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SUMMARY

Retention of the ions of #41Am3+, Ce®+ and La®+ in reversed-phase chromato-
graphy is considerably higher on paper treated with a mixture of HTTA and TOP
than if each extractant is used separately. The value for log (I/RF—I) for all three
ions reaches a maximum at a fixed comp051t10n of components in the mixture. Thus
a synergistic effect occurs not only in the liquid-liquid extractlon process but also
in the reversed-phase partition chromatography

" The composition of the metallic species formed in the organic phase is deter-
mined by correlating log (1/Rr—1) with the amount of HTTA and TOP fixed on the
paper and with the concentration of H+ ions in the mobile phase at constant ionic
strength. The results imply that species of composition M(TTA)43(TOP), are formed,
which is in agreement with the data obtained by solvent extraction on the same

system.

Reversed-phase partition chromatography with various organic solvents as the
stationary phase has proved to be a very useful method of investigating the behaviour
and separation of metallic ions. Previous results obtained by this method suggest
an analogy with solvent extraction processes!-7.

Taking into account the similarity of these two processes, it would be interesting
to know whether the synergistic effect, so often found in solvent extraction®-1¢, also
occurs in chromatographic processes.

Our previous investigation!! on the behaviour of rare earths on papers impregna-
ted with tri-n-octylphosphate (TOP) showed a very low affinity towards this solvent
and consequently a low retention on the stationary phase. In the present paper the
behaviour of Am(III), Ce(III) and La(III) on papers treated with a mixture of theno-
yltrifluoroacetone (HTTA) and TOP was examined. A considerable increase in the
retention, ¢.e. decrease in the Rp value, appears for all three tervalent ions. This
behaviour closely follows the synergistic effect found in solvent extraction? 19, The
composﬂslon of the complexes and the optimal conditions for mutual separation of the
ions were deter nuned from the results obtained.
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EXPE‘RIMENTAL -

Impregnatlon of the chromatographm paper w1th a mlxture of a TOP (F luka,
Buchs, Switzerland) and HTTA (BDH, London) solution in carbon tetrachloride was
carried out as described previously®?. An aqueous hydrochlonc ac1d solution of
selected concentration was used as the rnoblle phase. :

- Investigations were carried out with chloride solut1ons of La3+ Ced+ and
21Am?3+, In the case of La3+ and Ce?*, 0.010 ml aliquots containing about 5-:10~7
equivalents of each ion were spotted on the paper. To check the Ry values, the radio-
isotope cerium-144 (Ce®+) was used in some runs. The Rp values of #1Am3+ were
determined radiometrically with a y-scintillation Nal (Tl) counter.

The experiments were carried out on Whatman No. 1 paper strips, 2 X 35 cm,
in glass cylinders 14 X 40 cm, by ascending development. The chromatograms were
developed for 4—5 h at room temperature.

RESULTS AND DISCUSSION

The chromatographic papers were impregnated with solvents having different
molar ratios of HTTA to TOP, but the total concentration of the two extractants was
kept constant at 0.2 M. Table I gives the Rp values of La3+, Ce3+ and Am?+, while
Fig. 1 shows log (x/Rp—1) versus the molar concentrations of HTTA and TOP in the
mixture. La3+ and Ce%+ were run with o.0x M HCl and Am3+ with o0.05 M HC1 at
ionic strength 4 = o.1 Na(H)Cl. The Rp values were determined relative to the acid
front. When impregnated papers are treated with dilute mineral acids as the mobile
phase, it is possible that acid is absorbed by the paper. Therefore it is convenient to

TABLE 1
Rp VALUES FOR AM3t, Lal+ AND Cgit+

Paper impregnated with a mixture of HTTA and TOP., The mobile phasc for La’+ and Ce3+ iso.ot M
HCl and for Am¥+ o.05 M HCl; u = Na(H)Cl. .

Mixture of organic Rp
atractant

extractants pr ot Coor

TOP o20M 0.99 0.97 0.96

HTTA oo2M 0.98 0.95 0.81

TOP 0.18 M~ :

HTTA o.o5 M - 0.66 0.55 0.I12

TOP oi15M S : :

HTTA o.a0M ‘ 0.14 0.14 0.03

TOP: oI1oM \ o

HTTA o015 M ' 0.16 0.21 0.05

TOP o.o05 M -

HTTA o.a8M ‘ 0.28 . 0.39° 0.15
TOP: = o.02M S s

HTTA ".o.‘oéM" o098 | 0.7 - 0.97
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‘ deﬁne the amd front as the distance between the startlng line and the line where the
- acid no-longer appears on the paper The ac1d free zone is 1mmed1ately behmcl the
- solvent fronti2; : : L
o Fr0111 the results presented 1t is seen that the Rp values for all three 1ons are
nearly equal to. un1ty when the paper is impregnated only with 0.2 M HTTA oro.2 M
- TOP. A mixture of these extractants causes a considerable increase in the retent1on
“of all three ions. A maximum value for log ( I/RF —I) is obtained at a certain comp051- :
tion of the mlxture o : B

Ce3?

o obs CH 015 20N
— HTTA
020 015 010 005 g O TOP R
- Fig.- 1. Plot. of 1og (I/RF —1) for Am?+, La?®t and Ce’+ as functions of molar concentrations of -
» I—ITTA and TOP in the mmture ' ‘ . o

To determme the compos1t10n of the complexes we used a relation which allows

--us to correlate reversed-phase part1t1on chromatography with solvent extraction. If’ ;

the aqueous and organic phases in both processes are identical the following. equatron,‘
_i’g;s vahd1 18 '

log (I/RF—'I) log Ea—i-logk - R ‘ - ' - (I)

