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R KM (Aldrich 2 &), PEL), M,
25000 ; 5% T4 # 2 7K 3% W ( Aldrich 23 7], 35 wt%
PAA) , M, = 100000 ; P 4 Bk Jiie (I ¥ 12 0 Ak 27 3
FIABRA E, AM) Ak 2z 4l N N -SIF 3L 00PN M
fikJie ( ACROS ORGANICS /A 7], MBAA ) | #8 4t izt
R, 2 H A5 R ] 2- S R (Alfa Aesar 24
] ,2-oxoglutaric acid) ; #4li 7K ( Milli-Q 23 &), Hi 1
K 18.2 MQ + cm) ;

A YRR R F (QCM-D) |, Fif fit Q-Sense 7y
F) ; SIRION 7 & 4 45 4 ¥ 5% ( FESEM ) | fif >% FEI
ONED X OB 2RO P BE % X (XPS, Kratos AXIS
Ultra DLD) , H A% & #t-KRATOS 2% 7 5 B0RS A1 HL
(Sony-DSC-H50) ; 3% [ INSTRON-5543A J7 fig it
5L
1.2 REBRZEENTE

¥ PTFE Fl f7 3% & 4K &5 & i Piranha 3% W
(H,0,/H,80, =3:7 V/V)¥: 0.5 h J5 , Ff 1:1:5
(V/V/V)H,0,/NH, » H,0/H,0 % 10 min, £
A 4l AR TR AR E N, R R 1R

WE 38 1 mg/mL. 3 mg/mL ) PEI( pH
9.0) F1 PAA(pH 2.85) )2 )2 A Al %<. 42T IA T
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¥ PTFE I7E PELIEW P 0.5 h, JUH 28 8 4k
Ve 3 R I N, W, AR5 R AE PAA VW
15 min JFYEHMKT , FHEHLTE PELIFW P 15 min,
it 2 52 B B3 2T E A )2 E (PEL a/PAA
b) ,-PEI /8142 pHe i) PEL 55 pHb ) PAA
WIAEE T n BUZ G FAER A % —)Z PEI Y2
JENEE  a F b BRI AHRX R pH Y B

1.3 WML EBXERENG &

W3 —E R B2 Z R AF 2 mol/L i
AM, 0.08 mol/L [y MBAA, 4 mg/mL [ 2-
oxoglutaric acid W )5 ,7= M 12 h Js & H N,
W+ 22 )2 RS THT 00 7T, 8 22 ) TR R G
B THIRMN,E T 365 nm (1) UV AT T R4S 8 h,
RIGHG Z 2 BN B E= 1 T 4%, &5 T 130C 1)
HEAE 2.5 h B BT A5 R 2 2 IR A 4K 3 R
ZIE NI hgRANELZE, SR 2ZRERYS
PTFE JBL 85, T A3 2] A S 2 2 5, 2858 58 4
671 KRG SRS H I Z R R R
C[ (PEI/PAA) ,-PET]-C[ AM-MBAA-2-oxoglutaric
acid | A SZ# Z )27, C B o 52 1By 8

2 HR5UE

2.1 PEI/PAA ZEEMAEURFERINZET
A3 B =M

¥ pH 2. 85 W H 3 mg/mL ) PAA JK¥%
W5 pH 9.0 MKEEH 3 mg/mL %) PEL /K 4H
A R ESR IR BN K G, AT QCM R g
T PEI9.0/PAA 2.85 ZZ MM K, IFFE T
PEL/PAA £ 2 A6 i F8 2 BF AM B {K  MBAA
SR A 2- AR R 5 R YT RE 1, B T
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T, 1 AR R A2 2 2 B P BURE AR TR, 3 &
W E 2 5. 18] (PEL 9. 0/PAA 2.85), L Z K
(& 1) A pH 2.5 W N 4 mg/mL (1 2-548
% R W, AT L PAA f A6 R 0 £ )5 i R
TJeAR Ak ;1M ) (PEL 9. 0/PAA 2. 85),-PEI ISE4=Y
(E2) il A pH 24 2.5 H 5 4 mg/mL (1 2-5
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Fig. 1 QCM detection of 2-oxoglutaric acid monomer solution
with concentration 4 mg/mL and pH 2.5 pass through the
surface of (PEI9.0/PAA 2.85),multilayer film
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Fig. 2 QCM detection of 2-oxoglutaric acid monomer solution
with concentration 4 mg/mL and pH 2.5 pass through the

