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Abstract

Extraction of microamounts of europium and americium by a nitrobenzene solution of hydrogen dicarbollylcobaltate
(H*B") in the presence of dodecaethylene glycol (DDEG, L) has been investigated. The equilibrium data have been ex-
plained assuming that the species HL*, H,L**, ML** and MH_L** (M** = Eu*, Am**; L = DDEGQ) are extracted into the
organic phase. The values of extraction and stability constants of the complex species in nitrobenzene saturated with
water have been determined. It was found that in this nitrobenzene medium, the stability constant of the EuL** complex

is comparable with that of AmL>*.
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1. Introduction

The dicarbollylcobaltate anion' and some of its ha-
logen derivatives are very useful reagents for the extrac-
tion of various metal cations (especially Cs*, Sr**, Ba**,
Eu’* and Am*) from aqueous solutions into a polar orga-
nic phase, both under laboratory conditions for purely
theoretical or analytical purposes,” >’ and on the technolo-
gical scale for the separation of some high-activity isoto-
pes in the reprocessing of spent nuclear fuel and acidic ra-
dioactive waste.*'

Solvent extraction of microamounts of Sr** and Ba**
by a nitrobenzene solution of hydrogen dicarbollylcobal-
tate (H'B") ! in the presence of polyethylene glycols PEG
200, PEG 300 and PEG 400 has been studied. It has been
found that the extraction of the protonated polyethylene
glycol molecule HL* and the extraction of the complex
ML* (M** = Sr**, Ba**; L = PEG 200, PEG 300, PEG
400) are predominant reactions in this water-nitrobenzene
system. The respective equilibrium constants have been

determined. The extraction and stability constants of the
HL* and ML?** complex cations in the organic phase in-
crease in the cation order H* < Sr** < Ba**, whereas the
hydration numbers decrease in the same sequence.*

Recently, the extractive properties of a synergistic
mixture of hydrogen dicarbollylcobaltate (H*B~) ! and do-
decaethylene glycol (DDEG, L) toward Cs*, Ca** and Sr**
have been investigated in the water-nitrobenzene sys-
tem.”>?® On the other hand, in the current work, the sol-
vent extraction of microamounts of Eu** and Am** into ni-
trobenzene by means of this synergistic mixture was stu-
died. We intended to find the composition of the species in
the organic phase and to determine the corresponding
equilibrium constants.

2. Experimental

Dodecaethylene glycol, HO(CH,CH,0),,H (abbrev.
DDEG or L, respectively), was purchased from Fluka. Ce-
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sium dicarbollylcobaltate (Cs*B”) was synthesized by
means of the method published by Hawthorne et al.”” The
other chemicals used (Lachema, Brno, Czech Republic)
were of reagent grade purity. A nitrobenzene solution of
hydrogen dicarbollylcobaltate (H*B")' was prepared from
Cs*B~ by the procedure described elsewhere.”® The radio-
nuclides '**'**Eu* and **'Am*" were supplied by Pola-
tom, Poland; their radionuclidic purities were 99.9%.

The extraction experiments in the two—phase wa-
ter—HCI-DDEG-M?*(microamounts; M** = Eu**, Am*)
—nitrobenzene— H*B~ systems were performed in 10 mL
glass test-tubes with polyethylene stoppers, using 2 mL of
each phase. The test-tubes filled with the solutions were
shaken for 2 h at 25 + 1 °C, using a laboratory shaker. Un-
der these conditions, the equilibria in the systems under
study were established after approximately 20 min of sha-
king. Then the phases were separated by centrifugation.
Afterwards, 1 mL samples were taken from each phase
and their j-activities were measured by means of a well-
type Nal(TI) scintillation detector connected to a }-analy-
zer NK 350 (Gamma, Budapest, Hungary).

The equilibrium distribution ratios of europium and
americium, D, were determined as the ratios of the corres-
ponding measured radioactivities of '“*!'**Eu’* and
2! Am** in the nitrobenzene and aqueous samples.

