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Competitive Solvent Extraction of the Mixture of Alkali Metal and
Alkaline Earth Metal Cation containing Crown Ether Carboxylic Acid
and Crown Ether Phosphonic Acid
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Abstract : Competitive solvent extraction of the mixure of alkali metal and alkaline earth
cation from water into organic solvent containing the crown ether carboxylic acid and
anlogous crown ether phosphonic acid was investigated as follows. The lipophilic group is
found to strongly influence to the selective extraction in the mixed systems from only alkali
metal cation for sym-(n-decyldibenzo)-16-crown-5-oxyacetic acid 1 to mostly alkaline earth
metal cation for sym-bis[4(5)-tert-butylbenzol-16-crown-5-oxyacetic acid 3. Monoethyl
sym-(n-decyldibenzo)-16-crown-5-oxymethylphosphonic acid 2 and monoethyl-sym-bis[4(5)
-tert—butylbenzo]-16-crown-5-oxymethylphosphonic acid 4 showed good selectivity for Na’
over Mgb, the second extracted ion. Structural variation in the crown ether phosphonic acid
somewhat was influenced to the extraction selectivity in the mixed systems. when variation
of the ionized group is influenced in the mixed systems, the selectivity of Na™ as the second
extracted ion was much better crown ether carboxylic acid 1 than crown ether phosphonic
acid 2, while the efficiency of Na’ extraction was better 2 (83% total loading) than 1 (32%).

Keywords @ solvent extraction, alkali metal, alkaline earth cation, crown ether carboxylic
acid, crown ether phosphonic acid
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Scheme 1. Structural formula of crown ether carboxylic acid and crown ether

phosphonic acid.
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Fig. 1. Solvent extraction of the mixture of
alkali metal and alkaline earth metal
cation by crown ether carboxylic
acids(M x 107 CA) (a)l, (b)3, and
by crown ether phosphonic acid
BM x 10% CA) (c)2, (d)4 between
pH and concentration.

R, SIS 32 92y EFS Yo|Lg L)
FE34. o] AFRRRE IHA7 B
AAE Ad nde TF(cavity) 27|} F&
ol A7[11,12]4 0] 9] FA Qo] fujFEe] A
B AsA dFE e Aow YAY £
Aot G F& Fol|2y ¥z EFS
Fol -9 T Azdo) dojME ztztel F&
Fo| e Fol Avjazetel Alold] AR wh
o] dojg Aoz d&wc)

HEm LR

%}%}al 55 o2 47 EFSE olL9
e %2} A|2€o) MejA)e vﬂ 215 3}
B! «lﬂ A7y F4 019—4 el B B
7 Eg4 o] §ujFEe] ztz} 5%% Al d)
AN FEAF st =A FFS HHA
g Aog =€t Table 1& ¢Tay 22
Fol2d dze] EFE gole, 181 gL
253 4Hde EFd o] T Aj2wEo)
pH=9.0914 FE&YJo2HE JujFZd 3|
@0 dojgfeltt. o] pHE gz o
HHol ¥4 A7l AEHU. Fig. 19 2
2] il Table 1914 uvebd kgl o] Ao za
13 3te 4 2% %ol 22 A 2do
A A Na Krﬂﬂl(Na/K =100) ¥ A"A
i gL F3h&(92%)& JeEpAT  ole
%HH%% *d%l*éﬂr Fahgo] ¢ BHE B
7F A&S 9uEn

A 7&1 1& zte 4ge EFS gole
F& A2"oA Ba”e Ca¥ol Hlste] Aoz
o2 e Mey(Ba®/Ca'=13)3 2L Ba'E
3&(64%)S JERAT z28xn Adag 1L
2t Y AlAaddA Ba®tiH] Na'el AgA
< ¥7e 4570 gy B8 Yol
SHE FF A2dy F& Fo|o] E 1F
o F&o AFS XA & Ao)FE A5
of 297} YelwtHTable 11. 8 &% A
29 Ba¥e AEHA $YT Na'e =&
A94E JEATHE S0 B38=32%).
£ EY A=A Ay 33 4 Bat'o)
=Y Ala"e] 7123 Na® MeEAde oA
(Na"/Ba™=2.3)3% AwtslA 744 & 2&25= A
(Ba®/Na'=25)2.2 UEYth(F 4oL Rag
=69%). 2} EF A xdolAe gze 3
& %toliﬂr a7 EFS Fol9 MYy &£
M= Ao A & Zgoh(Fig. 1, 3)

@Wdzi, A HE FF2EAA ], 3
71 g7e 3453 dgy EFS Yol
SujFEol st B35 AAgorMe Agyge
SHY 9749 359 F& A2dn =299 &
e EFE o)y 5 Axdd yjd Ay
¢} A#4ol gl Aoz vEhgr.

H

- 222 -



Vol. 22,

No. 3 (2005)

agdee A5

A aggdde F2EE48 18

# 47

343 929 £34 I

R IER LT

Table 1. Extraction Selectivity for the Mixture of Alkali Metal and Alkaline Earth Cations
from an Aqueous Phase into Chloroform with 1, 3 as Complexing Agents

Compound Independent Independent Ant1c1pated Measured
alkali metal alkaline earth metal Na'/Ba® selectivity Na'/Ba®'
cation extraction: cation extraction: in independent selectivity
loading rate (%) loadmg rate (%) with  system in mixed
with Na" at pH = 9 Ba® at pH = 9 system

very high
1 92° 64° 2.9 (no Ba”
detected)
3 68" 60 2.3 -

*Data from ref. 13, "Data from ref. 14,

‘Data from ref. 6.

Table 2. Extraction Selectivity for the Mixture of Alkali Metal and Alkaline Earth Metal
Cations from an Aqueous Phase into Chloroform with 2, 4 as Complexing Agents

Compound Independent Independent Ant1c1pated Measured
alkali metal alkaline earth metal Na'/Ba®" selectivity Na'/Ba®
cation extraction: cation extraction: in independent selectivity
loading rate (%) loadmg rate (%) with  system in mixed
with Na" at pH =9  Ba” at pH = 9 system

2 44 56° 31 4.2
4 64° 32° 36 5.8
4Data from ref. 15, “Data from ref. 6, ‘Data from ref. 9.
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Fig. 2. Solvent extraction of (a)alkali metal[13],

pH

(b)alkaline earth metal[6], and (c)mixture of

alkali metal and alkaline earth metal cation by crown ether carboxylic acid 1(6M x
10_2, CA) between pH and concentration.
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Fig. 3. Solvent extraction of (a)alkali metal[14], (b)alkaline earth metal, and (c)mixture of
alkali metal and alkaline earth cation by crown ether carboxylic acid 3(5M x 1072
between pH and concentration.
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Fig. 4. Solvent extraction of (a)alkali metal, (b)alkaline earth metall9], and (c)mixture of
alkali metal and alkaline earth metal cation by crown ether phosphonic acid
monoethyl ester 265M x 10 between pH and concentration.
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Fig. 5. Solvent extraction of (a)alkali metal[15], (b)alkaline earth metal[6], and (c)mixture of
alkali metal and alkaline earth metal cation by crown ether phosphonic acid monoethyl
ester 45M x 107 between pH and concentration.
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-5-oxymethylphosphonic acid 2%
monoethyl-sym-bis[4(5)-tert-butylbenzo]-1
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Az 2 329 Mg¥ ol Hste Na'ol2
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