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Abstract Hydrophobically Associating Water—soluble Polymers (HAWPs) had potential applications in many industrial societies due to
their special properties. Recently Hydrophobically Associating Poly—Electrolytes (HAPEs) had attracted increasing interests because they
possessed high water—solubility and peculiar solution property and realized multi—responsive properties, which all stemmed from their
ionic groups. In this paper, HAPEs are classified into Type I (ionic units and hydrophobic groups from different monomers) and Type 11
(ionic units and hydrophobic groups from the same monomer) according to the relatived position between ionic units and hydrophobic
groups and present research state of various kinds of HAPEs, such as anionic HAPEs, cationic HAPEs and amphoteric HAPEs, was
reviewed according to the different types of ions. Suggestions and development trends of the research field are put forward in terms of the
present situation and betaine HAPEs will become a hot spot of this research field.
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Fig. 1 Common hydrophilic monomers used in
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anionic monomers (b), and cationic monomers (c)
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monomers (b), and cationic monomers (c)

B KGR PR, Al Ly i A G K S
PR AN T B AR (8 7 B PR A i K A AR SCRFR O 12 ) Al
A L AT 5 K A R TR — A (B 1 R K BRI AR S
HRR S TT B ) WK, AR ST K 4l A K M SR A 0 LA )
PE 5 SRR L, 20 IS B AT RIS BUIR O R B A F 5
R K

1 BABFERKGAEREY
1.1 BEFERKGEESW(IR)

e DA A A5 SR B L VR B P S T TN O R (AMD) LR 4
Ji5 (St) 22— P9 9 T Jie & -2 P LT B 7R 6 (NaAMPS) I 3L 3R 4 .
S AE R 7 R TR IR 2 T B8 LRSI ASR B BT
PESE A 5 B K S 5 B ES T 19 B BT A0 5 B K L A 8
KGR AR BLERR] 2 i 3R W K TR0 2 S A
EB Vs R B K A A FH B 1 R AN 5 5 B B T 3 T SR
R R AN 25 A T 3L TR K R 0 Bt R M B A L B i
P& 5 5 R0 T BE L 0 5R B B 3 P R AR (9 AF A, A — e R
BE L4 I 55 5 7K 5 141 22 8] B9 5 7K 2 A VE R BRI B 7K 32 1 B9
B K GG AT R 237 A — g B SRR e

TAHERH HH AR RS RS T AM/F ZENE
1%+ /\ Fig (SMA ) /2— TN i ik fiie K& —2— F 35 75 8% /72 (AMIPS ) = JC
B 4 LR Y (HAPAM) , R G W58 T HAPAM 7K %5 W% ) i
AT R, BRFW AR NIEBEE K T 248 L5 AR E T
JE A RBE K TS T8 06 R AT 50 5 B K Rk A 1 B K 4
SR B DR, (530 3R YK s 00 26 5 B W 4



] jcmik

#E S 2011,29(15)

42148 3L ZE (Reviews)

BN RGN R (MU L RS A AR i RIS TE=
ME G, M HAPAM /K % BT £ vk AB A5 LI W 42 & 5
HAPAM 7K B P AT LA 200 8 oK &5 K B X, PR L
AT i T SR S AN B

TAREFUILL AM F1 AMPS 28 37K B0R | L N—=F 56 D9 I ik
i R 5 7K PR, A B IR AR [bmimBF, TS BE T B K 4 A N M
Pk = e LR W) & Al
12 BEFERKAGEESW(IR)

Yang 558 i) Ritter [N il £ 9 52 IR 2§+ 45 A1 (4 i 7K 5
& (NaAMC,,S), I 5 AM 7E /KA i v 1 Al 3 5l B 5 - 72
B 4 A BRI, SO AR S G 0 TR TR RS
AW, pH (LA B AN e ff S5 10 56 7 B K SR & i
H T 4 O 1 3 i R0 45 R 1 LT SR G LA AR R Y
WA ME FH 5 B NaCl 34 i Fn pH {H A9 KA, A 4 ik 514
R B AR B T AR BE AR FH A R 09 T R A
T E Iy O