surface of (PEI9.0/PAA 2.85),-PEI  ultilayer film
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0 4 mg/mL #2500 T RRVE W, th TR &k
FRN LT A O AT, 8 A7 A e B B 2 Y [R] I
A LA BEL T B9 AE A P AR T 0 R R 2 FR i B
Z 58 R RHAT 2480 8 R 1 1, AL O sk A T
ORI T A RE B AR MED B A 22 )2 I T 4
2 ) Ry IEHL i Y (PET 9. 0/PAA 2. 85) ,-PEI
2 ZBENEA pH 2 2.5 WK 4 mg/mL ) 2-
AR RIS W, T a1 & 2-4 A N R
AT B R AT, 3B A% ] P R AT e J3E o R R v 8
P P R T A R T B0 A 20 1 i T . (EL7E
pH Ry 2.5 (B D, Je S 2 PEL R FR g , 2 2
W2 A D VR IBE T  JoT ek T Bk 6] AT — 2E (9 T [, )
J5 2 J2 WA BB , AT B 4 i, FL 5 R 0 2
WA T SRR B 2 2 SR . A
] ) e AN JZE XS 51 R 9 B 2 J2 I8 B A T 5
PET Sy HMZ 9 2 J2 B4 R T 51 &0 B39 1, 4
T 2 U0 2% 8 iR K B8 RS Y T A R T AT RE.
2.2 ZERERARSH

@A PEL N & 40 2 B9 ( PET 9.0/PAA
2.85),,-PET 1y 2 J22 I v 47 B 4k SRR L 51 &
MG UV OLT| % R a5 s ARG 201
TH S T RS R R R FRATT R
M XPS Bt 4 % oy il € T CL(PEL/PAA) ;-
PEI]-C [ AM-MBAA-2-oxoglutaric acid ] B ¥ # £
JE BT 3R Y 2H AL
Table I The elemental analysis of the upper and bottom surface of

C[ (PEL/PAA) ,-PEI]-C[ AM- MBAA-2-oxoglutaric acid ]

free-

standing multilayer film

C[ (PEI/PAA) ,,-PEI]-
0 N
C[ AM-MBAA-2-oxoglutaric acid ]
(mass conc% ) (mass conc% )
free-standing multilayer film

72. 14
74.51

27. 86
25. 49

The upper surface

The bottom surface

FH XPS i 52 (& 3) C[ ( PEI/PAA) ,,-PEI ]-
C[ AM-MBAA-2-oxoglutaric acid ] § £ # £ 2 I
TREMITRA N, IFHRYEER 1 TR LT
FI ) O N AT & . FRATH MR R L HA %
RGN N EB S B 2 2 M, 2 )2 R 1 H PEI
5 PAA RS 4, C[ (PEI/PAA) ,-PEI]-C[ AM-
MBAA-2-oxoglutaric acid] B £ # £ Z Ky EF1m
O.N i & fif i & 43 Lo 5ok 72.14% (27.86%
C[ (PEI/PAA) ,-PEI]-C[ AM-MBAA-2-oxoglutaric
acid ] A ¥ Z 2y N R O N FL& i i | 45
HAY 30k 74.51% 25.49% , B O N LA —

B HENEBEE R W(O0): W(N) =16: 14,5
AT 22 J2 I rp T 10 4H 25 AR K, PRt B S
ZEME L RE S N REA 2, &P O A
GYAEZ )R BENERIE BT 58 )2 W 48 45 4 i A J2
HIERMIE R T — 2 KERRE. T HAZEK
PSR B R SR i TR A AR R AR Y
W2 5 Z R PEL 5 PAA RS 7™ A 1 1 2%
LR M E T C[ (PEL/PAA),,-PEI]-C[ AM-MBAA-
2-oxoglutaric acid | X ® £% 7K §¢ ik £ |2 I, If B ff
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Fig. 3 XPS spectra of the upper surface (a) and the bottom
surface (b) of the C[ (PEL/PAA) ,-PEI]-C[ AM-MBAA-2-

