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Prepar ation of water-soluble Janus-type POSS and
its effect on properties of PAA/PAM hydrogel

ZHANG Xiaojing, FENG Wenbo, LIU Bo, WEI Wangchong, FAN Kaiqi
( Henan Provincial Key Laboratory of Surface and Interface Science, College of Material and Chemical Engineering,
Zhengzhou University of Light Industry, Zhengzhou 450001, Henan, China )

Abstract: Hydrophilic Janus-type polyhedral oligomeric silsesquioxane (AS-POSS) was synthesized via
one step thiol-ene click reaction of acryloxy propyl polyhedral oligomeric silsesquioxane (Acrylo-POSS)
and 3-mercapto-1-propane sulfonate (MPS), of which the water solubility and the molar ratio of double
bond to sodium sulfonate group was controlled by changing the feed ratio. Next, a series of AS-POSS/
PAA/PAM hydrogels with different AS-POSS contents were prepared through copolymerization of
AS-POSS with acrylic acid (AA) and acrylamide (AM). It was found that AS-POSS/PAA/PAM hydrogel
with 1% AS-POSS to the total monomer mass showed an equilibrium swelling ratio of 512.0, elongation at
break of 1074%, compressive strength of 583 kPa and yield strain of 330%, which were all higher than
those of the control MBA/PAA/PAM hydrogel. The results demonstrated that the introduction of AS-POSS
to the hydrogel significantly improved its performance in swelling, toughness, compression resistance and
dynamic mechanics. Moreover, AS-POSS/PAA/PAM hydrogel displayed excellent electrical conductivity
with the highest up to 0.401 S/m.
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Schematic representation of AS-POSS/PAA/PAM hydrogel synthesis
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Y. MPS 5 Acrylo-POSS 7Ef#{k 7] TEA 1R/ F %
4= Michael J SN . MPS F1 Acrylo-POSS 4 it
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Fig. 2 Water solubility of Acrylo-POSS and AS-POSS
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"HNMR spectra of AS-POSS samples with different
molar ratios of MPS to Acrylo-POSS

Fig. 3
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Table 1
feeding ratios

Molar ratio of acryloxy propyl to sodium sulfonate group and grafting ratio in AS-POSS samples with different

Acrylo-POSS 1

n(;ﬁyﬁiﬁéss) Ha '3 Hb MY R 5 REEAHIE R 5 RS AS'P(‘;/SLSIfﬁ;‘E” v
2:1 1:1 3:1 5.33 : 2.67 372 33.38
4:1 1:0.75 1:1 1.00 : 1.00 621 50.00
6:1 1:04 1:3 2.13 : 5.87 1025 73.38
8:1 1:0.06 0:8 0.32 :7.68 1342 96.00

D U (0 BB SRR TR L HH s WISy 25 CE ; BEREEN R R'5 R Z HI T 4M 1L

T AR (R) FIfERRER LA (RY) HiE
AEE R 101 CHIRHE A 4 2 1) /) AS-POSS [A]
I ELAT LI B AT S A K R, AR St — b o
*SiNMR F11 MALDI-TOF Jfi %%} 3¢ AS-POSS 145
AT IR, B 4 2351k AS-POSS [ ¥SINMR i
#1 MALDI-TOF MS %,

a

& R
Py I
8 o8 s
R . Ol
DN
A {\0'}l \
R R
R HCT T N en,
(o)
&/0 Na'
R S
90 50 10 —30 —70 —110-150—-190 —230—270
J
b l;%_/o\;.‘
R_OPX R
$0-sP S 2034.73 | i 203459
R’ 0% M 2034.73
DA L
N ,
! /Z

AL

e 10 L i T
2000

i i, [T VR TI
2020 2040 2060 2080

ol Ld il
1980 2100

miZ
% 4 AS-POSS HJ ’SiNMR ( a ) 1% F1 MALDI-TOF MS
HEE (b)
Fig. 4 *SiNMR (a) and MALDI-TOF MS (b) spectra of
AS-POSS

H & 4a 7 UL, 7E 0 —68.36 AbH R 1 4NB AL
Wb, VAR T Si AR A AH [R] A% 37 B 3% F &) 4b
A LAE M, AS-POSS 1 m/Z Jy 2034.73 fbiks, X
PR T AR 3 S A PR AN R B AT N B e 1 s 1 PR
1 m/Z 2034.59, MALDI-TOF JHi i/ Hr4h 5 5 NMR
OSSRV AT . 45 BT, Acrylo-POSS 5 MPS
22 () P 0 oo B oy R R vy, 38 e Y Bk H S
MT X EMRMmES . 4 MPS 5
Acrylo-POSS # R B & HEh 4 0 1 B, AT LASRAS AT

BAME S K EHEY) Janus % POSS, J5 24 fd
FHICRC H ) 7K R
2.2 AS-POSSHj XRD #1 TGA & #f

[l 5a 4y AS-POSS ) XRD i &, Acrylo-POSS
WoRt 1 DMRBIAA RS T EIE (20=7.14°) Fl 1
A FE WA PLAS AT 86 (260=20.83°), A3ilUH T 2h
etk POSS HIAT 45K Fll POSS 4% .0 8 fik 8 b 6 127
AS-POSS A5 1% 7 20=20.83° 13 i I B I P AT,
HELT 1 A 20=6.06°14216, F£H] AS-POSS L
Acrylo-POSS R B A BRI ) AR L5 . T
TGA Kl AS-POSS f#EUEM:, Wil 5b Frs.

o a
6.06 20.83°

AS-POSS

IR /a.u.

