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The effects of carboxylic acids, such as formic, chloroacetic, acetic, propionic, butyric and
caproic acid, on the extraction of europium with benzoyltrifluoroacetone were studied. The
extraction is enhanced by the adduct formation between metal chelates and carboxylic acids
in the organic phase, while it is hindered by the formation of metal-complex ions with anions of
carboxylic acids in the aqueous phase. Caproic acid acts as an organic Lewis base and shows
the synergism, but formic and chloroacetic acids have a masking effect. Acetic acid, propionic
acid, and butyric acid behave both as synergists in the organic phase and as masking agents in
the aqueous phase. Caproic acid forms more stable adducts than does n-hexyl alcohol, and the
composition of the chelate adduct is estimated to be Eu(BFA);-2CH,(CH,),COOH.

As a general procedure for the extraction of metal  solution sometimes causes an abnormal distribution
chelates, a suitable buffer solution is added to the  of metals as a result of the synergistic effect and the
aqueous phase in order to minimize the pH change  masking effect.
during the extraction. However, the use of a buffer Acetic acid enhances the extraction of thorium
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with TTA,'2 but inhibits the extraction of lantha-
num with TTA® or that of uranium? and euro-
pium® with benzoyltrifluoroacetone; it was also
observed that the slope of log D vs. pH plots decreas-
<d upon the addition of acetic acid.”

In the present research, the effect of such car-
boxylic acids as formic, chloroacetic, acetic, pro-
pionic, butyric, and caproic acid on the extraction
of europium with benzoyltrifluoroacetone in ben-
zene was studied, and the extraction behavior was
explained by the adduct formation of the carboxylic
acid molecules with europium chelates in the organic
phase, and by the complex formation of the acid
anions with europium ions in the aqueous phase.

Experimental
Materials. The europium-152, 154 was obtained
from the Radiochemical Center, Amersham. The

radioisotope was purified by extracting it with 0.05 M
benzoyltrifluoroacetone in benzene at pH 5, by back-
extracting into 0.1 M perchloric acid, and by evaporating
almost to dryness. The residue was dissolved with
0.1 M perchloric acid to make a stock solution. The
benzoyltrifluoroacetone was obtained from the Dojindo
Co., Ltd. The sodium perchlorate was prepared by
adding sodium carbonate to perchloric acid and by
subsequent recrystallization from water. All the
other reagents were of the G. R. grade and were used
without further purification.

Procedure. The experimental procedures were
almost the same as have previously been described.®
Ten milliliters of an aqueous solution containing a few
ppm europium ions, 0.1 M sodium perchlorate, and
carboxylic acid in a given concentration were shaken
with 10 m/ of 0.05 M benzoyltrifluoroacetone in benzene
for one hour at 25+ 1°C: Each of the carboxylic acids
except caproic acid was added in the aqueous phase;
caproic acid was added to the organic phase. Aliquots
(2 mil) of the two phases were pipetted into test tubes,
and the distribution ratio of europium was estimated
from the gamma counts, as measured with a NaI(TIl)
well-type scintillation counter. The pH of the aqueous
layer was measured again after the extraction. The
partition of the carboxylic acids, such as acetic, pro-
pionic, butyric, and caproic acid, between benzene and
water was estimated by titrating an aqueous solution
containing 0.1 M or 1 M carboxylic acid with a standard
sodium hydroxide solution before and after shaking
with benzene. The pH of the aqueous layer during the
distribution measurement was near 3; therefore, more
than 999 of the carboxylic acids may exist in the
neutral form. As will be described below, formic acid
and chloroacetic acid did not act as synergists, but only
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as masking agents in the aqueous phase; therefore,
the partition was not measured in these cases.

Theoretical

When the predeminant species in the organic
phase are MRy, MR;-HA, MR- 2HA, -+, and when
those in the aqueous phase are M3+, MAZ+, MA,*,
..+, the distribution ratio of the metal is written as
follows:

S [MR,-mHA],
]
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where M stands for the metal; MRg, for the chelate
with a chelating agent, HR, and HA, for a car-
boxylic acid, and where [ ] and [ ], indicate the
concentration of the relevant chemical species in the
aqueous and organic phases respectively.

