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N, N-BUdTNEERE (=97 % 177 2% Acros) ; N-S R 3L PR Bk I (NIPA , H AE i Tk #k X2 4k) 5+ =
B FERRERAN (A JG/K Z B 4l) NN N, N'-PUH 32, — i (TMEMP) |, 34 R k24 430550 5 IV, V=37 B 5640
PRI (BIS) |, 175 ke = H S IR fb 4% (CTAB) |, il B R £ (APS) , HI 2R JRAL R BILAL B, DL iR 2
53 Hr 4t s hhE (Triton X-100, 3 [F) 5N, K(99.96% ) .
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N-isopropylacrylamide ( NIPA ) N, N-dially benzylamine( DiAB)

B K HAR N, NS I HE PR e (DIAB) 2% SCER [ 11,12 ] J5 il 48 o 1o =SB imA 7. 727 ¢
(0. 005 mol ) XM PN HEME .10 mL FIZE 0. 04 mol {RAL R FI/D AURILALER , Z218 A 2 120 °C, 913 24 h,
BHIG A 20 mL ZE487K , F 5435k 50% 15 NaOH 875 pH =10. 0, F 30 mL ZBE4> 3 IRZEBUK A
W, WS SR I S5 A PURTR A o A DU ZES 7080 Z8 18 T AR 2 e iR AR B A g 7K B4 DIAB
1.3 KERBNEHK

FREL NIPA F1 DiAB (248 /R 54 0. 015 mmol , DiAB EE SR 31 0 1% 2% 3% ) T fiAr 20 mL
SDS(1.73 g) /KM i AR A B E EH ARG E N (B 20 mm, (&5 150 mm) |, filA & S
FHEE SR 2% 13286 BIS, 7E 25 °C F il N,’X, 30 min 5, il A 6. 8 mg ASP F13. 5 mg TEMED ( 7%f#
TEL mLZEMRK ) ARSERN 24 b KBTS 07K B YD 0 i, 7EZE K iR 7 d, 5 24 h B4 1 0R%
TR 7K, T PN B2 6 K B I W, DA 25 R B L ) LA TR PR 1 R W, 432 WY g /K B e A 60 °C At 28 Jo
A TR 50 CF HA T4 24 h 15 T8
1.4 BRERNE

PRI T A 25 C 281K HhEk 0. 01 mol/L 1% & 1 1 14 771 ( SDS . CTAB & Triton X-100) %59k
O FERILAE A TR P B R BB e DAY v BB, DB AR R 4 T8 e 2% 1T X 7K, B O o7 BV 2 A
Frig o R IR BRI TR (SR) -

SR=(m,-m,)/m,

A, m TR B (g)  m, I FER ] ¢ A5 A7 B SR ) T () - s

KA SROZTE—EIREE (5 ~90 C) N, iR BIE KV 5 (29 24 h) B3 (SR,) -

SRy =(m, —m,)/m,
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2.1 DiAB #1 P(NIPA-co-DiAB) fy &4

|
2.1.1 DIAB 4% 4E FTIR,0/cm ' :3 077 (=C—H , stretch) ,2 977,2 922 ( HC—H , stretch ) , 1 642
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( C=C ,stretch) ,1 465(C—H ,bend) , 1 451,1 4941 5481 604 (¢, rock) ;' H NMR ( CDCI,, MHz) ,
3.074 ~3. 104 (=C—CH,—N—, d),3. 104 ( $-CH,—N—, d) , 5. 125 ~ 5.237 ( =CH— , m) , 5. 826 ~
5.960( CH,=,m),7.210 ~7.355(,m ). 43U H 5750 N 4. 041 6:2.000:3.996 3:1.997 0:
5.0888=2.021:1.000:1.998:0.999:2. 544 ~4:2:4:2:5; 55 Z 4MH7 S {8 ( BEiE () /% - C 83.29
(83.37),H9.30(9.15),N 7.41(7.48) .

2.1.2  P(NIPA-co-DiAB) # R fEAn 5k JX - 2 89 M 2 T I8 P(NIPA-co-DiAB) [f) FTIR,0/cm ™' ;3 406

(&M N—H, stretch ) ,1 632( C=0 , stretch) ,2 977,2 922 ( H(‘:—H ,stretch) ,1 5441 450,1 494,

1 604 (¢, rock) . x(DiAB)H0.1% 2% 3 % i} ,P( NIPA-co-DiAB) 7K ¥ i 1958 12 43 44 ( gelation fraction )
SR 93.47% 91.78% 91. 24% 89.53%
2.2 BEINFE

P(NIPA-co-DiAB) 7 25 CA[R A i B3 K 8l ) 2 it 26 55 PNIPA AR{BL. 727 K00 46 B BOK BERL
RPN, IR T 22, o iR B

MR YL AT 2 b5 2RI VA SRR AN, VAR AR 2 o IR, VA 7R i 9 0 T
RBEE R BB SR A W X H B 7 K AR 5 DX ST b b 7 B ok o AR50 AT 10 2%, 151
MRS TR G, I Z NSRS RIS o IR BB AR A2 TR BEAR T S B IR, RS W LR
RS BB AFAE , 0 T HA B BT s, RV R o aiad , S 20T Fickian 75U O, HoAs R IR
F B AR T 2R W AR st 83 5 R A A0 v T SE B IR, 1Mk LLis Bl ISR A
REWIXIG , o3 FHERA SR, 38k F5L T non-Fickian §#iA7T k"

