ca J' » I
otlenecerl

P
# $% 11" %
&(C $ ) &( $%n *

Science Publishing Group

+ " - #." 0L( 2 3 o1("" 14"

yamada.kazunori@nihon-u.ac.jp (K. Yamada)
5
/ #

617 "17'8 &"g' 3" " 9 0 0( "8 +"0 "#)0 0
< 1( 1 1 # $% ! e %

(3 %1 (3 1 - %1

= 3 "o, 0 0 "8 #"0 " 3 "# ># " #

00 )9O, "# ", # 0" 0 "O0" + -9.- )9
. "# ?2 2" 8 "# ", 0#0 "0" .- " # ?
"= " @, 8 "#A -, ?" 8#+.-9- " #)9)9 B)+ -9.-
g # 2" 8" 1"# A- " 0" '@ " " C3

" . " #1 o # 0" ) "0,

- "U#)9)9 )-, = 3 m "0A-) 1# 8 "#) 0
", 0" 3#0 ,"C#, CHHE )9 B)+.-9.-

"HO"#)9 )-)9 Y-, = " @ 3 "t gy #

"Cc3 " )9 B)+.-9.-"#)9 .-, " | #

"1 30 = # " # ooty 0 "# "

"
’

Yo 0 1) = 1 # 0" 0."0"1 0#0 . "0" 1
("8 +"01 ' 3'""

n y ! y - y 1
" # "8 "t 0 ?

-3 0,0 8# 0 " " 3 3w " " 3# o >
. Lo g 3 1 < # 00 )9, "3

30 DE1 "# 3 " 3" "#0 oo 1 "3
" 0, 3-: n " n 7 F1/n Fl # y #)9, #

.1 1"#%% D %E"# " 0 DE"# X o 3 D %
, #" " D E. |, mon 0 #’""'#0 3 0 ##
SH# # " mon "0"# _)9 # # # #

34 @ 3" cC 31 " g =1 " C# T o8
> "0 ovovog o " , 0 # @
o v 30 . " C3" D%EL " D%EL"#
. " S . DE&"# 1 30 "30 8 oo
, > " % .2 0" # son@# W # O s
3 " v ODE >t @#
* n #1 n |l’ O n ", # )9 y D E C 1 )9 " " #
? , , # "> " " 3 " " 1 )9 y
" nonp " g



‘"#T7'8  6'"#"

# 0" 0
4o "
("3o0 " " 0 "
0 , C #, D E
" DE +-9.- ", # )9
)9 )+.-9.-
G " #" "8 #"0 "
weo 0o ( "8
"0 #, 3 "
# D E & #01
, ", #)9 "H#
3 " , " 0
"8 #"0 ", "

#"0 "#
A - S < ;o1 #,
"3, " 1 +-9.-"# 0#0
"0" -1 " # )9,

D E'? 01, "8 |,

, 1 2" 8" | )9 )+.-9.-,
e S #)9)9 -, 10
, # D% E = "0, ?"

)9 )+.-9.- )9 B)+.-9.- "# " #

)9 )i- )9 -, " 0

"3 "# 3" 0 " C3
" ' 3 "
"# 0 , 0 "

"o +.-9.-

o |l
H

m# 01 %

"0 " "

