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#>Se$ ]XVZÂQHQ=YQEEQBD̂AH]QXHAFAEADMVWYQ;QBD]<X@

DAYEQH<B^ HARBAWAY<BDEMA;]XVZQHDLQWEUÂADM<B^ WEUÂA@
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%

@;Q@

DLV=M]VEMQDLMEQBQREMYVE$ ;VBV;QDL<YXME<DQ#C>S7@

C-$ <̀HHMBDLQHA[Q̂ FM<_UQVUHX<̂AY<E]VEM;QXA[<@

DAVB ]XVYQ̂UXQH^QHYXAFQ̂ FQWVXQ

'/(

:'LQYV]VEM;QX

YVBD<ABHD̀V^AWWQXQBD;QDLV=M]VEMQDLMEQBQREMYVÈ ADL
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ÀDL f0X! <B^ ]XQHHQ̂ ABDV]QEEQDHFQWVXQXQYVX̂ABRDLQ

H]QYDX<:'LQYQ;QBDHQ̂A;QBDHVFD<ABQ̂ <WDQXYQBDXAWU@

R<DAVB Q̀XQ<AX̂ XAQ̂! DLQB DLQH]QYDX<VWDLQYQ;QBD

LM̂X<DQH]V̀^QXH̀ ADL <B^ ÀDLVUD>2SYV]VEM;QX̀ QXQ
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2.0
3.2 3.3 3.4 3.5 3.6

T-1/(10-3K-1)

y=2.093 6x-4.764 6
R2=0.933 6

ln

L

bAR:(6'LQYVXXQE<DAVB FQD̀QQB EB

0

<B^ &84

PADL ^AH]QXHAVB VWYQ;QBDABDV̀ <DQX! <B^ ^UQDV

DLQLM̂X<DAVB VWYQ;QBD̀ADL <̀DQX! DLQ]aZ<EUQVWDLQ

YQ;QBDHUH]QBHAVB ABYXQ<HQH! <B^ DLQiQD<]VDQBDA<EVW

YQ;QBD]<XDAYEQHUXW<YQDUXBHWXV;]VHADAZQDVBQR<DAZQ:

'LQLARLQX]aVWDLQHUH]QBHAVB! DLQ;VXQBQR<DAZQ

YL<XRQHVWea

*

AVBHVB DLQ]<XDAYEQHUXW<YQ:-YV;]QD@

ADAZQ<̂HVX]DAVB Q=ADHFQD̀QQB BQR<DAZQEMYL<XRQ̂ >2S

<B^ ea

*

AVBHVBDVEA;ADQ̂ BU;FQXVW]VHADAZQHADQHVB

DLQYQ;QBD]<XDAYEQ HUXW<YQ: CVXQVZQX! DLQ WUEEM

HDXQDYLQ̂ YVBWARUX<DAVB VW]VEM;QXYL<AB L̀AYL AHWUEEM

^AHHVYA<DQ̂ <B^ <RXQ<DQXLM̂XV̂MB<;AYX<̂AUH<DLARLQX

]a#]a$&":&$ YVUÊEQ<̂ DVYV;]<YDABR<B^ LVXA@

[VBD<E<̂HVX]DAVB DL<DXQ̂UYQDLQ<;VUBDVW<HHVYA<DQ̂

>2S<̂HVXFQ̂ VBDVDLQYQ;QBDHUXW<YQ<B^ ^QYXQ<HQ

DLQDLAYGBQHHVWDLQ<̂HVX]DAVB E<MQX:aQBYQ! DLQHQD̀V

W<YDVXHEAGQEMDVQ=]E<AB DLQVFHQXZQ̂ DXQB^ VŴQYXQ<@

HABR<;VUBDVW>2S<̂HVX]DAVB ÀDL ABYXQ<HABR]a:

&$!"D88,04286?98.4,L23<230,34/.472323E5:

-2/B4723DW?797F/7?)

66bARUXQ1 HLV̀HDLQ<̂HVX]DAVB VW>2SVB DLQYQ@
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;QBD]<XDAYEQHUXW<YQ ÀDLVUD<̂^ADAVB VWK<

!

