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Résrmé : L'extraction liquide-liquide du lithium par les ligands orgonométalhques
Nat[CsHsCo{PIOXOR);}51" {Log- R = EL, iPr) s'cffectue par échange ivnique quan-
titatif.

Le spectre de masse de la phase organique montre que les espéces extraites soot des
diméres Liz(Log)s-L'échange quantitatil Na*/H* est aussi observé.

Les spectres de masse ¢t d'électrospray de la phase orgamuque monirent |'exsstence
du dimére Hy(Logr), dans cette phase. L'existence du complexe mixie LiH (Lgg); est
aussi rapportée. Le ransport du Lithium A travers 1a membrane liquide contenant le tri-
pode Na"'[CsH sCo{ P(O)OR}, }3]" se passe par Ic biais d’un contre transport couplé du
proton. Ce transport esl caraciérisé, par la formation du complexe mixie LiH(Lgg)a
dans 1a membrane liquide.

Key words : organometallic tripods, liquid-Jiquid extraction, lithium-proion coun-
tertrapsport.

. . I- INTRODUCTION

Several crown ethers;cryptands, spherands and calixarenes neutral

. and ionizable derivatives are known 1o -exhibit remarquable carriers

‘properties towards alkah fons 12341 Among alkali metal ions, lithium
is one of the most atiractive and.important:ion for application 151, For
example, there is a possibility that large aroounts of lithium are required
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for the production of tritium, which is used as a reactant in the nuclear
fusion reaction. The tripodal organometallic ligand [{CsHs Co
{P(OY}OR),)41" with R = Me, Et, iPr (noticed Lgg™ ) (figure 1) has
already been shown to be a selective lithium carrier in phosphotidyl-
choline vesiclesl®l. In order to get more information on the transport
mechanism and on the nature of the chemical species involved in the
transport process, we have investigated the transport through a water-
dichloroethane-water bulk liquid membrane as well as the correspon-
ding liquid-liquid equilibria.

BIGURE | : Compound used as exiraciant

Materials and experimental Section :

Reagents : NaLOMe, NaLOFEt, NalLOiPr were synthetized according
to reference 7). The dichloroethane (SDS) was purified by pre-equili-
bration with water (removal of the stabilizer). The alkali ions solutions
were prepared using distilied water. The lithium chloside (99.3 %) was
from Roth. The lithium nitrate (99 %} was from Janssen Chimika. HCI
(37 %) and HNO; (65 %) were fram Merk.
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Solvent Extraction Experiments : Extraction expenments were carried
out with a water / dichloroethane systems. The curves (figures 2, 3, 4,)
were obtained from equilibration of 10 ml aliquots of aqueous phase
(LiX = 0,1 M with X = CJ, NO3;) With equal volume of organic phase
(dichloroethane containing NaLOiPr in variable concentration) and
vigorously stirred (20 mn) in stoppered tubes immersed in a thermo-
stated bath (25 + 0.2 °C). Salting in.and ralting out effects are deduced
merely by visual observations.

Liquid Membrane Experiments : Liquid membrane experiments
were;performed with a U shaped: glass tube. A membrane sclution
(dichloroethane containing a carrier (NaLLOEt, NalL.OiPr)), a source
phase (aqueous solution of lithium-saht 0.1 M) and a receving phase

- .faquecus solution of HCI 0,01 M) were stirred simultaneous at 100

rpm. The whole ‘apparatus were placed in a thermostat controlled at
23 +.0.2 °C.. The exchanges. in the-concentrations of lithium in the

- receiving phase and organic phase (figure 5) were followed by using a

Perkin:Elmer (2380). Atomic- Emission Spectrophotometer with air-

-acetylene flame. Extraction experiments performed with pure dichlo-

roethane showed' no detectable presence of lithium in the organic
phase. X : Co

Mass Spectra : The mass specira of the organic phases were obtained
using fast-atom (Xenon) bombardment ex¢itation source (FAB* mass

‘spectra} on a ZAB HF VG Analytical.- The samples were dissolved in

m-nitrobénzyl alkohol as matrix and subjected to impingement by
atoms-accelerated at 8 kV, Fragments having a mass to charge ratio up
10 1400 were detected. The Electrospray (ES mass spectra) of the orga-
nic phases were obtained on a VG BioQQ triple quadrupole with a mass
to charge {(m / z) The electrospray interfacc was heated to 50 °C. The
sampling cone voltage varies from 10 to 50 V.
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Results and discussion :

The transport through a liguid membrane can formally be considered
as the resultant of an extraction between the feed phase and the mem-
brane phase and a back extraction (stripping) between the membrane
and the receiving phase; hence data on the two phase equilibria can
provide useful information on the understanding of the hquld mern-
brane transferi®9l.