Gao ZF1"if £ H 25 itk 1R S A1 9 85 K 2R (NaAMC,.S) , I
5 AM & BURRIEC LG | R B B DL RS [ 4 F 2 19 3R )
FIES F BBk 45 6 B LA 0T, SCO0 45 SR on | A /KIE P B
K& A M RE B B B K SRR B K R B T A Y
TG I 5 AEFR K A T, ¥ W B T L 4 0 A6 K U T P A
(R IR A, 38 AR B S A B SR

2 MHBFRERKGEAREY
21 HBFEBEKGEEESY(IE)

— T AL AM, B 3 0 N L AU 1k £ (DMDAAC) |
PR TR 1 /B (OA) R B0k AR TR 5 B R & 83 A
FE e oI IRk A B K 4 A B P B LR W) PADO ., S5 LR
B, PADO 7K ¥ W P A7 2 5k B0 43 1 18146 4 1 T, 76 Ak 23 1 4
B KB N AR TR G B 2k R A Sk Fiak
BF PAM,

BRAL RGN AM T 2575 2 5 (BS) .DMDAAC 2 3k |
HEL-—R R 51 R R, i [ 2 R o e 3 12 i 45 5 K 4
AR E FIL R Y PBAD, JEF ) W s (AFM) WL 5 22 B
0.005g/dL" (1 PBAD ¥ BUE iR ALK, LBl & 1 W0 B 1) 1
R TR B AR TR, VAR BE S0 50 21 ,0.005g/dL!
TR AR & LB 3% T W A B LR 96.5%, [
B, NaCl ¥ B 5 35 52 0 3R & W 0 38 18 0000 B 4 5 W A5 o
Ca™ 1 AP 58 T 5R6 W) 1 22 BERUR
22 MHBFEEBEKGEEED(IE)

WO AR AE PG B AM 5 BH B F B K AR ——2- F LN M
T 56 20 55— BRE b e R Ak g 1 L SR W (AM/MEDMDA ) .
S F W], 7E 0.256mol /L NaCl % i H 26 Wb B 38 2 K IE WA
BRI B A PRk Rl X I SR AR M R 1
F 5% B e 1k B 4y o B - R A RN K S A A IR A

IS
5 []ru] o

SCIESCE & TECHROLOGY REVIER

AT B T SRR AL 2 B T B N e SR TR
FIH 1=T8 S e 5 0 5 503 2 5 WY 56 D U e R 2 o ) 75
FERE B K AR S AM R OK AR, A5 30 B K B B K TR
EY . RGBT SR 8 R A A K ik
S KM R R VA R R A ok B R VR P 1 T
7 T e, 5 25 B K A B A i, RS W KR R 22 %
FIRA YT TR N R AR SR

T T ZE AP 7 ot Ak R0 T R G A K AR
5 AM 7EK P IE RSN T HOKZE A R A, IR T H%
TRERE . 308 7 4 R R K A HL AT 2SR B B v 1 R
M, H TR 2 T A R K 4 S RS PR R R i o
TR R AM 6 R4 21 ) L R Wi i PR A 2=

McCormick S5 Wi 20 vk G BT W s Ik e 6 & 2 — R B
T bt R R AL £ (dimethyldodecyl (2—-acry lamidoethyl )ammoni-
um bromide ), 35 AM FH i o 545 75 12 1 o H S 5 B 7K 4
GRAMIT, & 5% RN 580 5K IR IR YK
WA T 43 F 466 5 BK R 3 B AE 5%—10% 1 3L R P
WML T F M4 G, PG HRE LI IE 5 A W W oy
T AT 7K 6 5 BB 7K i BE AR B R0 (5 ) 503 1 i 48 0