?e

(

YVB@

YQBDX<DAVB <B^ ÀDL +:+& ;VE8NYVBYQBDX<DAVB AB DLQ

HVEUDAVB:PADL HUEW<DQAVB YVBYQBDX<DAVB! DLQ<̂HVX]DAVB

AHVDLQX;HDAEEHLV̀H<DM]AY<EN<BR;UAXYUXZQ:'LQ<̂@

HVX]DAVB <;VUBDVW>2S^QYXQ<HQHHARBAWAY<BDEM ÀDL

+:+& ;VE8NHUEW<DQAVB YVBYQBDX<DAVB:'LAHFQL<ZAVX

AB^AY<DQHDL<DDLQYV;]QDADAZQ<̂HVX]DAVB Q_UAEAFXAU;VW

>2SYV]VEM;QX̀ ADL HUEW<DQAVBH:JB <̂^ADAVB DVDL<D!

AVB HDXQBRDL ABYXQ<HQFMDLQ<̂^ADAVB VWHUEW<DQHHLXABGH

DLQHDQXAYHA[QVW>2SYV]VEM;QX

'&(/&1(

! L̀AYL YVUÊ

EQ<̂ DV X̀<] DM]Q<̂HVX]DAVB YVBWVX;<DAVB DL<DYV;@

]<YDHDLQ<̂HVX]DAVB E<MQXDLAYGBQHHDVXQ̂UYQDLQ<̂@

HVX]DAVB <;VUBD:

pH=10.9
pH=13.1

0 0.05 0.15 0.250.1 0.2
0

2

4

6

8

A
ds
or
pt
io
n/
(m
g·
g-
1 )

PCE copolymer concentration/(g·L-1)

bAR:,6'LQ<̂HVX]DAVB AHVDLQX;<EYUXZQVW

YV]VEM;QXVB YQ;QBD]<XDAYEQ<D!+ r <D

^AWWQXQBD]aZ<EUQ

A
ds
or
pt
io
n/
(m
g·
g-
1 )

PCE copolymer concentration/(g·L-1)

0 mol/L
0.01 mol/L

8
7
6
5
4

3
2
1
0
0.00 0.05 0.15 0.250.10 0.20

bAR:16'LQ<̂HVX]DAVB AHVDLQX;VWDLQ

YV]VEM;QXVB YQ;QBD]<XDAYEQ̀ ADL ^AWWQXQBD

K<

!

?e

(

YVBYQBDX<DAVBH<D!+ r

&$#"6?/8.0,<2)B9,Q.4723.35<1,)70.9L34,/.0:

4723:>;L+6B,04/2-02B7064?57,-

66b'J\H]QYDXVHYV]AYHDU^AQH̀ QXQY<XXAQ̂ VUDVB DLQ

YQ;QBDLM̂X<DQ<B^ ]VEM;QXH<;]EQH<H̀ QEEDLVHQVF@

D<ABQ̂ <WDQX<̂HVX]DAVB:'LQb'J\H]QYDXU;VW>2SYV@

]VEM;QXAHHLV̀B AB WAR:4 #<$:'LQ;Q̂AU; FXV<̂

F<B^H<D" (++ Y;

*&

<B^ ! /++ Y;

*&

<XQ̂ UQDVe/a

HDXQDYLABR<B^ DLQ]XQHQBYQVWLM̂XVRQB FVB^ABR:

?DXVBRF<B^ <D& 4&+ Y;

*&

AĤ UQDV/2$eHDXQDYLABR

ZAFX<DAVB WVX;QDL<YXME<DQQHDQX:?DXVBRF<B^ <D& ,.+

Y;

*&

AĤ UQDV<HM;;QDXAY<E2e

*

!

HDXQDYLABR:0<B^H<D

& (++ <B^ & ",+ Y;

*&

AB^AY<DQHM;;QDXAY<E2e

*

!

HDXQDYLABR:'LQ]Q<G <D& (,+ Y;

*&

AH^UQDVe/a

^QWVX;<DAVB ZAFX<DAVB:'LQF<B^ <D& !(" Y;

*&

Y<B FQ

<DDXAFUDQ̂ DV/2a

!

