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WOR B LK Ac-Flu 500 MM (AM) 6 3R ) 4515 3 &7 92 6 R AR LA K IR M PEE L W) poly (Ac-Flu-co-
AM) . 5 AR Ac-Flu FIFE R Y poly (Ac-Flu-co-AM) SR &% #; (NMR) , Bt 3% (HR-MS) , ZL4p 3% (FTIR) , 7R
2 PG (DSC) | AT WL 58 070 S B2 AL (UV-Vis) 25 057 85 BEAT 1 45 K AT, [8] I 5% 1 92 5 56 1 Xt 36 ¢ 4
poly (Ac-Flu-co-AM) )% St i G %€ 5t of i J A pH R my B 1 i AT 17 00 72 F 5. 45 2R R W1, poly (Ac-Flu-co-
AM) (97K ORI TE 520 nm [ 27 B A B0 199 R 4T Forh KIS W9 L5 BETE 0 ~ 60°C i [l PN Fifi 3 I
JE A T fe B P TR B, R I A 4 3R P U e P S R B, KV TR ORI EETE pH =4 ~ 10 3 B A BE A

P P B SR T R R, 3R B A 1) pHL A0 ) O R

KB 3-TUABEAEIOCR (Ac-Flu) , KIFEREY, YO0, BE VG B
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1o 3 A ORE L R B SRR PR R AR A A D
Lo TR vl ) T AW o i 25 %
FE 45 Fh o BV R ORI
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(AIBN, Rigtfb 2l A R A A, Ry, h ) &8
g5 §hJE AE LA T T e A . SE I T R R 2 R Ay
Braf. %5 — P &L WL i ( DMF ), g &k g
(THF) F1J6 /K £ B (C,H;0H ) 28 1 4 , ¥ 7% Ak 3
(B Rt R A R AR, REE, hE) . L5
v A K Rl IR ZE R K.

300 MHz BB B ruker 4% ff 2 4R A% ( 574 75 B
FTAR B ) A1 ZAB2HS Fiii% 4 ; Nicolet NEXUS
670 £T AN %Y ; Lambda 35 25 41 Af UL 43¢ Ot i
X (2 Perkin Elmer A 7)) ; LS 55 925805154
(Z£H Perkin Elmer 2 & ; 2% /8 49 4 & #4{X DSC
(Sapphire DSC, Perkin Elmer Corporation, 3% [H ).
1.2 3-MGEEBEERNLE (Ac-Flu) BEWE K

FEAT IR TN BEAE 19 100 mL B K = [
A 3.0 g (9.0 x10 " mol) %% ,5.0 mL
() = Z e A1 20 mL CH,CL,. & & W 15 vk K i b 1
FEVR A5, 7E 30 min N H A 248 A 1.0
g (1.1x10 7% mol) N4&EES M 20 mL CH,CL, %
. AR5 TN s T SRR I 58 05 A2 koK R A
TEZ R T R 24 h. 0 J5 22 1 B £ % 57 CH,CI,
FFEIRS AR A Y. LUATR L 300 1/ CHCL,/ Bk
CBIR A WA R VR R, A 898 (200 ~ 300 H 1)
RERE) 4 25 B2 211, B 2445 B A 3 8 K B K Ac-
Flu 2.5 g. %= Mol % F LB R R0
VP TR e AR AL R, R TR, R
72% . mp 116 ~ 118°C. A & %4 K o7 B2 =U L 1A 1.
IR (KBr,v,cm ') : 1768 (C=0,carboxy) ; 1744
(C=0,ester) ; 3075,829 (C=CH,) ; 3023,991

ﬁ ‘ COOH
CH,=CH—C—Cl + §
HO ‘ 0 ‘ 0

O COOH
O \ 65~70°C, AM |_
—_—
CHZZCH—(”‘—O o o ABNTHF
0

25°C, (C,H,);N
dry CCl,

(=C—H); 1611,1583,1495,760,798 ( aromatic
C==C). 'H-NMR (400 MHz,CDCl,,5): 6.042 ~
6.078 (m,1,= CH); 6.278 ~ 6.533 (m, 2,
= CH,),6.649 ~ 8.047 (m, 10, benzene ring).
MS,m/z calculated for molecular = 386 ; found: 387
(M +1)". UV-Visible spectra (A nm): 280,
458,492,530 nm.