=
4
H

"H - "
=>014"" "
" "o ot

# H

CHs

——/

|
CHz—(;,‘
CHs
OCH2CH2N{
NCHs

>

C|)H3

CH2—C

OCH2CHCH2

\___/

#)0 0 ;
" D%E
# = ", +9-"H )9
, ", # "t # # 3
" D$ E - " +.-9.- "
g 'O C3Y "H " H
Cl # " 0 ,)+ -9.-
#70 " D1 E -:..- "o .
N 31 " " 0,
- 30 "' D1 E=)9, # #
" " " 8
A" gi"# " RC R #"
g" " " A) +.-9.- "H#
- "# A) "#)9, " $J/
0" 0 2<"0 #, "% G
’ o" )9,
# = " )9 )+.-9.- "#
" #)9 )9 )i.-, " # " ., %
"y 3 0O , #1"# #H## # #
= " H#" " #,
84 SR ?
- _G -G .
. G
1G N #)9, G 1
U #)9, 1'# L v ,
"# , +-9.-"# %
e = ?" 8" , )9 )+.-9.- "#
'$ " , )9 )i.-, , #"
wg  # O # = ,oon "
9.- ; = )9 )+.-9.-, #
/ # o0 ) " s I"# @
N @F: # " , N /D E
L CHs3 \
Quaternization I
- > CH2-C
dimethyl sulfate I
HClI CIZ:O ICH3
OCH2CH2I|\I+CH3‘CI
CHs n
_ CHs \
Sulfonation > CHa—C
sodium sulfite I
OCH2C|3HC|:H2
OHSO3 *Na 0



- "1 )9 B)+.9.-, =" THAHA- T T # ,
"% .Cl"#" o+ " #1 A eU% $# M
)9 )i-, #o" " " . A- eU% % # M

L - N A " 30 = " @ Mo
3l momgn ) . % " moo , " #

#" DE - "1 " 1B1 S| D1 2
)9 )i-, ot = # ,
- A L : LR " " @ x =
L "9 )+ -9.-
"H#)9 ), o= , 2" 0, %
Co#T T T #, " D %E
)9 B)+.-9.- "# )9 .-, # )y 0" Y17 L$ " " ">0 " "
#O#" ., % " J&"#t 1 31 0 " #, 3 ° " 0.
" O# 9 Y-, = C# # ., " )
T " ""# 0 "3 ##
THLHO#T ? % L # M & "## 1 "0,
v )9 B)+.-9.-"#)9 Y-, " " #
I T : A # " #
= K)' o 1 @0 "
o1y, )9 )+-9.-"#)9 )i
T 4p o yroox1 & #
L8 9- % 70 1 4" - 3 nvoovo3 vy A )

7 a $< Tt o<T# - "1 # 8 "# #IA1 7 L $)
b E 0 0 , C #,

0 : )9 B)+.-9.- "# )9 Y- =

$ ( & & "o )9 B)+.-9.-"#)9 ):.-, "

,@# " 0 " -

= )9 B)+.-9.- )9 "):.-, "? "0 ? " @ , A-)

" L @# 0o " #IA-) " " "2
D1 E; 1 C# # , " 8 (*C "c " "
g AL "SUHL T L% "# 8 , "# " "9 B)+.-9.-, "#" " CI
A-1 w3 "# C
)9 B)+.-9.-, -"? ,A- )9 Y-, 9 "0 #
cL A- "cCL " . " # " @ =",

JHOH# - ,Cl (*C" " 0 1# " " 0" -
C " # " " "AL " # )9 B)+. -9.-
# A #0  #" J" # C "#)9 -, "0, #
3", oot #A- #  # 0 " ,"
A- "oy # 3" = "> " " #,,
"o "> " "31 | ot#loar :
"HH# # nneCf , C

Al log €1 A2 log €2
(nm)  (dm3/mol-cm) (nm)  (dm3/mol-cm)

BA 3.607 4.006

BA/PhI < Ph 215.2 3607 229.0 1.929

binary component

diCIBA/PhI <dICIBA 215.0 4.220 225.0 3.995
Phl 3.605 1.978

1" # $"# % |

=" " 1l- A " 2 #, e Ney =

"3 I " " 1 ’ " " H# n 0 n " H

3

" o " ", e 2 "#%D1E

L€ "# 3 ' - =L e H*/aea H=L e H*/..a-/. & H



6! 7 ""#7'8 6'"#"

+"

0

- =l ane H= e H+/_+t/re H

| # " " "
0 "H1"#H
o1 "t

" H# ?

