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1. #8

Hard and Soft Acids and Bases (HSAB) HIVIZBWTEK L IV A AFRTH 58 (1) 1 4
iE. SV A AERETH AMERNIEFE2E T AN T L REREREZTRT 5
EFBENT WD, MEEZECEMTFTHLF 4T — 7 IEEWE, A 4>, HOA
F oL KEMAF . T VT AMA F YR EROEPWER A F OB ED T
Bz, AR ELWLOPDOIFRE S V=TI & o THIR - kT —F M2 X A8k
SEDPWEIEA L O - SO R ENTEZY,

FA I —FIUEEWE, 70Ok AaR12-Y7a0xLy DL o al ALEREK
BBGBETHHLI DS, B A T v OBRNSEICITBEERMBESACOND Z LA%
Vo L LBDSS, ZODETEIL BEBLIVCARICHEELEREREYZEICHAT
HGEDOMBE DL, 22T, BREEIOD I/ B EA L UCGRE., B,
pH. &, B2 EOMNTRFICL Y, BIR - TR L T2 OREZZILT 50 F5°
BEENTVEI, ZO—D | ZREREEESF2H Y. FHRREIC L) cOEz ZL
EEDLEDFTHE, R) (N4 TRENTZ ) NVT I F) (poly(N-isopropylacrylamide),
PNIPAAmM) 36 AVHN TV ARERKIGEZFROETFDO—2TH S, PNIPAAM &
TRREEFRILVEIRE (Lower Critical Solution Temperature : LCST) %78 LCHBY) . LCST
IV EIRETIRAKA®TH L5, SIREICS S & B L CBUKRES S FIHER LKIC
REE B HAKMALEMHPRTIHEET LS. FNOEREEES FOMHEE OB
WCBOKMEAEERIC L VS THICE ) RAENA7209, FRESRZHH L 20 Lyl
HBREAMTE LCEBE 240 TE ) mERSEESSFE2RAH L2RERLVE Y OO
EREA GO F 3l R SICET AT R ST WS Y,

AR, A DR IV — 7 Tld, PNIPAAm KL 2 LEBEESE LI LITLD,
ERBEEORBEA L LTOMNRMEOAZR ST, BABFZHBA & L ORI E A4
W R E IO E S F MR O 24T TWwb, A2 TIE9-79-3,6,12,15-7 ~ 7 F
TANTEFH v (ATH) EN-A V7O ELVT 7 )07 3 F (NIPAAm) & OFHLEEEIC
DNWT, FOEAL (ThALLATHHMNOGEE) 2 LS TERT A LRI L
720 ATH-NIPAAm HEAEOMEEE Fig. 1I1IRT, INOLDOEM L 7-HBEESEKOE
EHAHOPIZTHE LB, FREEAVEOA T~ ORWEREOME 217> 720
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Fig. 1. The structure of ATH-NIPAAm copolymer

2. EE&

KE

R E 9 BAEIZIE TAITEC #1:3 Personal Lt-1000 8 & UF TAITEC #E %2 Personal-100 % H \»
720 pHME IR AEEFTHE M-12  FiVvi/ze SR A 4 v OZEEICE, B 8ERTHL 7-
5310 R IEY — < ¥ I FRIGEEET 2 Fva72. LCST #IE 121 Molecular Devices ##L Versa
MaximEWE~Y A 707 L— N —F—%Hniz,

A

RO ERRIL, BARWIHREHELHHL TiTo72 2B, REAEFALE OB R
OIRBRRIIADEMEBE TR OBESMARELEH Lz, ks — Vi, HR7 La—
WHGERD b DR ZBBREH L 7-b D& Wz, 14 »K#Kid Barnstead NANOpure 11 %
AWTHRELZb DR L72o NMREIEROERFIL Y 0 1k)V Al Aldrich #184 % {§
HL7.

ATHIEMRIE DG 5 (Scheme 1) : KT Y /=) 200 mliZ&EF M) 7 4 35g (0.15
mol) ZMZIKGHEIE L RO REEICBHB SRz TOBWEELLDBH 2 A VT TN
IFIVANT 4 F12.2¢g (0.10mol) &Mz, EHICER (-7 00T F)V) 7 I VIEREIE
8.9g (0.05mol) DKL Y/ — VAT 200 ml 27 T L7215, 24 BRER L7 FUBATR
HMEL, WERMEZIT) S EICE D, T4 WVIROMERY #1587, ERWEEREL L
THEET 572012, BALKESTN AR BB, 7R THIEL, BBELDO ATHIE
FRIE 218720 IEEIL66.3% ThoTze BB, EFRYOREIZH NMRIIEIZ X VTR 277,