Acrylo-POSS

FREAREER%
3 3

w
[=]
T

0 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
IRpRE/C
K5 Acrylo-POSS Fl1 AS-POSS i) XRD [( a ); AS-POSS
1 TGA iZk (b)
Fig. 5 XRD patterns of Acrylo-POSS and AS-POSS (a);
TGA curve of AS-POSS (b)

1 TR S e e i /0 B K #5 %, AS-POSS MT
%] 100 CHRMAYKE . TGA Mgk L HAT 148
W E g E AR (300~700 °C ), X2 EHE N 53.2%,
ZW B AS-POSS I HLIRCER 3k A1 19 it o 15| ke



557 H

TRIERE, 25 JK¥EYE Janus 2 POSS A & KX PAA/PAM 7K BE 1 RE 5 i

* 1365

M. AS-POSS RIH K mHMFEM, KE 5%H
IR 340.0 °C ;2 S0%T AR JE ik 486.2 °C,
AN 46.8%, EER A TCHLE LR
2.3 ASPOSSPAA/PAM 7K BT SEM 4 #f

6 "N AS-POSS/PAA/PAM 7K ¥E K Al MBA/PAA/
PAM JKEERL) SEM K. M E H AT LIA 31| LAY 1 7K
BERCFLIR S5 H , FLAEK/INE 0.5~5.0 um ZJi], H.4%
5], WE% AS-POSS KGN, AS-POSS/
PAA/PAM 7K EERE ) FLIR AR AR K, FLEE i 48
JE=, FLIAZS ROk R BT A . X2 T RiE AS-POSS

FHEE RN, 7K B i R 1 AR S5 AT St 3,
AS-POSS Z [A] =4 T #e it i HE R 11, FEELAE K
Bt AS-POSS FH i i3S L EE py 35 7 A2 5, Uil
AS-POSS FH 5 A3 T ] AR w2 7K U M ) A0 Bk 25
1% AS-POSS/PAA/PAM 7K &EZ i fL4% Lt MBA/PAA/
PAM 7K % B FLAR /N ELFLIR 20 A S I Bes 21, 1t
W] AS-POSS H A% MBA H i () 58 B
AS-POSS (51 A$EE T /K EE e 4548 (1) 32 5] AL BR
R, 0 LU AT 2 0K o sl E i LMl (g
Yoy ) i,

Kl 6 1% MBA/PAA/PAM(a). 1% AS-POSS/PAA/PAM (b ), 5% AS-POSS/PAA/PAM ( ¢ ), 10% AS-POSS/PAA/PAM (d ).

15% AS-POSS/PAA/PAM (e ) #120% AS-POSS/PAA/PAM ( f) 7KEEEH) SEM &l
Fig. 6 SEM images of 1% MBA/PAA/PAM (a), 1% AS-POSS/PAA/PAM (b), 5% AS-POSS/PAA/PAM (c), 10% AS-
POSS/PAA/PAM (d), 15% AS-POSS/PAA/ PAM (e) and 20% AS-POSS/PAA/PAM (f) hydrogels

2.4 AS-POSS/PAA/PAM 7Kk 5% B B L 16 F01 JE 45 14 R

AS-POSS HA Ry il A AUK P, K
VE RSN SRR AA AT AM 23R, 4 T
AS-POSS/PAA/PAM 7KEEME, BFSEIKEERL I 125k

fi . AS-POSS/PAA/PAM 7K BE I I XT FR 2 MBA/PAA/
PAM 7K 58I A oL FE 45 D 45 4045 91
% 2, EHHRMEEART 0.1 MPa, WiAREAT
1 ky/m? 0K 356 By ELAT 7 B B A ),

%2  AS-POSS/PAA/PAM F1 MBA/PAA/PAM 7KEEIE 1) 725 14 B Iz 17 k-1 e B P

Table 2 Mechanical properties and swelling properties of AS-POSS/PAA/PAM and MBA/PAA/PAM hydrogels

B R BN Wiee  RATRIE RANA WG . TERK T

kPa /% (kJ/m?) kPa % % A 18] /h 23 34
1% AS-POSS/PAA/PAM 85 1074 6.58 583 89 330 0.166 500 512.0
5% AS-POSS/PAA/PAM 113 637 5.20 557 82 152 0.057 150 20.4
10% AS-POSS/PAA/PAM 150 362 3.71 528 75 107 0.022 100 9.6
15% AS-POSS/PAA/PAM 179 200 2.47 251 56 77 0.014 50 7.7
20% AS-POSS/PAA/PAM 201 128 1.78 240 52 62 0.010 35 6.4
25% AS-POSS/PAA/PAM 213 77 1.35 220 42 57 0.007 30 4.6
MBA/PAA/PAM 142 517 5.04 540 73 44 0.031 130 6.6