/^QWVX;<DAVB: ?DXVBR F<B^ <D

& &+, Y;

*&

AB^AY<DQH2/eHDXQDYLABR:

(a)

3 0002 0001 500 5001 000
Wavenumbers(cm-1)

(b)

3 0002 0001 500 5001 000
Wavenumbers(cm-1) (c)

3 0002 0001 500 5001 000
Wavenumbers(cm-1)

%
Tr
an
sm
itt
an
ce

%
Tr
an
sm
itt
an
ce

%
Tr
an
sm
itt
an
ce 1 250 cm-1

va 1 550 cm-1

bAR:46J\H]QYDX<VW#<$ >2SYV]VEM;QX

#F$ 2Q;QBDLM̂X<DQ#Y$ 2Q;QBDLM̂X<DQ̀ ADL

>2SYV]VEM;QX

'LQb'J\H]QYDX<VWYQ;QBDLM̂X<DQ ÀDLVUD<B^

ÀDL >2SYV]VEM;QX<XQHLV̀B AB WAR:4F <B^ 4Y:'LQ

b'J\H]QYDXU;VWYQ;QBDLM̂X<DQ̀ ADL <̂HVXFQ̂ >2SAH

ZQXMHA;AE<XDVDL<DVWYQ;QBDLM̂X<DQ̀ ADLVUD>2SYV@

]VEM;QX:'LVURL DLQ<;VUBDVW>2S<̂HVXFQ̂ <̀HZQXM
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H;<EE! ADAHBVDQ̂ DL<DDLQF<B^ <D& ,.+ Y;

*&

<B^

& !(" Y;

*&

VFHQXZQ̂ AB DLQY<HQVWWXQQ]VEM;QX̂UQDV

<HM;;QDXAY<E2e

*

!

HDXQDYLABR<B^ /2a

!

/ ^QWVX;<DAVB

XQH]QYDAZQEMAHXQ̂UYQ̂ AB ABDQBHADM<B^ <]]Q<X<D& ,,+

Y;

*&

<B^ & !,+ Y;

*&

AB DLQ<̂HVXFQ̂ H<;]EQ:'LQ

<̀ZQBU;FQXHLAWDWVX

&

<

#2ee

*

$ WXV;& ,.+ Y;

*&

DV&

,,+ Y;

*&

AB^AY<DQHDL<DDLQ<̂HVX]DAVB VWDLQ]VEM;QX

VB YQ;QBDVYYUXHFMHUXW<YQXQ<YDAVBHABZVEZABR/

2ee

*

RXVU]HVWDLQ]VEM;QX̀ ADL ;QD<EAVBH#Q:R:

Y<EYAU;AVBH$ VB YQ;QBDLM̂X<DQHUXW<YQ:

!"<2309?-723-

'LQ<̂HVX]DAVB <;VUBDVW>2SAHWVUB^ DV^Q@

YXQ<HQ̀ ADL <B ABYXQ<HQVWDQ;]QX<DUXQ:'LQ<̂HVX]DAVB

VW>2SYV]VEM;QXVB YQ;QBD]<XDAYEQAH<B Q=DLVDLQX@

;<EXQ<YDAVB:'LQ<̂HVX]DAVB LQ<DAHY<EYUE<DQ̂ DVFQ

&4:( GT8;VE! FM2E<UHAUH@2E<]QMXVB Q_U<DAVB:'LQ

<̂HVX]DAVB 7AFFHWXQQQBQXRM

$

<̂H

>

V

5+! L̀AYL AB^A@

Y<DQHDLQ<̂HVX]DAVB VW>2SVB YQ;QBDAH<H]VBD<BQVUH

]XVYQHH:

'LQ<̂HVX]DAVB VW>2S^QYXQ<HQH<HDLQ]aAB@

YXQ<HQH! FQY<UHQDLQ>2SAH;VXQBQR<DAZQEMYL<XRQ̂

<B^ HDXQDYLQ̂! L̀AYL XQHUEDHAB <YV;]<YDABR<B^ LVXA@

[VBD<E<̂HVX]DAVB YVBWVX;<DAVB VW>2SVBDVYQ;QBD!

<B^ <;VXQYV;]QDADAZQ<̂HVX]DAVB ÀDL ea

*

AVBH<D<

LARLQX]a:

'LQ<̂HVX]DAVB <;VUBDVW>2S^QYXQ<HQHHARBAWA@

Y<BDEM ÀDL DLQ]XQHQBYQVWHUEW<DQAVB YVBYQBDX<DAVB!