K Firestone J5 ikt FERE AR U1 B (SR/SR, <60% ), IRM I F = SR/SR,, = k" , K,k Oy
HIPE T, F iR SR 5P ik SRy BT LA, n gl Sy 248 8 #7 n<0.5, Jy Fickian §" 8 47
nAHAE0. 5 I 1.0 Z[A], Jy non-Fickian §HI, A B4 HUs S HAR s AR 21 555 n > 1, WY B L R
TR R,

Hi lg F ~lg ¢ fEEI PTG BERRYRER ARG no 2 150 T 4 FOKEERAEA R BH ) n fH. Fdhn]
WL, P(NIPA-co-DiAB) /K BEIEH n {EKE DiAB JE /R 73 B4 i g i, 28] P (NIPA-co-DiAB) 35 kAT
SN Fickian ¥ 85575 A non-Fickian § H{,

&1 P(NIPA-co-DIiAB) KRB ARPH n &
Table 1 N values of initial swelling equation for different P( NIPA-co-DiAB) hydrogels

x(DiAB) /% 0 1 2 3
distilled water 0.368 2 0.456 6 0.520 4 0.653 4
0.01 mol/L SDS 0.418 1 0.522'1 0.554 3 0.5852
0.01 mol/L CTAB 0.293 1 0.301 2 0.418 5 0.538 4
0.01 mol/L Triton X-100 0.340 9 0.499 0 0.570 2 0.747 9

H VA K i 275 20 - B I 38 SR 81 738 2, IWRATLUE i, P(NIPA-co-DIAB) K BEE ) SR, Lt
PNIPA K132 (x(DiAB) =2% ) P(NIPA-co-DiAB) 7£ SDS /K R BISN) , fEZ28 WK 1Y SR, HEAE
0. 01 mol/L SR HEEMEFIEW P I RITZ

%2 P(NIPA-co-DiAB) /K RRFEAR B N A H B F1& R MK SR, (g/g)
Table 2 Equilibrium swelling ratio SR, (g/g) for P( NIPA-co-DiAB) hydrogels in different media

x(DiAB) /% 0 1 2 3

distilled water 63.6 93.5 141.6 167.4
0.01 mol/L SDS 63.1 71.0 59.0 77.5
0.01 mol/L CTAB 37.6 42.2 44.1 60.0

0.01 mol/L Triton X-100 30.9 49.4 68.5 88.3
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FIABKFE BT KB SR B o SR, 13RS5 AR , 33 5 3k el KB 17
A AR e T 28 AR SR B2 AK RE 7, P (NIPA-co-DIAB ) i /K BT 7E W 45 b LA 45 44 70 A 72 56
F T BEER T KR MRV , (045 N T S DR L AR EL A RS , 380 T KR R o R,
TEZE MR /KH, P(NIPA-co-DIAB) JKBEIE 1 SR, t PNIPA RG22

AR 2 180 375 59 0 1 (B 1) W BT i 7K O 55 1 2% ( self-assemble ) JE iR 5 2 S ( mixed
micelles ) B SR 1A (aggregates) "*, —J5 1T , BEME IR K LS55 28 Ay S K G5 , (BRI I 4% o 119 45 45 7K
FI H KGR R SR T R PR, BRI 0 2% v B s [ 5 R S, ik — 2B M R T K BEIRCAY
PN I —T5 i, AP R AR AR AT LIS 24> P(NIPA-co-DIAB) -4 H )i /K 35 , T SS9 2 1) Y
IR R T HKZE G YRR, BRI 7K BRI 5k , I K BEIR ) SR8/ o AKEEIRCHY SRy B T1X
THEBIAEAE TR SRS o T A K G S A R TR G O SO R T 4R AR AT, R, A
0. 01 mol/ LR M PEF AW (Y9 SR, FEAEZR IR K HH A /1N

H12¢ 2 2558 1T LU i, PNIPA 1 P(NIPA-co-DiAB) fi) SR, 7 CTAB J ¥ FL A SDS I F /I, 7
(K% CTAB [t K iiE LL SDS K, BiK 45 44 15 L LL SDS fiyii o
2.2 AETRPEKEERSRERNXE

MAESCER [ 1], R FARAS IR ( Volume Phase Transition Temperature , T, A, T, HH L ER G
B SR At B LCST /R4S ) Al %€ SO d(SR,) /7dT ~ T #iZk By e/ ME . e lb B s 4 FokEERAY
LCST {8 T3 3, |38 3 ATLIA H, FRIETE PR A7 AE3 N T LCST {6, (HHE i BE AN [R] , Ui K BRI
TEIRAT N SRR AL A 5% o T EL, %5 i) AR AR AR I BE R AR b 5 /K SR ) 35 B TG

