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Extraction of cesium with a nitrobenzene solution of bis[undecahydro-7,8-dicarbaundecaboratc
cobaltate(1-) in the presence of 18-crown-6 (18C6, L) has been investigated. The equilibriur
and typical dependences of the Cs distribution ratios on the analytical concentration of 18C6
system under study can be explained assuming that the compleXe€#il and Csk are extracted
into the organic phase. The values of extraction and stability constants of the species in nitrok
saturated with water have been determined.
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In our previous works* we dealt with the extraction of Brand B&" ions using a
nitrobenzene solution of *Hbis[undecahydro-7,8-dicarbaundecaborato(2-)]cobaltate
(H* bis-1,2-dicarbollylcobaltate, H8") in the presence of polyethylene glycols, pol
ethers and crown ethers. These iong*jMave been found to be extracted in the fo
of the M Zgrg complexes. The occurrence of maxima on the plot of metal ion disti
tion ratio @) vs the total polyoxonium compound concentratiafl,), has been ex-
plained in terms of competition between the chargeﬁy}élcomplexes and protonate
PEG (HL;,y upon the balancing of the dicarbollylcobaltate electrostatic charge ir
organic phase.

During the extraction of perchloric acid with a nitrobenzene solution of dibenzc
crown-6 (DB18C6), the complexes Hand HL3" have been proved in the organ
phasé. Extraction of cesium using a nitrobenzene solution t8Hn the presence of
DB18C6 has been investigated; the complexes'@std Csl; have been found in the
organic phast

On the other hand, the extraction of strontium with a nitrobenzene solutiofi
bis-1,2-dicarbollylcobaltate in the presence of 15-crown-5 (15C5) can be explain
a simple model involving the presence of the specie’s HL; and Srl3* in the organic
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phase. The complex St, which exists in aqueous solution, has not been found in
nitrobenzene pha&e

The aim of this paper is to study the extraction of microamounts of cesium wit
nitrobenzene solution of 18~ in the presence of 18-crown-6 (18C6, L). We intendec
find the composition of species present in the organic phase and to determine
spective equilibrium constants.

EXPERIMENTAL

18-Crown-6 (Merck, Darmstadt, Germany) was used without any purification. Cesium salt of bi
dicarbollylcobaltate, C8~, was synthesized in the Institute of Inorganic Chemistry, Rez near Pre
Czech Republic. The hydrogen form of bis-1,2-dicarbollylcobaltattB{Hwas prepared from the
corresponding cesium salt (&) by the procedure described in fefThe other chemicals used (La
chema, Brno, Czech Republic) were of reagent grade purity. The radiond&lise (Techsnav-
eksport, Russia) was of standard radiochemical purity.

The extraction experiments on the system water—H08 (microamounts)-18C6—nitrobenzene
H*B~ were performed in 10 ml glass test-tubes with polyethylene stoppers using 2 ml of each
The test-tubes were shaken for 2 h at#28 °C using a laboratory shaker. Under these conditic
the equilibrium in the system under study has established after approximately 20 min of sh
Then the phases were separated by centrifugation (5 min, 2 500 r.p.m.). After centrifugation
samples were taken from each phase and thaativities were measured using a well-type Nal(T
scintillation detector connected with a single chanpahalyzer NK 350 (Gamma, Budapest, Hul
gary).

The equilibrium distribution ratio of cesiunb, was determined as a ratio of the measur
radioactivities of the nitrobenzene and aqueous samples.

RESULTS AND DISCUSSION

The dependences of the logarithm of the cesium distribution ratio®Jlog the loga-
rithm of the total (analytical) concentration of the ligand 18C6 in the initial aque
phase (loge(L)) were measured for two concentrations of nitric acid in the aque
phase ¢(HNO3;) = 0.098 and 0.30 mol/l) and for two concentrations of bis-1
dicarbollylcobaltate in the nitrobenzene phasg £ 0.002 and 0.003 mol/l) in the
presence of 18C&(L) = 1.8 . 16“-0.1 mol/l). All concentrations are always related
the volume of the respective phase. The results are given in Table | and Fig. 1.
With regard to the results of previous papef$ the system water—-HNOCs
(microamounts)—18C6-nitrobenzeneBH can be described by the set of reactions

