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Synthesis and Properties of Polyurethane-Polyacrylamide
Composite Fluorescence Hydrogels

ZHANG Liang-liang', GUO Xiao-yan', ZHENG Li*, HUANG Yi-ping'",
XU Ge-wen', BAO Jun-jie', CHENG Qin'
(1. Key Laboratory of Green Polymer Materials of Anhui Province, College of Chemistry and Chemical Engineering,
Anhui University, Hefei 230601, Anhui, China; 2. Hefei Gas Group Co., Ltd., Hefei 230075, Anhui, China )

Abstract: Three fluorescent waterborne polyurethanes (FWPU1~3) were prepared by in situ polymerization
with different molecular weight polyethylene glycol as soft segment and N,N-dihydroxyethylaniline-f-
terpyridine (TPPDA) as fluorescent molecule. Subsequently, different addition amounts of acrylamide (AM)
were introduced into FWPU main chain to prepare a series of polyurethane-polyacrylamide composite
fluorescent hydrogels (FWPUH1~6). The structure and fluorescence properties of TPPDA and the
synthesized hydrogels were characterized by FTIR, solid UV absorption and fluorescence spectroscopy. The
results showed that the main UV absorption peaks of composite fluorescent hydrogels showed red shifts
compared with that of TPPDA, the maximum fluorescence emission wavelengths showed blue shifts, and
the fluorescence emission intensity increased obviously. Moreover, with the increase of PEG molecular
weight and addition amount of AM, the fluorescence intensity of samples increased. When the mass ratio of
FWPU3 to AM was 5 : 4, the synthesized FWPUHG6 showed the largest fluorescence intensity, which was
an improvement 9.5 times compared with that of TPPDA, and its fluorescence quantum yield also increased
by 56%. FWPUH3 reached the maximum equilibrium swelling ratio of 9.95. FWPUH2 exhibited the
highest compressive strength (0.70 MPa). The soft segment glass transition temperature and hard segment
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glass transition temperature of FWPUH2 were —32.1 °C and 96.5 °C, while those of FWPUHS were —46.0°C

and 105.7°C, respectively.

Key words. N,N-dihydroxyethylaniline-f-terpyridine; fluorescence; waterborne polyurethane; hydrogel;

functional materials
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Edinburgh Instruments 2\ ) ; SANS f#/L#% 6l H1 - J7
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( FWPU1~3 VIS [A] P9 s TR B i A s 1) 3R 24 B - SR N
IR K BEE ( FWPUHL~6 ), FE &S50 %
21 ME 2 iR,

1.2.1 3% RACH T RS 49 A%

FeMEEE 1 ek, DL FWPU2 SRS N, T
BEASAYT, A RN OIEEEREFT . BT
FNERIE ¥ 56 1Y TU B A IPDI 8.88 g.,100 °C
i B23 K5 19 PEG2000 20 g, 1RS458
THEZ 80 °C, THIEIEHE 3 h, FEIRZE 50 °CLATF, n

F 1 T NN-"RLIEFEN-p-=HRMEE FWPU (1) JFRES 5L

Table 1 Parameters of FWPU samples based on N,N- dihydroxyethylaniline-f-terpyridine
FE b IPDI/g PEG800/g PEG2000/g PEG4000/g DMPA/g TPPDA"/g HEA/g
FWPU1 13.32 12 0 0 5.27 0.077 1.27
FWPU2 8.88 0 20 0 3.47 0.081 0.91
FWPU3 5.55 0 0 25 2.17 0.082 0.55

¥ : a—TPPDA W ARIINAZMYE TPPDA (5 FWPU &R Sl A9 0.24%11H5 1,
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Table 2 Parameters of FWPUH samples
FWPUl/g FWPU2/g FWPU3/g AM/g MBA/g KPS/g H,0/g
FWPUH1 10 0 0 4 0.025 0.02 10
FWPUH2 0 10 0 4 0.025 0.02 10
FWPUH3 0 0 10 4 0.025 0.02 10
FWPUH4 10 0 0 8 0.050 0.04 22
FWPUHS 0 10 0 8 0.050 0.04 22
FWPUH6 0 0 10 8 0.050 0.04 22

A DMPA 3.47 g. TPPDA 0.081 g (% T 2 mL DMF
o), WA S mL AR, FHEZE 70 °C, fHEHFE 1h,
Ml 2= 50 °CLAR, A 10 mL P, 47 T-9.
T-12 4% 1%, FHRZ 70 °C, fEEHFE 4 h, VT
FEPIMA S E R R B, N 4 h JFREEE
50 °C, LA HEA 0.91 g i 7d5, 60 °CHiFE 1 h
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FHHE A 30 min. B HEAERK 8 70 °CF R 3
h, 1538 — R 50 R g - I Ik e 58 O K B i
(FWPUHI1~6 ), ¥ 3B KB EER T T EE T
KRS 7 d, BERE 12 h He— KK DA 2K S B
R G R B 2 KB D) B AR 3 em, JEZ
3mm W/NEF, ARG TEILP AT EEEG,
N T EE R AE T & .
123 B&EMEEE (PAM) 84 %