9-acryloyl ATHD A B (Scheme 2) : ATHHIERIE 3.25 g2 1 MKERILF M 1) ™7 4 80 ml
rz. Yoruuxy o CHB Uz, BEEF M) T AEMARK LB, A8 L. A
WZIRERT MY 7L 154¢ (0.15mol) &7 27 UIVEEZ 1Y F14g (0.015 mol) ZMMZ 727,
EFRFHTT . BT L CHEH L 44 UZHK%E 200 mlnz TREEF B A




E)THY T NI F AL -TNVEEETH
HERISES S FIC X 801 4 » OB Z2HE) 55

2/\8 S T

H cl N«
HCl
Et-ONa
Eon S S N S s
HCl
® , g S N S s
H
HCl

Scheme 1. The synthetic route for ATH
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Scheme 2 The synthetic route for 9-acryloyl-ATH

REIRLIR, Youuxy ST L, BURRKGE L, BONEEE N T L7 0T b
757 4= (NXFY Y BRI TV =1:9v/v) KXo THEETAILIZLY, BEELA
JWARD 9-acryloyl-ATH % 15720 IEIZT79.7% TH o720 BB ABYWONMEITZH NMRH
EIZ L DAIT%R 272,

ATH-NIPAAm D& (Scheme 3) @ NN-VAFNVAENVLTIF (DMF) 4mliZ1:20
~1: 150 DZEE I T9-acryloyll ATH & NIPAAm Z Iz . EGRGEHE L Ta,a-TVER
AV 7Fua= 1)) (AIBN) 0.039g (0.00024 mol) ZHRML7z. 1557 HMEBR T AZHEL
TEZFSFHATE L72%, 65 CTORMRID Sz AR LI2ESFIA A ¥ 23830KE M
2T SE, 4~6 HEMEITo /2%, BHMEERE L7z, HBARY D ATH-NIPAAm 3
EAEEPESLNTe ATH & NIPAAm OfEAAL E EBEOESILIZE R 5729, ATH-
NIPAAm EESEFOHEDOEAEE % ICPE NS ICESET (ICP-AES) IZX Wl L.
BRI EETFOEARERE L 720
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Scheme 3. The synthetic route for ATH-NIPAAm copolymer
LCST MBIE

A& 220 0.05% w/v ATH-NIPAAm FXEAEZ300pul 7L — F EDO1EIVIZA
N, WRETBOnm T25C 0545 C EF CIRELLSEHEORNEEZIEL 2. Bo5Nh7
AR AT A2 12X D, LOST 2 E L 72

RO > DiEE

THETFIE & SRR O K HIEIRE % Scheme 41RF o SR A+ VIBEIZ2.5 X 10° M, 1
FUMERDIODT T I =T 2 F ) VA 10X 10 ME LT A4
SREIIERA AR E LT0IMERD X1, 33X 102M HREEF DU 7 A% & e iElE
B (pH1 ~ 313ARER. pH4 ~ 6 IZFEME-FEEE S MV 7 A, pH7 ~ 93Kk v EE- VUK 7 g b
U A, pHIO~ 123 MUARTERF MU 7 A KERLF U D 22 vz, s oEA
#120.025% w/v ATH-NIPAAm EEEFKEZRML. 25TCT200HIRE ) Lz, 45T T
20 MR SE 70 KM EBEM L 2 5B, KO pHZEET S & L b2, KHFD
POA A VIRERZRAL -~ VEFIOCEERNICI WV EET A2 L2 L ), HERLHRE
L72e
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Aqueous Phase (10 ml)
Ag(l) ion $2.5%X10° M
Picrate ion $1.0xX10° M
Buffer $1.0X1072 M
Sodium Sulfate :3.3%X107° M
ATH-NIPAAm :0.025% w/v

v

Shaking for extraction (25°C)

v

Shaking for aggregation (45°C)

\4 \4

Polymer Phase Aqueous Phase

Measuring pH
Determining Ag(I) ion

Scheme 4. The procedure of Ag (I) ion collection with ATH-NIPAAm

3. WMREER
ATH-NIPAAM HEEEDERK

K TlEfE 4 DEES O ATH-NIPAAm D& ALY L7z. S RIEBRIEICHBIT 5 ATH
ENIPAAm DHAARHEEFR L 2BDTOEARIZR 2o TS, FNW 2, I+
YOBEHNTHLATHOEER T, AR LGS TFHRICEEINLIMERFE % ICP-
AESZRHWVWTEETAI LIS VIEL, AR LES TOEALDMER%Z Table 112
FTd o AWFFECTHME L7 AAKOEHFIZBWT, £ L7 ATH-NIPAAm OEA it
ABRIZHARTETRL 2B EPHLNII R 572,

