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Abstract : The podands I-VII, acyclic polyethers, expected high extractability for Agt
against Pb*" were designed and synthesized with high yields. Using podands I-VII as
extractants, the Z%extraction(%Ex) of Ag+ and Pb™ as picrates were determined in
water / chloroform systems. The stability constants(log K) for the complexation of Agt
with podands I-VII were also determined by potentiometry. %Ex(Ag") were proportional
to the numbers of substituted sulfur donor atoms. Podand VI(log K: 7.65) having 3 substi-
tuted sulfur and podand VII(log K: 9.15) having 4 substituted sulfur, however, exhibited
almost 100% of extractability, respectively. In %Ex(Ag"* /Pb"™), oxygen-sulfur mixed donor
podands(IV-VII) showed the higher values. Otherwise, the values of log K and %Ex(Ag*)
largely depended on the variation of donor-site of sulfur. From the results of NMR
experiments, it seems that it is due to the n-n stacking interaction between the aromatic

end-groups.

Key words : Podand, solvent extraction, extractant, Ag~ ion, Pb** ion, %Ex, log K,
NMR, donorsite effect, n-n stacking.
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Fig. 1. Podands used in this study.
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2.1. Zeteo] 4

e [ 119 1L 287" ubo] o8 g3t
ow, 428 TQE(IVVIDE Y2 JH 2 ug
Mg ggaslod thg gho] grAdselch T Vel
34 1-phenoxy-11-chloro-3, 6, 9-trioxaundecane2 %
A slelt). oller-2 70mLell 1, 11-dichloro-3, 6, 9-triox-
o #H 3 (50mmol)® KOH
(50mmol )& ol gh-8- 150mLell ol Aol 30% F A
A3 7Hg F, hA] 12417 Sot #FA %G e A

aundecane(200mmol )2
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e 23sts 2L 2dsd) it &

& F 2ol g AA, AT FF o4 w3 o
& 1, 11-dichloro-3, 6, 9-trioxaundecane-& Al A 8l gc}.
34 %l 1-phenoxy -11-chloro-3, 6, 9-trioxaundecane
(50mmol)& VF2ANA € 29%E(55mmol)s} KO
H(55mmol) & =4l ollst& 4o HH3 7tz 124]
Zd BRAA 2de IVE 43l A4E HE ¥
4o g AAslL EE22XF| o & NaOH 4
Yo 2 63 FIAL M) FFHFE 23] sl &8
A& AA et g Jhete 3-8 AlA
3 F Aejsldl #azcleazsld o8 ®23idcl
T5-§ 60%: NMR(CDCh) § 8.0~6.8(m, 10H, aro-
matic —CH), é 4.0~3.0(m, 16H, CH20CHz); IR
(KBr) 3050cm '(m, aromatic —CH), 2900cm™'(s,
aliphatic —CH), 1100cm™'(s, alkyl C—0), 740cm ™
(s, alkyl C—8); R;(90% n-¥4t/10% ollwdc}Al=] o}
E v/v) 0.30.

Fb= Vay 1, 1ldichloro-3, 6, 9-trioxaundecane
(25mmol), €] 2 # & (55mmol) ¥ KOH(55mmol) 2
Fob= Ve 22 2 o2 Al 758 60%:
NMR(CDCI:) 6 8.0~7.0(m, 10H, aromatic —CH),
6 3.8~3.0(m, 12H, CH:0CHz): IR(KBr) 3050cm '
(m, aromatic ~CH), 2900cm™'(s, aliphatic —CH),
1210em (w, allylic C—-0), 1110cm™'(s, alkyl
C—0), 740cm (s, alkyl C—8): Re(98% F22X &
/2% A& v/v) 0.41.

