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Abstract

From extraction experiments and 7~activity measurements, the exchange extraction constants corresponding to the ge-
neral equilibrium M* (aq) + 1-Na* (nb) < 1-M"* (nb) + Na* (aq) taking place in the two—phase water—nitrobenzene sys-
tem (M* =Li", H", NH}, Ag*, K", Rb", TI", Cs™; 1 = dibenzo-21-crown-7; aq = aqueous phase, nb = nitrobenzene pha-
se) were evaluated. Furthermore, the stability constants of the 1-M* complexes in water — saturated nitrobenzene were
calculated; they were found to increase in the series of H" < Ag*< Li*< Cs* < K*, Rb* < NH}, < TI".
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1. Introduction

In 1967, Pedersen published his first papers'? dea-
ling with cyclic polyether compounds with oxyethylene
groups —CH,—CH,-O-, that are called crowns owing to
their structure. These electroneutral compounds form re-
latively stable complexes in nonaqueous solvents, espe-
cially with alkali and alkaline-earth metal cations, the ca-
tions being placed in the ligand cavities. The ratio of the
size of the crown ligand cavity to the ion radius of the cen-
tral cation is a decisive or at least an important factor in
the stability of the complex species formed.? It is the com-
plexing properties of the crowns that are due to the rapid
development of the chemistry of these cyclic polyethers
that we have witnessed in recent decades. At this point it
should be noted that several reviews have covered many
aspects of their chemistry.>™

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.*!

In the current work, the stability constant of the ca-
tionic complex species 1-M*, where M* = Li*, H*, NH,
Ag*, K*, Rb*, TI*, Cs*and 1 is dibenzo-21-crown-7 (see
Scheme 1), in nitrobenzene saturated with water were de-
termined.
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Scheme 1. Structural formula of dibenzo-21-crown-7 (abbrev. 1).
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2. Experimental

Dibenzo-21-crown-7 (abbrev. 1) was supplied by
Fluka. Cesium dicarbollylcobaltate, CsDCC, was synthe-
sized by the method published by Hawthorne et al.*> A ni-
trobenzene solution of hydrogen dicarbollylcobaltate
(HDCC)" was prepared from CsDCC by the procedure
described elsewhere.*® The equilibration of the nitroben-
zene solution of HDCC with stoichiometric NaOH yiel-
ded the corresponding NaDCC solution in nitrobenzene.
The radionuclide >*Na* (DuPont, Belgium) was of stan-
dard radiochemical purity. The other chemicals used (Lac-
hema, Brno, Czech Republic) were of reagent grade pu-
rity.

The extraction experiments were carried out in 10
mL glass test-tubes with polyethylene stoppers: 2 mL of
an aqueous solution of MNO, (M* = Li*, H*, NH}, Ag",
K*, Rb*, TI*, Cs*) of the concentration in the range from 5
x 107 to 5 x 1072 mol/L and microamounts of *?Na* were
added to 2 mL of a nitrobenzene solution of 1 and Na-
DCC, whose initial concentrations varied also from 5 x
107 to 5 x 107? mol/L (in all experiments, the initial con-
centration of 1 in nitrobenzene, Cil“’"b, was equal to the ini-
tial concentration of NaDCC in this medium, CitD..).
The test-tubes filled with the solutions were shaken for 2 h
at 25 + 1 °C, using a laboratory shaker. Under these condi-
tions, the equilibria in the systems under study were estab-
lished after approximately 20 min of shaking. Then the
phases were separated by centrifugation. Afterwards,
1 mL samples were taken from each phase and their y-ac-
tivities were measured by means of a well-type Nal(Tl)
scintillation detector connected to a y-analyzer NK 350
(Gamma, Budapest, Hungary).

The equilibrium distribution ratios of sodium, Dy,
were determined as the ratios of the corresponding measu-
red radioactivities of ?Na* in the nitrobenzene and aque-
ous samples.