ARA K L7 ATH-NIPAAm 3t E AKX PNIPAAm FAR. THREFLEEE (LCST)
PEL, MBUC X W HEER LET A L ifEE NG, £2C, mETEYf 707
L— Y =% =% F\T750 nm (2B ABOLEORERFEZRET 5 Z &1L ) LOST
O 2T o772, BAHA1:31 D ATH-NIPAAm OPER R % Fig. 21357 T o Rl
D ESNEREEOZHES S, LOST % 34.5C ERE L TOMEID . AW
22 CEM L72 ATH-NIPAAm L EAER D F2BERICTEE R T 2 & 2R L 72,



58 FRMAEE - HARE - K=

Table 1 Composition of monomer for the preparation of ATH-NIPAAm copolymer

X ATH-NIPAA .
R A H P EBOESH
ATH : NIPAA o ATH : NIPAA
- W e A& (ppm) o
1:20 16.4 1:31
1:50 8.23 1:66
1:70 6.50 1:84
1:100 3.98 1:139
1:150 2.98 1:187
1.2
1+ oo
'.00"' A Y
0.8 + "”’
5 R
g *
;% 0.6 + R
%
2 o
04 + ““’..0
*®
02 +
0
20 25 30 35 40 45 50
Temperature/C

Fig. 2. Plots of Abs/Absmax vs. temperature. Measured wavelength, 750 nm;
concentration of ATH-NIPAAm (1 : 31), 0.05%

SR A HEIC B 1T D ATH-NIPAAM DEFE B E Digst

M)A A+ Y HRIZBIT 5 ATH-NIPAAm R ESHROBREBRFICOWTHRE L. EAL
731 : 31D ATH-NIPAAm & BV 72356 DR(1) 1 & V HEEORBEKGERS L U pH KR
% Fig.3 127730 35T 225 65 C DIREEHHICE W THEROEILAR L, REBSLE
IZBIT A RARERITEERENBCTOREETH LI ENbhroT, COKELY, DT
DIFEERR BT 5 BEREREL 45T L Lz,

R A HEICB I BIRE S BERDMSRE

HOAF YHEOFIHEL LT, TT25CIEBVTESTLENA 4 ¥ EDRSE T4
T &%, ZO%BCTEFFLEESES (Scheme 4)o Thbb, HHT %Gk
HDHHNI25TICBWT, B A 4~ & ATH-NIPAAm O ATH #8467 & D& TR ASF A 4k B2
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Plots of collection efficiency vs. aggregation temperature for the Ag(I) collection.
Concentration of reagents: ATH-NIPAAm, 0.025% w/v; Ag(I) ion, 2.5 X 107 M;
picrate ion, 1.0 X 107° M; sodium sulfate, 3.3 X 107> M; buffer, 1.0 X 107> M of
sulfuric acid (pH 1.98), acetic acid-acetate (pH 3.84), boric acid-borate (pH 7.45),
or borate-hydroxide salt (pH 10.03); aggregation time, 20 min.
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Plots of collection efficiency vs. shaking time (25°C) for the Ag(I) collection.
Concentration of reagents: ATH-NIPAAm, 0.025% w/v; Ag(l) ion, 2.5 X 107° M;
picrate ion, 1.0 X 10~* M; sodium sulfate, 3.3 X 107> M; buffer, 1.0 X 10° M of
acetic acid-acetate (pH 5.41); aggregation temperature, 45 C.

WELTWARLENRD L, £2C, HMEICEHD LIRS D BERIZDOWTHRE L7z, Figdll
2. EANATL: 31O ATH-NIPAAm % W25 A8 01 1 4 Y HEFEOIR L 5 REHKRE
BRT o ()4 4 > & ATH-NIPAAm & OFETERIUS L. k& 9 FERH 100 THHEISEL
TVALDEHEMEINL, Tz, WEEBROIRE K& LTk, SRR TH73125%

TLTwREHEMSND 205 HZHA L7,
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BT A UIEICH T B RERB O

RO A A 2 2RWERIEIIBNTIE, SBI) M 4 » & ATH-NIPAAm % 7450 S w7214
WL s CTHREGRZEELESELD, COBRE (W) HHZHEH L TBLEREDH 5,
Fig. 51213, EAHAY1: 31 ® ATH-NIPAAm % V723540, )4+ VHEICED 5
ATH-NIPAAm X ESROBEFHKTFELRT . 105 CTHICHERIZET L TWw 2575,
BT EEDITHERESEL I EEEE L, SERE L L2040 E2RA L,

