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An approximation method for determining key
extraction constants in the equilibrium-analysis of
Cd(ll) extraction with 18-crown-6 ether into some

diluents

Abstract

Three key extraction-constants, K K,. and Keycu determined

o were

at 298K with an approximate method. Here K ex> Kooy and were defined as

[caLay],, /[ca [z], [4 T . [carar] s[ca 1], [4 Jana
|:CdL2+:| / |:Cd 2*':|[L]Drg , respectively: L shows 18-crown-6 ether, A~ does picrate

ion, and the subscript “org” denotes an organic phase. Diluents employed as the org
phases were o-dichlorobenzene, bromobenzene, dibutylether, and nitrobenzene. In order
to determine briefly these key constants, the following approximate equations were used:

K, ~D/ [L]org[A‘]z, and K, =~ D/[L], [47], where Keyieu = D/[L]

efers to an experimental distribution ratio of Cd(II) between water and the org phases. The
former two constants were compared with the corresponding values previously-determined.
By comparing other many values, validity of the method was also examined and it was
consequently clarified.

org

org
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Introduction

There are many studies for the metal extraction by crown
compounds (L) and other extractants similar to L into various
diluents, such as benzene, chloroform, 1,2-dichloroethane, and NB.!
7 In these studies, procedures of equilibrium analyses have become
more difficult for primary users or outsiders of the field year by year.
The authors have also studied so far for the improvements of such
procedures.”!>!7 However, such improvements seem to reduce the
convenience of the procedures especially for the users. So, one of
the authors will report here a user-friendly procedure for analyzing
the overall extraction equilibrium. As examples, the results of our
previous paper'’ reported for the CdPic2 extraction with 18C6 into
0oDCBz, BBz, DBE, and NB were handled.

Case presentation

Simplification of the convoluted procedures®*!*!>7 for the
divalent-metal, M(II), extraction systems can stimulate an estimate
of L functions by many workers. The overall M(II) extraction system
with a univalent pairing anion (A—) can be expressed as the following
three extraction equilibria:

Cd** + L, +24" = CdL4,,,, . (1)

2 BN -
Cd™ + L, +24 = CdLA",, + A", (2)
And

Cd™ + L, +24 =Cdl",, + 247, .(3)

org'(

The expressions of these equilibria as equilibrium constants are

K..= [caa), /[ca> (L], [4 T

Koo =[CaLa’] [a] s[ca]iL],, (4T . a

And
Kew=[] (4] o[ Yo, [4T -Basico
When one defines conditional distribution ratios, D,, D,

. and  Dyas[CdL4y], /[Ca*], [CdLA*Lg/[Cd“], and

[CszJ'J / [Cd 21 respectively, Egs. (1a), (2a), and (3a) become

org

K, =D,/[L], [4 ] .ab)

Kew=D.[47] (L], (4T =D&, ,0[L],,[47]. @b)
And

- . _7? 2
Koo = Dy ([A ]Org) /[L]U,g [A ] = DZt(KD,A) /[L]O,g (3b)
Moreover, expressing as
Ko/ K= Ko [C1a7] 1[0 YL [ Ko /(K = Ko (- [Ca], [ Tie,,)

Egs. (2b) and (3b) become

Kp.=D./[L],, [A‘] 20) (3¢)

KCd/CdL =D,, /[L]org 5
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respectively. Here, although it was a rough handling, we assumed that
the DO,

D, , D,, values equal the experimental distribution ratio (D).

So, these assumptions were examined experimentally by
comparison in K o K and K, . between the procedures.

ex+
The K o values can be directly compared with each other.
The K,

ex+

the

values can be also compared with those calculated

from relation K, =*K, ., / (*K D A) 17 Furthermore, the

ext

K ore (= [CdLA, ]arg / [CdLA+ ]org [A' Lrg) values calculated

fromK, /K, (*KD, A)can be compared with those done from

*K o | (*K o1 ) 1" Here, the symbols K with the asterisks denote the
equilibrium constants determined with the other procedure reported
in the previous papers'>'” and K, , denotes a distribution constant,

[A‘J /[A'J of single A™ ion into the org phase. In this report, the
org

author calls this procedure'>!” reported before “the formal procedure”.
In all calculations, the data'” reported before were re-used.

