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ABSTRACT

The method of column extraction chromatography with inert supporting
materials facilitates selective or group concentration of traces of elements
with an enrichment coefficient more than io and the separation of complex
compounds of elements which have similar properties. Contamination of the
solution under investigation is negligible because of slight absorption and
the use of small extractant amounts. The method proved to be very convenient
for the separation of short-lived isotopes. An additional advantage is the

possibility of automatic control of the method.

The method of reversed phase partition chromatography is now fairly
widely used in radiochemistry, analytical chemistry and nuclear technology
for the separation of elements having similar properties. Reversed phase
partition chromatography has an undoubted advantage in comparison with
ordinary solvent extraction because it allows concentration of traces of
elements with high enrichment coefficients. Hence, the method is of particular
importance in the analysis of high purity substances used in the radio-
electronic industry. An extensive literature deals with the matter3.

There are two kinds of extraction chromatography depending on which
phase, aqueous or organic, is fixed in a column. If a hydrophobic supporting
material sorbs a non-polar organic solvent the method is called reversed
phase partition chromatography, extraction chromatography or liquid-
liquid chromatography. A hydrophobic supporting material retains a film
of an organic solvent or a solvent—complexing agent. The aqueous solution
containing separated elements is the moving phase in this case; the solution
passes through the column with the chosen flowrate. We shall not consider
here paper chromatography or thin layer chromatography methods.

Hydrophobic silica gel, aluminium oxide, kieselguhr, polytrifluoro-
chloroethylene (Kel-F), and polytetralluoroethylene (teflon) were used as
supporting materials, in recent works, some authors have used highly
porous teflon (PF-4) which has optimum properties as a supporting material
for an organic phase4' . The hard structure and porosity of the material
facilitate production of a uniformly filled column having a chromatographic
system with a greater number of theoretical plates. In general, any organo-
philic material with hard structure can be used as a support if it does not
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absorb microcomponents or change extractant properties. Teflon is a
material of this kind.

Tri-n-butylphosphate (TBP)69, diethylhexylphosphoric acids' °' and
other organophosphorus compounds''7, diethylsulphoxide18, high mole-
cular weight amines'921, and isobutylmethylketone22 have been used
fixed on inert supporting materials as extractants to separate and concentrate
traces of certain elements. Other work has been devoted to the application
of halide and thiocyanate metal complexes with different solvents2 325,

Extraction replacement chromatography is a new trend in this field
differing stabilities of the metal chelates give rise to the method. For example,
we used exchange reactions of metal diethyldithiocarbamates in chloroform
fixed on teflon26. This method allowed us to concentrate trace amounts of
some metals in the radioactivation analysis of pure yttrium and molybdenum
samples27' 28 Many other exchange reactions of metal chelates dissolved in
organic solvents can be used. The extraction chromatography method for
metal chelates has been reported29' 30,

Choice of the best conditions for chromatography makes possible selective
isolation of trace elements from complicated mixtures. Column extraction
chromatography as a method of separating similar elements has been
investigated by a number of' chemists. Some separation methods for anionic
complexes of metals have been developed31. Separation of einsteinium
(Es) and californium (Cl) from fermium (Fm)32 as well as separations of
other transuranium elements have been carried out'8. The present authors
have stressed3 the possibility of effective separation of components with
close distribution ratios because repeated distribution can take place in a
cli romatographic column; such separations appeared to be impossible when
the ordinary separation funnels were used. This advantage of extraction
chromatography permits separation of complexes of close stability. For
instance, the authors of' rels. 35 and 10 succeeded in concentrating traces of'
platinum from nickel and manganese after neutron irradiation in sodium
permanganate. Chromatographic columns with teflon were used and the
enrichment coefficient was iO. We achieved2 even greater enrichment, about
iO to 108.

In recent years some work on the elaboration and improvement of the
method has been carried out. For exa 'iple, the authors of ref. 34 considered
the possibility of continuous chromatographic separation of polycomponent
mixtures by liquid--liquid chromatography. Many authors have shown that
the method cannot be bettered when extremely high purity of the ultimate
products and a high degree of enrichment are required.

We shall give here several examples of the application of extraction
chromatography for the concentration of traces of elements in the analysis
of high purity compounds when macrocomponents are in large excess.