= "0
# #

" .
"o Cl "
g "o
"0 A-) "# #/A) 0O
. o o
#" 3

++(Il "
++ "

100

80 |+ \
60
40 +

20

Degree of quaternization (%)

O L I R T | P T T | I T T} 1

0 5 10

15

Amount of grafted DMAEMA (mmol/g)

100

80

60

40

20

Degree of sulfonation (%)

O PRI T T [ N T T T S T N A |

(b)

0 5 10 15

20

25

Amount of grafted GMA (mmol/g)

$ &

O
/0

" #)0 0

30

%

"9 0 Oo( "8

= )9 )+.-9.- , 2" 8#
# 0 " "# )9 ), ,
# " "
8", )9 )+.-9.-,
# " )9 )i,
2" 8 ¢
L #+O- "
y Y
# , )9 )+.-9.-, !
2" g 1 " )9 )+.-9.-
#" "30 " " 30 = 1
" g " .
" " 1 # 2" 8"
, " H K
C1 )9)+9-, " 3
oo g & "#t 1
" 40 # #
9, " HT O "# )9,
"0 @"#H# " # "
o# 1 " "o "
"Hl "# "0"#1 )9 )40
# " " 30"#"
" noo "#) 9, D%E
)9 )+.-9.-, "

*

#1" 0

2" g
C R
"wlL# ., ", 1o #
T, )9 ) -

01 )9

" "0 "2 # 1
T

, 30"# " 0

+4, ("""

; 0 " K) "
1 (1 *1"# ', " )9 )+-9-1
)9 B)+.-9.-1 )9).-1"# # )9 -
.= Ky / ,
)9 J49-,  #HT BT <t #
*DE"#" ">" <" # IC
"#0O( IC “HHt "(
L I TR
" TR % < ( *
"#1, )9 ).-, 1" 3" #
" <" " gUgr S8
e g < :
0 s =
, "8 1 "
)9 )9, # "
, 1" , 0, #



& " "4 "Mt TH- "

(b) PE-g-QPDMAEMA  ——}

(c) PE-g-PGMA

N\ __//\\ ———

(d) PE-g-SPGMA

_/¥ _ T —

[P I S S | [ R B | [P B P S| R
295 290 285 280 540 535 530 525 410 405 400 395 175 170 165

Cls Ols Nls S2p
Binding energy (eV)
1$2,32,42, | 5 ( . ( 6 & 7
v & 82;;:
+4+, (""" ~ 5 60
" 2 (a)
+ +! o
g - 50
= " " - - " “a
o n. 3"0# . )9 B)+.-9.- "# , g 1 40
) )u-' " . ’ " ' " §
' 8" 5 - 30
R # . " g" , é
)9 B)+.-9.- " , 5 1%
"#)9 "):.-, # ) , g 110
% = )9 )+.-9.-, # 30 g
"o 30"#" DA 8" # < U S 0
", " R 30" 0 5 10 15
", +.-9.- # )9 Amount of grafted DMAEMA (mmol/g)
, " #1009, ! " 60
@" o "> D®%E * "#1 2
. , B " " 30 :T; 4 50
)9 )., 1 "# "o 3 o1L"# §
" o #" "0 "# " " 3 140
L 5 1 30
3 s 420
o
5 410
£
< o U N TN T N T T T W N TN T T T N T T T T N SO T AN 1 0

0 5 10 15 20 25

Amount of absorbed water (g/g)

S Amount of grafted GMA (mmol/g)
) $ & ) &
= & '>( &
6 & 7
0 A ) ) & 82, "
0 20 40 60 80 100 g " . "
Degree of functionalization (%) o 3" 1 # " > ' "
$ 3 & & R , )9 B)+.-9.-,
6 & # , :) n 8|| , %I n #
<. # ')( & .0 # )9 |):._ # n

(Jowyjow) seremy
1

(Jowyjow) seremy
1

160

8

90;, " (

0.20

0.15

0.10

0.05

(ww) ssauxoIy} suelquid|\

0.20

0.15

0.10

0.05

(ww) ssausjoly} suelquiB|y



6! 7 ""#7'8 6'"#"

+"

= " " 30, )9 B)+.-9.- "#
)9 -, " "9, " #

Ot DE= " >

. M- .y .
gt s = )9, @"##
# O s R LT
>0 ? , "8

g .