T SO A BT R R 19 2% 1 M R R R e S
(2T J6 TBE I 6 T 31 ) IR AL 8 (DTAB) 145 1% iR 5 AM 787K
VR TR p R AR L IR AT B T A H B R P R g K R AT Y
BH 5 5 7K 4 A TR I Ik e SL 8 40 Poly (DTAB—co—AM), 4521
FHI, Y DTAB &8 N 0.3% (¥ B iy & ) I, 3L 5 4 52 Hh 1 2
e FE TR A BN 1% 0 E5 v Wb, TG 45 5 e B Hh 2K
FEY 0.15g-dL F % 0.11g-dL", 4 DTAB & /M T 0.3% (¥
JoT A ) B AR TR A BOR T 5% 0 RV W b HL A R B e
P,

3 MHERKGEREY
3.1 WHRKGFEEEW(R)

Candau Z5™'H AM NaAMPS | F 5L 904 i 520 £ J = 3
S Ak #e (DMC) A1 P JE 2 1 70 55 7K 244 (DiC,AM Al BAM) ,
R FH R AL R A 7 i 5 10T A ) 2 90 11 85K 445 3R 7 1
fif T, SO R GRS T VR MO B K A A R BE BN S 06 R
BRI F A 2 01 B 7K 6 T P SR 0 S A LA R )
TER EE e m W Sk P A R R . SOt B4R 3L
0 % IR, 1R R VA W MR SR A FE B K S B X
32 AMHEHRKGEAEBEEY(IE)

I bR A5 OB 5 D A B T R K 46 A K PR A ) ASDO
(AM-AMPS-DMDA) B & B, ¥ i 0 26 3 B 2 7 = (10—
70°C) T T B % = T 40°CIR FhE T BT T4,

Salamone “5*H] AM | F 3 5 5 1 40 3k 2 SR R 6 N — &
B FE 5 R s T G 2 e R B B T K PR R AL TR
JE (5K 2 A5 R PP HL A T B YK A R R S
WA R Pkt

77 A



] jcmik

42148 3L ZE (Reviews)

B S, 2011,29(15)

SCIEACE & TECHAOLOGY REVIER

Huang %5 P7E 7K I 00 AM D9 0 98 007 79 36— 6+
I\t 6 AL B ) £ K4 G PR L L LR B AR
W B K S5 R e, ELRE A Bk LA & g o Rmi k., RE
P W 5 3% T M R 9 R B AR AR T T R 0 R A AT
R i EEAE W HKEE A AHEAEH .

Ali Sk. Asrof®=H] A B NN U0 79 3 -N-Hk & 3
PP 5 40 e A K BA A N N— P 3N - 7 5 S 1k S
N, N=Z 5 N 2 N\t B S A B AE — H RS AR ATBN
SR TR A BOK PR B R A BT, S A R Ak
FRT E— 2045 # BH B F B F R AT (CPE) (188 7 3 B
B (APE) | P B i g 5 (PB) KL L ETTRIIR &4 . SCHR[271H
R0 100 S AN TR B 7K B B o 0 B A VS R T, IR IR R A
NaCl 27K A 5t s H A B 1 K 46 APk fE ., 726 SCHk[28]
PB/APE LR 33:67 BY5R G Wi W HA fe i B9 RGEEE .

Licea—Claverie S5PU53 514 5L T W 79 065 2 BiR 2509 B &5 1
FBHES TR A4, 55 E AT 30 3R B A B 7K ik 141 1 i o 3R
LA 0T . 286 R RN Sh SO U R R & W A R AL A S
GAT R, BB AT R H AT 2wk 3R A A T T, AR R T U
LB K G G B PR F RO 0 25 A AT ST T AR LA

TS AP A A M B S i KRR — T s I B 3 - —
P FETR (CLAM) I BLTE | 5 AM DMC fE 7K A i b 4k 58 s
TG 7K G A 58 9 P LA (ADC 2581, A8 PRI EE DL FR 4T
WF5E W, ADC R 915 7K 4 £ 5 W0 1 f At 0 il 1 3 EL i K 4
AP T R B R AR A I EAT A g R e
33 HMEWBEFWUERKGEREY

MeCormick AF3F] H (14 350 80 19 P 504 5 Al 5 20 i
KA T % H R [ FL A 285 1) TR 0 T R UK 4 S R M TR
P T, R 9 AR S S AT 5 TR i SR 1 pHL L AT L A I T
L e I = R e o O N e S TR G A
T L AR R VA VR T D PR G o fer M L B K AR | S
EH B e gs R,

