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Abstract: Responsive polymer gels, which can undergo solution-gel-solution (sol-gel-sol) transition by
responding to external conditions (such as temperature and pH), have attracted significant attention.
However, implementing the sol-gel-sol transition under constant temperature is still a major challenge. A
novel polymer gel (HGX), with spontaneous sol-gel-sol transition at fixed temperature over time, was
successfully constructed from poly(2-hydroxyethyl methacrylate) (PHEMA), glyoxal (GX) and
N,N-dimethylformamide (DMF). The effects of GX mass fraction, temperature and water mass fraction on
gelation time, gelation strength and degradation time of HGX were investigated. The results showed that by
changing the GX mass fraction and temperature, HGX could form a gel with an elastic modulus of 847 Pa,
and degrade to a low viscous liquid (viscosity <30 mPa-s) after 1.5 h. Data from FTIR spectrum and GPC
revealed that the intrinsic mechanism of sol-gel-sol transition was attributed to the dynamic competition
between acetal reaction and ester group bond breaking.

Key words:. polyhydroxyethyl methacrylate; glyoxal; acetalation; ester group; solution-gel-solution transition;

functional materials

i BEHEE: 2022-12-10; EAEHI: 2023-01-31; DOI: 10.13550/j.jxhg.20221138

EeWH: ERASRREES (22072058, 21503094 ); 1 E A LA F] RN 43 A R R UREE b A syl ad B b B 38 Rz
TIEERITT” (YKB2109 ); AP A A6y 2 mIER B 2 A R QU H iRl 1% A R Ers )" (YKF2306 )

EHEEN: B (1999—), B, #i+4:, E-mail: tang xutao@163.com., BEEAN: B Z (1986—), B, t#+J)5, E-mail:
mumeng_cas@163.com; KKK (1983—), 5, BlIZH%, E-mail: zhangym@jiangnan.edu.cn,



55010

g, S RFELVIRIR R T/ & WSS HRAR 2 1 Vi VR -5 -1 e 7

© 2201

KA Wt e P S %) i A8 M B S WL BE A2
BN, HAOWEE R R A YR BRI —
ST KA AR BRI WA = 4 W 2 kg U ARk,
AT R Tk & RN R B B 0/ =K, SR iz Y
s 7 3 g A B g o 7 R R e T R A
SEEEXTAN RN (pH . MREE . #E . Ot HALE )
BRI, TEZ BIRIPE & AR R B T R SO L,
T o0 R 5 0 4% i A 4 b s, DT S B R - B e -
R (sol-gel-sol ) Fh7RM-6]

e o Y RS AR M 25 2 . AR R
WAL S A AT AT A LA 2 g e U0, 3
R 3R AT — g X o R LA s g Y g
ZHAO ISR, MR 37 C RS 0 °C
B, 3T TR R o B SR A 1) R B i) 7 AR 7K G g
BAE 10~70 s NAFESERY, gel-sol FE7A% o P 7 A 4%
X T L SR N AT B WL, (HAE R H T
TF IR P 35 1 Ml 45 Ao B Al sl 3 1 BT Ay o o 3ok 3
IR, FEURR AR BEE A B R AR, X
X R A P BRE R A R TR A PR R
A5 435 B 55 e 1 TR S 1Y) sol-gel-sol 745 38 i 4Kl T
ANFEABE A AL . AR TR, E5RA
s T Pl R0 Ty 12 A K 1) 38 70 A 1 T O BUBRE I B )
H T2 E LIS, Toik B KRS, T2 )ast
A g A S R, M EERE S R Rk
ARANR A TS IELE sol-gel-sol F57% I BE K £
AEEY KRG WEe R ny i T

FHENIEIRFE LR ( PHEMA ) [R5 A g
MR, Hh BRI 51 256 &4 sC ik
L, TE R M4, B, PHEMA B2
FHF B R ) £ AR R4 251718 ZHANG 251
FEJRA PHEMA PO %ERE SEa 135 0 T i 7K SR SR DA
WS HUMERE . BEAN, & (GX) W H/EZC B
o 15 Gy 22 21 e SR K . SELLING %1
R K BE R RN GX Z 8] 4R S S v 3 v 1 95
22 2 AE R PR TR . R AEAE N — RO RR O A, TE
P . A e TR PRI 24 s T, AT B S S
JEF BB 2, ik, PHEMA H&7EfEE
T BE T 50 18 S8 TR 0 DR B 8 B T T

