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ABSTRACT 

Various applications of liquid ion exchangers in inorganic analysis have 
been reviewed. A compilation of the data for the separation and 
determination of various elements using both liquid caion and anion 
exchangers is given in tabular form. The review covers the literature of the 
last 10 years. 

INTRODUCTION 

The application of liquid ion exchangers for analytical work is ever 
increasing. From the low pace of research after its introduction in 1948 by 
Smith and Page /l/, it has gained momentum and reached a stage of separate 
identity in the field of solvent extraction, as extensive work has been 
reported in the various fields of application. Very little work was done with 
this analytical technique, except in the field of transuranic elements, until 
the 1960s, despite its obvious possible advantages. The reason for the lack of 
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attention was partly due to the lack of knowledge of the fundamental 
principles of the technique and partly because of the few experimental 
constraints like the tendency to form emulsion between the aqueous and 
organic phases, the need for stripping the organic extract to complete the 
analysis, etc. The popularity of solvent extraction employing the readily 
available chelating agents and the introduction of synthetic resin exchangers 
also share the responsibility. However, at a later stage a number of 
equilibrium distribution studies of various extraction systems were carried 
out which served to shed more light on the intimate details of extraction 
processes such as the nature of the extracted species, extraction equilibria, 
mechanism of extraction, etc. These studies were useful not only in 
providing a sound basis for developing and understanding extraction 
procedures but also in obtaining equilibrium data for the aqueous solution 
chemistry of metal ions. A wide knowledge of the technique enabled 
scientists to avoid the difficulty of emulsion formation between the aqueous 
and organic phase. The increasing use of the organic phase directly for 
estimation, without back-extraction, increased the attractiveness of liquid 
ion exchangers and its incorporation as a separation stage in inorganic 
analysis. The introduction of the technique of selective elution with various 
stripping agents opened up a new field of easy separation of closely 
associated elements. Thus it was realized that liquid ion exchange has much 
to offer the analyst by providing both the speed of separation associated with 
solvent extraction and the selectivity offered by ion exchange under 
appropriate conditions for the separation of elements from other associated 
elements and also for the recovery and purification of metals. 

Besides the use of liquid ion exchangers in analytical separations, they 
can also be used as a probe for studying metallic and other complexes 
formed in the aqueous media. The most important condition for this type of 
study is that an unchanging organic phase is used to determine the 
conditions for the constant activity of an extractable species in a series of 
changing aqueous phases. Alternatively, an organic phase of varying 
composition can be used provided it is reasonable to assume that any 
variations in the organic phase activity coefficients of the pertinent species 
will be in constant ratio. 

Liquid ion exchangers find potential applications in nuclear fuel 
reprocessing, in processes used for the recovery and purification of metals, 
such as recovery of fissile and fissionable materials from irradiated fuel 
elements. They are also being used increasingly in hydrometallurgical and 
other industrial processes. The superior extracting ability of the liquid ion 
exchangers can be utilised for the effective removal of toxic metal ions from 
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industrial effluents which finds application in waste treatment technologies. 
Extensive study on aspects such as the nature of the organic phase and 
mechanism of the extraction has proved very helpful in designing optimal 
conditions for using these extraction systems in varied technical processes. 

Chromatographic separations of a number of cations by means of paper 
treated with liquid ion exchanger have opened up a new field for the 
separation of very closely associated metals like rare earths. The practice of 
reverse-phase partition chromatography is becoming very popular. The use 
of liquid ion exchangers in gas chromatography is also very promising. 

The introduction of ion-selective electrodes containing liquid ion 
exchanger or incorporating membranes prepared from exchangers 
introduced into inert supports such as polyvinyl chloride or Bakelite has 
opened up new fields of application. 

Thus the technique of liquid ion exchange continues to attract high 
interest because of its varied field of application, from large scale separation 
and purification to preparation of carrier-free trace levels of isotopes, from 
designing and testing new extraction methods to physicochemical 
examination of important systems to determine the underlying extraction 
mechanism and to evaluate the role of molecular structural and experimental 
parameters that will help in the improvement of existing systems. 