3. Results and Discussion

Regarding the results of previous papers,’>*% the
two—phase water— MNO, (M* = Li*, H*, NHJ, Ag*, K,

Table 1. Equilibrium data for the M* and 1-M" cations in the two—phase water—nitrobenzene extraction system at 25 °C (M* = Li*, Na*, H*, NH},

Rb*, TI*, Cs*)-nitrobenzene—sodium dicarbollylcobaltate
(NaDCC) extraction system can be described by the follo-
wing equilibrium

M* (aq) + Na*(nb) & M*(nb) + Na* (aq); 1)
K, (M*, Na")

with the corresponding exchange extraction constant K
(M*, Na*); aq and nb denote the presence of the species in
the aqueous and nitrobenzene phases, respectively. For
the constant K_ (M*, Na*) one can write?+

log K, (M*, Na*) = log K}, — log K. )
where K{v[ and K;Iw are the individual extraction constants
for M* and Na*, respectively, in the water—nitrobenzene
system. **3 Knowing the values log K\, .( M* = Li*, H",
NHY, Ag*, K*, Rb*, TI*, Cs*),*** the single exchange ex-
traction constants K _ (M*, Na*) were simply calculated
on the basis of Eq. (2). The corresponding data are given
in Table 1.

In terms of previous results, the two—phase wa-
ter— MNO, (M* = Li*, H", NH}, Ag*, K*, Rb*, TI,
Cs*)—nitrobenzene—1 (1 = dibenzo-21-crown-7)-NaDCC
extraction system (see Experimental), chosen for determi-
nation of the stability constant of the complex 1-M* in ni-
trobenzene saturated with water, can be characterized by
the main chemical equilibrium

7,36-40

M*(aq) + 1-Na*(nb) < 1-M™* (nb) + Na*(aq);

K., (M*, 1:Na") ®)

with the general equilibrium constant K_ (M*, 1-Na*):

_[1M*],[Na*],
[M*], [1Na*],

3

K. (M*,1Na") (4)

It is necessary to emphasize that 1 is a very hydrop-
hobic ligand, practically present in the nitrobenzene phase
only, where this ligand forms the relatively stable comple-
xes 1'M* and 1-Na* with the univalent cations mentioned.
Taking into account the conditions of electroneutrality in

Ag*, K*, Rb*, TI*, Cs*; 1 = dibenzo-21-crown-7; for the meaning of the constants see text).

M+
Quantity Li* Na* H* NH, Agt K* Rb* TI* Cs*
log K& .° 76 6.0 57 47 4.5 41 34 347 27
log K, (M*, Na*) ¢ -0.7 - 0.3 1.3 1.5 1.9 2.6 2.6 33
log K, (M*, 1:Na") d -04 - -0.8 2.6 1.2 3.1 3.8 4.2 39
log B, (1-M*) ¢ 6.0 5.7/ 4.6 7.0 54 6.9 6.9 7.3 6.3

“Ref. 34. °Ref. 35.

ta from Refs 34, 35 and 41. 7 Ref. 41.

¢ Calculated from Eq. (2) using data from Refs 34 and 35.

4 Calculated from Eq. (5).
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¢ Calculated from Eq. (6) using da-
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the organic and aqueous phases of the system under study,
the mass balances of the considered univalent cations at
equal volumes of the nitrobenzene and aqueous phases, as
well as the measured equilibrium ratio of sodium, Dy, =
[1:Na*] ./ [Na*]aq , combined with Eq. (4), we gain the fi-
nal expression for K_ (M, 1:Na*) in the form

Kex (M*, 1-Na®) =

L (Tin,nb (5)

2 NaDCC

DNu {] F: DNu } ("i.':jll.;.l."ll)-_

_ Cin.nh

“NaDCC
where Cyiit, (M* = Li*, H*, NH}, Ag*, K*, Rb*, TI*, Cs")
is the initial concentration of MNO, in the aqueous phase
and Cir:;;lgcc denotes the initial concentration of NaDCC in
the nitrobenzene phase of the system under consideration.

