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Synthesis of Ordered Macroporous Hydrogels by Chemical
Modification

RONG, Jian-Hua*®  HU, Yong-Hong® MA,Jn°  YANG, Zhen-Zhong"
(* Chemistry Department, College of Life Science and Technology, Jinan University, Guangzhou 510632)
(* Sate Key Laboratory of Polymer Physics & Chemistry, Institute of Chemistry, Chinese Academy of Sciences,
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Abstract Novel ordered macroporous polymeric gels were derived by chemical modification of the corre-
sponding rigid ones, which were template-synthesized by using silica colloidal crystals. In this study, sul-
fonated polystyrene ordered macroporous materials were derived from the corresponding rigid polystyrene
ones by sulfonation with concentrated sulfuric acid at high temperature. It is key that the sulfuric acid and
sulfone groups synchronously introduced are responsible for the hydrogel properties. The ordered mor-
phologies of the samples were confirmed by scanning electron microscopy observation and the replication
with titania. Meanwhile, it is demonstrated that the ordered hydrogels can be used as novel templates to pre-
pare mesostructured inorganic materials with tunable morphol ogies.

Keywords sulfonated polystyrene; ordered macroporous material; hydrogel; template synthesis, chemical
modification

AL RL B T SRR B . A2 U AF LK
DT it VA S5 T 1 BN P AL T 8 AR A 4 AT
TR B A AR S — Tl 46 e FLA R 8
AT 0 V. DAL PSS A 45 2 T v 70 SR ik B
LRV ARG 450 FLIBIRCE . B A )
S Jerb, ARG D AR AT LAAS B FLARAE L 4K
BUBOR B P RALARE, 2B i AR 2 AT i

* E-mail: trong@inu.edu.cn; Fax: 020-85221697; Tel: 020-85221813.
Received July 1, 2004; revised and accepted October 13, 2004.
[E 5 H 2R R} 255 45 (Nos. 90206025, 20128004) %5 151 H .

B RTPEVELE . IEHINERE TSR, DAl AR
%74 EM0 KA RN, ML RawE At
AL 7 FUA R AEX SERDRL R 8 T8 544
oy R Z A IENE MU S (K N, BRG] TR
MUV . S, A Zhae AR AR B P R S 13 B
JF AL K A1),

BN, FATTHRE R TR A AR AT A 2



No. 3 PR BLIRIR LIGAT e FLABREIR 1A 1 o A SRR 0 235

S BRI B PR S I A e K AL R B
FAAE TR S I NFRIEFI R SE, 193] T A 7 LS
PR St 0 O K IR R HE 51 T B 47 T i A
a4 REREA T A A A B R I 5 | AR IR L AN, 75 Btk
R O AR T, TRIRE SRS, A 17 R AL
R LARGHATRACAE R, 19247 P RALBEL. A SR
RS AR5 T R AR

1 XWERsy
1.1 iRF

RO, e, Fugaon ), AT 25 0.
AR THEAIBN), Zr#ral, Bl . wmmg,
98%, 4 Hral, dbutit SR A% 4k 1) . KR DY T B
(TBT), Zrbral, b W ARt T AW . LK LwE
(EtOH), s-#rali, dbnifh 1) .

1.2 BRFKERIEI&Z

T 56 DL AR R s it b B 1 B T R ALK
CATIRL, SR 5 A 2% U (9 7 R0 A LA ekt
AT A FRAG 204 5 R ALK
121 A A ILER T b4 4) & 11820

AR AR AR AR A A SIS B F I, TS
2 CHR[19,20].

FEREAE AR CRE M1 — CIRFEF) K 1.0 wi% 1%
A TR 1 h, RET 20 min BIBRAS, A5
7E60 C RN 12 h (2K LG8 R A KR AN R &
ARG RE, 93 AR OHBESY). &
Jii F 40%I) S0 3R 52 A ) b — AR A R AR B 2, Tk
JaE IR TR R A P LR IR O
122 HFILEAW KR

W AN R AT I6 BE 1R 17 FL2R 2R M 0 R AR 1R HH R 1
24 h, RJGERISHIFE FTHEAE 80 C MV 2 h, fJaik
Z ALK B A B SR IR L0 (SPS) A T ALK B
T Tk A VR R T R A BT
1.3 BFEEMERN_ShKEDR

VA P B P I K R S TG 7K B 56 4 4 th ok
25, Iy B HAELL TBT ok TBT/ECOH(AFALL 11 )%
W, FE 5 h DURIERBNR P AN A ik P ADIRAS.
SR B T AR A B E T 2 T R
FHZ N EtOH/H,O (AFAEL 10 DS, BE 5 h K
fift 25 G SO 56 4. A B P EEIRITIO, E& W1
60 C I, mafriE= T 450 C NbekR 2t
B2, RIS TiO, 45 .