Several reviews have appeared periodically on the various aspects of 
liquid ion exchange. Coleman, Blake and Brown 111 gave a list of liquid ion 
exchange materials, both anion and cation exchangers. Kunin and Winger 
/3/ have reported the properties and uses of liquid ion exchangers. The 
classification of liquid anion exchangers is based on primary, secondary and 
tertiary aliphatic amines having high molecular weight (above 240), which 
are insoluble in water but soluble in various organic solvents. The extraction 
conditions vary with the type of amine used. This differential behaviour in 
extraction on account of differences in amine structure has led to wide vari-
ations in the separation conditions. The various aspects of the amine 
extractions are dealt with in earlier reviews /4,5,13,15/. A few general 
conclusions are drawn on the basis of the various reported methods of 
extracion of metals with amines and quarternary ammonium compounds. It 
was seen that extraction of metal complexes by amine extraction systems 
depends mainly on the extent of association or aggregation of both the 
extractant and the metal complex and also on the concentration of the 
amine. In most cases quaternary ammonium compounds are better extrac-
tants than primary, secondary and tertiary amines. The extraction efficiency 
increases with increasing basicity of the amines. Compared to extraction of 
double- or multicharged anion extraction, that of single-charged anion is 
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more efficient. In these extraction systems aqueous reactions predominate, 
so that the extraction follows an inverse order with respect to hydration. The 
use of butyl phosphoric acid as a liquid cation exchanger was described in 
1949. Other systems which can act as liquid cation exchangers are high 
molecular weight phosphoric, carboxylic, fluoro carboxylic, sulphonic acids, 
etc., like mono-(2-ethyl hexyl) phosphoric and phosphinic acid, di-(2-ethyl 
hexyl) phosphoric acid, mono and di-octyl phenyl phosphoric acid, versatic 
acids, naphthenic acid, SRS-100, perfluorooctanoic acid, dinonyl 
naphthalein sulphonic acid, LIX-64 Ν (a mixture of oximes), etc. Of these, 
di-(2-ethyl hexyl) phosphoric acid (HDEHP) has shown the highest 
contribution. However, the use of other liquid cation exchangers is also 
increasing considerably, especially in the field of nuclear reprocessing. 
Liquid cation exchangers are also extensively used for distribution studies to 
comprehend the nature of the extracting species, mechanism of extraction, 
etc. The field has yet to be explored further. 

The application of liquid ion exchangers for analytical work was 
reviewed by several authors /6-15/. Metals in the form of ionic complexes 
are extracted by controlling the acidity, concentration of the exchanger, 
choice of the diluent and the method of stripping and estimation. Variation 
in the nature of diluent has led to new methods of selective extractions /16/. 
Most of the early work on liquid ion exchange extractions were from 
mineral acid media. But later other complexing agents like carboxylic acids, 
dicarboxylic acids, thiocyanate, thiourea and even chelating agents which 
form coloured ionic species started receiving attention in this field. The 
efficiency of separation increased as well, as in most cases direct 
determination in the organic phase was possible. Radiometric determination 
using tracers was generally employed for separations of heavy metals and 
also for metals involved in nuclear technology. 

This technique is a useful operational method in the field of 
hydrometallurgy /17,18/. especially the extractions with high molecular 
weight amines and quarternary ammonium compounds which are the liquid 
anion exchangers. The extraction of Cu, Zn, Co and Cd from sulphide 
minerals can reduce the concentration of SO2 and other pollutants of the 
field of metallurgy. Liquid anion exchangers are also extensively used as 
extractants in nuclear fuel process chemistry in view of their reported 
stability towards radiation. 

Liquid ion exchangers, especially the anion exchangers, have great 
potential as extractants for the removal of toxic metal ions like Zn, Cd, Hg, 
As, Sb, Pb, etc. from industrial wastes /19-24/. Numerous amine compounds 
with low aqueous solubility have been screened and evaluated as extractants. 
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These extractants also find wide application in the estimation of traces of 
elements in geological specimens, soils, sediments and natural waters /25/. 

Liquid cation exchangers find application in the extraction from molten 
nitrate salt, which is getting more and more attention in the field of 
separation that can be performed at rather low temperature. Initially, only 
neutral extractants which extract by solvation were able to be employed in 
this technique, with a very few exceptions when chelating or cation 
exchange reagents were used. The reason is that the H+ liberated during 
cation exchange for extraction disturbs the partition system. However, these 
extractants are found to be very efficient in terms of increased selectivities in 
metal extraction as well as for the investigation of different types of 
interactions during extraction. The problem of liberation of H+ was solved 
by using a metal-ligand cation exchanger salt as an extractant rather than 
using the high molecular weight acid for extraction /271/. An extraction of a 
similar type was reported by Mitsugashira et al. 12161, where they used 
Cu(II)-bis (2-ethyl hexyl) phosphate as an extractant for Ra2+, Th4+, 
PaOj, UC>2+ and NpOj between eutectic mixtures of L1NO3 - NlitNC^ and 
LiN03 - NaN03-KN03. 

The use of liquid ion exchangers in ion selective electrodes is also 
progressing. Certain anion selective electrodes were prepared 1261 by coating 
a platinum wire with a mixture of polyvinyl chloride and the ion-association 
complex formed between Aliquat 336 and the anion to be determined. 
Cations like Fe(III) have also been determined 1211 using an ion selective 
electrode of Aliquat 336 combined with polyvinyl chloride. 

This review deals with the application of liquid ion exchangers for 
analytical separations and recovery. In many of the cases the extracted 
elements are eluted from the organic phase with suitable eluents which 
enables their selective separation from closely associated elementss; this also 
finds wide scope for the recovery of costly chemicals. In the direct extraction 
spectrophotometric determination methods either a coloured complex is 
extracted with a liquid ion exchanger or colour is developed in the organic 
phase with some reagents. Radiometric determination using tracers is also 
carried out in many cases in which either the estimation of the organic phase 
or the estimation of the aqueous phase after stripping is possible. Estimation 
of the aqueous phase after stripping is also effected by methods like 
titrimetry, atomic absorption spectroscopy, emission spectrography, etc. The 
various applications of the developed methods are also covered. 

The analytical application of liquid ion exchangers for extraction 
chromatography has been surveyed in a separate review /288/ by the same 
authors. 
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