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Fig. 1  Graphs of ZnO NPs dispersed emulsion: (a) 0 h, (b) 4 h and (¢)12 h (L. commercial ZnO NPs; R: mZnO NPs)
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Fig. 2 FTIR spectra of (a) untreated ZnO NPs, (b)
PMAA homopolymer and (¢) mZnO NPs
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Fig. 3 TGA curve of mZnO NPs
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Fig. 4 Model network structures of mZnO/PAAm hydrogels
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3 mol/L, 5| %5 KPS 63 mg I 30 g /K , i iof [ &
BIS 0.03 mol/L & &, 4 Zn0 & & 0 wt% ~ 1
wt% B F [ € Zn0 0.3 wit% , 278 BIS & &M 0 ~
0. 05 mol/L, & fL i — F FNBE AR il , He A RE il 1
54 N BxZy, LA B3Z0. 5 g il , /8 % BE L BIS
i 0.03 mol/L, ZnO K. ¥ & & & /K it & 1Y
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Fig. 5 The SEM micrographs for freeze-dried hydrogels:
(a) B3Z0 and (b) B1Z0.3

HE— 25 W ZL A0 K] (&L 6) X HA Ak 2 38 1k )
LR R K BEE (1] 6 () ) F[E] I A7 7E AL 2% 1)
B o 28 B 25 4 1Y K BE R (T8 6 (b)) R AT T X
I ,2 FREERCAR LA PAAm (1R AE 24549 . PAAm 43
T A 7 B R 1610 em T AR A7, 1452
em 'l 1413 em 4 A IR WO 23 B [ T CH, Al
CH—CO 35 Y)4i 3h #1725 i 9% 57,2925 em ™" B3 14
Wy il Sk T PAAm il PMAA | CH, , fi 2950
em ' 4b B ISR { T PMAA | CH, A9 45 9% 35,
3200 ~3600 em ' wi sk [ F N—H f1—OH
BTk, 6 (b) 7E 480 em ' A A 4G — Ak B W (4
i 33 ok [ T ZnO Hh Zn—0 KM RS 5
Sh, 6 (b) HfE 1666 cm ™' HY L TE ok H T
PMAA ) C=0 %, 3+ H 5K 6 (a) i PMAA fiy

C=0% (1656 ecm ") M L & 4 T % 3, Ui W
B370. 7 HE e W 4% th PMAA [ 3 3£ 5 PAAm 4 ¥
TP R R R T AR AR T A
IR £ 2% g e 3] 4 3 S8 R A A

a

S
5 1666
5
g
g
[_‘
485
3600 35399 16567 M610
4000 3000 2000 1000

Wavenumber (cm ™)

Fig. 6 FTIR spectra of hydrogels: (a) B3Z0 and (b) B3Z0.7
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R BEAR R BRI 0, OF T A BRAA &R ) A2 4k
Xof 1 8 5% e F) PR

TEBE AR Z2 8 1 A8 v, Ak 27 58 B 0T 58 IE (1)
oA & AR H EZMER, W) 5256 v & AL
A ZnO GK KL+ . JC BIS B4k & b, BIALA
Py A2k ATk 2R S B SR AE R B BE AR R
BT . I BIS I AR AR R, Bl &
A 0.01 mol/L B, W] 4R 7535 g X 4 25 44 [&]
T(a) g il T BE AR R TE [ W) PSS BR G 0.3
W% A2 A N 0. 01 ~ 0. 05 mol/L 2t 45 i 1
JE4q N J7-Ri s k. AL 7 (a) Al LLE b E
b2 Bk U 0. 01 mol/L #4511 %) 0. 05 mol/L, %
JBE AR 2R B TE A8 DA 80% I B I 35% , [R) Isf e 47 528 JiE
1 A2y 800 kPa 25 T [ H] 160 kPa. X & H T 1
Yy A HR R A8 A HLASER A BIS & B Y 1
U BEE =4 0 25 554 52 Bk s8] () PAAm 43§
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Fig. 7 Compression properties of mZnO/PAAm hydrogels
with different contents of (a) BIS and (b) mZnO NPs
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P 7S A B W 58 ZnO 0 KL 5~ & 78 A S
W, KB 52 T B ORI (9 JE AL AR 7 50% ~ 55% IX.
] A2 A, T 45 K R I 7K 52 (9 B T3 AR ZnO 44
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fry.
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7K IR BT B 7 B e
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o T PR N O 34 92 B Skt P 7 A . O
P 8 AT 45, oI 1 2 A Wk 5 a5 0y B A Ik At
W AE Ak, BT AT BRI R AE 3 K5 3 B9 B P, B
B AT B A K A b T R A K B A A (EA R R
EOT- 7 5 M AR . A R ) PR A B A ZnO)
QKR T B B L2 2SIk A BIS A R
BB I AR 2 19 S A 1 30N 3R TR g R W
B K 35 /N A1 30 BE 7152 BR80T il 3 % Ak
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Fig. 8  Swelling behavior of mZnO/PAAm hydrogels