FQY<UHQHUEW<DQAVBHYV;]QDQ̀ ADL >2SDVWVX;YV;]QD@

ADAZQ<̂HVX]DAVB VB YQ;QBD]<XDAYEQ! <B^ HLXABGHDLQ

HDQXAYHA[QVW>2SYV]VEM;QX! L̀AYL EQ<̂HDV< X̀<]

DM]Q<̂HVX]DAVB YVBWVX;<DAVB:

b'J\H]QYDXVHYV]AYHDU^AQHZQXAWMDLQHUXW<YQYV;@

]EQ=<DAVB <B^ YLQ;AY<EABDQX<YDAVB WVX;Q̂ FMY<XFV=ME@

<DQWUBYDAVB<ERXVU]H/2ee

/

VWYV]VEM;QXH̀ ADL 2<

! )

VB ]<XDAYEQHUXW<YQ:

+,8,/,30,-

&6hVHLAVG<f! ?<G<AS! 3<A;VB C! =8,::T-;2QX<;?VY! &//4..+-

! 114/! 14&

!6K<̀<':TVUXB<EVW-̂Z<BYQ̂ 2VBYXQDQ! !++1. (#!$- !!,/!"!

"6OYLAG<̀<a! a<BQL<X<?! ?<̀<GA3:2Q;2VBYX\QH! &//4.#!4$-

"4/,+

(6hVHLAVG<f! '<[<̀<S!f<̀<Af! =8,::2Q;2VBYX\QH! !++!."!-

&,+4/&,&"

,6eLD<-! ?URAM<;<'!'<B<G<h:bEUÂA[ABR;QYL<BAH;<B^ <]]EAY<@

DAVB VW]VEMY<XFV=ME<DQ@F<HQ̂ HU]QX]E<HDAYA[QXH:bAWDL 2-KCS'8-2J

2VBWQXQBYQ VB ?U]QX]E<HDAYA[QXH AB 2VBYXQDQ! ?>@&4"! &//4-

",//"4.

16?YLVFQJ! C<̂QXO:2V;]<DAFAEADMVW]VEMY<XFV=ME<DQHU]QX]E<HDAYA[QXH

ÀDL YQ;QBD<B^ YQ;QBDADAVUHFEQB^H:>XVY?QZQBDL 2-KCS'8-2J

JBDQXB<DAVB<E2VBWQXQBYQVB ?U]QX]E<HDAYA[QXH<B^ eDLQX2LQ;AY<E-̂@

;A=DUXQH#ŜADVXc:C:C<ELVDX<$ -2J! 0QXEAB! 7QX;<BM! ?>@!&4!

!++"-(,"/(1.

46aQBQL<X<?! h<;<̂<f:2Q;2VBYX\QH! &///. !/- &&,//&&1,

.6h<;<̂<f! eR<̀<?! a<BQL<X<?:2Q;2VBYX\QH! !++&. "&-

"4,/"."

/6bQBRiLVBRgUB!bU NQWQBR!P<BRmA<VWQBR! =8,::\QHQ<XYL <B^ <]@

]EAY<DAVBHVWRXQQB FUAÊABR;<DQXA<E:0QAgABR! !++(

&+6N<BR;UAXJ:'LQYVBHDADUDAVB <B^ bUB^Q;QBDQ̂ ]XV]QXDAQHVWHVR̂H

<B^ EARUÂQ]<XDJ:?VEÂHT<;YLQB ?VY!&/&1.".-!!!&/!!/,

&&67-eNA<B!?OKTABR!NJOh<BR_A<V:3AH]QXHAVB <B^ ;V̂AWAY<DAVB VW

B<BV]V̀^QXH:0QAgABR- 2LQ;AY<EJB^UHDXA<E>XQHH! !++"

&!6jU TAB^VBR!>QBRTA<LUA!2LQB CABRWQBR! =8,::2VBYXQDQ#aUB KABR

'U$!!++(./- !4/!.

