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Extraction of microamounts of strontium with a nitrobenzene solution of hydrogen dicarbollylcobal-
tate in the presence of benzo-15-crown-5 (L) has been investigated. The equilibrium data have been
explained assuming that the complexes HL*, HL3, and SrL%' are extracted into the organic phase. The
values of extraction and stability constants of the species in nitrobenzene saturated with water have

been determined.

The dicarbollylcobaltate anion and some of its halo-
gen derivatives are very useful reagents for the extrac-
tion of alkali metal cations (especially Cs*), and also —
in the presence of polyoxyethylene compounds - for the
extraction of Sr** and Ba?* from aqueous solutions into
an organic polar phase, both under laboratory condi-
tions for purely theoretical or analytical purposes [1—
3] and on the technological scale for the separation of
some high-activity isotopes in the reprocessing of irra-
diated nuclear fuel [4—6].

In the present communication, the solvent extrac-
tion of microamounts of strontium using a nitroben-
zene solution of hydrogen dicarbollylcobaltate (H*B")
in the presence of benzo-15-crown-5 (L) was studied.
We intended to find the composition of the species
present in the nitrobenzene phase and to determine the
corresponding equilibrium constants.

EXPERIMENTAL

Benzo-15-crown-5 (B15C5) was supplied by Ventron,
Karlsruhe, Germany. Cesium dicarbollylcobaltate,
Cs*B, was synthesized in the Institute of Inorganic
Chemistry, Re?, Czech Republic, using the method pub-
lished by Hawthorne et al. [7]. The nitrobenzene solu-
tion of hydrogen dicarbollylcobaltate (H*B~) was pre-
pared from Cs*B~ by the procedure described in Ref.
[8]. The other chemicals used (Lachema, Brno, Czech
Republic) were of reagent grade purity. The radionu-
clide 8Sr (DuPont, Belgium) was of standard radio-
chemical purity.

The extraction experiments in the two-phase wa-
ter—HCl—Sr?* (microamounts)—nitrobenzene—H*B~
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—B15C5 system were performed in 10 em? glass test
tubes with polyethylene stoppers using 2 cm? of each
phase. The test tubes filled with the solutions were shak-
en for 2 h at (25 # 1) °C using a laboratory shaker (un-
der these conditions, an equilibrium in the system un-
der study has established after approximately 30 min
of shaking). Then the phases were separated by cen-
trifugation (5 min, 2 500 min™!). After centrifugation,
1 cm? samples were taken from each phase and their
y-activities were measured using a well-type Nal(T])
scintillation detector connected to a single-channel y-
analyzer Strahlungsmessgerat 20 026 (RFT, Dresden,
Germany).

The equilibrium distribution ratio of strontium, D,
was determined as a ratio of the measured radioactivi-
ties of ®Sr in the nitrobenzene and aqueous samples.

RESULTS AND DISCUSSION

The dependence of the logarithm of the strontium
distribution ratio (log D) on the logarithm of the nu-
merical value of total (analytical) concentration of the
ligand B15C5 in the initial nitrobenzene phase, log
{c(L)}, is given in Fig, 1. The initial concentration of
HCl in the aqueous phase, ¢c(HCl) = 0.10 mol dm™3, and
the initial concentration of hydrogen dicarbollylcobal-
tate in the organic phase, ¢z = 0.003 mol dm™, are re-
lated to the volume of one phase.

With regard to the results of previous papers [9—
11], the considered water—HCI—Sr?* (micro-
amounts)—nitrobenzene—H*B—B15C5 extraction
system can be described by the set of reactions
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Fig. 1. Log D as a function of log{c(L)} for the system water—

HCl—Sr?* (microamounts)—nitrobenzene—H*B —
B15C5. ¢(HCI) = 0.10 mol dm™, ¢g = 0.003 mol dm™.
The curve was calculated using the constants given in Ta-
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Fig. 2. Distribution diagram of hydrogen in the equilibrium ni-

trobenzene phase of the system water—HCl—Sr?* (micro-
amounts) —nitrobenzene—H*B—B15C5 in the forms of

ble 2.
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H*, HL*, and HL3. ¢(HCI) = 0.10 mol dm™3, cg = 0.003 mol
dm3,

L §HY) = [Hlle(H gy, 2. SHLY) = [HLE )/e(HY) o,
3. 8HLY) = [HL}  J/c(H*) s, where c(H%)y, = [HE,]
+ [HLGl + [HLY o). The distribution curves were cal-
culated using the constants given in Table 2.
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correspond; subscripts aq and org denote the aqueous
and organic phases, respectively.

A subroutine UBBE, based on the relations given
above, mass balance of the crown ligand, and the elec-
troneutrality conditions in both phases, was formulat-

Table 1. Comparison of Various Models of Strontium Extraction from the Aqueous Solution of HCl Using the Nitrobenzene Solution

of H*B" in the Presence of Benzo-15-crown-5

Hydrogen and strontium complexes in the organic phase

HL*, SrL.2*
HL*, SrL%
HL}, SrL?*
HL3}, SrL%
HL*, HL%, SrL2*
HL*, HL%, SrL%
HL*, HL3, SrL?*, SrlL%

log{B}, log{Ku}* Ut

1.82 (2.28), 7.56 (7.97) 5.05

6.40 (7.45), 18.34 (19.63) 3.09

3.13 (3.56), 7.44 (7.78) 4.04

4.46 = 0.15, 10.93 = 0.16 0.27
transforms to HL%, SrL2*

425 + 0.16, 5.97 £ 0.15, 14.34 (14.57) 0.01

transforms to HL*, HL}, SrL%

a) The values of the extraction constants are given for each complex. The reliability interval is given — in agreement with Ref. [13] - as 3 o(K),
where o(K) is the standard deviation of the constant K. These values are expressed in the logarithmic scale using the approximate relation
log{K}+(log{[K + 1.50(K}]} - log{[K - 1.50(K)]}). For o(K)> 0.2K, the previous relation is not valid and then only the upper limit is given in

the parentheses in the form log{K}(og{[K + 30o(K)]}) [13].
&) The error-square sum U = Z(log D,y — log Dexp)z.
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Table 2. Equilibrium Constants in the Water—HCl—Sr?* (Mi-
cro-amounts)—Nitrobenzene—H*B—B15C5 Extrac-
tion System