oxoglutaric acid] free-standing multilayer film

2.3 BXEZEENHE

(PEI/PAA) ,-PEI £ 2 i 28 3o 00K ¥ Wi =
W EINEGI R R G 5 A AAZIRAR 5 IR A 4l
KR Z e S D R R R 22 )2 TR AR 3 i
AERY PTFE JEJiE L B 5153 8] C[ (PEI/PAA) ;-
PEI]-C[ AM-MBAA-2-oxoglutaric acid | B ¥ % £
JERE (P da) , BUR 28 3 58 1 5245 22 )2 IR AE 35 A 8L
Z Koy I 5 BT A 28K BE IR IR K, BT HE 4
A T PERE , Y2 RS T 0h — B s,
Z R BRI 45K, ROK R 1 22 )2 I 5 2k oK
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JZ) (PEL/PAA) , £ 2, B4R Ik (PEL/PAA) |,-
PET (% 22 JZ I8, (H 2 X R 51 2% 300 AR XE 9 i ik 2¢
BCE TR AR D, 2 B 4% ik BRLS X £
JEMER S e dR AN B B, AR A B [ S
JEE. AN 4 (b) Bz, dl i R 28 35 5 1) CL (PEL/
PAA) ,-PEI]-C[ AM-MBAA- 2-oxoglutaric acid | H
SCAERRER R B2 0 4.3 i R 28 0 AR S IR Y
C(PEI9.0/PAA 2.85),-PEl ZZE (K 4(c))
JEZ) 0 4.5 wm. fy O AT UL, BROOR 28 0 XU 2% 1 ok
A IR 22 RN S R 2k S AL F Y 22 2 R
F18 52 B2 A8 A AN R, (HL 2 SR JH XU 2% 32 K 1Y) B S
iR A B 2l ) B S IBR A AT 21 B SR T B AT
B

Fig. 4  The digital image of double network enhanced
C[ (PEI/PAA)12-PEI]-C [ AM-MBAA-2-oxoglutaric acid ]
free-standing multilayer film (a) ,SEM image of cross-section
of double network enhanced C[ (PEI/PAA)12-PEI]-C [ AM-
MBAA-2-oxoglutaric acid ] free-standing film, which is 4.3
pm thick (b),SEM image of cross-section of thermal cross-

linked C ( PEI 9.0/PAA 2.85),,-PEI free-standing film,
which is 4.5 wm thick (c¢)
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Fig. 5 The stress-strain curves of C[ ( PEI/PAA) 12-PEI]-
C[ AM-MBAA-2-oxoglutaric acid] free-standing multilayer film
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FABRICATING OF DOUBLE NETWORK ENHANCED
FREE-STANDING MULTILAYER FILM

FU Ke, SHEN Liyan, LI Dandan, JI Jian

(MOE Key Laboratory of Macromolecular Synthesis and Functionalization ,

Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027 )

Abstract Getting inspiration of excellent mechanical properties of double network hydrogels, we explored to
prepare a free-standing multilayer film with double network structure. The diffusion of the monomer,
crosslinker, especially the initiator into the multilayer with different outermost layer was investigated by quartz
crystal microbalance (QCM). The positive charged outmost layer of polyethylenimine (PEI) was proved to be
beneficial to the diffusion of negatively charged initiator into the multilayer. A free-standing film can be formed
by immersing the ( PEI/PAA),-PEI multilayer film in a solution consisting of monomer, initiator and
crosslinker , following with a double crosslink process via photo and thermal polymerization. XPS data show that
the upper and bottom surfaces of multilayers have similar components. Instead of a top hydorgel coating on the
multilayer surface,the data proved the formation of a double network multilayer. The Young’ s modulus and
ultimate strain of the free-standing film were 0. 04 MPa and 2. 7% ,respectively. This method provides a facile
method to improve the resilience of the multilayer and fabricate the free-standing film without changing the
thickness of the multilayers.

Keywords Double network hydrogels, Layer-by-layer self assembled, Free-standing film, Exponential
growth