with different contents of (a) BIS and (b) mZnO NPs
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AR S 7 i il Hh O [R5 R O[] A8 AN
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VAT MR, 75 S BE AL R 30 B BB R/ DA T X6
52 G TR BE M RE B BT TR I 0 AT A 5, S 2 SR UE S
mZnO/PAAm 14 J5 (4 44 2K 52 6 7K B e Xk DR 4 1T TR
Py 2R K B IR ], M B a5 R an T B
BAF B (Fn ATCC 25586,2.5 mm) 7 i) 3% (€
(PI ATCC 23256, 2 mm) . 3 i 3k B§ ( ATCC
33186, 2.5 mm) . = M 3 [ B (P
ATCC 25261, 2 mm) Fl £ jif 28 ik 26 #F & ( Aa
ATCC Y4, 2 mm).

3 #Hig

i TR ZnO 9 OKORL 1Y R T PMAA 3%

nigrescens

Kook vk AR M SCBL T ZnO 4 Kk 1 78 K %
17> BORAS E SRR AL S AAm 1 S BEVE HIAE
B ACIR R A5 BIS 7E AAm P S ALE 5 R
B Y Ak 22 S2 B R, A L A R T RE AT A
AAm BEQK ST A K BERE. 3k 2 BE I B ) 2
PEBE A 38 5 P B Bl b 2 s R R R A, S
P BT R B BE AE 140 ~ 800 kPa 2 [i] A% £k Fi i A
TE 0% ~80% 5. ¥ KMl 45 3R iF — 20 B /R L
ARSI R ED ZnO 9 KR T A AR AR N X
S U B 11 1 ik A A 5 e AR /0N LR Ak 2% 28 Bk s R
BIS &5 i (48 1k, X B AR 28 0 ik A WY S A 52 0
AL SE PP i 5 K R AE 55% ~ 170% (8] 42 4k, H
ZnO GKKL T 1Y A7 7, 33X 28 BE 0 7 AR 4 19 Bt
PRI IR 3 ol 3 o b 2% 5 B S IR g Y A
W LA R T Re M g KR G, L) M S B T4
F4 3 6 0T 3 A 40 K B2 7K B S ) ) SR A A%,
SR ) 5 AT ) 2 o R Y £ P BB T K
fie AR FIT 77 24 M RE AT A A% b ) A 3 Bl
27 SR a8 Y A0 TT SE IAR ] IO AUAL
B GRK G K BE MR S5 R e — R fk 4 T
— R R 8 A 1 B R T S 2 B I B R
TE HE Wy 15 24 450 358, 114 VS A0 0 S B 1) IO
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PREPARATION AND PROPERTIES OF ANTIBACTERIAL mZnO/PAAm
NANOCOPOSITE HYDROGELS WITH CONTROLLABLE
PHYSICAL/CHEMICAL DOUBLE CROSS-LINKED STRUCTURE

Sheng Liu, Meng-ge Xia, Yan Zhang, Xiao-ze Jiang, Zhou-qi Meng, Yong-tao Wu,
Yan-hua Cheng, Mei-fang Zhu
( College of Materials Science and Engineering, State Key Lab for Modification of Chemical Fibers & Polymer Materials
Donghua University, Shanghai 201620)

Abstract Surface modification of commercial ZnO nanoparticles (ZnO NPs,300 nm in diameter) was carried
out by using polymethylacrylic acid (PMAA) chains. And by using the modifed-ZnO NPs ( mZnO NPs) and
N, N'-methylene-bis-propanamide ( BIS ) as physical and chemical cross-linkers, respectively, novel
antibacterial mZnO/PAAm nanocomposite hydrogels with physical/chemical double cross-linked structure were
prepared via redox initiated polymerization. FTIR , TGA and SEM were used to study the surface modification of
7Zn0O NPs and the prepared mZnO/PAAm nanocomposite hydrogels. Mechanical properties, swelling behavior
and antibacterial test of these hydrogels were also investigated. Results show that mZnO NPs dispersed
uniformly in both aqueous solution and hydrogels’ network through hydrogen bond interactions between —OH
groups on the surface of mZnO NPs and —COOH groups on covered PMAA chains (the cover ratio was 3. 64
wt% ) and served as a physical cross-linker. It was also revealed that in correspondence with the content of
physical and/or chemical cross-linkers, the mechanical properties and swelling behavior ( swelling ratio) of
these hydrogels could be controlled within 140 ~ 800 kPa and 55% ~ 170% , respectively. Further the
antibacterial test illustrated such ZnO NPs implanted hydrogels inhibit the growth of several kinds of oral
anaerobes. These hydrogels may provided a simple approach to achieve the integration of structure and
function.

Keywords  ZnO nanoparticles, Surface modification, mZnO/PAAm nanocoposite hydrogel, Physical/

chemical double crosslinking structure, Antibacterial hydrogels