Laq < I-org (A)

ngg + Laq < HLgrg (B)

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



Extraction of Cesium 2003

Cs:r1q+ n Laq+ ngg < CSI—;prg'F H;q (C)

Hag+ Lag « HLig (D)

TaBLE |
log D as a function of log(L) (L is 18C6) for cesium extraction from aqueous solutions of nit
acid with nitrobenzene solutions of Bl

log D log c(L) log D log c(L)

c(HNOy) = 0.30 mol/l,cg = 0.003 mol/l

—3.745 1.104 —2.252 0.183
—3.495 1.117 —2.000 0.204
-3.252 1.131 -1.699 0.182
—-3.000 1.005 —-1.495 0.215
—2.699 0.779 -1.252 0.201
—2.505 0.194 —-1.000 0.243
Cc(HNO;) = 0.098 mol/l,cg = 0.002 mol/l
—3.745 1.391 —2.252 0.472
—3.495 1.405 —2.000 0.477
—3.252 1.378 -1.699 0.501
-3.000 1.232 -1.495 0.475
—2.699 0.536 -1.252 0.530
—2.495 0.488 —-1.000 0.542
15 T T T

log D

1.0

Fe. 1
log D as a function of logc(L) in the system
water—-HNQ-Cs (microamounts)—18C6-nitrobenzene—
H*B™. 1 ¢(HNO3) = 0.3 mol/l,cg = 0.003 mol/l;2
¢(HNO3) = 0.098 mol/l,cg = 0.002 mol/l. The
curves were calculated for the constants given ipg \ L L
Table Il 4 -3 -2 log c(L) -1

0.5
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CSi* Lag = Cslig (E)

to which the following equilibrium constants

_Lod
KD - [L aq] (1)
ST [Hogll od
. [CsLyordlHzad

KE)&CSLH,OI’Q) [Cqu][L aq]n [H 9] (3)

([HLAd
e = [HaJ[L d @

o [CsL;q]
BCSL0 = [cq it o (®)

correspond; subscripts aq and org denote the aqueous and organic phases, resp

A subroutine UBBE, based on the relations given above, mass balance of the
ligand and the electroneutrality conditions of both phases, was formifiated intro-
duced into a more general least-squares minimizing program LETAGROP) (uskd
for the evaluation of the “best” values of the const#q{gCsLy ). The minimum of
the sum of errors in 0B, i.e., the minimum of the expression

U= Z (log Dy~ log Dex;)2 (6)

was sought.

The values lod,(Cs) = 3.20 (ref?), K, = 0.10 (ref), log B(HLZ) = 0.77 (ref),
log Ke(HL},) = 6.56 (ref?) and logB(CsL;,) = 0.99 (ref:°) were used for the calcula
tions. The results are listed in Table Il. From here it is evident that the extractior
can be explained assuming the cesium specie$ &ul Csk to be extracted into the
nitrobenzene phase.

Figure 2 presents the contribution of the speciggathd Hlg,, to the total acidity of
the organic phase while Fig. 3 depicts the contribution of the specjgs @4, and
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CsL3 org to the total cesium concentration in the organic phase. From Fig. 3 it fol
that the “sandwich” type complex Csl,4in the nitrobenzene phase is present in sig
ficant concentrations only at relatively high concentrations of the 18C6 ligand i
system under study.

Knowing the values already given above and the extraction constarkg(GgLs,,) =
8.74 and logK.(CsL3 oy = 9.84 determined here, then the stability constants of
complexes HE, CsL" and Csk in the nitrobenzene phase defined as

[HLG:d

PLe = e gL o

(7)

TasLE Il
Comparison of three different models of cesium extraction from aqueous solutions of nitric aci
nitrobenzene solutions of B~ in the presence of 18-crown-6

Cesium complexes

a b
in the organic phase 10g Kex U
Csl* 8.84+ 0.07 0.20
Csl3 10.73 (11.04) 6.14
Csl*, Csl; 8.74+ 0.03, 9.84+ 0.11 0.02