Winnik Z5343F1) FH [] B3 A7 0 Bz 35 T 195 366 79 i /K B 1A
55 N=5 D9 SE D 0 I e 2 3 6 miL s o B TR AT S, RSP
IS F) AT R R, RAE Y A AR S N
BT, T 5 R B K A S5 R AT R A LR
75 1 LM SR B K G G TR W AR O AN (D 2 I T R R
] 19 1 FH AL il e,

4 RE

BT R K 4R G I R B A A, S i PR A R
PR (JC R TRTTG E 70) B AU TBR ), ¥ RO o T 9% (pHL LU 2
RO e i, P PR K 4 S R AW W T B KR S
HL |y 00 e IR, o HG A R TR AT A BT P AT
PR T KRR A Wy RIS ] E A X T B 7 i
K&l A RS YR B T B UK 4R S RA Y, MR B K 45 R
EER7/L0I ST oA (B AT & ) 4 o i 7 DR SO B

BRG4GB G Y i TS 2 DR B9 A5 S R R B
ROk TR CIERE . 456 8 T B miKk 4 & LR Wi & R Bk,
IR A B AT B K S AT A T S R SR A O i 2 g e 3
Bl Bt K 2 3 3R A T B AR AR T 5 A B

% % 3 ik (References)

(1] # B2, sk, AP TROFRERMA L M]. L LEREEOR I
fizkt, 1996.

Jiang Xikui, Zhang Jintao. Aggregation and self —coiling of organic
molecules[M]. Shanghai: Shanghai Science and Technology Press, 1996.

[2] Davidson R L. Handbook of water—soluble gums and resins[M].
Singapore: McGRAW-HILL Book Co, 1980: 1-20.

[3] Armentrout R S, McCormick C L. Water soluble polymers. 76. electrolyte
responsive  cyclocopolymers — with  sulfobetaine  units  exhibiting
polyelectrolyte or polyampholyte behavior in aqueous media [J].
Macromolecules, 2000, 33(2): 419-424.

[4] Liaw D L, Huang C C, Sang H C, et al. Aqueous solution and
photophysical properties of cationic poly(trimethyl methacrylamidophenyl
ammonium methylsulfate) and zwitterionic poly (N,N —dimethylmethacry-
lamidophenyl ammonium propane sultone)[J]. Polymer, 2001, 42(1): 209-
216.

[5] Braun O, Selb J, Candau F. Synthesis in micromulsion and
characterization of stimuli—responsive polyelectrolytes and polyampholytes
based on N-isopropylacrylamide[J]. Polymer, 2001, 42(25): 8499-8510.

[6] Tuin G, Candau F, Zana R. The influence of salicylate counterions on the
aggregation behaviour of a polymerizable cationic surfactant [J]. Colloids
and Surfaces A: Physicochemical and Engineering Aspects, 1998, 131(1-
3): 303-313.

[7] XVBEHE, o ORI, S5 IS, FHES 7 70 2 i i 1 oA (2 PR Tt M ) 2 Bt
T VU g PP R VR AR 0 £ S R TR AT ()] IR A
2006, 24(3): 10-12.

Liu Kangkai, Gao Baojiao, Guo Haopeng. Chinese Journal of Colloid &
Polymer, 2006, 24(3): 10-12.

[8] Wu H W, Kawaguchi S, Ito K. Synthesis and polymerization of tail-type
cationic polymerizable surfactants and hydrophobic counter —anion
induced association of polyelectrolytes [J]. Colloid Polym Sci, 2004, 282
(12): 1365-1373.

[9] Ye L, Huang R H. Study of P (AM -NVP -DMDA) hydrophobically
assoclating water—soluble terpolymer [J]. J Appl Polym Sci, 1999, 74(1):
211-217.

[10] Kaczmarski J P, Glass J E. Synthesis and solution properties of
hydrophobically —modified ethoxylated urethanes with  variable
oxyethylene spacer lengths|J]. Mcromolecules, 1993, 26(19): 5149-5156.