# +4+ ("""

= " , R - I #
?v 8" 1"# " C 3 , ,

" A-"#A-

3 "#,)9 B+-9-, ; $
3" ", @ ,A-"#A-
to#T " Cc3"
) , )9 B)+.-9.-, #
?" 8, %l =" , " #
A- "0 "g#"" " 1
c3 ., ,#"# " "

" # = ", @ ,A-"HA- T
, B , "

g w

" u# u@

7 <990:
2/;

A5

c1 "0 A-THA-
"HT 1 A
, )9, = 3 "
" # "0 # o,
B g , "
DE * "#1 "0 A#
"O# "H", " "
)9 "o# 0 (R
+.-9.- 9, # ?
2" 8", )9 )+-P9-, = ,

3#"

)9,

" #)0 0

#H"#

#

9.-
A'-

?ro8" "

"o 30
# "

" A-THAS &
# 0"
vy .

">0
- 0"

30

0
N

" , 0"

" A-

" A

@ c1

0"

" ot H 4

)9 B)+.-9.- ,
2" 8,

30
C 31 >

)9 B)+.-9.-,
o
; 1
> #

"#OA-
)9 B)+.-9.- ,

$ =

Ho#
" A

" #

9.- #

"H#

%l &

"4 3
, )9 B)+.-9.-, "

"y

0
%

6
A5

#

c3"

L@ A-THA-

2" 8 "

c3 '

"1 3

. 30
0" @

" , 0

"oy
C#,n

nogo

>

#

)9 B)+.-9.-,
S HOA-

T,

B(&

+/



N T
3" "CDE= ,
A-"#A-" )9 B)+.-9.-,
# 2" 8 o+ "1
At "0 ## 0"
"L@# ?" 8# " #)+.-9.-
A "# o OA- " "
)9 B)+.-9.- , # @ "
0# @0 " D1
= N "
A A-" 0"
2" 8# " # )+-9- "
, 0 o0 #
2" 8"
; "L @, AHA-
"o g ; .
)9 B)+.-9.- , "
$ "¢ # 2" 8, 8l"
)9 )+.-9.-, H#T S
= A-"HA- T ., )9 B)+.0.-
"#)9 )+.-9.-, #"0
", " C3 % & "1
c3 " "0# " #,
"C3 " %"# C#,
CH# o # " "
)9 B)+.-9.- )9 )+.-9-, # "#

I @ % (") (e

& c2 #" B 6
& cl # 7 90:

1 "0

= )9 B)+.-9.-"#)9 )+.-9.-, "#
"30 "0 ATHA-T
3, "C3 L%
J+.-9.- 3 " C

"#)+0.- "HtC
"HOAHA- " )9 )+.-9
: " )9 B)+.-9.-,
"H1 O A-THA-T "0
0" "L@#
J+-9- " H g "H
@" " O# @ #
memoomn D$1 E =
"ot g "0t 3
"OATHA- "0 & HE
c/ , C "

, H#,
#1"#
"0t H # " A
, )9 B+9-, "C = "
, @ , A,
vy o
. Sf
. A v
2" 8# " #)+-0.- "
. . N

#0 "

"C3 ., H# #

"o Cl & "## 1 "

)9 B)+.-9.-, ,@# "
neomgomn A-

E& ", #,

)9 B)+.-9.-, "#

A A"

"3 @
@ "0
"3 "

$ #

+ 4+

L
, A "
)9 Y-, H )
o ey e ]
R '@ 3" S
9 Y-, ot
] C g ;
, T
g v e
: " ) "0



617 ""#7'8 &"# ' 3
+"0 " #)0O0

a3
3# 9 Y-, " 0
"o ; 4 on

= c3 "
)9 B)+.-9.-"#)9 Yoo,  Hl #
"#1 30 A" 3
" g )9 B)+.-9.-, A-"
@# 0" ", @
2" 8# " #)+-0- " 1 )
B 2" 8# " #)+.-9
$ % & "o "#1 )
& . C/ # A " H# )9 )i, ")
@# "@#
. . S T
. 3 | . @ | ) "A-TH#) 30 ""#0
)9 Y-, C 3 " *., A
) O . )9 B)+.-9.-"#)9 Y-, 1
% - . . "Cc3 , A) @
3 "vong vy
"0 : L "Ca

A5



A-) @

") " 30

)9 B)+.-9.- "#)9 -, 1
3, "c3
=A " 0,

"# ) "0

'@ 3 " C$% #

"2 A @

; %
#1A-) @
#IA-"  "#)

" #

A

301
., BA-
)9 B)+.-9.-
)9 .-,
C3

C"#!