%= 3 P(NIPA-co-DiAB) 7k B H) R FRH B E LCST/(°C)
Table 3 Temperatures of volume phase transition for P( NIPA-co-DiAB) hydrogels/ ( °C)

x(DiAB) /% 0 1 2 3

distilled water 32.5 32.5 32.0 32.3

Triton X-100 35.4 34.7 33.6 33.5
CTAB 45.6 46.1 45.8 46.2
SDS 80 80 80 80

5| DiAB 4141 )5 , REW-BA W Z [0 5 /K AH FAE F 358, (F BT TR B ) T3 T 65 W44,
15507 P4k A VE RIS , DRI, AR ME (s A 9 4 AT 40 i s S5 % A 1k o

F£ P(NIPA-co-DiAB ) 7K BERE HAFAE 4 S5 7K/ B /K ST, A2 106 1 700 U S 1 T 1) 2% 7K/ B 7K
fli5 o Triton X-100 ,CTAB 5% SDS 7 H &4 B K s K IR Wi sk , PNIPA &4 5N J—CH ( CH; ) , fl| L 1
CH,CHR F4%, P(NIPA-co-DiAB) /K EERE H AL & A NIPA T H 544 7R3, 24 Triton X-100 ,CTAB 5§ SDS
% AF| PNIPA B P(NIPA-co-DiAB) 7KEEIK /2% Hrist, NIPA ()5 P9 5L | 55 /K B0 A £ Triton X-100
CTAB 5§, SDS 1) ig D4 B 8] 4 7T A2 i K 4 A o BB T80 7% P50 CTAB 1 55 3% 10 7% M 77
SDS 254 B RG24 rh AT fifi P ( NIPA-co-DiAB) 7K #E 12 25 F 1k, TE B TR 5 e TR i /K PR T 58, iy LA
LCST HEHIA Triton X-100 B85 o AF 25 MG P57 Triton X-100 P K 1 %7K Fe 4] CH, (CH,CH,0) ,—
BELAS T 0 /K 3 5 0 e 0 A 42630, S S T R A e ') IR M, LCST T s

7% 3 Fdli 3R, P(NIPA-co-DiAB) 7K BE st A FRAR AR I B2 7E SDS 5 1 LL7E CTAB ¥ TH N & o
K2k CTAB 23 K e B4k A SDS Hr i, HL AL ey 2% B8 R K MR, 5 B /K S 1 1) 46 6 1 AR
44y CTAB /KB Rk MR e
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Synthesis and Thermoreversible Swelling Behavior of
Hydrophobically Modified Intelligent Hydrogels
P( NIPA-co-DiAB)

GENG Tong-Mou
(School of Chemistry and Chemical Engineering ,Anging Teachers College ,Anging 246011 )

Abstract Temperature-sensitive hydrogels P( NIPA-co-DiAB) with aromatic group as hydrophobe was were
prepared by free radical micellar crosslinking copolymerization with N-isopropyl acrylamide ( NIPA) and N,N-
dially benzylamine ( DiAB) as comonomers, N, N-methylene-bis-acrylamide ( BIS) as crosslinker, sodium
dodecyl sulfate(SDS) as surfactant and ammonium persulfate ( APS) -tetramethylethylenediamine ( TMEDA) as
initiator system. The influence of DiAB content on the properties of the hydrogels was discussed. In the initial
swelling stage, the swelling behavior of the four hydrogels changed from Fickian kinetics to non-Fickian with
increasing of molar fraction x( DiAB) from 0 to 3% . While x( DiAB) values were 0, 1% , 2% and 3% , the
equilibrium swelling ratio SR, of P( NIPA-co-DiAB) hydrogels were 63.6, 93.5, 141. 6 and 167. 4 in distilled
water; 63.1, 71.0, 59.0 and 77.5 in a 0.0l mol/L SDS solution; 37.6, 42.2, 44.1 and 60.0 in a
0. 01 mol/L. CTAB solution; 30.9, 49.4, 68.5 and 88.3 in a 0.01 mol/L Triton X-100 solution respectively.
It was found that the SR, values of P( NIPA-co-DiAB) hydrogels were greater than that of PNIPA | and the SR,
values of the four hydrogels in distilled water were greater than those in 0. 01 mol/L aqueous surfactant
solution. The volume phase transition temperature or lower critical swelling temperature ( LCST) of PNIPA
hydrogel was enhanced from 32.5 °C in distilled water to 35.4 °C, 45.6 °C or 80 C in a 0. 01 mol/L Triton
X-100, CTAB or SDS solution, respectively. The LCST of P(NIPA-co-DiAB) hydrogels was increased from
32.0 ~32.5 C in distilled water to 34.7 ~35.6 °C, about 45.8 ~46.2 °C or 80 °C in a 0. 01 mol/L Triton
X-100, CTAB or SDS solution, respectively. It was shown that the LCST of P( NIPA-co-DiAB) hydrogels was
increased by adding surfactant. The high volume transition temperature was essentially independent of
hydrophobic comonomer DiAB content.

Keywords N-isopropylacrylamide, N, N-dially benzylamine, hydrophobically modified polymers, intelligent
hydrogel , surfactant