Salting in -salting out :

If NaLOR salt{R = Me, Et, iPr) in dichloroethane is brought into
contact with a CX water solution (Ct = H*, Li+, Nat, K*, Rb*, Cs*,,
X~ =CI") two different features are observed at the equilibrium name-
ly either a salting in (Lgp- is almost quantitatively in the aqueous
phase} or a salting out (Lgg- is almost quantitatively in the organic
phase) (table I). It is ebserved that the lipophilicity of R greatly favors
the solubility of Log- in the organic phase. Whatever the nature of the
co-cation, saliing out of Log- is observed if R = isopropyl and where as
salting in is observed when R = methyl. When R = ethyl, a clear
disruption in the partition behavior is observed passing from lithium to
sodium, It is interesting to correlate this behavior with the kwown crystal
structures of the corresponding complexes!!9. With sodium the crystal
structure s trimeric of formula (Nalpg);,2H,0, where the water
rolecules participate to the complexation of the sodium ion. In addition
they can be in direct contact with the surrounding solvent molecules.
This feature contributes to increase the hydrophilicity of the complex
solute. With lithium and even in the presence of water, an anhydrous
dimer Liy(Lgg), is formed. In this structure the Li cation which js
naturally hydrophilic, is encapsulated in a tetrahedral environment
constituted by four phosphoryl groups. As a result, on the basis of the
compiexe stractures the lithium complex should be considered as
much more {ipophilic than the sodium one.
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TagLE | : Different features observed f NaLOR ( R = Me, Et, iPr} in dichlo-
roethane is brought inte contuct with a CX water solution (C* = H¥, Lit, Nat,
K+ Rb*, Cst, X" =CT). ' ’

Ht Lit Nat K+ Rbt Cs*
Methyl SI S1 51 SI 3 st
Ethyl
Isopropyl

Formation of a I - L complex in the orpanic phage :

Quantitative analysis of the Lit (LiX in the agueous phase) Na*
(NaLg;p, in the organique phase} (figure 2) confirm that a Li -Lp;p,
compiex of | : 1 stoechiometry is quantitatively formed in the organic
phase. The similar complex is formed for R = Et). It is also observed
that the exchange does not involve any transfer of inorganic anion into
the organic medjuni. FAB* mass spectra show the presence of the
dimer in both cases (HLiy(Iag),™ : mfe = 1 079.3 5 HLiy(gpedy™ -
m/e = 1247 4). ' '
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FIGURE 2 ; Exchange between Lit (LiCl in the aqueous phase) and Na
(NaLOIP, in the organigque phase)
(M3 M

R JR—

[

Lo s 1673 M
ation of a H - 1. complex in the organic phase -

HLpg (R = Et, iPr ) complexes in the organic phase are also quant-
tatively formed from H - Na exchanges in similar conditions (figure 3).
In order 10 get additional information on the HLgg complex, several
mass spectra tnvestigations are carried out on HL g;p, organic systems.
Most of the experiments show the existence of ions which can
be originated by HLg,, (FABY : H,L* m/e = 620.9, FAB-, BS™ :
L" m/e = 619.2 ). However it should be noted that ES¥ spectra indica-
te the existence of both HsL,* (m/e =1241.77) and H,L*; moreover
the intensity of the cormresponding signals evolve differently when the
voltage increases: an increase of H,L* accompanied by a decrease of
H;L,* with an increasing voltage, indicates that H,L.* might be a
fragmentation of H;L,*. This behavior supports the existence of the
dimer H,L, in the organic phase.
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FiGure 3 : Exchange between HY (HC! in the ayuequs phase). and Na*
(NaLgp, in the organigue phase).

[a*laq 31073 M

L

y
[ .
74
5
o |
3T
EI o
|
bttt
a 1 2 3 a 5 E ¥ ] £ kL]
ILlp 10°% M4
(x 104 M) (x104My | (x 104 ML)
Exp 1
. ) 1.45
L = NaLojpr 15.0 13
Exp2
30.0 7.2 A
L =Nal.oipr '
Exp 3
L =LiLojp; 15.0 35 1.5

B7



J. Soc. Ouest-Afr. Chim. (2001) 012

Formation of a HLiL, compiex in the organjc phase :

If a NaLq;p, organic solution is brought into contact with an aqueous
raixture of HCI (10-3 M) and LiNO; (1M) an ion exchange process
takes place characierized by the presence of lithium in the organic phase
according to a concentration ratio [Lit]org / [Llo = 0,5 (figure 4). This
suggest the existence and the quantitative formation of a species L : Li
having 2 : | steechiometry. The existence of this species is confirmed
by mass spectra carried out on organic solutions originated by HLg;p,
in contact with LiNO; aqueous solution. Indeed the FABT mass spectra
as well as the EST mass spectra of such solutions show the existence
of species HyLiLy+ (mfe = 1247.3).