3. Results and Discussion

The dependences of the logarithm of the europium
and americium distribution ratios (log D) on the loga-
rithm of the numerical value of the total (analytical) con-
centration of the ligand DDEG in the initial aqueous
phase, log c¢(L), are given in Figures 1 and 2, respecti-
vely. The initial concentration of hydrogen dicar-
bollylcobaltate in the organic phase, c; = 0.01 mol/L, as
well as the initial concentration of HCI in the aqueous
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Figure 1. Log D as a function of log c(L), where L is DDEG, for
the water— HCl- DDEG-Eu**(microamounts)-nitrobenzene—H*B~
system; ¢(HCI) = 0.05 mol/L, ¢, = 0.01 mol/L. The curve was cal-
culated using the constants given in Table 3.
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Figure 2. Log D as a function of log ¢(L), where L is DDEG, for
the water— HCl- DDEG-Am>*(microamounts)—nitrobenzene—H*B~
system; c(HCI) = 0.05 mol/L, ¢, = 0.01 mol/L. The curve was cal-
culated using the constants given in Table 4.

phase, c(HCl) = 0.05 mol/L, are always related to the vo-
lume of one phase.

With respect to previous results, e
considered water—HCl- DDEG (L) — M**(microamounts;
M?** = Eu**, Am*")-nitrobenzene-H*B~ systems can be
described by the set of reactions:

1,4-6,13-20,29-33 th

L, <L, (1)
H,, +L, ©HL, )
2H,, +L, ©H,L, (3)
M. +3H,, < M, +3H, (4)

M: + L, +(r+3)H;, < MH L +3H, (5

org r—org aq

to which the following equilibrium constants correspond:

L1
T ©
+ [HL:\N:]
Kc\(I-{Lnlu)= e AT T (7)
) [H,L, ]
K. H,L )= ——— (8)
B [Hllrg]‘-[L:lq]
sy MG IH,T
Ko (M2)=sm 0
MM, T ©
(r+3)+ [MHrL[:\-::H][H; ].“
Ke(MH, Lo ™) = : (10)

= 3+ : r+3
[Muq ][Luq][}]urg][ :
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The subscripts “aq” and “org” denote the aqueous and or-
ganic phases, respectively.

A subroutine UBBE, based on the relations given
above, the mass balance of the DDEG ligand and the elec-
troneutrality conditions in both phases of the system un-
der study, was formulated 2434 and introduced into a more
general least-squares minimizing program LETAGROP *°
used for determination of the “best” values of the extrac-
tion constants KeX(MHrLf)rr?)*) (M** = Eu*t, Am™; L =
DDEG). The minimum of the sum of errors in log D, i.e.,
the minimum of the expression

U=X(log D, ~log D)’ (11)
was sought.

The values log K;; = —3.0 (see Table 3, footnote a),
log K (HLY ) = 4.12 (see Table 3, footnote b), log
KeX(HzL%;g) =7.67 (see Table 3, footnote b), log KeX(Eu?;g)
= 1.3% and log KeX(Amf;g) = 1.5°® were used for the res-
pective calculations. The results are given in Tables 1 and
2. From these tables it is evident that the extraction data
can be best explained assuming the species ML** and

Table 1. Comparison of various models of europium extraction
from aqueous solution of HCI by nitrobenzene solution of H'B™ in
the presence of DDEG.

Europium complexes logK, “ U’
in the organic phase

EuL* 11.17 (11.63) 11.41
EuHL* 14.29 (15.01) 57.62
EuH_LZ 8.06 +0.22 0.82

Transformed to EuL>*
10.23 £ 0.06, 7.78 + 0.04 0.01

2
EuL**, EuHL**
EuL*, EuH_ L%

org

“The values of the extraction constants are given for each complex.
The reliability interval of the constants is given as 36(K), where
o(K) is the standard deviation of the constant K.** These values are
given in the logarithmic scale using the approximate expression log
K = {log[K + 1.56(K)] — log[K - 1.56(K)]} . For 6(K)>0,2K, the
previous expression is not valid and then only the upper limit is gi-
ven in the parentheses in the form of K(log [K + 36(K)].>?

b The error-square sum U = ¥(log D, log K-log Dexp)z.

Table 2. Comparison of various models of americium extraction
from aqueous solution of HCI by nitrobenzene solution of H'B™ in
the presence of DDEG.

