT ik 8 T :
NG TSR A /N T a1 P I
BRI ZE 2 ) 4 TR I, R L A7 7E 2 AR
HOR LR B RS IR L 75 R W4 TV 1Y I 00} | S
B, A HES A B A R R R A5 L s 2 B e 500
3 B, /NG T A P HER 2 S BOR IO . .
R LIRS i, 6N AT MC-L % 3007 P ety e
112 T 140 22 A0 W i 75 0 A T I, P 6 BT R, B =,
FHFZ B, MC-1 15 2 4 0% i f5e A kK % 7k _ =02
LLF, MICIE AL 55 T 36 o 0 G R 38 0 i g =04
AHAAL. BELs R R AA AIEE ¥ 59K 4 9 E :
P-1 MI% T HA ALE #5978 48 F MC-1 %} AIE ; ool
(E) BUG FIHLBE B0 BF 50 o A (6 3. Bk 2 4h, %
BWE AT T SR, WK S W T
B 0 £ 5. 6 AR A9 9 FE R (1.0 ol . | T Ry
L,P-1 DIg5# sonit ), MC-1 Xf i R & H 400 500 600 700
R T P12 e J 60 0 7 72, 3 0 Sy S Wavelength (nm)
By AIEE . 24r¢

I 6 2 T HE 7 JH 1720 B K ;
ST B L R A AT 2 O 2o
SO AX I i FCTE K W R A7 TE AR AS BT YR o
KT S A e B (5 . P17 B A7 7 v 7 o
) 4 KL I R P L 7K s W Al 9 A T 30 S0k Sl
S B RO(E S . X RV E 4 T R 65 P-
1M, B AR . M 7E P-1 K i 0
WP A 0T 20U L A3 TR B O
OIS A BT, AR R 4 04t fip-ajetopmont, 1 OOmmel
B 123.6 nm, WA T iR, REREN, A 00 02 04 06 1 23 45 67
ZMAE] P-1 [ 705 38 2ok 5 B P ) P Heparin concentration (umol/L)
5FEERT — 2 RER, NTRE T P-1 Fig. 5 (a) Normalized UV absorption of P-1 upon

FI R E 76 1 0 5, RIS T AR I B i i, R
e NeyE R I G. BRubZ A, FRATIE X I AF
A 206 & F 7= SR AT T . FRATTE FH o
Z=7 (0.1 mol/L H,S0,,d =0. 55) kS, Mg
P-1 {6 KW B & 7= % 0. 1476, 25 A
I 2 )5 HAR 5 & 0. 2295, B AEY 4 T
FEAE AT LUA RO AR AR 4 G e s i 2, 4 k6

addition of heparin in water ([P-1] = 10.0 pmol/
L); (b) PL spectra of P-1 upon addition of heparin in
water, ([P-1]= 1.0 pmol/L); (¢) @ as a function
of [ heparin] and its linear trendline at [P-1] = 1.0
pmol/L and [P-1] = 10.0 pmol/L in water

s

X TPE BRI BT 5 5 0, Hil# 1T &4A
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Arrangement
with each other

Heparin @ ___ G
MC-1 geC DAY /e")e\-e/e"—o}—@" Heparin chains

Scheme 3

interacting with heparin in water

1.0§ Addition of heparin (umol/L)
=0
—-0o—1
0.8 -2
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8 ——4
g 06} —<+5
= ——6
=]
2
[
= 04}
N
=
g
2 0.2+
0.0 . . .
300 350 400 450 500

Wavelength (nm)

Fig. 6  Normalized UV absorption of MC-1 upon
addition of heparin in water

[MC-1] = 10.0 pmol/L

TPE S AT f) 7K 95 1 BH 25 7 280 36 50 2R o i o, % B
FEA B SRRV AL SR .l I AR R
P iR JSC 8 KV TR I A DL TE R THE, e il 2R
5, RBUGOEHR BESG= AT B A%, 4 THF f49m
At 1 60% Ja FLo2 't ke iF o B S R B, JF A
B S I IR RS, 1245 R SR W 5O e Y iR E 1Y
KA 2 A et E %, —2h o BEFS
B PO VE XK G R 2 i TR AR S B0 R A
IR B R AR IR A A AR R A Bk 10 o