(2- chloroethoxyl)benzene ¥+ (2-chloroethyls-
ulfanyl)benzene 1-bromo-2-chloroethane(100mm
ol)g olEtg 150mLel 3o]i #HlE v BodE
(55mmol) 3 KOH(55mmol) & o) k-8 150mLel| =
50Cce A AA8] 7Eslx 3A12E Fot #5414 A
ek, AL Aea £9E AL kg SRR EF
o]l H& NaOH 4 9 SHFE &3 8o
A5 &3t AAG F zHsdstel A Wyl

¥ke Vb, VI ¥ VIIE= (2-chloroethoxyl)benzene,
(2 -chloroethylsulfanyl) benzene® di(2-mercaptoe -
thyl)ether ¥+4= di(2-mercaptoethyl)sulfides= X%
= Ve e B e g gAskgcl TgE Vb 55
& 60%: NMR(CDCl:) & 7.3~6.8(m, 10H, aro-
matic —CH), § 4.2~4.1(t, 4H, —OCHz), é 3.7~3.
6(t, 4H, —OCHz), § 3.0~2.9(t, 4H, —SCHz), & 2.
9~2.8(t, 4H, —SCHz): IR(KBr) 3050cm *(m, aro-
matic —CH), 2900cm™'(s, —-CH),

n

aliphatic
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1100cm (s, alkyl C—0), 770cm (s, alkyl C—S8):
Re (91% n-¥41/9% oidolAdolE v/v) 0.27.
2= VI: 5§ 30% NMR(CDCl) § 7.8~6.8(m,
10H, aromatic —CH), é§ 4.5~2.9(m, 12H, CH:0
CH:): IR(KBr) 3050cm '(m, aromatic —CH),
2950, 2850cm '(s, aliphatic —CH), 1200cm (w,
allylic C—0), 1137em (s, alkyl C—0), 770cm (s,
alkyl C—8): R:(92% n-¥4t/8% o|dolAlslo]E
v/v) 0.30, = VII: $5-§ 50%: NMR(CDCL)
4 7.8~6.8(m, 10H, aromatic —CH), § 4.0~2.6(m,
16H, CH:0CH:): IR(KBr) 3020cm '(m, aromatic
~CH), 2990, 2910cm '(s, aliphatic ——CH),
1210em Nw, allylic C—0), 1120em (s, alkyl
C-0), 745cm~'(s, alkyl C—8): R¢(85% n-¥4k
/15% <" elAdlel E v/ v) 0.50

2.2. Hagaeo| gy

Ag® 3 Pbe] W adirde W 2P4 20mmolg
=Ag ZFS 200mLel Holi AgNO: ®& Pb
(NO3): 25mmol8& H A 3] 7}spdA] 308 S e ¥
WA A vle 2ok Ao R At FHrd F
W ool A AAR F, 7hghstel A 50~60TCE 1047}
ol ZAzxat AMgsldch. AT 4G
300C olFtll e A fstn 892 Ao FAo)
.o, oj2HE] magd4i(mp. 122~123¢, pKa=0.
38) o] AR e £t AYL Balsidch

2.3, ZoiEE

Ag® % Pb el gt %ExE F317] $15he] ofel2
£ 24 Aggsie A Tee) o) 24g YA s
AaAd g A48l Sol & Ay’ 25mL
AaZelizged EFPCE xo FREIFEF(3.0 X
10°M)3h 22 9] Ag” % Pbr el Mz &

4Ng 747t 5.00mL4 #ste] 25+0.2CE g€ =
g}7]o) 308 Eqt EE F, 117 B9 A9 Fo AR
g FH & frlalvh $8A Sl dol e Hagalt
o] &% Beckmann DU70 UV-Vis F+837]& A1&
stod 356nmel| A sl FRR I Fo] X3l &
Soold 2A4Y vadgde] FEFATE 7
14236(Ag™) 2 22084(Pb*") L em ™! mol ‘o] e},
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3} gt
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Ag| AgCl10:4(5mM, MeOH)
(50mM, MeOH)

TEAP(50mM)

AgClO«(1.0mM MeOH)
TEAP(50mM)

Ag"-ISE

A 4] x}= Orion 901 pH/ o] &v|E &
0+0.01CAA 448 U4 58 o] Tl +0
ImV7t=] ¢igich s EdgE vy AN 22
23] KINFIT4 ) 2 & A Aksled ),

Ap-g-shed 25.