30

A-)

CCo3

)9 B)+.9.- "#)9 -, 1

301 3,

®
I

30,

c 3"

@

X

.y
#IA) @ 1 30= "##
C/ (*C, "# c3 ., ,#
" " C 'y
) @ C/l"#( F'#*c , (*C = , 1"
S !
it , # )9 B)+.-9.
"#)9 ), "
"#1
C$%
A-"#
3 "#
A5
6 &
<. # 7 9C: " X
& Cl # &
2:0'( I #8%" 1 1 A5
6
D 205 1, 51
")
& #01 " " 3
ne o0 , C #,
)9 B)+.-9.-"#)9 ")i.-,
3 "H"# non #
" @, A, )9 B)+.-9.- ,
L 8" 1"
& )9 B)+.-9.- , "
" o"@ A- " 0"
c3 " . & 1
y " ” # " !) ) 9 ) -
) ,1# )9 Y-, '@ )
# " 0"$
= 3 , 0 A) "#
I #/A-) 0 3#0 , C# .,
<) J#H"
3 )9 B)+-9.-"#)9 )-, = '@
-) 30" " #, "0 A-)
C #/iaA) 0 # @ " #
$1 " c3 ., #
# )9 B)+.-9.- , "# )9 Y-,
# woo# "y o1 30"# 2
) 0 " 0 @
) ,#  "0oC" ="3 #
$ #"# L N L 0



% 6!'7 ""#7'8 6'"# ' 3' "t 9 0 0o(C "8

+"0 #)0 0
30 ""#0 , C#, DE7 6"#'1==>17"1.C""1Q9 " ,
)9 B)+.-9- "# )9 Y- 0 0 # 0 0
n 8" #"O 2 = # O ,# 0 0 y #
" W w " " "# " IR ! 1< 1( 1
# # , 0 %%1
g
D%E 6"#'17 ™ ' =>"1.C""1Q. "
, 00 , " # o#
" 1R ! 48&= 1< 1( %l
1 %
DE:-+ 3:-= >1.A"HT7"' "3l DE7 6'"#1 7 ™">1 . C""1 Q "" "
Q= " ""0 ., "8 #"0 " o " 0o 0o
" IR 1< 1 g 00 , " # g
1 1 0 1R F 5 !
DE -9 # 1'A "#16C#1=/ 1/ " 3" 1 | g’ | ..5!’ F 15_,..0
Q. "#, @ # R T A +1
0 #"0 IR LoLr s 1 1 s %l
< (1 % %1
DE =""1=6'" 17 ." ">1Q9, , O# 0 DSE= =>1 7 &% cmiol o
; @30 "’lR@ - 1< 1(] nE IR 1 F
%1 1 1< %1 ( %l % 1
D%E=""17 = "17 6'" 10Q) 30 DE7 61" =>".C"1Q00 ,
" @ . . # 0 ., o# 1R
3" #" #"0 R I ,* I $ 1< $l( 1 %% 1 %
0, 0, 0,
$ 1< W(1 % %1 S DE7 6"17™1.C"1Q2 " "
DE6S"1H )OA. "1AC<# A 1 0 0o L #
Lo " " # 0" 0 "0"1R 1< %1
Q , , 0 @
" #"0 1R $ < 1( 1 (1 1
1 DE76"1.' 01/=>"1.C""1Q# "y
D$SE'S# 127T81)7 1Q0 " 3 " # - 00 ,
o i T Ty "y mon g " 1R ! 1<
" " 3 ", " 1R 1 1( 1 13
< %1( 1 1
DE76"1P (""1.C""1Q# "##
DE 9; ""31:+),1;- "19+ 1 Qo , " ", )9
W e " , 1R ! 1< 1( %l 1
3 1R ! 1< 1( %1 $ $1 $
DEC =""1C *" 1.&""1Q "" , "> " g
DE: G'1C ="1. &""1 Q=" , 0 0 "#" 0 "8 #"0 IR $ F 1<
"8 #"0 1R 1< $1( 1 %l( 1 % %%1
1
DE.A":-= >1Q( "8 +"0 ,
DE . &""17 .>""1C *" 1Q="  "" , +" " 1R 1< 1( 1 1
"g #MO "#HE" v 1R"
$ 1< $1( 1 % %%1
DE. &""1 C =""1= &#'1; 6'" 1 C *" 1
DE./U,1& > 1P :" 1H/™"1 - A Q"L tstgrgr o0 g #"0 1R
"17.6G''1Qu@ 3 " | " g $ 6 1(1 W
#"0 " " ">1R
E 1 1< $1( 1 $ 1 D% ="> 1 7 ;!"1L ( = >"1 Q) "" ,
" ""s0 " 0 0
DE./U,1& > 1H+"">1-A ""17 G' "1+ "o v IR | 1< %1
#l< (> >1QG #" " 0 " 8" (1 1
#"0 @" oy
N " IR 1< $1( 1 DEPP (™3 17 '1.." "1Q& 3# "
%1 "0, " H "0 8" 1R
040,
DE./U,1& >" 1H+" ">1-A ""17 G "1< S /%1
(> >1Q" " nH# " # t D$EP P (3" 17 = 17" 1.." "1QP ,
0 "8 #"0 " . "1v# " 30 " " #
3 ., 1R E 1 1< 1( 1 0O 0O#0 "O0" "# 00 1 RE