Equilibrium log{K}

Loqg © Loy 1.60%

Hiyy + Log & HLY, 4.25

Hig + 2Ly & HLY o 5.97

Sr¥t + 2HY,, « S, + 2HY, 0.70°
Sr2t + 2Ly, + 2HY, o StLY,,, + 2H 14.34
Sr¥r, + 2Loyg ¢ STL% g 13.64

a) Ref. {9], b) Ref. [10].

ed [10, 12] and introduced into a more general least-
squares minimizing program LETAGROP [13] used for
determination of the “best” values of the constants
BHL} ) and Ko (SrL2 o). The minimum of the sum
of errors in log D, i.e. the minimum of the expression

U = 2(log Dyy. — log Deg)? %)

was sought.

The values log Kp = 1.60 [9] and log K, (Sr%},) [10]
were used for the respective calculations. The results
are listed in Table 1, from which it is evident that the
extraction data can be best explained assuming the com-
plex species HL*, HL}, and SrL%" to be extracted into
the nitrobenzene phase.

Fig. 2 presents the contributions of the species Hy,,
HL?,,, and HL3 ., to the total hydrogen concentration
in the equilibrium nitrobenzene phase. From this fig-
ure it follows that “sandwich” type complex HL% ., is
present in significant concentrations only at relatively
high amounts of the B15C5 ligand in the system under
study.

Knowing the value log K, (Sr%f,) = 0.70 [10] as well
as the extraction constant log{Kex(SrL2§0,g)} = 14.34
determined here (see Table 1), the stability constant of
the complex SrLzz’f org in the nitrobenzene phase defined
as

SI‘ 2+ ]

2,018

BSTLY ) = - :

org ; + 3 (6)
RN ) el 1 O b
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can be evaluated applying the simple relation

log{B(SrL% ;p)} = log{K(SrL% )} - log K..(Sr&y,
(7

The respective equilibrium constants are summarized
in Table 2.

In conclusion, it should be noted that somewhat
higher stability of the species SrL%, where L = 15-
crown-5, in nitrobenzene saturated with water
(log{B(STL% ;;)} = 14.89) [11] in comparison with the
stability of the analogous complex of Sr?* with B15C5
in this medium determined here for the first time
(log{ ﬁ(SrLzzf org)} =13.64 — see Table 2) can be probably
explained on the basis of the higher flexibility of the 15-
crown-5 ligand than in the case of the more rigid struc-
ture of B15C5 [14].

Acknowledgements. The present work has been supported by
the Czech Ministry of Education, Project No. MSM 230000009.

REFERENCES

1. Rais, J., Selucky, P., and Kyr§, M., J. Inorg. Nucl. Chem.
38, 1376 (1976).

2. Rais, J., Sebestov4, E., Selucky, P., and Kyrs, M., J. In-
org. Nucl. Chem. 38, 1742 (1976).

3. Makrlik, E. and Vatura, P., Talanta 32, 423 (1985).

4. Law, . D., Brewer, K. N., Herbst, R. S,, Todd, T. A., and
Wood, D. J., Waste Manage. 19, 27 (1999).

5. Romanovskiy, V. N., Smirnov, L. V., Babain, V. A,, Todd,
T. A., Herbst, R. 8., Law, J. D., and Brewer, K. N., Sol-
vent Extr. Ion Exch. 19, 1 (2001).

6. Law, J. D., Herbst, R. S., Todd, T. A., Romanovskiy, V.
N., Babain, V. A., Esimantovskiy, V. M., Smirnov, L. V.,
and Zaitsev, B. N., Solvent Extr. Ion Exch. 19, 23 (2001).

7. Hawthorne, M. F., Young, D. C., Andrews, T. D., Hove,
D. V., Pilling, R. L., Pitts, A. D, Reintjes, M., Warren, L.
F., and Wegner, P. A., J. Am. Chem. Soc. 90, 879 (1968).

8. Makrlik, E., Collect. Czech. Chem. Commun. 57, 289
(1992).

9. Kudo, Y., Takeda, Y., and Matsuda, H., J. Electroanal.
Chem. 396, 333 (1995).

10. Vatiura, P., Rais, J., Selucky, P., and Kyrg, M., Collect.
Czech. Chem. Commaun. 44, 157 (1979).

11. Valentova, Z., Vafiura, P., and Makrlik, E., J. Radioanal.
Nucl. Chem. 224, 45 (1997).

12. Vatura, P. and Makrlik, E., Collect. Czech. Chem. Com-
mun. 58, 1324 (1993).

13. Sillén, L. G. and Warnqvist, B., Arkiv Kemi. 31, 315 (1969).

14. Kolthoff, I. M., Anal. Chem. 51, 1R (1979).

Chem. Pap. 58 (3) 160 —162 (2004)