EX PERIMENTA I

Porous teflon with grain size less than 0.6 mm was used. The specific surface
was S = 6.9 m2/g. TBP, tri-n-octylphosphate or di-(2-ethylhexyl) phosphoric
acid served as the immovable phase.

Teflon was kept in a dryer at 100° to 110°C before use, saturated by an
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organic solvent and placed into a quartz column. The columns used were of
15 cm length and 3 to 4 mm in internal diameter. The excess of an extractant
was removed by a moving solvent. The column was thermostatically con-
trolled when experimental conditions demanded high temperatures. This
latter procedure after filling the column allowed removal of the air from the
teflon layer. Increase of temperature in practice did not affect the capacity of
one gramme of the immovable phase. The flowrate was between 1 and 0.6 ml/
mm. The error of the distribution coefficient (F) measurements in different
columns but under the same conditions was ±-5 per cent.

GROUP AND INDIVIDUAL CONCENTRATION OF ELEMENT
TRACES

We used extraction chromatography for the group concentration of
traces of gallium, iron(I1l), cobalt and copper(II) in the analysis of pure
aluminium and its salts and for the separation of indium and cadmium
from large amounts of zinc.

Hydrobromic acid was applied as the moving phase for the isolation
of indium, cadmium and zinc traces. The values of F for indium, cadmium and
zinc increase with increasing concentration of hydrobromic acid in the
moving phase. They decrease in the series Cd > In > Zn when the acid
concentration is low (0.3 M). Figure 1 shows that this sort of distribution of
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Figure 1. Log K for the bromides of indium, cadmium and zinc as a function of log FL

the elements corresponds to decreases of the non-stability constants of the
bromide complexes (K1 and K2). Separation factors (S) are: Sinizn = 31.

Scd/zfl = 56.4, Scd/jfl = 1.8. The chromatograms of zinc, indium and cadmium
separation are given in Figure 2. However, it is necessary to use more con-
centrated acid (0.8 to 1M) for the concentration of microamounts of indium.
We have been able to separate indium from zinc (ratio 1: 10) when the
concentration of hydrobromic acid was 0.8 to 1M. It is possible to concentrate
traces of indium from zinc suiphates and chlorides using 1M hydrobromic acid
as the moving phase. For instance, traces of indium (2.0 to 5.0 jig) were
isolated from 10 to 15 g of zinc sulphate with the error of indium determina-
tion ± 13 per cent.
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Figure 2. Elution curves of zinc, cadmium and indium from the 0.3M hydrobromic acid-TBP
system. In the column So jig ofeach element was added.

The system 2M hydrobromic acid—tri-(2-ethylhexyl)phosphate was used for
the quick chromatographic separation of micro-amounts of indium from
comparatively large amounts of gallium. We were able to concentrate 2j.tg
of indium from 2 g of pure gallium. The enrichment coefficient was to
106.

A molar solution of ammonium thiocyanate as the moving phase and
100 per cent TBP as the immovable one have also been used for the group
concentration of some elements. Differences in chromatographic behaviour
of certain elements allowed us to concentrate a group of trace elements in the
analysis of pure aluminium and its salts (Table 1) as well as in the process of
deep purification of ammonium thiocyanate from traces of iron24.

ThhIe I The determination ol microadmixtures in
AICI161120 afler their group concentration (samples

1(X) to 2(X) g)

Found,

Fe(iii) Ga(iii) Co(ii) Cu(ii)

6.5
5.2
5.9
5.1

106l0'
106
10-6

4,4
4.6
44x
4.4 x

o
106
10 6
10

't2 x
.3 x
4•5 x
4.5 x

10I0
10 6
10 6

4.4
4.4 x
•5

x

10.6
10 6
to 6

10

THE EFFECT OF TEMPERATURE
It is shown that better extraction separation can be obtained in some

cases when the temperature is different from ambient. We found that some-
times a change of temperature allowed us to shorten the time of separation
processes and to get narrower peaks.
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column at different temperatures. It is of interest that an increase of tempera-
ture does not affect gallium distribution alone while the content of other
elements in the organic phase diminishes with rise of temperature.

For example, iron(iii) is sorbed into the organic phase quantitatively if
the temperature is 20°C, by 60 per cent if t = 70°C and passes through the
column when t = 90°. The process of elution of zinc, cadmium and aluminium
is accelerated with increase of temperature. The elution peaks become
narrower and consequently the volume of eluate solution necessary for
quantitative element elution decreases by several times (Figure 4).