2.5. NMR
Varian Gemini 200(200MHz)-& A}8-3l9 e, &4
LEE 3029}t &vls CDCLE AH&-3lsdct o
A Fe(bmM)e) £xte 9 Frlos} AgCIOE Y
3ok 48 A BLYe JAA 2HEYE 7zt o
7} oFA ALe] 23tE] o) Fof WEE AyH g vws]
drt

3. dat 9 1@

Aghg el 2’ g e go] Moo F
Aol F&A o 28 ofolo] 54 of YukHLR
ol (M™ - L - X7, L; 34324 & drh
Zol) A8 gol& JA] Mg FEHch UbH 2
2 4 2FAE g3k ofole 3£ A=
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Fig. 2. %Ex of Ag*t and Pb*" picrates from aqueous
to chloroform layer with podand I-VII. 23 (Ag”, mmm
; Pb**

AgTe] & AdAL 22 Holth 1 olfw AEH
aerle] el 2 Akt Agt R Pl ol BF 7}
g FHE 2Hgslr] dEolrt ol  ALE A We
Eohe 1 % 18] 5-§0] Ag's} Pb™ el s 2%
#28 74, 53] PbTe A2 297 g A
c2REE < 5 ok

ab2br] Pb*tell it AgTe) 32 A4 & NAls)
o8 1xp4 e g 29 II =& I3} o] e & 3
a7 9l EDEr) felge & 5 sldh 2 e
Ag'el =718 2 d, 2 AbEe HolE 4~6
hel FHYAE e A xrt Hedsiol’ =3, HSAB
M@ o)s AgT(FE Ab)el @ ABEE FoHA
717 flal el 2 Ab&e A(FL 971)E H(FE
7))oz A% A&ste Aol Waseh

Fig. 19] ¥2t= [V.VIIE o| & ujebo & Aghol of
s 32 AddAe] dusle A% EEL dAT A
olth. o] 52l FEHQ BAL Ad Uutr)e} 5749 A}
& FAYA & 3-g 1~470 i Holoh °l"
Do 32 et e =t el o8 ¥ 5f

2 gAdstden, FAA At g i% <
Ay Rl 71 estdrt

Fig. 2ol &)3pd Pb' 2 sd Ab7| & 2 IRE
S ol Aol &= ofatrh wRF Aglel
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Fig. 3. Potentiometric titration curves of podand IV,
Va, Vb, VI and VII with AgClO: using Ag”™-ISE in
methanol at 25.0C.

%ExE [IIKIV<Va<Vb<VI<VIIY &2 & F
ML 7 BeTE F7HEtdoh 880 d%e
Z2= 293 AR £ sz F2ol 2w FEA 29
FE3 Ao B AREE E 5 Ark' Hebd s
IVIIZ Agtohel 2HE Aol dg} sk EAsE 3
Ao whgA B ohel, F&A 2] AL olsiste
X Ego xlck

AgT-ISEE o] &8 A Mol 2sf Ag’- Ext=
220 Qb EATE of-$ HHEA Y 4 sk
= 7}x] ISEE vl 440 =y EFLd4 WELE
71&7) ol v A 2] et g Beolv} Ag - ISEE o

o] wepo g2 WE) vl Qg Hgo] HuhFEH
2 AANEE g oo SN EE
P 5 AR KINFIT4P) 2] 8] 78helon HA
2|9} A Abx = A 2 Ekd o

Tuble 12 A2k H Aol o8] 3 &2 HHEA
75 %Exst 7o) vephd Zlojr} dle| Al Abk
F QA b Ekse] H(1ID, log K2 =2
71 I»II>11 #o]qit). o] Ext= 19 se& &
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Table 1. %Ex and stability constants, log K for Ag™*
at 25.0C