In this study, from the extraction experiments and -
activity measurements (see Experimental) by means of
Eq. (5), the logarithms of the constants K (M*, 1:-Na¥)
(M*=Li", H*, NH}, Ag", K¥, Rb*, TI*, Cs*) were determi-
ned, as given in Table 1.

Moreover, with respect to References 3640, for the
extraction constants K, (M*, Na®) and K_, (M", 1-Na") de-
fined above, as well as for the stability constants of the
complexes 1-M* and 1-Na* in nitrobenzene saturated with
water, denoted by B, (1-M*) and B, (1:Na*), respectively,
one gets

log B, (1:-M*) =log B,, (1-Na®) + ©)
log K, (M*, 1:Na*) — log K, (M*, Na*)

Finally, using the constants log K, (M*, Na*) and
log K (M7, 1:Na®) given in Table 1, the value log
B,, (1:Na") = 5.7, determined from the distribution of so-
dium picrate in the water—nitrobenzene system containing
the ligand 1, and applying Eq. (6), we obtain the stability
constants of the complexes 1-M* (M* =Li*, H, NH, Ag*,
K*, Rb*, TI*, Cs*) in water-saturated nitrobenzene. These
data are also listed in Table 1. Thus, the B, (1:-M") values
from this table indicate that the stability of the complex
species 1-M™ in nitrobenzene saturated with water increa-

ses in the following cation order: H* < Ag* < Na* < Li*<
Cs" <K', Rb" < NH}, < TI".

In conclusion, Table 2 summarizes the stability con-
stants of the cationic complexes ML*, where M* = Li*,
Na*, K*, Rb*, Cs*, with eight crown ligands L, denoted by
the symbols 18C6, B18C6, DB18C6, DCHI18C6,
DB21C7, DB24C8, DCH24C8 and DB30CI10, in nitro-
benzene saturated with water at 25 °C. In this context it is
necessary to emphasize that the most stable complexes
ML" are mostly the NaLL* or KL* cationic species, respec-
tively, for the crown ligands L presented in Table 2.

4. Acknowledgements

This work was supported by the Czech Ministry of
Education, Youth and Sports, Project MSM 6046137307,
and by the European Project NTIS — New Technologies
for Information Society No.: CZ.1.05/1.1.00/02.0090.

5. References

. C. I. Pedersen, J. Am. Chem. Soc. 1967, 89, 2495-2496.

. C. J. Pedersen, J. Am. Chem. Soc. 1967, 89, 7017-7036.

. I. M. Kolthoff, Anal. Chem. 1979, 51, 1R-22R.

.J. J. Christensen, D. J. Eatough, R. M. Izatt, Chem. Rev.

1974, 74, 351-384.

5.J. S. Bradshaw, R. M. Izatt, Acc. Chem. Res. 1997, 30, 338—
345.

6. R. M. Izatt, K. Pawlak, J. S. Bradshaw, R. L. Brueming,
Chem. Rev. 1991, 91, 1721-2085.

7. E. Makrlik, P. Vanura, Talanta 1985, 32, 423-429.

8. E. Makrlik, P. Vanura, P. Selucky, J. Solution Chem. 2009,
38, 1129-1138.

9. E. Makrlik, P. Vanura, P. Selucky, J. Solution Chem. 2010,

39, 692-700.

E. Makrlik, J. Budka, P. Vanura, Acta Chim. Slov. 2009, 56,

278-281.

E. Makrlik, P. Vanura, P. Selucky, V. A. Babain, 1. V. Smir-

nov, Acta Chim. Slov. 2009, 56, 718-722.

RIS I S I

10.

11.