. where E° is the extraction coefficient, and ki is a constant dependmg on the chromato-;f’i;‘
[ graplnc expenmental conditions. : e
i The. dependence of the: Rp values for La3+, Ce3+ and Am3+ on the H+ ion con
R centratmn and on the amount of HTTA and TOP was exannned In these. expenment
.two variables out of three were: always kept constant Fig. 2 shows ‘the plot of log '

o (I/RF ——I) agalnst log [H+]. The chromatograplnc paper str1ps were 1mp1 egnated W1t1
‘ rxture of 0.15. M I-ITTA -+ 0.05-M TOP.. _ :

."?;'3 The behawour of Am3+ La3+ and: Ce3+ has been 1nvest1gated as a funct1on of'-*_}ij
- the’ amount of ‘HTTA-at constant TOP concentration in the organic. phase and
constant H+ dom concentratlon in’ the moblle phase The amount .of HTTA, mg/cm2
is’ determ1ned"by. we1ghmg the 'paper before ‘and:- after_ 11npregnat10n It has '
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proved that the weight increases obtained by treating the paper with a mixture of
HTTA and TOP are additive compared with the values obtained by impregnation
only with- HTTA or with TOP. On the graphs, the HTTA and TOP concentratmns
are expressed in millimoles.

3t
ce Am3t

=

n

o
T

La3t

o
S
(@]
T
[

log (I/R,-‘l)
Q

T

"OA4O
- ~0.80-

~-1.20
1 I PE

20 .2 0.8 I6g[HT
TFig, 2. Plot of log (1 /Rp —1) vs. log [H+] for La?+, Ce3* and Am®*, The slope of the straight lines is —3.

Fig. 3 shows log (I/RF—-I) versus log [HTTA] for Am3+ a3+ and Ce3+ The
TOP concentration in the impregnation mixture was always 0.05 M. The eluent for
La%+ and Ce®+ was o.01 M HCI and for Am?** 0.05 M HCIl at constant ionic strength
pu = o.1 Na(H)Cl

The dependence of log (1/Rp—1) on log [TOP] for La3+, Ce3+ and Am3+ was
investigated in the same way (Fig. 4). The HTTA concentration in the mixture with

120
.80 120~ Ce3*
Q40 o.eoF
N
=3 o- _ 040
g v
.~ =040+ S of
. e
R .
-o80F ~0.a0"
-l.20- . : , -o.ao# i
Y R YN T '-30log[HTTA =@g =20 =3.6 3.2 Iog [TOF

Fig. 3. Plot of log ( I |Rp —1) vs, log (lITTA] ina rmxture w1th TOP for Amdt, La.“’*‘ and Ce3+ The
slope of the straight lines is 3

I‘1g 4. Plot of log (I/PF —1) vs. log [TOP] in a mlxture w1th PITTA for Am3+ La3+ and Ce“’*' The
slope of the straight lines is 2 " . ,
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TOP was 0.15 M. The concentration of hydrochloric acid for La3+, Ce3+ and Am3+
was the same as in the preceding graph

' 1f synerglstlc effectst0.14 occur in the extraction of metallic ions with a mixture
of two orgamc extractants (in the present case, one is HTTA which forms chelates
with metallic ions, and the other is a ternary organophosphate, TOP) the over-all
reaction may be represented in the following way:

M1L+ + nHTTA —l— mS = 1\1(TTA)nS1’L + nI’I+ (2)

where S is the organic electron donor molecule.
Taking into account the valency of the ions, one obtains:

M3+ 4 3HTTA + 2TOP = M(TTA)z(TOP)2 4 3H+ (3)
The equilibrium constant of this reaction is:

[M(TTA)3(TOP)2]org[H*]?
[M3+] [HTTAJ3,_ [TOPJ2

org

K, = x £(p) (4)

where f(p) is the ratio of the activity coefficients of the components. IFor certain
experimental conditions it is assumed that f(p) is constant. The extraction coefficient
of the metallic species is then:

0 [M(TTA)a(TOP)z]org

Ey, = . [MB+] —— (5)

combining these with eqn. (x), one obtains:
log (1/Rp — 1) = 3 log [HTTA] 4 2 log tl‘OP] — 3 log [H+*] + const. (6)

The term ‘‘const.’”’ includes K, f(») and . Taking into account the slopes of the straight
lines in Figs. 2, 3, and 4, the extracted complexes fixed on the impregnated paper are
in the form of M(TTA);:(TOP),. The results are in accordance with the data for the
extraction of some tervalent lanthanides and actinides with a mixture of HTTA and
ternary organophosphate10 The synergistic effect noted is in agreement with the
assumption that an increased solubility of metallic chelates in the organic phase is
caused by the formation of an adduct molecule with the ternary organophosphate!? 16,
The behaviour of other tervalent lanthanides (Pr, Nd, Sm, Eu) was also inves-
tigated on paper impregnated with the aforementioned mixture of extractants. The
Rp values obtained have shown that the retention of these ions increases with the
increase of their atomic number or with the decrease of their crystalline ionic radius.
. The separation factor (r/Rp—I)z—1/(X/Rp—1): for ;zCe—g,La can be calculated
from Fig. 2. The mean value for the separation factor for this pair of lanthanides with
HCI in the concentration range of 0.01-0.075 M (u = 0.1) is 4.5. When compared
with their separa.tmn factor obtained on paper treated with acid esters of phosphonc -
acid®,s thls value is more than twice as’ hxgh =
e Cond1t10ns for separation of Am3*, Ce®+ and La%* can be chosen from I‘1g 2.
,_-‘The best separatmn is obtamed with o. 05 and o.075 M HCl.
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