Podand %Ex® log K
(in methanol)
I 86 7.66
11 15 2.18°
11 6 <1*
v 15 3.88
Va 56 5.56
Vb 65 6.02
VI 98 7.65
VII 99 9.15

a: from aqueous to chloroform layer as picrates.
b: by conductometry”*

a7h AgTel thel o 7R A3 g Zhr] g folct

w3 %Exe] Z7] A& log Ko} 3 dA3iHle,

o]l 23 log K7} %Exel € J3%& 5¢ ¢+ stk

T, % FAKAE EEle Edzd A
(IV-VID), log K& VII>VI>Vb>Va>1vel $eolgd
o}, gto] gAY ] AFEFTF log K@ 1.5~2.64
FA Aoz Frbstark dA) log Kol 27] AdE
%Exs} Aol dxslg o, M edre FEES 2
Aale 78 QY-S 4 F At 2 FE| R A
2 log Kgt2 & Foldate] o w)#isle] dEAH
2 Z71et ubd, g 7tz 37 | 4 Zbe ExhE VI
9} VII®] %Ex+ A9 10%=2 Fdstdot. oA
%Ex¥ log K7} 7.5~8 ¢]8}Q] 7% b ZA=rel #
# 3= ak, log K7} oF 8 olAal Afoll= 240 F
Foll FusiA o F2E8& e S S F A 2
2B 330|237 &Aoo AEH A N A
A oz oA AVAA F 80 g g T
ek

=g 5 3o f1x)ol o8 o] dAA AAe e
= Va % Vbl %Ex$} log K9 =7+ Vb>Vaz
4 3 FoNxtelzt Agt el ATt FEE E AT
u] A& o 5 olek 2 AEe] AR W FEE
v H e ZAE Fohxia) Adel dial Ao el
up7b gl Aotk apepa # Aol A= AgT £
= Va 3 Vbel A3lwdl v 8 Fohate] o] 3
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Fig. 4. NMR spectra(200 MHz) of podand Vb (above) and podand Vb-equimolar AgClO:s(below)

in CDCl.

Journal of the Korean Society of Analytical Sciences



e itele MBS Ih=o 97 &

A (Hx)
N
<

Pooie g
L =577 33

E:O
P

ol

Va Vb

Fig. 5 Changes in proton chemical shifts of podand
Va and Vb by addition of equimolar of AgClOs in
CDCls. The positions of protons indicate in Fig. 1
and 4. Ad = 6L+AgC]O4 -—éL

7tell 2% EtE Va @ Vbel 3hshao)Fo Mgl
7} ofAd A}ell wpe} ek o 2 nlwal Aot EE A
2 ofdxtel AL Agt M7l o A
2 o) F3ted], ol wtArA 0|25 FEH A 2
& Az azke ddat % Afeds dires
FA=c) el ofAzle] 31ebHe) 5 THE Vad
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Hi»> Hi>Hie) Folddek Vagel Ha o2 A&3td, F &
28 B5 ol AT sl FA} Abdel] 13
g el vls) Y53 2 sEhHels-& el F
Aol A oFd ke AN A o) 5L 72 2AE
HA ol g WA A Zoln], 1 A7) ZHE o] 4
Zol Wls] AgTel dis o] 2 A= LS G54
o} ol Bk A4 ZE Y HSAB /M@l 9%k
of 23 % A dx|ste Aot

3, W d 7] oFAdzle) shbE o] 52wl ohE oFAt
2 ¥olx gt} Ewis Vadl A, wl=dal ofAdxle}
FrAH8YA] ortho> metha>para®) 2 2 ol 7172
2 2 A7\ A o] L st} 28y EgE Vbl A
FoelelH g Hdr) AR} AR Ao R o] FE}
vtk ol of wd #dr] Abelo] FEAHQA nn 2
7] A F 802 ortho W metha FA A7} AHE A%
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Fig. 6. Proposed structures of (a) podand Va-Ag'
and (b) podand Vb-Ag+ complexes in solution.
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