ARCHIFH PHEMA 1 GX 7E N,N-—F 3 B i
( DMF ) /7K A 1 r 1 4 8 S ot B Dy il & 1 —Fob
TH R I & BERF ] 2EFT sol-gel-sol 3% &% A8 ) BE e A4
R, T T AR ZE (MR . RS ) YRR ALRT T |
HEERCTR BE R B e, R T R AR AR
WNAEHLEE,

1 SEES

1.1 RXFE5{NEH
FH LN M8 2 2,18 ( HEMA, T 4350 97.0% ).

AR (BPO, Fifsr4L 75.0% ). GX (i
HMEL 40.0% /K ). DMF (B 4340 99.0% ),
il ZREBLEEARA R (RE), B fbsei ¥Rk s
i AAME R, B

DHR-3 JeFE i AR, FEE TA {X#¥A 7] 5 Nicolet
6700 4= S S BLIH- AR 21 AT AN, 9% [ FR 2R K
IRBHE A F]; S-4800 S & HH A F R, HA
HAr k24t ; TGA 1100SF M HTAL, M4 -
FER AR A BRA A5 Infinity 1260 &E B S G
1, ZEERRHEARA W,

12 Ak
1.2.1 PHEMA # %) %&

HERAFR B 36.44 g (0.28 mol) HEMA Fi1 79.46 g
DMF fIA %] 250 mL = EHiH, #FE S min J5iE
RS 20 min, RJIGFRE 0.61 g 51%% BPO % T
7.23 g DMF, ¥HT 75 CZEEM A = D58,
TINS5 THE S 85 °CUkL: v 8 h, 53| HA—
JE R EE R TC i PR RAA o By ik AR B o
152 R 220 r/min, Hf LR IG5 R ARSE IR VRS
VIR : M(EBTK)=1: 10 I AZ|FEE 1K,
SRR IR AR S YRR, 40 CF HA T4
8 h 15%] PHEMA 1A,

1.2.2  sol-gel-sol YLE

¥ 18 w(PHEMA)=12% . w(GX)=20%#l w(DMF)=
68%FRHL PHEMA [{4& . DMF 1 GX ( H:f, GX &
JOT R A3 EL 40.0%K W, Pr LA AT T 4048 12%
KD, it 5 g F 10 mL HEERF, $iEFE 10 min JB
B — TG 037 AR F A T ( HGX )o SR 5 SRR
FEE A e, AR — B RO SR 1 U
A, RS FE ARG 5 min WER 1K, HERK
SEPEERTE 3 I AR fR e A f KB OR E, 1k
1| 5 AR g e B s %) i 3R R ) BRI E S o8 4 Ak
BFf] s ORI AR SL T B, W AR e
PR 0.5 hid sk 1 IREEC R E AR ML, B 2 B IS IR
FHEERT G 3 TG AR AR 58 4 R, X6 1L 1
2 AT B BRI hy 2R ot ) ) o 8 M A 2 P R
BB/ M, HHIRE 18 A~T G20

# 1 BERREER
Table 1  Gel strength codes
ey

B R0 1 T s Ak

BO S, E B EEAT BT

T U S e, B K & A 3

PRI, DA AR

M S, (8B ILTARAME

e BEZE G A T B I

o A5 I AR 3 B I

RIS I R e 3 e

AR

25 A AT e

48
=

“— ~ T QOTmMmYaQw»




© 2202 ¢

A% 4m 4 T FINE CHEMICALS

540 &

1.3 HHRESHERENIK

FTIR M3t - >R VR AL R s XA i 24T FTIR
M, PO . 4000~400 con ', BHEIL . SR
i e i AR AT e B =R, IR BE S 85 °C, By VI
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Photos of changes in the macroscopic appearance of
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Fig. 2 Shear rate scan (a) and frequency scan (b) of three
states of HGX at 85 °C
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Table 2 Composition of recipes with different GX mass fraction

Y5 w(PHEMA)/% w(GX)/% w(DMF)/%
HGX-1 12 5 83
HGX-2 12 10 78
HGX-3 12 20 68
HGX-4 12 40 48

e RETH GX AT 4341 40% M K I .