1.3 Poly(Ac-Flu-co-AM ) i #ll &

SR 1B o R U 3R R A A TN B AR R SO
FEIGBEN: (9 3L H . Se s 3.5 x 1077 g (1.4
x10 * mol) Ac-Flu.0.5 g (7.0 x 10 mol) AM
F11.9 %10 mol (4 AIBN ¥ f#7E 10 mL THF &,
HHREGHEKE T TRARSE D, @ N, 2 10
min 5B BEE 8 RSB A 65°C /Yl in
I 10 h. B A RV AT, R G E B A &
ARVTTEW AL L. B2 IV 25 TR b g mT A5 3 00 [ 14 43
KB KL= W A Soxhlet $#2 HC#% b ] THF 4 42
PIBR 2R B G RRIERY , 5 &1 TG
A0 E AT ) poly (Ac-Flu-co-AM) , 7534 60% .
A K AR QUL L 1. R AR O O %
b o 2k A5 3L R W) b Ac-Flu /Y 5T & 7 73 3%
R 7.55%. T, =190°C. IR (KBr,v,em™"):
3357, 1610 ( amide,—NH,—), 2931, 1450
(—CH,—), 1750 ( Ac-Flu, C = 0 ), 1665
(amide,C = 0), 1497 ,763 ( aromatic, C = C)
1424 ( amide, C—N). UV-Visible spectra ( \
nm) ; 280,455,528 nm.

max ¥

max ?

l COOH
7 1
CH2=CH—C—O O O

Ac-Flu

Poly (Ac-Flu-co-AM)

Fig. 1 Preparation of acryloxyfluorescein (Ac-Flu) and poly( Ac-Flu-co-AM)
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1.4 poly(Ac-Flu-co-AM ) 3 B i %l &

#0.01 g B poly ( Ac-Flu-co-AM ) ¥+ 1 mL
TR ZEBK R BT AR B 1. 0% (W K
BA 04T 3.8 em 8 1.3 om B G BEHS )
L ERE TR 48 h S A X A A R (71 R
JEH1.5%10 "m).

2 #RE5iTiR

2.1 Poly(Ac-Flu-co-AM ) fJ &l & B &

PG FR AR IK TS 2% B A e T BRI T B Y
FHYEHL. A T 9O R X — B g, % I8 R &
Wy 7K PR 6 108 T35 Uk TN 0 T g PR 55 0 9 B 2O
FALR, DL 18 & A 28O0 R BRI oK
PER G WA MR IE M FRATT AT IR, LR Yy
poly (Ac-Flu-co-AM ) AL B A 8 4F (14 7K %5 % , i
HEA — % 0 B

Poly ( Ac-Flu-co-AM ) Ay ¥ 5 8 85 2K AR [ 44
B A AR 4 59 7K % L. poly ((Ac-Flu-co-AM) Jii 5
PAM JEAH L 2 PR 25, 3 02 O 78 PAM () &
S5k gl A Ac-Flu BEH & 0 WM 25 44 52 ) T K
Gy FEEME AR EAE M, — R B TR 2R
B, T R ATBE YR B poly (Ac-Flu-co-AM ) i
P B K, 72 B B poly (Ac-Flu-co-AM) )
AP IRATES T Ac-Flu #£ PAM I () & &, 4%
HIRETE 7% it
2.2 Poly(Ac-Flu-co-AM ) §y &5t R 4E

Poly ( Ac-Flu-co-AM ) £1 41 i & w i % 3360
em BT N—H SR Xt R 1 45 PR 3h 4 E % ik
I, 1660 em ~" B 3T 2 BE e S P B IE C = O Ay fif
A R B R AE WO SR RS B A R
BBz 2 (—CONH, ). IE ok, £ 4h g B v 3 & f
2930 cm "' BT B AL AT C—H RRAE W U 04 | T VA
1430 em ' [l 3= CH Ay 78 1 s 25 i 4% 50 0 i i
% 980 cm [ ir= CH ¥ i #h 25 iy I 3h W g i,
Y] C = C Wi O &b il C—C g, H) Bk
B0 & T S B . A7 F 1750 1496 F1 763
em ™R — AN UE AT JE T Ac-Flu 43 F B € =
O, 5 AR 19 )8 F Ac-Flu 43 F I Y 28 31 RRAE
W b A 21 Ah R AR W 0 U R B poly ((Ac-Flu-co-
AM) /& Ac-Flu 5 AM (3L =4,

Kl 2 k4l PAM (Sample 1) 1 poly ( Ac-Flu-co-
AM) (Sample 2) {425 — ¥k FHiii DSC i 6. Fb# 2
% DSC #h<k, il LLE 2 He 4 W 1 2% 5. Lewis %
S 5 A5 R A8 3K TG S T 45 R 1 K

—-8000

-12000 [

—16000 [Sample 2

l—20000 r

Heat flow (mW)
Endo

—24000 [

—-28000 [

140 160 180 200 220 240 260 280
Temperature (°C)