By introducing the distribution ratio in the ab-
sence of the carboxylic acid, D, the equation can be
reduced to;
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where B, is the overall stability constant of the
adducts formal between the metal chelate and the
carboxylic acid, and where k, is that of the metal
complexes with the carboxylic anion; these stability
constants are expressed as:
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When the acid dissociation constant of the car-
boxylic acid, K,, the partition coefficient of the
acid in molecular form, K4, and the dimerization
constant in the organic phase, K,, are known, the
concentration of the monomer species in the organic
phase, [HA],, and of the anionic species in the aq-
aqueous phase, [A~], are given from the total con-
centration of the carboxylic acid, Cxa, by the follow-
ing equations:
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where:
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_ [HA], _ [(HA)],
[HA] * 777 [HA]?®
and:
Ky=1+ [g‘:] + Kg

If the largest portion of the carboxylic acid is
distributed into the organic phase, the concentra-
tion of the monomer species is obtained by the fol-
lowing equation:

-1 +1/1+8KpCHA

[HA]O = Fy K,P
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Results and Discussion

The effect of acetic acid on the extraction of
europium with benzoyltrifluoroacetone is shown in
Fig. 1. With an increase in the concentration of
acetic acid, the extraction must be carried out in the
higher pH region, and the log D vs. pH plot curves
concavely. The effect of other carboxylic acids are
shown in Fig. 2 (formic and chloroacetic acid), Fig.
3 (propionic acid), Fig. 4 (n-butyric acid), and Fig.
5 (caproic acid). Caproic acid enhances, while
formic and chloroacetic acid hinder, the extraction.
In these cases, the log D us. pH plots are parallel to
that obtained in the absence of the carboxylic acids.
Propionic acid and n-butylic acid increase the ex-
tractability in the lower pH region, but decrease
the extractability in the higher pH region, indicating
convexly-curved log D us. pH plots. Figure 6 pre-
sents the change in the distribution ratio of euro-
pium as a function of the caproic acid concentra-
tion. As is shown in the figure, a straight line
with a slope of 1 is obtained when the log D*/D
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Fig. 1. The distribution ratio of europium(III)
as a function of pH in the presence of acetic
acid.

Molarity of acetic acid: -@- none or 0.0l M,
—@- 0.1m, -O- 1.0m, -~ 5.0m
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values are plotted against log Cys, but the slope
becomes 2 if they are plotted against log [HA],.
This fact indicates that two moles of caproic acid
react with one mole of europium benzoyltrifluoro-
acetonate to form the MR,-2ZHA-type adduct in
benzene, although it is not clear whether caproic
acid reacts as the monomer or as the dimer. The
overall stability constant of the adduct was esti-
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Fig. 2. The distribution ratio of europium(III)
as a function of pH in the presence of chloro-
acetic or formic acid.

Molarity of chloroacetic acid: -@)- none, -O-
0.1 m; formic acid: -€)- none,

-@-0.1M, -@®- 1.0Mm
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Fig. 3. The distribution ratio of europium(III}
as a function of pH in the presence of propionic
acid.

Molarity of propionic acid: -)- none or 0.01 M,
-@-0.1m -O- 1.0m
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Fig. 4. The distribution ratio of europium(I1I)
as a function of pH in the presence of n-butyric
acid.

Molarity of n-Butyric acid: -@)- none or 0.01 m,
-@- 0.1m, -O-1.0m
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Fig. 5. The distribution ratio of europium(III)
as a function of pH in the presence of caproic
acid.