Americium complexes logK_“ U’
in the organic phase

AmL* 11.46 (11.91) 1.04
AmHL* 14.58 (15.29) 55.31
AmH_L* 8.35+0.26 1.13
AmL**, AmHL* Transformed to AmL>**

AmL*, AmHileJr 10.59 £ 0.08, 8.01 + 0.06 0.01

org

@ See Table 1, footnote a; ” See Table 1, footnote b.

MH_,L* (M* = Eu**, Am’*; L = DDEG) to be extracted
into the nitrobenzene phase.

Knowing the values log K= -3.0 (see Table 3, foot-
note a), log K, (HL{ ) = 4.12 (see Table 3, footnote b),

log Kex(Hsz;;g) = 7.67 (see Table 3, footnote b), log
KeX(Eu?;g) = 1.3%® and log KeX(Am?:) = 1.5, as well as
the extraction constants log K, (Eu’’) = 10.23 and log

org

Kex(AmLf;g) = 10,59 determined here (see Tables 1 and
2), the stability constants of the complexes HL:rg, HZLzo’r'g

and ML** (M** = Eu*, Am*"; L = DDEG) in the nitroben-

org
zene phase defined as

g 5 |HE]
HL: )= x
e e 2
ﬁ("'LLf‘T.)=LF“:“] (13)
T Hy FlLy, )
BML: ) = ML)
" ML, ] (9

can be evaluated applying the simple relations:

log (HL,,) =log K  (HL{,)-log K, (15)

org org

log B (H,L5,) = log K (H,LT,)~logK,, (16

org org

logB(MLY,) = log K (MLY,)

org org

~logK_, (Mf‘;)— logK, (17)

Similarly, the protonation constant of the complex
cation MH_1L2+ (M?** = Ev**, Am*"; L = DDEG) in nitro-
benzene saturated with water, i. e., the equilibrium con-
stant of the following general reaction

MH-ngi:g + H:rg = ML‘tl‘rg (18)
defined as
. ML.‘H—
KMLE,) = — ] (19)
[MH_ L 1[H,,]

was determined on the basis of Relation (20):
log K (ML},,) = log K (ML;,) (20)
—log K. (MH L")

org

The respective equilibrium constants are summari-
zed in Tables 3 and 4.

Moreover, Figure 3 depicts the contributions of the
species Hy,, HLY  and H,L?), to the total hydrogen cation
concentration in the equilibrium nitrobenzene phase, whe-
reas Figures 4 and 5 show the contributions of the cations

Eu®* | EulL** EuH71L2+ and Am** , AmL>* AmHﬁlL2+

org’ org’ org org’ org’ org’
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Table 3. Equilibrium constants in the water-HCI-DDEG-Eu**(mi-

Table 4. Equilibrium constants in the water—-HCI-DDEG-Am®*

croamounts)-nitrobenzene — H'B system. (microamounts)-nitrobenzene —H*B~ system.
Equilibrium log K Equilibrium log K
La <:>L -3.0¢ La <:>L -3.0¢
H;g+L <:>HL:rg 4.12°% H;rg+L c>HL::r‘g 4.12°
2H,, +L S HLY, 7.67° 2H+g+Lq<:>HL2+g 7.67°
Eut + 3H+ S Eul; + Z‘lH"q 1.3¢ Aml; + 3H+ = Aml; + 3H+q 1.5¢
Eut +L gt 3H . & EuLl+ + ?)HJ'q 10.23 Aml; +L aq + 3H . & Ang"g + 3H+q 10.59
Eu3;+L +2H;gc>EuH L +3H+ 7.78 Aml;+L +2H+ < AmH_ L +3H+ 8.01
H;g+Lm<:>HLZrg 7.12 H;rg+L <:>HL;rg 7.12
2H;, +L,, o HLy, 10.67 2H,, + L , ©HLY 10.67
Eu Z:g +L, ore c> EuLg"g 11.93 Amz;g + L org AmL + 12.09
EuH_ L2+ +H* < Eul* 2.45 AmH_ L2+ + H+ = AmL3+ 2.58

org org org

org org

“ Determined by the method of the concentration dependent distri-
bution.*

b Determined by the method described in detail in Ref. 37.