Fig. 2 DSC curves of PAM (sample 1) and poly ( Ac-Flu-co-
AM) synthesized ( sample 2)

PAM (13558 A0 e A8 iR O 170°C . 7 52 36 0 45 1)
2l PAM (4 B B AL e A8 i O 176, 8°C, 5 3CHk R
HHEA B poly (Ac-Flu-co-AM) ) 3 55 1k
B O 191.2°C, bl PAM B B¢ B 40 5% 22 i
JEfde T 10C LB 7R R AaY T, i, 0F 5
R TEE RS AWML T 2R EY
T, 2 Th s 2, A A o F B T g AN
KT ZREYH T, SRR, Ac-Flu 7y
T BT 3 ARG — R RIE R 1 5
28 L IR A T7 i Ac-Flu 5] AF] PAM (5
o TEE LR REOROKEREGY T, BT X
A S Ee 45 R Wk — B EY] Ac-Flu 5 AM Z [A] &
AT IR

530 nm

0.03 b 458 nnf}()2 o

0.00 &

Absorbance

352 396 440 484 528 572 616

a

280 320 360 400 440 480 520 560 600
Wavelength (nm)

Fig. 3 UV-Vis absorption spectra of PAM (a),Ac-Flu (b)
and poly( Ac-Flu-co-AM) (c¢) in DMF

K 3 5 PAM (a) .Ac-Flu (b) 1 poly( Ac-Flu-
co-AM) (c) By 5 AP IOGIE. i B AT A1, 46 PAM
TEA] WG X 400 ~ 560 nm 35 Bl P 3 A AT ] W2 05,
A2 2B 7= ) poly (Ac-Flu-co-AM ) 43 5| £E 455,
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490 Fi1 528 nm b BT 3 AU T IX 3 IR
g e P g 12 B A A7 S 986/ 3T Ae-Flu f 3

AN UG AH X R . H e AT RLSIE B poly ((Ac-Flu-co-

AM) R 0] WO B W i 2 i Ac-Flu | 9 A= (8 A1 7
A B, TR o3 BE R PAM 2368 O Y I AN
AT AR
2.3 poly(Al-Flu-co-AM ) K] i i K i B2 3¢ 5t 1
Jin

Kl 4 2 poly (Ac-Flu-co-AM ) ¥ i (a) F1 3 JiE

(b) B3 % B e 33 0638 . i B R, poly (Ac-Flu-

co-AM) AT DL LU B 2 e X% B 20k,
KR A S R AL T 517 nm, A R A
P AAL T 522 nm , B iy M BE 1) 22O 2 5L ™
AB. T LR B SRS R A R I LI Y
RGP WA LR IT S nm, 3 — 5250 45 5 15 BHIE HE

e HOW. R TE BRI T, poly (Ac-Flu-co-

AM) " Ac-Flu i) Jay 89 B LU 78 7 35 10 Hh B9 v, A
1715 5O 0 VAT ) AH AR B 36 6, SR 4 A P
S JLAR S BT o P 2 B e, S ORI BK BY
LK. AL, poly (Ac-Flu-co-AM ) i JIE ) 3 K I <
o 460 nm, T A9 I K B O 482 nm, A FE R
it 20 nm 53X 5 4e R0 1 A 46 G R H
TG vk A% BRI A ) &, i — AP BT AR

800

522 nm a

700
600
500
400
300

200

100
700

482 nm 517 nm b

600
500 -

Fluorescence intensity (a.u.)

400
300 |

200

100

440 460 480 500 520 540 560 580
Wavelength (nm)

Fig. 4 Excitation spectra and fluorescence spectra of
poly(Ac-Flu-co-AM) (a)5 x 10™* g 17" in aqueous

solution and (b) in film (1.0% ,0.013 mm)