ATH-NIPAAM (2 & B 8R(1) 1 * HHED pH L UE S K

ATH-NIPAAm #HESHRIC L 28D (1 & VLD pH B L UEA IKFE® % Fig.6 1R
To ATHEAEDPHEMT 512N T (ThbbEAKIKREVIZLY) RO A+ v okt
HOWMT 5 EPASPIT R ol TOMRRIL. B A F ¥ AHFED I ATH BT & 5T
L THEINTVEILERTIDTH S, BB, TNTORESKIIBVTpHO L
FIZFEOERI) A A > DERS BN L T 505, TSR pH HEBIZB W TIRERI) A o+ ~
DMRDETIEHEIT L, Ag,0 L LTHET 2720 ThL LIHENINL, 2B, BEL
D ATH-NIPAAm & FiV78R(1) 1 4 V8T IXITIZ100% TH Y . BN 4 V5
EREEEF L THDE I EPHL NI % -7,

100

== —=n

80 +
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Fig.5.  Plots of collection efficiency vs. aggregation time (45C) for the Ag(I) collection.
Concentration of reagents: ATH-NIPAAm, 0.025% w/v; Ag(I) ion, 2.5 X 107 M;
picrate ion, 1.0 X 107* M; sodium sulfate, 3.3 X 1072 M; Buffer, 1.0 X 10"2 M of

acetic acid-acetate (pH 5.39); temperature for complexation, 25 C.
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Fig.6. Plots of collection efficiency vs. pH for the Ag(I) collection. Concentration of
reagents: ATH-NIPAAm, 0.025% w/v; Ag(l) ion, 2.5 X 107° M; picrate ion, 1.0 X
1073 M; sodium sulfate, 3.3 X 1072 M; buffer, 1.0 X 107> M of sulfuric acid (pH 1.97~
2.02), acetic acid-acetate (pH 3.86~3.93 5.42~5.47), boric acid-borate (pH 7.53~7.67),
or borate-hydroxide salt (pH 10.23~10.33); complexation temperature, 25C;

complexation time,20 min; aggregation temperature, 45 C; aggregation time, 20 min.

4. #EE

KEFZETlE, V7 MV A AHETHAHEIEFEETAHATH &, mERSESTF
D—DTHAHNIPAAm & #H£FEES S8 72, ATH-NIPAAm HEARZ G L7z, REBKIZ
BWTIE, BEHOLBBELZEIELILICLD, lirDEEHO ATH-NIPAAM X ES
BERBLNDE I EPHSPIZ R o0 AL T_XTO ATH-NIPAAm ($IRE IS5
FThh, EEH1:31 D ATH-NIPAAm HEAAEDOLCST % 34.5C L E L 720

ATH-NIPAAm X ESHEEZHOGZREEMICE 28BN A4 Y OFECHEL2&GFL L
T, BERE® 45T, RE HEM% 204, BERMT 2008 RE LT, XEGHEFD
ATH&H BT 220N TR A + v OFEFELHIML., #HI)A 4 >~ 2 HEH»IZ ATH
WAL AT L THE SN TVE I EDREL NI o 7z, BEA (1:31) O ATH-
NIPAAm % AW 724R (1) 4 A Y EEEENHO) A A Y HEERTE L TB Y, RE
BB FICHERA L L ToMEOALR LT, FHEH L Lo rERMA LY
BEBICR S LWAHHNE LTAERTH S Z EPHL NI % 272

ZE Xk
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Temperature-elevated extraction of Silver(I) ion
using poly(/N-isopropylacrylamide) with

incorporated monoaza-tetrathioether units

Yoshiaki Morita, Satoshi Iwatsuki, Kenji Chayama

Department of Chemistry of Functional Molecules,
Faculty of Science and Engineering, Konan University,
8-9-1 Okamoto, Higashinada, Kobe 658-8501, Japan

(Received April 30, 2008)

Abstract

A novel temperature sensitive extraction copolymers, 9-aza-3,6,12,15-
tetrathiaheptadecane-derivatized N-isopropylacrylamide polymer (ATH-
NIPAAm), has been synthesized in various incorporation ratios. The
concentration of monoaza-tetrathioether groups in the copolymers was
determined by ICP-AES measurements. The temperature-elevated
extraction experiments revealed that Silver(I) ion was extracted
efficiently into the polymer phase above the lower critical solution
temperature (LCST). As the ratio of monoaza-tetrathioether groups in
the polymer increased, the extraction efficiency of silver (I) ion was

increased.
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