1.4 FAE

A PR IV VR E IR, JLe R ah B BT
W7 5 L R4, SRS 40 A HITACHI(S-530) 2 4
Fi LT BRETW SIS, ¥ —E AR ok R, H
Rigaku D/max-2500 %™ ffi X HHEATHX (WAXS) i
JE H 2.

2 HR5UE

21 BEMHES

Bl 1 45T AR B N A P LR R &
I BT, B la nT Lo AR /R
HERUE A TPHES, NERZ A BB R s &, HEA
RRR PR 5 BR 2 AAH B, 3X— 7 S A AR A 4R
e HSRAE, 53— 5 TR IR S 20 B v SRR 4 S R 1Y) ek
W 2Bk, IR R0 7 KL IR O h T BUAH B
TWALEE. B b AN A P KRR OR &0, il
HIFLAE FPHES, FL5FL2 TRl R & s A . 5
BRI R RGT AL, SLEWRAEIS. B P RALERAR S
W AARZ AR DVB H AR Astk, P24 fL4%
WAL 20 T 5 1) i DRI T AR AR B PR 5 B b SR I, /N
140 2% [ A 43 T 1) 2R 6 0 % 1) s ) 52 1) B i g 2L R
WU R RE IR B R A, AT O J 9 B ) SR 4. M B
R, g Bl R, K3 T BB [ 52 1 e il AL AR A
4. JF BB S BB, 2 ROV R B . R
A SCHRLAR N 289 nm [ AR AR RERSR IR, FLAR 04
%Yy 36.0% 12,

B AT DVB &4 0, 1.04, 3.75, 5.35 wt%ii} 15
BN TP KFLER IR SH M K153 1) LR B 12 Ak 2 (D0, 512 56
A3 B IR BERR 73 Jilldr 44k SPSH, SPSHII, SPSHIN,
SPSIV. T W FC 4 R, TR LM 2 MR IR v Ui
Aab B[R] BS  | NS RS RN, 87K oy Tk 2 AR 2R
WA 2 AT KB T, AE AR Sz h, KB
SPSI, = AN K H IRk AR AN S A, 0B b B AT AT IR
R, H i TASBERE N, SPS ik Ak, #EK
JUT- RIS A IE BPRAS, FH S8 6 = A HLEVE 2
TEAESRG T FH IR AR A 20 00 52 475 e WL 5 1) i 44 25 ¢4 1) i
R, UERALER R LI M B BINAZHE R DVB I, Bl
5 KU P s i R 3 R /K B B TS, HLZ8 W i
FRA%. 225 H0T SPSHI, I, IV KBRS BG4 R . B
DVB AZ A& SR, B it 32 B AR PR, (R B
BN, X2 R TR A LR RS S DK
A4, SR AT WY Bragg AT [ IE A S 2544 1)
Itk



236 (8

i Vol. 63, 2005

B 1 AR R
(@) “HULRERHT (b) LL a hRb bl & i P LR IR O
Figure 1 SEM images of (a) a silica template with sphere size
of 289 nm, and (b) the template synthesized ordered macroporous
polystyrene without DVB
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Figure 2 Optical pictures of the ordered macroporous hy-
drogels: SPSHIL I, IV
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Figure3 Scanning electron micrographs of the xerogel SPS-1V
(a) after being cryo-dried; (b) after being ambient dried
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Figure4 Morphologies of thetitaniareplicated from SPS-1V (a~e€) by using pure TBT as a precursor
(a) exterior region; (b) interior region; (c~e¢) structurally gradient from interior to exterior region; (f) by using TBT/ethanol (1 : 1, V/V)
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