2
In the previous paper,'’ the plot of (D / [Pic’} jversus log[L] .

for L=18C6and A4~ = Pic™ has given the straight line with the slope
(a) of 0.81 and an intercept (b) of 3.90, the value corresponding
to loglog Dversuslog[L],. (circle in Figure 1). Here[L],

s [Pic‘} and [Cd2+]have been calculated in terms of a successive
approximation.'®!>!7 The same is true of the extraction systems with
the other diluents. The slope less than unity shows the dissociation of
CdLPic, in the BBz phase."”
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Figure | The plots (I1B) (circle), (2C) (square), and (3C) (triangle) for the BBz
system with L = 18Cé.

The plot of log log(D / [Picﬂ)versus log[L]BBz yielded a straight
line witha=0.93and b=1.17, the b value tologK

o (Figure 1).
This a value shows the extraction of CdLPic* into the BBz phase.
The plot of log loglog Dversus log[L] 5. GaVE a straight line with
a=1.08 and b=-0.97, the value tolog K ;¢ (Figure 1). This a

value shows the extraction of Cd[*" into the BBz phase. From these

Copyright:
©2017 Kudo. 274

results, one can easily see the co-extraction of CdLPic, , CdLPic* and

CdL** into the BBz phase. Here, we call the log[L],. (x-axis) plots
2

of log(D / [Pic“} ) s log(D / [Pic“}) and logD the plots (1B), (2C),

and (3C), respectively. Similar data calculated for other systems are
summarized in Table 1. The plots (1B) clearly indicate the dissociation
of CdLPic, in the oDCBz and NB phases.

In discussing the data obtained from the above plots, it is important
to examine the overlap of the [L]org or ionic strength (I) values used
for the data analyses; especially, the (Iorg) values of the org phases are
important for the latter case. The larger overlaps among the data make
comparisons among them possible. Figure 2 shows the overlap of
IBBz among the plots for the extraction system with org = BBz . On
the other hand, Figure 3 shows an example of a minimum /,;; overlap
in the report. The BBz system indicates the better overlap, while the
NB one does the less one. The latter suggests the larger deviation of
the data determined with the present approximate procedure from the
data with “the formal one”. A degree of the lorg overlap increased
with the order, org = NB <0oDCBz < BBz < DBE.

Table 2 lists the data of mainly logKex and logKex+ for comparison.
The both values agreed with each other within experimental errors,
except for the NB systems. Also, the values for the oDCBz system
were close to those'” reported before. Considering the order, the
both values even for the NB system agreed with each other. These
facts indicate that the procedure proposed here, the approximate one,
is effective for the determination of such extraction constants. The
approximation procedure can be used for the primary diagnosis of the
system at least.

The orders in Kex , Kext , and KCd/CdL were
DBE<BBz<oDCBz<NB , except for the Kex order in the reference.!”
Such orders were also observed in the plots, (2C) and (3C), with the a
values of about unity (Table 1). A plot of log (approximate Kex , Kex+
, or K2,org ) versus log (formal *Kex , *Kex or *K2,org ) yielded a
straight line of a=1.16 and b=—0.74 at R=0.995 and N=13

(Figure 4). Similarly, these facts indicate that the results of the
approximate procedure well reflect those of the formal one.

From the values in Table 2, the following constants were obtainable:
P {: Kowi I Kearcar (*KD,Pic )} >

K org {: Koo /K s (*KD,Pic )} [15-17],

Kpea (: KewrcaKpo ! Keai Koo =[L],,, /[L] Keu [ CAL* ]/ [Cd“][L]) ,
and K, ,, {= Kearca (*Kp pic )2} MTheseconstantsK 1,org,K2,0rg

, and K ¢, , are defined as [CdLPic*]org/[Csz*]o [ Pic |

rg org

: [CdLPicz]org/[CdLPic*Lrg[Pic’L , and[ CdL™" |

i), [

, respectively. Their logarithmic values are summarized in Table 3.
The K1,org values were larger than or equal to the K2,org ones. These
facts suggest that a coordination structure around Cd(II) does not
almost change in the two-step reactions with Pic—.!8 Also, the K2,org
values thus-calculated were the same as those done from the formal
procedures within experimental errors. As similar to the results in
Table 2, these facts show the validity of the present procedure.