Figure 4. Temperature dependence of

mL O.SM HBr
elution of zinc from the

system.
O.8M hydrobromic acid—TBP

Investigation of the behaviour of elements at high temperature allowed
us to separate small amounts of gallium from comparatively large amounts of
iron(III) without addition of ascorbic acid or any other reducing agent. In

P.A.C.—31—4—D
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In our experiments the temperature was varied between 20° and 90° ±
5°C. The solutions of 4M hydrochloric acid, 1M ammonium thiocyanate or
1M hydrobromic acid were used as the moving phase.

Figure 3 illustrates the distribution of some elements (50 j.tg/ml) in the

:!°__
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Figure 3. Temperature dependence of metal concentration in the column.
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this case the consumption of the eluate is five times less than at room tempera-
ture and the separation procedure takes much less time.

We separated gallium from iron (ratio 1: 10) in a thermostatically
controlled column at 80 C in the system 4M hydrochloric acid—tributyl
phosphate; 20 ml of 4M hydrochloric acid solution containing I g of
FeCI3•6H20 and 10 .tg of gallium were passed through the column tilled
with teflon: the tlowrate was 0.6 mi/mm. Then iron was completely washed
by 4M hydrochloric acid solution (the consumption was about 140 ml). The
process was controlled by the column colour as well as by the reaction with
suiphosalicylic acid. Gallium was stripped by 5 ml of 0.1M hydrochloric
acid solution. The error of the determination was less than ten per cent. The
separation of gallium from iron can also be carried out from IN solutions of
hydrochloric acid at 700_80cC. Gallium can be separated from large amounts
of cadmium in hydrochloric acid solution using thermostatically controlled
columns: the separation is impossible at room temperature. Cadmium and
indium can also be well separated (Figure 5).

Fiqure5. Separation of cadmium from indium (I at I = 61)

On the other hand, observations show that the extraction of most com-
pounds into the organic phase decreases with increasing temperature. This
must be related not with the exothermic nature of the extraction reaction
only but with the effect of temperature on the activity coefficient of the
complex, complex formation process, dissociation and so on. The effect of
temperature on the extraction of complex acids by a hydrationsolvation
mechanism is also a complicated matter.

THE CHANGE OF OXIDATION STATE OF AN ELEMENT

Recently we suggested a further kind of extraction chromatography based
on using specific extraction properties of elements of different oxidation
states.
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In the radioactive determination of traces of yttrium, dysprosium,
holmium, samarium and lanthanum in europium oxide, europium was deter-
mined by its reduction to Eu(II) with metallic zinc in the Jones reductor. The
reductor was combined with the teflon chromatographic column saturated
by di-(2-ethylhexyl)phosphoric acid (Figure 6). In this case all the europium

Figure 6. The Jones reductor and chromatograph column—A, solution; B, amalgamated zinc
grains; C, powdered PF-4 impregnated with di-(2-ethylhexyl)phosphoric acid.

passed through the column while the traces of other rare earth elements were
retained on the column.

The results of the analysis of high purity europium oxide are given in
Table 2.

The separation of gallium from large amounts of iron(I1l) by extraction
chromatography can also be carried out after reducing iron to Fe(ll). The
concentration factor is 1O to 10 in this case.

Table 2. Results of Eu203 analysis

Element Content, Sensitivity

Yb (1.0 ±0,2) x iO I x 10
Dy (8.0 ±0.8) x 10-6 1 x 107
Ho (4.2±1.9)x10'5 2x10'5
Sm (6.4 ± 1.1) x iO 2 x iO
La (5.7±2.4)xlO5 I x105

CONCLUSION

The method of column extraction chromatography with inert supporting
materials allows us to carry out selective or group concentrations of traces of
elements with an enrichment coefficient of more than iO and to separate
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complex compounds of elements of similar properties. Contamination of the
solutions investigated is negligible because of slight adsorption and the use
of small amounts of extractant.

The reagents and water used can be purified beforehand by the same method.
The method proved to be very convenient for the separation of short-

lived isotopes. An additional advantage is the possibility of automatic
control of the method. This method as well as others can be more efficient if
mathematical methods of factor design are used to choose optimum separa-
tion conditions.
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