&"6>QBRTA<LUA!jU TAB^VBR!iL<BRTA<B=AB! =8,::?YAQBYQ'QYLBVEVRM

<B^ SBRABQQXABR# fQ=UQTAHLU MU 7VBRYLQBR$! !++". " # ( $-

"14/"4+

&(6eLD<-!?URAM<;<'!OV;VDV':?DU^MVŴAH]QXHABRQWWQYDHVW]VEM@

Y<XFV=ME<DQF<HQ̂ ^AH]QXH<BDVB WABQ]<XDAYEQH:>XVY?A=DL 2-KCS'8

-2JJBDQXB<DAVB<E2VBWQXQBYQVB ?U]QX]E<HDAYA[QXH<B^ eDLQX2LQ;A@

Y<E-̂;A=DUXQHAB 2VBYXQDQ# ŜADVXC<ELVDX<cC$ -2J! KAYQ!

bX<BYQ! ?>@&/,! !+++-!&&/!!.

&,6eLD<-!OV;VDV':?DU^MVB DLQ̂ AH]QXHABRQWWQYDVW]VEMY<XFV=ME<DQ

F<HQ̂ ^AH]QXHABR<RQBDVB FAB^ABR;<DQXA<EH:>XVYQQ̂ABRHVWDLQT<@

]<B 2VBYXQDQJBHDADUDQ! &//.. &/#!$- .,//+

&16h<;<̂<f!'<G<L<HLA'! a<BQL<X<?! =8,::2Q;QBD<B^ YVBYXQDQ

XQHQ<XYL! !+++. "+- &/4/!+4
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E5-2/B4723=,1.C72/28<2)F:4AB,K29A0./F2QA9.4,6?B,/B9.-4707@,/23<,),34

bONQ@WQBR!3SK7iUA@EA<BR

&

!iaSK70<A@YUB!hOTA<B@RUV

*

#?YLVVEVW\QHVUXYQ<B^ SBZAXVB;QBD<ESBRABQQXABR! S<HD2LAB<OBAZQXHADMVW?YAQBYQ<B^ 'QYLBVEVRM!?L<BRL<A!++!"4!>:\:2LAB<.

?L<BRL<A?UBXAHQ2LQ;AY<E2V:ND̂

&

:! ?L<BRL<A!++!"!!>:\:2LAB<$

'EF-4/.04(6'LQ<̂HVX]DAVB VW]VEM#;QDL<YXMEAY<YÂ@YV@;QDLV=M]VEMQDLMEQBQREMYVE;VBV;QDL<YXME<DQ$ YV;F@

DM]Q]VEMY<XFV=ME<DQHU]QX]E<HDAYA[QX#>2S$ VB YQ;QBD]<XDAYEQHUXW<YQL<HFQQB HDU^AQ̂ <H<WUBYDAVB VWDQ;]QX<@

DUXQ! ]a! <B^ QEQYDXVEMDQYVBYQBDX<DAVB:'LQ<̂HVX]DAVB <;VUBDVW>2SAHWVUB^ DV^QYXQ<HQ ÀDL <B ABYXQ<HQVW

DQ;]QX<DUXQ! ]aVXYVBYQBDX<DAVB VWQEQYDXVEMDQXQH]QYDAZQEM:'LQ<̂HVX]DAVB AHVDLQX;VW>2SQ=LAFADHN<BR;UAXA<B

FQL<ZAVX:'LQ<̂HVX]DAVB VW>2SYV]VEM;QXVB YQ;QBD]<XDAYEQAH<B Q=DLVDLQX;<EXQ<YDAVB:'LQ<̂HVX]DAVB LQ<DAH

Y<EYUE<DQ̂ DVFQ&4:( GT8;VE! FM2E<UHAUH@2E<]QMXVB Q_U<DAVB:'LQ<̂HVX]DAVB 7AFFHWXQQQBQXRM

$

<̂H

>

V

5+!

L̀AYL AB^AY<DQHDLQ<̂HVX]DAVB VW>2SVB YQ;QBDAH<H]VBD<BQVUH]XVYQHH:b'J\H]QYDXVHYV]AY^<D<]XVZÂQQZA@

^QBYQAB HU]]VXDVWHUXW<YQYV;]EQ=<DAVB <B^ YLQ;AY<EABDQX<YDAVB WVX;Q̂ FMY<XFV=ME<DQWUBYDAVB<ERXVU]H/2ee

*

VWYV]VEM;QXH̀ ADL 2<

! )

VB ]<XDAYEQHUXW<YQ:

'G,A H2/5-(6<̂HVX]DAVB66]VEMY<XFV=ME<DQ66HU]QX]E<HDAYA[QX66YQ;QBD
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