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ABBREVIATIONS 

HLnL 
HLnL 
K D(HLfI L) 
NnO- 

l O 

PH,,,@.Oi, 

bidentate, monobasic @and 
concentration (activity) of HL n L in an organic diluent 
distribution coefficient of species HL rl L 
anion of a LIX- or KELEX-reagent 
standard potential 
pH at which the distribution ratio is unity and the equi- 
librium concentration of extractant in organic phase is 0.0 I M 
extraction equihbrium constant 
overah stability constant of a 1,2-complex 
dimethylglyoxime 

A. INTRODUCTION 

The initial interest in liquid-liquid extraction resulted from the need for 
both simple tests and quantitative methods in analytical chemistry. In this 
connection the cobalt(I1) test in which [Co(NCS),]“- is extracted with amyl 
atcohol or the pH-dependent extraction of many heavy metal ions by means 
of dithizone (Table 1) should be mentioned, This method, combined with 
photometric evaluation, may be used for the determination of very small 
quantities [I]. 
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C. REDOX PROPERTIES OF COBALT(II) CHELATES AND LIQUID-LIQUID J?.X- 
TRACTION 

Cobalt(II) may be extracted from an ammoniacal solution by LIX- or 
KELEX-reagents [6]. But a complete reextraction by acids is only possible if 
it is performed immediately after the extraction [7]. Otherwise the chelates 
Co”(N II 0), in the organic phase are oxidized to stable cobalt(III) com- 
plexes (eqn. 4) 1241. 

ZCo”(N nO),+2N nOH+ l/20? -+2Co”t(N nO),+H,O (4) 

The interference may be overcome by a “reductive” extraction, i.e. an 
extraction in the presence of copper or cobalt powder [25]. Another possibil- 
ity is the application of a synergist, such as VERSATIC 911 (a tertiary 
ahphatic carbonic acid). A mixture of KELEX 100 and VERSATIC 91 i 
extracts a mixed ligand complex of probable composition II (eqn. 5) 16,241. 

[Co(N n O),(N n OH)lz -i- 2 RCOOH =[Co(N n O)(N n OH)(RCOO)]z 
II 

+2NnOH 

Evidently II has an octahedral structure with the donor set N,O,. The 
predominance of the 0-ligators lifts the redox potential (cf. eqns. (6) and 

[CO(NH,),I”~ =[C0(NH3)J3+ fe Z@ = 0.1 V (6) 

[CO(H,O),]‘~ =[CO(H~O)~]~+ fe co = 1.84V (7) 

(7)) and prevents the oxidation of extracted cobalt(I1) by oxygen. Therefore, 
a reextraction is possible independent of the age of the solution. 

The difficulties of reextraction disappear whenever NH-acidic compounds 
are applied which form air-stable cobalt(H) chelates 126,271. By the reaction 
of cobaIt(II) salts with pyridyi substituted sulfonamides such as NC,NHR 
and NC,NHR, Co(NC,NR), and Co(NC,NR), with coordination poly- 

cl- N CHzNHS02C&i5 

NCZNHR NC,NHR 

merit structures were obtained 1281. Polarographic studies demonstrated that 
up to a potential of + 1.3 V these complexes are not oxidized. On the 
contrary, the irreversible Co(H) + e G= Co(I) wave is discovered (ca. - I.8 V). 

The ligands NC,,NHR, because of the iow solubility of their metal 
chelates in hydrocarbons, are poor metal extractants. But they may be 
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foilowing model of nickel(H) extraction by 1,2-dioximes. During the extrac- 
tion of nickel(i1) by compound IX, in a first step a chelate of the amphi-iso- 
mer is formed (XII or XIII, but substituted by R). In a second step and in 
any case in the organic phase, by a catalytic rearrangement or by a ligand 
exchange with the anti-isomer, compound XII (or XIII) is converted into the 
stable chelate XI. In a patent [38] the extraction of nickel(I1) is claimed by 
means of a mixture of compound IX isomers, the content of an&isomer 
being not higher than 60% Further studies are needed; the detection of the 
different isomeric nickel(I1) complexes (see Xl. XII and XIII) should be 
possible by NMR spectroscopy [36]. 

E. CONCLUSIONS 

We can expect that the technical importance of liquid-liquid extraction 
will increase. The main fields of application will be the hydrometallurgy of 
low-grade ores and the reprocessing of metal containing wastes and waste- 
waters. 

A thorough investigation of equilibria, kinetics and mechanisms of extrac- 
tion processes is wanted, and the experience of coordination chemists in the 
field of solution chemistry (influence of ligands. central atoms and solvent 
on comp!ex formation:.: is demanded. But some additional parameters must 
be considered which were hitherto hardly the subject of coordination chem- 
istry (interface properties of chelating ligands, distribution of ligands and 
chelates between two immiscible liquid phases). This means both an enrich- 
ment of research in coordination chemistry and an extension of practical 
application. 
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