poly ( Ac-Flu-co-AM ) W 5% v A7 8 Bk 4 &5 W) 19 A=
. g, Al EUHE B poly (Ac-Flu-co-AM) 7K i
S17 nm b % 5 W J2& 1 Ac-Flu 43 77 £ 1Y, 3 5
522 nm Ab K GFIEERE 1 Ac-Flu B 3EE 46 & W7 AR
.
2.4 BEX poly(Ac-Flu-co-AM ) 3% ¢ B 8 I
K5 4 poly (Ac-Flu-co-AM ) 7K ¥ W 7E A [] 21
iR BE R B9 SO0 B AT Bl E R R T
=, poly ( Ac-Flu-co-AM ) 3 Y i 3 & I i o ' &
A LLRS . Fem B (333 K) A I LE A A il R
(274 K) PR LA 7L 5 nm. X I o B T
(I TF R, 24 Ac-Flu 73 740 T f3 730U S BER] (1 ~
5 ns) I, ¥ 500 R 1) BE ) 23 78 A0 U s, DA H
TR I R 0 R S I B iR B T e AR U N I 2L RS 1Y
LG A R TR A O B R Y
S 45 R LW, poly (Ac-Flu-co-AM) %¢ 't 5t
JE B I B 0 T M R R DUMRLEE R A R, ¢
DGR EE NN AR bR, 5 B T B B LT R O SR
FE(FI) =740.06 -3.0683 T,R =0.9974. J& J& X}
poly ( Ac-Flu-co-AM ) %¢ 3 B 3X — 52 Wi J& 1 Ac-Flu
I3 T B R DG Ak R AL O T R AR
i 3 R R A dER

800

516, nm
A

710
o | 670F
21 630F
3| 590+

700

600

550
0 10 20 30 40 50 60

500

8 Linear regression result:

FI=-3.0683T + 740.06
R=0.9974

400

300

Fluorescence intensity (a.u)

200

100

500 510 520 530 540 550 560 570
Wavelength (nm)

Fig. 5 Fluorescence spectra for 5 x 10 7% ¢ L' poly ( Ac-Flu-
co-AM) in water at the different T from 274 K to 333 K (A, =
485 nm)

Inset; the linearity of the fluorescence intensity versus

temperature

SHMEIE 7 T & Sk I R Y 1 9Ot &
Ac-Flu 7 A2 1 R KO0t B8, ROt 1 B o iR
SRR ST YA O 9 0 R FE AR E RS
EHARIAATAT FEEHE KN LA B A K HE A 27 K g
ML AT N TPt E TR o B
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w bAoA
Dy =k ke + ke + kg +
kpy [FL] + k[ FL]?}
Hop FL R 78 5 ' 58 B, 3 R % 80 b 9 23 0l o X
N PR R ks TORR S 0 7 N B RN
B ke 5 BT IR] B R T AR by 5 A E i 5 | 7S A K
ES L IR TSIV I S
6 ER KW Y T 5 5 o3 N e B R R Bk TE
0°C £ 50°C Z [l iy 28 kil A (2) W
ke =2.0 x 10" exp[ ( - 2.3 x
10'J/mol) /RT]s™!

AN dgk, 5 1/T (h 8k 26 & 36 B G 48 33 2% 1%
o R 5 Z A AR Gk, 45 G A AT Lk
B, BE R B Y TR, 9206 R Y JC AR R i o A
5, H 5 9 ehR e — X s ol 7, TR A R
U, DGR BE T B TR 0 T & S B0 T
iz ) IR 5 A L TR] R4 L3RI K i I S 3R
O — B B EE R R B Ilh E 0 F E T B
[ § RS =R EKEWRE T ko 5 kb K
FECk, MR LM E RN G ERIE T
poly (Ac-Flu-co-AM ) %¢ i 1 7 22 bifi 25 Wt i 1) 7+
5 Tl /)

150 43T Bt T4 R AL BB R I 28 O A T Y O iR
JE AR EE T, R 14 Be it 50z sh i RS AN
ML PNy F I B AR FRIE B AEARIE N, 298k y
FOLYEAS AL IEAS 1 8, 07 3 A 4 1 i 7 4 R T
DA /N 43— 2 — 25 43 1, 2 110 ek 555 A <8 2E € 141 (8]
(R 48 A/ R, DT D80 55 B 2% R0, 1 5 9% Ol 5
JEE L H R TR X — I L, FRATT O A W ¢ F
T Y 25 5L 3K KA S BB R K 4 it 1402 3 AR
RETE — & FE B2 b4 /N3 [a) (9 R 25, (H 2 1 o
(A2 BE AN A2 DA 58 4 408 3 AR 0 11 0 5 O, P I
455 VY B 53 - 1RLVE B 52 el AN B . 7 450
Tk 20 BN, O v 0 ot TR B R, (L I B 25
/NI B AR AR T e MR I, JC R T BR
T TN 53 Al 5 RS 1 9 O AR R G A i 9 O B B
B T B2 1 T v AR

poly (Ac-Flu-co-AM) 5% 't 58 i 15 4 355 it i 52
LA LI G5 R R, o T8 A YO R
55 VAT 1 7K V5 e R TR0 T e 1) ¢ 6 7E O ~ 60°C 22 ]
Xof et LA PR AR ) 1 R T AR A R R
JE 9 SCHRET b1 K

