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Supporting Information
Extraction efficiency of mixed carrier systems

Extraction efficiency for the case that both the anion carrier and the cation carrier form
a 1:1 complex with the anion and cation, respectively.

The extraction efficiency E for cooperative extraction of a salt MX by a mixture of an anion
carrier and cation carrier as defined by eq A.1, can be calculated from:
(i) the partition constant K:
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(ii) the complexation constants of the anion X (K.x) and cation M* (K.m) by the
corresponding carrier (Lx denotes the anion carrier and Ly denotes the cation carrier):

ax = [T[S% (A.1.2)
aM = % (A.1.3)
(iii) the mass balances'gor the carriers Lx and Ly in the membrane phase:
[LowJom =[Lysy +LyM1, (A14)
[Lxlom = Lyl + [Lx X1, (A.1.5)
(iv) the electroneutrality assumption:
M*] +[L,M'] =[X"] +[LX"1, (A.1.6)

In order to simulate E, eqs A.1.1. - A.1.6 were rearranged to give eqs A.1.7 and A.1.9 (salt
activities a,q are used instead of salts concentrations [M+]aq or [Xlag).




© 1999 American Chemical Society, J. Am. Chem. Soc., Chrisstoffels ja991588¢g Supporting Info Page 2

L] — 1+Mfa"—qz [L.]. =0 (A.1.7)
X d0,m [M+]m X dm — 1.
[Lylom —(+K, M1 )ILy], =0 (A.1.8)
+ Kpaaq2
IM* ], (K, g [Ly ], + 1)~ —[-ﬁ(l +K,4[Lyg],)=0 (A.1.9)

The defined variables are: Kom, Kax, Ko, aaq, [LxJo.m, [Lmlom and the unknowns are: [M*],,,
[Lx]m [LMmlm. The set of equations can be solved iteratively. Guess values for the unknowns
are estimated to initialize the iteration process.37 From the optimal values for [M*m, [Lxlm
[Lmlm and eqs A.1.1 - A.1.6, the extraction efficiency E (eq 8) was calculated.

Extraction efficiency for the case that the cation carrier forms a 1:1 complex and the
anion carrier forms a 2:1 carrier/anion complex.

The partitioning of salt (K;) is defined according to eq A.1.1 and the formation of a 1:1
cation:carrier complex is defined according to eq A.1.3. For the complexation of the anion X
by the anion carrier Lx as a 2 : 1 complex:

‘\ 2[Ly ], +[X71, T [(Ly),X 1 (A.1.10)

we, obtain
_ Ly ), X1,

= Al.l1l
a,X [Lx ]lzn [X_ ]m ( )

The mass balances for the cation carrier is defined by eq A.1.4 and the anion carrier is given
by:
[Lxlom = [Lxly +2[(Lg), X1, (A.1.12)

The electroneutrality constraint now becomes:
M*], +IL,M"], =[X"1, +[(Ly), X1 (A.1.13)
The above set of eqs can be rearranged to give a set of 3 eqs; A.1.14 - A.1.16.

Ka‘praaqz[Lx]m
M*],.

[Lxlom —[H 2 j[Lx]m -0 (A.1.14)

[Lylom — A+ K, yIM' ]y, =0 (A.1.15)



© 1999 American Chemical Society, J. Am. Chem. Soc., Chrisstoffels ja991588¢g Supporting Info Page 3

K., 2 )
M) 1+ Ka_M[LM]m)—ﬁ(1+ K, x[Lx],)=0 (A.1.16)

The defined variables are Kam, Kax, Kp, @ag, [Lxlo,m, [Lmlom and the unknown variables are
M*m, [Lxlm, [Lmlm. The corresponding extraction efficiency E (eq 8) was calculated from
the data obtained from the iteration process.”’

Transport model for facilitated transport of salt by a bifunctional receptor

In the case of initial transport under steady-state conditions, the corresponding flux is related
to the complex concentration [MLX]s at the source phase interface by equation A.2.1.

J, =—§ﬁ[MLX L (A2.1)

m

For the calculation of the [MLX]xs, it is assumed that the ditopic salt complex is primarily
present in the membrane phase; [XLM]y, >> [XL ]y and [XLM]y, >> [LM]y,. Furthermore, it
is assumed that the complexation of the ion M* or X' is not affected by the presence of the
counter-ion in the complex. The binding constants for anion complexation K, x by the carrier
L and the by cation complex ML" are equal. The same holds for the complexation of the
cation constant defined by K,m. The extraction of salt by bifunctional carrier L is then be
defined according to equation A.2.2.

Mi+ La+ X: 5 MLX. K= [MLX ],
s m s 5 m? ex [M+]s[X.]s[L]m

(A22)
The extraction constant K¢’ is the product of the stability constant for anion complexation,
cation complexation, and salt partitioning; K’ = KomKaxKp. When it is assumed that the
total amount of carrier at the interface is constant (eq A.2.3), an expression for the initial flux
Jp by a bifunctional complex MLX is derived (eq A.2.4):

[L],.=[MLX] +[L], (A2.3)

mK’ 2
Dnlelo %
dm (I1+ K’ _a:)
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(A24)
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Figure A.3  Calculated extraction efficiency E for carrier mixtures as a function of the salt
concentration a, (K, = 1 x 10 ™%, Ky = Kyx = 5 x 10* M™); ([LxJom + [Lmlom) = 0.01M, a5
=0.25(#),0.5 (W), 1.0 (A), and 1.5(@®)M.

100

601 (A4)

40 -

20

0 T 1 1
0 25 50 75 100

—— > [Anion Carrier], (mol%)

Figure A.4  Calculated extraction efficiency E for carrier mixtures as a function of the salt
concentration a,q (K, = 1 x 1070, K, 4= 5 x 10 M, K, x= 5 x 10° MY); [Latlom + [Lxlom) =
0.01 M, a,q =0.05(#), 0.25 (A), 0.5(H), and 1.0 (@M.