[11] Hill A, Candau F, Selb J. Properties of hydrophobically associating
polyacrylamides:  Influence of the method of synthesis [J].
Macromolecules, 1993, 26(17): 4521-4532.

[12] Candau F, Selb J. Hydrophobically -modified polyacrylamides prepared
by micellar polymerization[]J]. Adv Colloid Interface Sct, 1999, 79(2-3):
149-172.

[13] wmi PRI, 528, Ak, e AT B B k15 i /K 4 & 28 00 T3 J 1t e
=L RY[)]. w4 AR, 2004, 5(10): 736-742.

Gao Baojiao, Wu Nian, Li Yanbin. Acta Polymerica Sinica, 2004, 5(10):
736-742.



] jcmik

#E S 2011,29(15)

42148 3L ZE (Reviews) ﬁ

[14] SKMEPE, TR S0, KRB, 5. AM/AM PS/SMA =7t H 5 Wy (1 & ml &
HAEREWF5E[)). AL T, 2008, 37(9): 1025-1028.

Zhang Pingping, Zhang Dewen, Song Chunlei, et al. Applied Chemical
industry, 2008, 37(9): 1025-1028.

[15] T, XUifgaE, T, 5. 5 7 WK -F AM/AMPS/NSAM = JC3t R ) 1
B B WE R ). o A AE AR 2R, 2008, 29(4): 868-870.

Ding Wei, Liu Haiyan, Yu Tao, et al. Chemical Journal of Chinese
Universities, 2008, 29(4): 868-870.

[16] Yang Q B, Chen Q. Tan Y, et al. Synthesis and aqueous solution
properties of hydrophobically modified anionic acrylamide copolymers|J].
J Polym Sci Part B: Polym Phys, 2008, 46(22): 2465-2474.

[17] Gao B ], Jiang L D, Liu K K. Microstructure and association property of
hydrophobically modified polyacrylamide of a new family [J]. Eur Polym
J, 2007, 43(10): 4530-4540.

(18] Pk —T, Z=WIHE, Z= K5 A, 1 7K 4 - 4 BH B 50 VN 4 5 g 1 R 1
5 R FE)]. BARIE T, 2007, 27(4): 38-40.

Shen Yiding, Li Ganghui, Li Peizhi. Modern Chemical Indusiry, 2007,
27(4): 38-40.

[19] B %, o SCIst, 07, A5 B 7K 2ot B 1 280 O A Tt A 4 5 0 11 1k
45t B EETERET]. 1 T4z, 2007, 58(8): 2138-2143.

Zhong Chuanrong, He Wenqiong, Lai Li, et dl. Journal of Chemical
Industry and Engineering, 2007, 58(8): 2138-2143.

[20] BT &, mHAK, BEAR4E. AM/MEDMDA FH & 7 RBLE K 45 G Kis TE R &
YIS PE BRI DFFE(T]. w20 T APRERL 2 5 TR, 1999, 15(1): 145-148.
Luo Kaifu, Ye Lin, Huang Ronghua. Polymer Materials Science &
Engineering, 1999, 15(1): 145-148.

[21] skfd, sk BW], 2= 5i3E. Bk MBS 75/ ADMCAB K H AL R )
EWPETL[]). il R 2E 4 HARBRE AR, 1999, 38(6): 49-53.

Zhang Jian, Zhang Liming, Li Zhuomei. Acta Scientiarum Naturalium
Universities Sunyatsent, 1999, 38(6): 49-53.

[22] 1 F 4, AIA, BV BROK S 5 DA TG M () I K i TR RE AUF 7T
[JI. f2&WF58 50, 2000, 12(1): 70-73.

Feng Yujun, Zheng Yan, Luo Pingya. Chemical Research and
Application, 2000, 12(1): 70-73.

[23] Chang Y, McCormick C L. Water—soluble copolymers. 49. Effect of the
distribution of the hydrophobic cationic monomer dimethyldodecyl (2-
acrylamidoethyl) ammonium bromide on the solution behavior of
assoclating acrylamide copolymers [J]. Macromolecules, 1993, 26 (22):
6121-6126.