(1)

(2)

2.5 pH 3 poly( Ac-Flu-co-AM ) % 3¢ 1Y 5 iy

& 6 b poly (Ac-Flu-co-AM ) 7K %5 Wi %¢ ) 18 FE
FEARTA pH N 0 & G615 (& P K 480 nm).
S5 R K W], poly (Ac-Flu-co-AM ) [ ¢ 't 58
Wil 5 5 W pHL A 388 T 1 5 3R R R X T ROl
BERNTME, EMNENNE FIEE TR R T
7R g e, He O BB R e R4 T P R
TEEM @ &/ (K 7). % F poly (Ac-Flu-co-AM)
MF 2 H A e R PG, LR Y BE E 9k
R BRI S T P R OR S A Bl
P TR R U] XL IS 28— O 25 T o b R, VS TR
SR B A R AR . TS poly (Ac-Flu-co-AM ) 4b F
PR PRI T, = o 8 L PO R o EE LT
PES> 7 FIBH B I B AATE , B Ve 8o ) BH 25 1 B
AT L B R R O 5 B AR A T
F L R poly (Ac-Flu-co-AM) flll 5 | 1Y % 5t ik
WA ZFh B S AR 70 B 2K, 8 i 3 Fh A 1k 2 3K
T EARMTOCHURIN G LR RENZREY
PEEXT pH A BT B e Joy P

700
9.79
600 |
E 500 |-
B
‘% 400
5
[=1
é 300 F
2 200t 7.75
o
=~ 5.75
0= 468

500 510 520 530 540 550 560 570

Wavelength (nm)

Fig. 6 Fluorescence spectra for 1.5 x 10 > ¢ L ™" copolymer
in aqueous solution at the different pH from 4.7 t0 9.8 (A, =

485 nm)

3 #ig

AR SCR AN 0 A0 U A 1 ik, L9 D6 3R R ot
S L A5 TR T S BN, B G S AT POL R Y R
R 3-TN IR IE AL R Ac-Flu, ff Ac-Flu 154
WEf AM JE5 il & 45 2 5 A 5O K AR A YK
DGR 73 T 44 8 poly (Ac-Flu-co-AM) |, i i3
RAINEFLIIOCFE W & T4 ZOL L R W
poly (Ac-Flu-co-AM) /S RE LA 8 4 Ji K 75 8 P il
W2 R HER PG, T HLHAT AR 4 7 780 K
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NH; O O OH
; COOH
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NH, [e)

/ OO o \
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NH; 000 1o 0 o tm
- —
[1I
O COOH 00C O v
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Q
o

n
NH, O 0 0
00
CO0~
v
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Fig. 7 The species of copolymer present at different pH
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SYNTHESIS AND LUMINESCENCE PROPERTIE OF BIFUNCTIONAL
WATER-SOLUBLE LUMINESCENCE POLYMER MATERIALS

GUAN Xiaolin, LAI Shoujun
(College of Chemistry & Environmental Engineering, Chongqing Three Gorges University, Chongqing 404000 )

Abstract  An unsaturated monomer bearing luminescence group, acryloyloxyfluorescein ( Ac-Flu) was
synthesized from fluorescein and acryloyl chloride in the presence of triethylamine in dry dichloromethane
(CH,CL,) at room temperature. The synthesized Ac-Flu was identified by IR, MS and 'H-NMR spectra.
Copolymer of Ac-Flu and acrylamide was synthesized with thermal initiator, and poly ( Ac-Flu-co-AM ) was
characterized by the method of IR, UV-Vis and DSC. The photophysical behaviors of the copolymer were
explored by recording the fluorescence spectra in solution and film. In addition, the pH and temperature
dependence of fluorescence of the water-soluble poly ( Ac-Flu-co-AM ) was investigated in detail. The results
showed that the relative fluorescence intensity of poly( Ac-Flu-co-AM) at near 520 nm had an excellent linear
response to temperature in the range of 0 ~60°C ,the linear regression equation of the calibration graph was FI
=740.06 —3.0683T, (FI was relative fluorescence intensity , T was temperature ) , with a correlation coefficient
of linear regression of 0. 9974. Moreover, the fluorescence intensity increased continuously from low pH to high
pH from 4. 0 to 10. O after the addition of HCl or NaOH , which resulted from the fact that the predominance of
tautomeric forms of Ac-Flu changed at different medium. This investigation may provide a convenient way to
prepare multifunctional macromolecule biomaterial bearing fluorescein to probe pH and temperature in
biological system.

Keywords Acryloylfluorescein, Water-soluble polymer, Luminescence, Bifunctional probe