Heparin chains

Schematic representation of difference between MC-1 and P-1 for

D=123.6 nm
=
g
E
0 100 200 300 400

Diameter (nm)

Fig. 7 Effective diameters ( EDs) determined by
laser light scattering for mixture of P-1 (1.0 wmol/L)
and heparin (0.5 pwmol/L)

. A UVEY R T I Z 90, Al LT BR R 4k
FEW TR T, FTRETOLHRAR S
BLBRA SR 5256 25 SR 3% I Bl 25 10 T 2% e 0
G, G SR R A B e Ol iR R R I 5, 2 P
155 3R 22 1) F9 R A 32 1) 40 R RE 2 01 5 457 1 4%
Ko, B o AR B2 50 A B9 3R R B R4 Y
MR IRGR NI R T 39O s LB
PR T —FORT LK, RO BT OB 5 R A M 1L
SR PR AL T — R A R
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SYNTHESIS AND PROPERTIES OF A WATER-SOLUBLE
AGGREGATION-INDUCED EMISSION
ENHANCEMENT CONJUGATED POLYMER

Yan-mei Wu', Jian-bing Shi', Bin Tong', Jun-ge Zhi*, Yu-ping Dong'

(" College of Materials Science and Engineering, * College of Chemistry, Beijing Institute of Technology, Beijing 100081

Abstract A conjugated polymer (P-0) containing tetraphenylethene (TPE) groups has been designed and
synthesized by Suzuki coupling reaction between 1,2-di[4-(6-bromohexyloxy)phenyl]-1,2-di(4-
bromophenyl) ethene ( monomer 2) and benzen-1,4-bis ( boronic acid) propane-1,3-diol diester ( monomer
3). A water-soluble cationic conjugated polyelectrolyte ( P-1) was obtained by quaternization of P-0 with
trimethylamine at the end of side-chains as a novel method for investigation into the aggregation-induced
emission enhancement ( AIEE) phenomena and mechanism. The structures of P-0 and P-1 were characterized
by 'H-NMR ,MALDI-TOF-MS and GPC. P-1 is completely soluble in water and insoluble in common organic
solvents such as THF and acetone. When a poor solvent such as THF was added into P-1 aqueous solutions,a
slight decrease of the fluorescent intensity of P-1 is observed before the volume rate of THF:H,O arrived at
60% . However,a dramatic enhancement of luminescence is observed and concomitant with an obvious blue-
shift of PL maxima when volume rate of THF:H,O arrived at 70% . Addition of heparin into P-1 aqueous
solution showed a gradual increase in fluorescence intensity at 519 nm without PL. maxima shift. Compared with
its unit analogue, 1, 2-di [ 4-(6-( N, N, N-trimethyl ammonium ) hexyloxy ) phenyl ]-1, 2-diphenylethene
dibromide (MC-1) ,the emission enhancement of P-1 showed higher sensitivity and better linearity than that of
MC-1. Since heparin has four negative charges per repeat unit,and each polymer repeat unit has two positive
charges ,the concentrations for the positive and negative charges are the same (2.0 pwmol/L or 20. 0 wmol/L)
at the saturation point. This indicates that the aggregation-induced emission enhancement stems from the
restriction of their intramolecular rotations due to electrostatic attraction as the main driving force between the
oppositely charged polymer and heparin, which can eliminate some disturbance factors such as aggregation-
caused quenching of light emission. In summary, the present results indicate that cationic conjugated
polyelectrolyte with AIEE property is expected to be generalized for studying AIE ( E) mechanism and the
detection of biological analytes of interest.

Keywords TPE, AIEE, Heparin, Conjugated polyelectrolyte