[24] SKIBEE, S SO . FA B 1 RgE K 4 G PR 45 R R M 1 28 D9 99 I8k i
44 PEREN]. 1k T2841, 2009, 60(6): 1593-1599.

Zhang Xufeng, Wu Wenhui. Journal of Chemical Industry and
Engineering, 2009, 60(6): 1593-1599.
[25] Kujawa P, Rosiak J K, Selb J, et al. Micellar synthesis and properties of

SCIESCE & TECHROLOGY REVIER

hydrophobically associating polyampholytes [J]. Macromol Chem Phys,
2001, 202(8): 1384-1397.

[26] Ak, 5. AM—AMPS-DMDA 7K i P i 7K 7 11 3 58 4 7% 0 1k fig
HIWFFELT]. 5 20 T AR RS 5 T AR, 1998, 14(3): 67-70.

Ye Lin, Huang Ronghua. Polymer Materials Science & Engineering,
1998, 14(3): 67-70.

[27] Watterson A C, Hunter C R, Thompson A M, et al. Study of
hydrophobic effects in ampholytic ionomer systems [J]. Am Chem Soc,
Div Polym Chem, 1991, 32: 126-127.

[28] Huang Z Y, Lu H S, He Y. Amphoteric hydrophobic associative
polymer: I synthesis, solution properties and effect on solution properties
of surfactant[J]. Colloid Polym Sci, 2006, 285(3): 365-370.

[29] Umar Y, Al-Muallem H A, Abu-Sharkh B F, et al. Synthesis and
solution properties of hydrophobically associating ionic polymers made
from diallylammonium salts/sulfur dioxide cyclocopolymerization [J].
Polymer, 2004, 45(11): 3651-3661.

[30] Umar Y, Abu-Sharkh B F, Ali S A. The effects of zwitterionic and
anionic charge densities in polymer chains on the viscosity behavior of a
pH-responsive hydrophobically modified ionic polymer[J]. J Appl Polym
Sci, 2005, 98(3): 1404-1411.

[31] Santos—Rosas R, Licea—Claverie A, Arndt K. Statistical copolymers of
methacrylic acid derivatives with hydrophobic spacers and N,N” -
dimethylaminoethylmethacrylate: New associating polyampholytes [J]. J
Mex Chem Soc, 2006, 50(4): 164-174.

[32] e, REH, RE, 5. AM/DMC/C,AM 5 7K 4 & 5 5 7 v, it 5t
9 B AR5 TR (D). 8 A 2 A AR 2 3z, 2010, 31(11): 2308
2312.

An Huiyong, Song Chunlei, Xu Kun, et al. Chemical Journal of Chinese
Universities, 2010 31(11): 2308-2312.

[33] Johnson K M, Fevola M J, McCormick C L. Hydrophobically modified
acrylamide —based polybetaines. 1. synthesis, characterization, and
stimuli-responsive solution behavior [J]. J Appl Polym Sct, 2004, 92(1):
647-657.

[34] Miyazawa K, Winnik F M. Synthesis of phosphorylcholine —based
hydrophobically modified polybetaines [J]. Macromolecules, 2002, 35(7):
2440-2444.

[35] Miyazawa K, Winnik F M. Solution properties of phosphorylcholine —
based hydrophobically modified polybetaines in water and mixed
solvents[J]. Macromolecules, 2002, 35(25): 9536-9544.

[36] Miyazawa K, Winnik F M. Solution properties of hydrophobically —
modified phosphorylcholine —based polymers in water and in the
presence of surfactants [J]. J Phys Chem B, 2003, 107 (38): 10677-
10682.

(FE%E £E)

(R SR R & £ RS B2 B ER

“HF R RS WAL B R P B A A A B A B A B
$5 DARMERARGERHE TS FREDAREH A, H45HK
5 FAER A0 F LA BRAFEFALE DY, RiFEAA DI LT Z

SCIENCE & TECHNOLOGY REVIEW
org.cn

S FER A HEHR, BB TES B R 4, %4515 M chenguangren@cast.

79 N