SRV s Tk I 11 k) 4 7 7R S L SCRR[23]
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R e IR s, Bk s b KA A
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WEEH 37 °C; RAFPEREMIAPY . R4 %A 5
mm/min, FAFEN 3K, BOFBIME; ST
Br (DMA ): il B2 0 il y—80~180 °C, iAo
N2 °C/min, $FA 1 Hz, SOGKEER T IR
A 20 mm X 5 mm X 2 mm o AR Ty 7 AT A
% B8 CHik[24-26]

2 HR5H®

2.1 LIHMRE s HT

B 1 AN [RIAR X6 431 it 2 PEG FIA [5] T I o e
A E B FWPUH MR NI (PAM) IZI4ME
ijﬁﬁlglo
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Wavenumber/cm™!

a—PAM; b—FWPUHI1; c—FWPUH2; d—FWPUH3; e—FWPUH4

f—FWPUHS; g—FWPUHG6

K1 AR LD E 1#
Fig. 1 FTIR spectra of different products
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OH S5EABETH—NCO I, fi%EYTIafE
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e A TRE 2, HAr FRIEER A, B
TR RE RN, FrLA, WS 1) 4 K Tl %
Bk A= Pl

1.0
a—TPPDA  e¢—FWPUH4
b—FWPUHI £ FWPUHS
0.8 ¢—FWPUH2 g FWPUH6
d—FWPUH3
g 0.6 ‘
S
.§ 0.4
2
< 02
i)s
200 300 400 500 600

Wavelength/nm

[l 2 TPPDA Hl FWPUH Iy % 5M il
Fig. 2 UV-vis absorption spectra of TPPDA and FWPUH
samples
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Fig. 3 Fluorescence spectra of TPPDA and FWPUH samples

AA NERIKFEPIRZS S FWPUH Y[ A28k
g R B 4B R TERIRAST FWPUH M2 A,
K 4C MK LN 3 (HERFRE TR T B T LB T
K, RERR—BIETEIFRE—R, EEBEKLR 3,
BURRF ) iF FWPUH B99ERE o ME 4A il
DI, IR T FWPUH B Anax 2I7E 468 nm
VT, HIOEHmER/NMIFHR c>b>a, f>e>d, XfH
& 4B 1 4C RETE N B A ISR 2 Hooe e i A8 1k o i
fKJ5 1 FWPUH 153 8L R 47 1Y ¢ SRR -

24 WREBFFERSH

PG TR RV B EE S, VG
Y & 06T 805 B 2 R e TR T
PN T T RIR AKX SH R [25]. B 5 REE
TPPDA Fl FWPUH Mzt R Kl . fHIEl 5 a] L
i, FEIZSR TPPDA 2GR TF=% N 11.26%, X
A¥) FWPUH2~6 2¢ i F 7= I — i i 1 18
Jin. Horp, FWPUHG6 B 566 i 7 238 i B ek,
M TPPDA HEAN T IT 56%, AN A7 G50 B

ok ([ 3), FWPUHI RYZG R F 7= R ugAa R
AIREJR R . e SR AR S 3 R AR G 4 i R
A AN R, REEOERK, i
BT R T, YOI AR RaE , H
RN e A% - X NI S N < i
TPPDA 5| AR &R+ A F T TPPDA A7 PERE
FETE

3500

3000 [

Intensity/a.u.
NN
S G
S S
(=) (=)
T T

—

W

(=3

S
T

1000 [
N
500 4
440 460 480 500 520 540 560 580 600
Wavelength/nm

a—FWPUHI; b—FWPUH2; ¢c—FWPUH3; d—FWPUH4; e—

FWPUHS; f—FWPUHG6

Fa4  (A) BHIKCF#E FWPUH 206G (B) T4

REFOEMA; (C) WHIRETOLIR

Fig. 4 (A) Fluorescence spectra of FWPUH samples at
swelling equilibrium, (B) fluorescence photos of
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Fig. 5 Quantum yield of TPPDA and FWPUH samples

25 KERBHEE DT
FWPUH A{UEA BUFH7EEIERE, Rt



511

RRR, A ARG BEE & POUKEEIR K& B S fE

* 1839 -

PSR IPERE . 8] 6 4 FWPUH 7E 37 °CHHIR
TR IPERERIZE . FE 6 FTHT, FWPUHI~6 [
Bk ek 8] T 8.85, 9.11, 9.95, 6.82, 7.35
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AERT 43 T d A3 IS K. Her, FWPUH3 P
Wk ek, T 9.95,

Swelling ratio
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Time/h
Kl 6 ANIF FWPUH ¥ ik b Bl ] i) 22 1k
Fig. 6 Time dependence of equilibrium swelling ratio of
FWPUH samples
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KEE R B PRSI B, DRI, SRR ) R 4 R IX
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Table 3 Compression properties of FWPUH samples

- TR R R IR R

/(x10°MPa) 45 3 & /MPa ZANAE 1%
FWPUH1 0.59 0.46 86.53
FWPUH2 0.41 0.70 96.76
FWPUH3 0.36 0.54 98.36
FWPUH4 2.60 0.42 69.34
FWPUHS5 1.76 0.64 75.60
FWPUH6 0.61 0.52 82.68
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ATHSYES . XTREE T RN PAM WA .
VRIS T AR50 25 i B 7b T LIE S, 5 FWPUH2
AL, FWPUHS H AM Sl A G 2, fifREAC 3G 0,
AREEH T PAM 5 R i &b AR 580
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