FiGURE 4 : Exchange between HVaad Lit mixter (LiCl / HCI in the aqueous
phase) and Na‘t (NaLg;p, in the organique phase)

Lit)orp x 1075 M

2+

1 4
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H-Li coupled counter transport :

The occurence of two phase exchange processes suggests that it is
possible to transport lithivm via a pH pump (figure 5 (experimént 1),
figure 6 (experiment 2) figure 7 (experiment 3}). The transport kinetic
is studied by following the concentration versus time in the membrane
phase and in the receiving phase. Experiments are carried out with
Logr- (R = iPr). The main features of the transport are characterized
by the following observations (table 2) :

TaBLE 2 : Transport of Hthium through dichloroethone liguid membranes
cortaining NaLgp, (expl, 2} or Lilop, (Exp 3).

Llo [Li] org b Vi
(x 104 M) (x 104 M) | (x 1004 M/L.h)

Exp1
L = NaLoipr 15.0 3.3 1.45
Exp2

0.0 72 3.1
L =NaLgjpr )
Exp 3

: 15. 3. .

L= LiLoips 0 | 5 j 1.5

89



J. Soc. Ouest-Afr Chim. (2001) ; 012

FIGURE 5 : Transpart of lithium through dichlproethane liguid membrane
containing 1,5 10 M Nalp,. Source phase : 90 mi of 0.1 M LiCl agqueous
solution, receiving phase : 90 ml of 0.01 M HNO; aqueous solution.
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FIGURE 6 : Transport of lithium through dichloroethane liquid membrane
containing 3. 19-3 M NalOiPr. Source phase : 90 ml of 0.1 M LiCl aqueous
solution, receiving phase : 98 ml of 0.1 M HNG; agueous solution,

3

30

28

20

\F]

[Lityiod M
5

al
R+ 11+
. _*
i L '3 I — —
6 4 8 g W it

s{t}

90



J. Soc. Ouest-Afr. Chim. (2001) ; 0i2

FIGURE 7 : Transport of lithium through dichioroethane liguid membrane
containing 1,5 10-3 M LiL ;. Source phase : 90 mi of 0.1 M LiCl agueous

solution, receivinf phase : 98 mi of 0.01 M HNO, aqueous solution.
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1) The steady state rate as well as the lithium merabrane concentra-
tion are proportonal to the total carrier concentration. (figure 5 and 6).

2) The lithium transport from phase I to phase I1 is accompanied by
the counter transport of the proton characterized by the decrease of the
pH in the aqueous phase L.

3} The nature of the original salt (Li or Na salt) used as carrier in
equal concentration (figure 5 and figure 7} leads to an identical steady
state {equal rate and equal lithium concentration in the membrane
phase ).

4) Mass spectra (FAB™, ES*) confirms the presence of HLi(Lag),
already characterized in the two phase exchange.

5) At the steady state regime the concentration of lithium in the
membrane is 1/4 of the Log- analytical concentration (Lo in table 2).
This 1s consistent with the quantitative formation of HLi(Lgg), and the
quantitative decomposition of this complex at the second interface. All
these observations are in agreement with the proton / lithium counter

transport process which takes place via an exchange reaction which
can be written :
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H,L, org + Litag ——» HLiL, org + H*agq

The schematic mechanism for the carmmier mediated counter transport
of the lithium and the proton 15 described in figure (8).

- at the interface of aqueous phase [ / membrane guest salt is com-
plexed with carrier

- the resulting lipophilic complexe diffuses across the membrane

- the retease of guest salt occurs at the interface of membrane /
aqueous phase I

- the free carrier diffuses back across the membrane.

FIGURE 8§ : A schematic mechanism for the carrier mediated countertrans-
port of & lithium and a proton

\queous phase | Liquid membrane:

riped in di¢hlorocthanc Aqueous phase |l

“(Lﬂlz”m-g

L2 Li H org

-
K i
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CONCLUSION

- The acidic form "LH" and the lithium salt of the tripod can be formed
in the organic phase via a cation exchange process. Mass spectra mea-
surements seem to indicate that the acidic form is dimenic.

- It is shown that the transport of Lithium takes place via a counter
transport process based on a cation exchange. In a proton-lithium
counter trapsport process it is shown that the transporting species is a
dimer of formula HLiL,. This species is also characterized in liquid-
liquid exchange processes.
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