Molarity of caproic acid: -@0- none or 0.001 M,
-@- 0.0lm, -O-0.1M

mated to be log f,=>5.20. From this value, it may
be expected that caproic acid forms more stable
adducts with europium benzoyltrifluoroacetonate
than does n-hexyl alcohol (log f,=3.10). In the
cases of acetic, propionic, and na-butyric acid,
some correlation may be observed between the
bend point of the log D us. pH plots and the
pKa value of the carboxylic acid, and between
the strength of the synergistic effect and the

log D*{D
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Fig. 6. Variation of the distribution ratio as a
function of organic base concentration.
Caproic acid : -O- (log D*/D vs. log Cya plot}
-®- (log D*|D vs. log [HA]o plot)
n-Hexylalcohol: -@- (log D*/D us. log [n-Hexyl-
alcohol], plot)
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Fig. 7. The extraction curves of europium(III)
with benzoyltrifluoroacetone in the presence of
1 M carboxylic acid.
——: experimental, ---: calculated
Carboxylic acid: -QO- Acetic acid, -@)- Pro-
pionic acid, -@- n-Butyric acid

partition ratio (including K; and K,) of the acid.
In order to examine why the curious extraction
behavior resulted from the distribution equilibrium
expressed by Eq. (1), the rough theoretical extrac-
tion curves were obtained from the equations de-
scribed above by introducing various constants of
carboxylic acids, which are summarized in Table 1.
The K4 and K, values of n-butyric acid were lack-
ing; K, was assumed to be the same as the values
of acetic and propionic acid, and K; was estimated
from the partition of 1M n-butyric acid (Ex=72.79%,).
The extractabilities of acetic and propionic acid
obtained experimentally in the present research
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TABLE 1. THE CONSTANTS USED FOR THE APPROXIMATE CALCULATION
&
Carboxylic acid Ka Ky K, B —_—
0.1m Im
Acetic acid 1.8x10-% 1x10-22) 1.3x10%2 1108 ® 2x10% B 1x10% D
Propionic acid 1.3x10-5 5x10-22) 1.3x10% 2 1x108 e 1.7x 100 8.5x1010
n-Butyric acid 1.5x10-8 1.9x10-1d 1.3x10% ) 1105 e 1.4x10% 0 7x100
% Extrn. of carboxylic acid
ks
Carboxylic acid — 0.1m 1M
0.1m 1M —— e
Calcd Exp. Caled Exp.
Acetic acid 8x103 b 2x103 0D 2 1.7 3 2.5
Propionic acid 6103 1) 1.5x103 D 10 9.3 33 30.0
n-Butyric acid 41080 1x10% 0 42.5 42.5 73 72.7®
a) Ref. 6, b) Ref. 7.

c¢) The value was assumed to be the same with that of acetic and propionic acid.
d) The value was estimated from the K, value® and the extractabilitys).

e) The values were assumed from f, of caproic acid.

f) The values were assumed from the data presented by Ref. 7.

g) The extractability was used for calculating the Ky value.®

were in good agreement with those calculated from
the K4 and K, values previously reported.® Also,
in the partition of 0.1M n-butyric acid, the extracta-
bility obtained experimentally agreed well with
that derived from the asumed Ky and K, values.
The B, values of these acids were uncertain, so
log f,=>5 was used, the data of caproic acid being
referred to. The &, and k, values used were based
on the data in the literature.”

Typical calculated extraction curves are indicated
in Fig. 7, along with the experimental curves.
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Since many of the equilibrium constants were
roughly estimated, and since the concentration was
used instead of the activity in the calculation, the
resulting curves were, of course, mere approxima-
tions. However, they may not be very wrong, for
the vertical scale is logarithmic. Both the extrac-
tion curves, those calculated and those experi-
mentally obtained, show a similar shape in each
carboxylic acid; this fact indicates that the extrac-
tion behavior of europium benzoyltrifluoroaceton-
ate in the presence of carboxylic acid can be
explained by Eq. (1). For formic and chloro-
acetic acid, the first term of Eq. (3) is negligible
and only the masking effect appears, while the
second term can be neglected and the synergism
is observed in the case of cap roic acid.