%% %% 1 $ F 1< 1( 1 % 1



& " t4 0ttt M- "

DEP . "1 ) - 1 =) 1Q" , DE-7 1-A" Ol=+ 1:-=">"1QK) #
00 1 0" 0 "HH 0 0"0 "# " # 2< @#8# 00
# 0" o 0 #" " 1R 1 1< $1( 1
/I Foo3 ., " 0 0" # $ $1
"' IR 1< $1( 1 1
% D%E 6'"#'1 = :#1 . C""'1 Q "
+-9- " # @"H##)=9, 30 "
DE'. ™ 1-7" 1-.9 (""1"'. 1 mon noy " 3
Q" ., # O 0o "o0" 1R ! 1< 1( 1
"togrs o0 0 " AR ! 1 $ %1
< %%l( 1 $ $1
DE<&< V319-:31Q 3 " , #
DE7 6"#'16 ™ 16C'"17 " #1. C" "1 . " @ 0"" 0+ " # "0
Q#  "H## o # 00 ", " @t 1FE
., #.# 00 " 1R ! I $ 1< 1( 1 %1l $
1< 1( %1 3$ %1 %
DS$E.: "1-7 +: "14: "1QCO# & CF
DE+*" "17"™ 17" "1. =""#1=" 1Q9,, motgt"#3 . 3 "0 " "
" 3 ., 0#0 "o" * "# " 1R 5
"weo# # ", 0 8" , 1 1< %1( 1 % 1
@ "1 1< 1( %1
$ 1 g DE'=>"""1A ("8'1.&""1Q 3 " ,
nogt g "0 B
DE76"#147 ".C""1Q " .#," " g mongtt @' "R 1<
- 3) ,)0 "0 " %% 1 1
)OO0 0 ) " = 2?21R !
1 1< 1(1 $ 1 DEG6*#16="> 1QG" "# "
0 "3 "0 @"#
DE' "' .>" 31* . .0>0051- .+ ,"1< & "y S, "33 &IR !
)3 "1 QK) #0 ,, O # # # , 1 G 1< 1( $1 1
#,#0"" " #"0" #1R 1

< 1( 1 1