Figure 2 & 3 show the degrees of the overlap of the IBBz and INB
data used for calculation. These degrees, together with those of the
other two systems, rationally make comparisons between or among
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the data, such as Kex , Kex+ , and K1,org , possible, although the
finding of the NB system may create dissatisfaction.

Discussion

Simplification of the convoluted procedures**!%!217 for the M(II)
extraction systems, compared with the procedures'3>¢811 for the
monovalent-metal extraction ones, must stimulate an estimate of L
functions by many workers. Unfortunately, there are still complicated
treatments for the evaluation of equilibrium concentrations, such as

[Cd 21 , [L]org and [A'J , by the successive approximation,'” before
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the use of the present procedure. However, the procedure proposed
here can be useful for the workers who expect a primary diagnostic
determination of some extraction constants, because the procedure
uses directly the experimental D values. Besides, such constants
derive valuable component equilibrium-constants from several
thermodynamic cycles, as shown in Case Presentation. Additionally,
Figure 2 & 3 suggest an importance of the ionic strength for the phases
in the determination of the equilibrium constants by the extraction
experiments. 681113

Table | Data of the plots for composition determination of extracted species in the CdPic2 extraction with 18C6 at 298 K

. Plot (1B)") Plot (2C) Plot (3C)
Dlluent AZ) bZ,J) aZ) b2,4) aZ) bZ,S)
oDCBz 0.76 3.39 1.02 2.0l 0.94 -0.51
DBE 1.02 4.6l 0.96 0.78 0.99 —1.53
NB 0.55 4.80 0.99 4.92 1.05 3.23
Table 2 Fundamental data for comparisons between the both procedures
log K log K log K
Diluent OS' ex °g' ex+ Og. cdicdL
This Report Ref.[17]1) This Report Calculatedl,2) This Report
oDCBz 44,£04, 431,4.21 1.9,£0.2, 24, +£02, —0.2, £0.2,
BBz 42,04, 4.38 1.7,£ 05, 1.9, £ 04, -1, 03,
DBE 3.8,£0.5, 4.2 I.1,£03, 1.8, £ 0.5, -1.3,£03,
NB 6.6, =04, 6.14 4.9, 0.0, 4.6 0.1, 2.9, 0.0,
"Values determined with the formal procedure. 2) Values calculated from the data in ref. [17] by using log K_, = log {*K__/(*K, )}
Table 3 Some equilibrium constants estimated from K ,K__,and K_,, for the CdPic2 extraction with 18Cé at 298K1)
Diluent (log *K_ .. )? logK, logK, )» log K, . logK_,*
oDCBz (-5.5,-4.2) 82,+03, 79,%05,(7.3,7.5) -1.33 —-11.2,£02,
BBz (—4.6) 77,£0.6, 72,+0.7 (7.0) -2.18 —-103, £ 0.4,
DBE (-5.1) 82 +0.7, 77,+0.7,(7.5) —4.05 —11.4,£0.6,
NB (—2.35) 4.0, 0.1, 4.0, £ 0.4 (3.9) 2.00 -1.7, £0.07

"See the text.? Values reported in ref."”

-
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Figure 2 A distribution in |, among the plots, (1B), (2C), and (3C) for the
BBz extraction system.The symbol N refers to the number of data.

Conclusion
ItwasshownthatEqs. (1b), (2¢),and 3¢)with D(= Dy = D, = D, )
K,.. ,and

ex+
l,org and

are useful for the primary-diagnostic determination of K

ex

K y/car Tespectively. In the present extraction systems, the K

K, values were newly obtained from the K, . and K, alues.
These results facilitate applications for next stages with the extraction
experiments by other users.
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Figure 3 A distribution in INB among the plots, (1B), (2C), and (3C) for the

NB extraction system; see Figure 2 for N.This is the case of the minimum
overlap in the report.
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Figure 4 A plot of log (approximate K_, K

Ko ! "ruw’ or ’r:.-u)
AN

log (approximate
(%)
T
1

1 O L 1 1 1 1 1
1 2 3 4 5 B 7 g

log (K, *K . or *A )

2, 0rg

or K

ex+’ 2,0rg!

) vs. log (formal *K_,

*K, 0 OF *szorg)” for the CdPic2 extraction with 18Cé6.
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