& The reliability interval of the constants are given s(&g wheres(K) is the standard deviation of the
constantk (ref?). These values are expressed in the logarithmic scale using the approximate r
log K £ {log [K + 1.55(K)] — log [K — 1.5sK)]}. For s(K) > 0.2K, the previous relation is not valic
and then only the upper limit is given in the parenthesis in the fori{ Igag (K + 3s(K)). ® The error-
square sumJ = 5(10g Dy — 109 Deyp)’

1.0

0.5

Fic. 2
Fractions of the species containing () present
in the organic phase of the system water—EG3
(microamounts)—18C6-nitrobenzenéBH as functions
of log ¢(L). ¢(HNO3) = 0.098 mol/l,cg = 0.002 mol/l.
18 (H", 25 (HLY). The curves were calculated for 0.0
constants lodp = —1.00 and lodK.,(HL") = 6.56 -4 -3 “2 jog o) L
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+_ [Cslsd

P = (e o ©
" _ [CSLE,orJ

B(CsLorg = CEJlLog? 9

TasLE Il
The equilibrium constants for the water—HNQS—(microamounts)—18C6-nitrobenzen&sHsystem

Equlibrium logK
Lag « Lorg (&) -1.¢
Hag + Lag « HLaq (D) 0.77
Csq + Lag « Csliq (E) 0.9¢
C§q+ ngg - CSJSrg + H;q 3.2¢'
Horg + Lag « HLorg (B) 6.56°
Csq+ Lag+ Horg = Cslirg+ Hag 8.74
Cq+ 2 Lag+ Horg ~ Csl3 g+ Haq 9.84
ngg + Lorg HLgrg 7.56
Csrg + Lorg « Cslérg 6.54
Csrg+ 2 Lorg » Csl3org 8.64
HL%q < HL3rg (F) 0.1
Cslaq « Cslgg (G) 2.1

a Ref8: P ref® © ref1 9 ref®,

1.0 T
1
3
05 -
Fic. 3
Fractions of the species containing" (&) present
in the organic phase of the system water—EG3
2 (microamounts)-18C6—nitrobenzenéBH as functions

of log o). c(HNO3) = 0.098 mol/l,cg = 0.002 mol/l.

0.0 ! 15 (Cs), 25 (CsL"), 38 (CsLy). The curves were

-4 -3 -2 -1 calculated for the constants given in Table llI

log c(L)
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can be evaluated using the simple relations:

log B(H Lgrg) =log K, (H Lgrg) - logKp (20
log B(CSLYg) = 10g Key(CSLig — 109 Kei(Cshr — 109 Kp (12)
log B(CsL3 org = 10g Ke(CSL5 ord — 109 Ko Csrg) — 2 l0gKp - @2

Finally, the individual extraction constants of the cations' ldhd Csl, denoted
K;(HL") andK;(CsL"), respectively, in the water—nitrobenzene system, correspon
to the transfer of these complex cations from the aqueous into the nitrobenzerté

HLZ, = HLiyg (F

Csliq « Cslyyg (G)
were evaluated using the following relationships

log K{(HL*) =log Ke)g(HLgrg) -logB(H L;q) +logK;(H") 13

log Ki(CsL") = log K¢ (CsLg,o) — 10g B(CsLyy) + log Ki(H*) 149

where logB(HL}) = 0.77 (ref), log B(CsL}y) = 0.99 (ref'®) and log K(H*) = -5.7 (ref'?),
The respective equilibrium constants are summarized in Table lIl.

In conclusion it should be noted that the higher stability of the specigsGd4L" and
Csl3, where L is 18-crown-6, in nitrobenzene saturated with water (Table Ill) in ¢
parison with the stability of the analogous complexes bamtl C$ with dibenzo-18-
crown-6 in this medium (lof(HL ;) = 3.56, logB(CsLg,) = 4.30 and lo@(CsL; ) = 6.35;
see ref) can be obviously explained on the basis of the higher flexibility of the
crown-6 ligand compared with the relatively rigid structure of dibenzo-18-crown-6
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