440
70 b
60 430
g 60 H .§,
E =
550 - I 20 g%
ol
] 410
J
30t
HGX-1 HGX-2 HGX-3 HGX-4
1x10¢} ® BG4S
BEREAS
~ IX10°f Fefet e
3
g 1x10°F
% 1x10% -
1x102F
1x10' -
HGX-1 HGX-2 HGX-3 HGX-4

E 3 85 °CF GX i/ #% HGX sol-gel-sol #7255
Wi BERCACITE) | BERCORBE . REMENTE (a) I
JE (b)
Fig. 3 Effect of GX mass fraction on sol-gel-sol transition
of HGX: Gelation time, gel strength and degradation
time (a), as well as viscosity (b)
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Fig. 4 Effect of temperature on sol-gel-sol transition of
HGX-3

2.4 IKREHEXT sol-gel-sol F 2RSS0
AN K B A 8Os HGX-3 B s2mi WL 18 5,

HGX-3 £ 85 °C N HN# 45 min [5ESCHLT sol-gel
B e, HGX-3 HF w(k)=12% (i1 GX BT
A ), w(DMF)=68%. H1[&l 5 Al %1, A&k 10%
f\) DMF B HhK, KR B 5ak s 22%, H
REAEA TS 122 T —58, IKRRTE-S CHrEHA
LKA sol-gel A, HEUA 2 e ; (AT 65
F1 45 CEREMIRVT LKA sol-gel #7AE .65 °CT ik
PR KRBT B 5 h, 1 45 °CTF k2R KB
ST 30 ho X — PN 3R I A SR A B K £
i HGX & R b I 410 B N, 1 e HE R L 78 S iR T
B 7K i, T 3L gel-sol F5A8 3 R KT sol-gel 55748
MR, AR RTCIE R sol-gel-sol F7F ., T
BARET, BRILA K 2 B N RE, RO K & 55
Bogwr, AR RONVAT AR R, AR AR
F| sol-gel #%7% , ¢ L firid , HGX & R FP/K B9 i 4
B P IZAK R sol-gel-sol FAA BN R Z —,

P sy a SRS
12% H,0 22% H,0

W

i B I3 Vix 4 m..l

22% H,0 22% H,0
Bl 5 KRB0 HGX-3 sol-gel-sol %57 #5211
Fig. 5 Effect of water mass fraction on sol-gel-sol transition
of HGX-3
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Fig. 6 FTIR spectra of HGX-3 before and after PHEMA
and GX crosslinking (a), standing at 85 °C for
different time (b)
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Fig. 7 GPC spectra of polymer before and after degradation

I 7 AL, PHMEA ()46 B HI X 7 F 5
i (M,) b 190630, Z5E &% (PDI) 4 3.590,
KR T o3 A o FEfR)T , GPC 45 5 W /R A A NI
Horh— AR M, K 150769, PDI K 1.059, S5¥144
PHMEA #Ch42i; 55— &R M, 24 90769, PDI
7 1.042, M, W BAK TI 4 PHMEA . Ui R
T —DHREY . o458 L5347, PHEAM
FACHR M 26 b A B, J2—DARUE LA, )
DA T B A K AP0 R, o A RE, R
XorF R AW HEUE PHEAM & A g 5L K ff
e
2.53 B AR BAEILGE

R IERREE W RIE R T gel-sol #5748, HERER
N-¥2F LTI I N GX se B, B 75 & AL R it
PL1.2.1 95 il 4 PHEMA Ay B A B F 07 4 8 T
R N-FRH LG, I IR HGX-3 Mg il 7%
TXTRERE, BT 85 CHUA sk L, 45
S 8 iR, Ml 8 W, X HRFETE 40 min P 5E
BT sol-gel 7748, M4RZLn 2 d 5, HERCR AL
IR, N H T 2 R R R X —



5510 4

ReEvE, S R ILNIRIR S LR/ T SRR R 1V Y- e - s e 7

© 2205 ¢

B4 3 B PR T I e 3 A EL R R R i A SRR e
P T —A A B UL BRSE 1K 3k T HGX-3
Y gel-sol #:7%

K8 5 N-2 HRE AR I e A PHEMA F X IR S 36 45 2R

Fig. 8 Results of control experiments with PHEMA substituted
by poly(N-hydroxymethylacrylamide)
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Fig. 9 Sol-gel-sol transition mechanism of HGX
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Fig. 10 SEM images of HGX
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Fig. 11 TG-DTG curves of polymer after HGX gelation
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