¢ Ref. 38.

1.0

2 .
log c(L)

Figure 3. Distribution diagram of hydrogen cation in the equili-

brium nitrobenzene phase of the water—-HCI-DDEG-Eu®**(microa-

mounts)-nitrobenzene— H*B~ extraction system in the forms of H*,
L* and H2L2+;

c(HCI) = 0.05 mol/L, ¢ = 0.01 mol/L.

18(H") = [H}, ]/c(H*)

2 3(HLY) = [HL’r g]/c(H’g) org?

3 3(H,L*) = 2[H L2 ]/c(H*)Or ,

where c(H"),, ‘2* ol 2[H L )

The dlqmbunon curve% Were calculated using the constants given in

Table 3.

respectively, to the total trivalent metal cation concentra-

tion in the corresponding equilibrium organic phase.
Finally, it should be noted that the stability constants

of the complex species EuL};, and AmL};,, where L is

DDEG, in nitrobenzene saturated w1th0rwater is log
B(EuLi’r’g) =11.93 and log B(AmL3+ ) =12.09, as given in

Tables 3 and 4, respectively. Recently, the stability con-

¢ Determined by the method of the concentration dependent distri-
bution.*®

b Determined by the method described in detail in Ref. 37.

¢ Ref. 38.

2
log c(L)

Figure 4. Distribution diagram of europium in the equilibrium ni-
trobenzene phase of the water—HCI-DDEG-Eu**(microa-
mounts)-nitrobenzene-H*B~ extraction system in the forms of
Eu**, EuL**and EuH_ IL%; ;

c(HCI) = 0.05 mol/L, c; = 0.01 mol/L.

1 3(Eu*) = [Eu’’ ]/c(Eu3+)

2 §(EuL*) = [EuL’*g]/c(Eu”%) org?

3 8(EuH_ L2+g [EuH L2 VeEu™),

where c(Eu3+) [Eu‘+ ] + [EuL3+ ]+ [EuH_, L2+ -

The distribunon curves Were calculated using the con%tams given in
Table 3.

stants of the complexes CsL7 CaLf;g and SrL%;g (L=
DDEQG) in water-saturated nitrobenzene were determined
as log B(CsL,) = 6.83, log B(CaL?;,) = 11.87°° and log
B(SrL2+) = 13.19.20 Thus, in this nitrobenzene medium,
the stablllty of the considered cationic complex species
CsL+ CaLZ, SrLZ , EuL and ArnL3+ increases in the

org’ org’

series of Cs* < Ca?* ~Eu** ~ Am* < Sr2¥.

Makrlik et al.:
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Figure 5. Distribution diagram of americium in the equilibrium ni-
trobenzene phase of the water—HCI-DDEG-Am* (microa-
mounts)-nitrobenzene-H*B~ extraction system in the forms of
Am™, AmL* and AmH_ L% ;

org’

¢(HCI) = 0.05 mol/L, ¢, = 0.01 mol/L.

18(Am™) = [AmY! J/e(Am™),

2 3(AmL*) = [AmL“ ]/c(Am&)

38(AmH_ L7 = [AmH_L2* ]/c(Am“)or ,

where c(Am“) [Am“+ ] + [AmL“ 1+ [AmH LZJr -

The d1str1but10n curves werc calculated using the constants given
in Table 4.
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Povzetek

Proucevali smo ekstrakcijo mikrokoli¢in evropija in americija z raztopino hidrogen dikarbolilkobaltata (H*B™) v ni-
trobenzenu ob prisotnosti dodekaetilen glikola (DDEG, L). RavnoteZja smo pojasnili s pomocjo predpostavke, da se
kompleksi HL*, H,L**, ML* in MH_,L** (M* = Eu**, Am™; L = DDEG) ekstrahirajo v organsko fazo. Dolo¢ili smo
konstante ekstrakcije in konstante stabilnosti kompleksov v nitrobenzenu, nasi¢enem z vodo. Ugotovili smo, da so kon-
stante stabilnosti kompleksov evropija, EuL*, primerljive s konstantami stabilnosti kompleksov z americijem, AmL>*.
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