3 2 TTLLEH, AS-POSS/PAA/PAM 7K¥EEHE

B R 45 560 8 e = o 583 kPa, WK A iy Sk #
1074% , ¥ K F X% B 4H DL MBA R 28 BEF| )

PAA/PAM 7KEEE . AS-POSS/PAA/PAM 7K & 1 thir

HAER @ A 6.58 k/m®, T xR 41K B Y
5.04 kJ/m*, B# AS-POSS IR, AS-POSS/
PAA/PAM 7K 5 & 1 v fef i J5 32 i 184 Jon v Dy 284 fift <
RGBT/ . X2 TR AS-POSS FlH ryHg i,
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TKEEEF 15%AS-POSS/PAA/PAM 7K HERE 22 [] .

fitiZZ AS-POSS HI & my3ihn, AS-POSS/PAA/
PAM 7K ¥ () HE 45 550 B 0 45 107 28 2 S/ o X
P Bt 25 7 5 G 1A 8 T 4% 1 A K i 388 22 1T A B 2% T
HAAR, DI A B8 e P B0 PR AR o r e R He 4 52 5
ZERW, POSS Y51 A I 2 88 5 1 /KB e 0 40414 AN
PURARTERE
2.5 AS-POSS/PAA/PAM 7K BE B 2o 1 B
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MBA/PAA/PAM 7K EEWE I RERL i ( G') R FERL
i (G") FEARRT AL, NE AT L&
W G—HKRKT G, HHBEMFHIEK G GH#BZE
Wikt K, AS-POSS/PAA/PAM /K EEIKE Y G'1E 10000 Pa
DI E, iXFB AS-POSS/PAA/PAM 7K B AT & i
PE, %FIEZH MBA/PAA/PAM 7KEERE ) GER G"E
RET 5% AS-POSS/PAA/PAM F1 10% AS-POSS/PAA/
PAM PHZ/KEERE R, & 7c #1 d 05k G G”
FHRFEH F (tand ) ZEARRI N AR T BB fbih 2. 78
MAR/NT 1%HF, MBA/PAA/PAM. AS-POSS/PAA/
PAM JKEERCH G'. G"Fl tand #EHREE, ZIGbEE
N AR BE AR ERIE TN, GREAEECT . GTRIFELL
T, FE G G AHAS A K BRI e A i il o
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Fig. 7 Variation curves of G’ (a) and G" (b) of AS-POSS/
PAA/PAM and MBA/PAA/PAM hydrogels at
different frequencies; Variation curves of G', G" (¢)
and tand (d) of AS-POSS/PAA/PAM and MBA/
PAA/PAM hydrogels at different strain amplitudes

AS-POSS/PAA/PAM 7K EEfE I MBA/PAA/PAM
TRBE B 1) Jett JIR N A2 NP AE R 88 51 TR 2, BEE
AS-POSS HEMBEGHN, ZKEERS 1 JE RN AS HH 330%
BH/NE] 57%, T AS-POSS I+ A /K BRI F AR
AS-POSS HI & Y /K B 12 56 ik 2] 8 Ik By A8 A5 o
AS-POSS/PAA/PAM 7K HE fist 4 Jest JIR 1o 75 w8 T~ %o R 4
TKEERE , X FEIAANA AS-POSS e R 55 T /K ¥R A
&1 2E R B FIEIE R, AS-POSS/
PAA/PAM 7K B i H AT 3 6F B4 B 5 A i
2.6 AS-POSS/PAA/PAM 7K % B B2 B 14 BE

AS-POSS/PAA/PAM 7K EEIE HIF K il £ an &l 8
fiw, Bass RT3 2. BEE AS-POSS Hm i
i, AS-POSS/PAA/PAM sK B v KT 8] F 500 h
BT/ NE 30 h, PAEFA K LG 512.0 BT/ NE] 4.6
I S R T3S BK s 1 18 22 R 5 B RH) 445 2% TR ) 1 R R 761
TIOKEER I IKAT A o Horr, 1% AS-POSS/PAA/PAM
IKEEREAERS K 500 h JE ik B I T-fy, HOP- s ik
ik T 512.0, HA MK, MBA/PAA/PAM 7K
EERCAEA K 130 h JF ik Bl I, P AT K Lo
6.6, T 15% AS-POSS/PAA/PAM JKEERZHT 20%
AS-POSS/PAA/PAM 7K EEIE 2 [H]
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Fig. 8 Swelling curve of 1% AS-POSS/PAA/PAM hydrogel
(a); Swelling curves of 5% AS-POSS/PAA/PAM,
10% AS-POSS/PAA/PAM, 15% AS-POSS/PAA/

PAM, 20% AS-POSS/PAA/PAM, 25% AS-POSS/
PAA/PAM and MBA/PAA/PAM hydrogels (b)
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Fig. 9 Pictures of conductive path of AS-POSS/PAA/PAM
hydrogels and MBA/PAA/PAM hydrogel (a); Ionic
conductivity of AS-POSS/PAA/PAM hydrogel and
MBA/PAA/PAM hydrogels (b)
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