Table 2. Stability constants of the complexes ML* [M* = Li*, Na*, K*, Rb*, Cs*; L = 18-crown-6 (18C6), benzo-18-crown-6 (B18C6), dibenzo-18-
crown-6 (DB18C6), dicyclohexano-18-crown-6 (DCH18C6), dibenzo-21-crown-7 (DB21C7), dibenzo-24-crown-8 (DB24C8), dicyclohexano-24-
crown-8 (DCH24C8), dibenzo-30-crown-10 (DB30C10)] in nitrobenzene saturated with water at 25 °C.

L log B, (LiL*) log B, (NaL*) log B, (KL*) log B, (RbL*) log B, (CsL") Ref.
18C6 7.9 8.0 9.5 8.1 7.0 39
B18C6 7.0 7.4 7.6 6.3 55 42
DB18C6 4.5 7.1 6.9 5.8 4.9 36
DCH18C6 8.1 7.8 8.2 7.5 6.3 43
DB21C7 6.0 5.7¢ 6.9 6.9 6.3 This work
DB24C8 55 7.7 6.6 6.3 5.4° 44
DCH24C8 8.0 8.4 7.7 6.7 6.4 45
DB30C10 6.9 6.5 7.3 6.6 59 46

“Ref. 41. " Ref. 47.

Makrlik and Vanura: Synergistic Extraction of Some Univalent Cations



Acta Chim. Slov. 2012, 59, 418-421

12. E. Makrlik, P. Vanura, P. Selucky, Acta Chim. Slov. 2009, 56,
475-479.

13. E. Makrlik, P. Vanura, P. Selucky, Acta Chim. Slov. 2009, 56,
973-976.

14. E. Makrlik, P. Vanura, P. Selucky, Acta Chim. Slov. 2010, 57,
470-474.

15. E. Makrlik, P. Vanura, P. Selucky, Acta Chim. Slov. 2010, 57,
485-490.

16. E. Makrlik, P. Vanura, P. Selucky, Acta Chim. Slov. 2010, 57,
922-926.

17. E. Makrlik, P. Toman, P. Vanura, R. Rathore, Acta Chim.
Slov. 2010, 57, 948-952.

18. E. Makrlik, P. Vanura, P. Selucky, Acta Chim. Slov. 2011, 58,
176-180.

19. E. Makrlik, P. Vanura, P. Selucky, Z. Spichal, Acta Chim.
Slov. 2011, 58, 600-604.

20. E. Makrlik, P. Toman, P. Vanura, R. Rathore, Acta Chim.
Slov. 2011, 58, 611-615.

21. E. Makrlik, P. Vanura, Z. Phys. Chem. 2009, 223, 247-252.

22. E. Makrlik, P. Vanura, P. Selucky, Z. Phys. Chem. 2009, 223,
253-261.

23. E. Makrlik, P. Vanura, P. Selucky, Monatsh. Chem. 2008,
139, 597-600.

24. E. Makrlik, J. Budka, P. Vanura, P. Selucky, Monatsh. Chem.
2009, 140, 157-160.

25. E. Makrlik, P. Vaiura, J. Budka, P. Selucky, Monatsh. Chem.
2010, /41, 31-33.

26. E. Makrlik, P. Vanura, P. Selucky, J. Radioanal. Nucl. Chem.
2009, 279, 137-142.

27. E. Makrlik, P. Vanura, Z. Sedldkova, J. Radioanal. Nucl.
Chem. 2009, 280, 607-611.

28. E. Makrlik, P. Vaiura, P. Selucky, J. Radioanal. Nucl. Chem.
2010, 283, 571-575.

29. E. Makrlik, P. Vatiura, P. Selucky, J. Radioanal. Nucl. Chem.
2010, 284, 137-142.

Povzetek

30. V. N. Romanovskiy, I.V. Smirnov, V. A. Babain, T. A. Todd,
R. S. Herbst, J. D. Law, K. N. Brewer, Solvent Extr. Ion
Exch. 2001, 19, 1-21.

31.J.D. Law, R. S. Herbst, T. A. Todd, V. N. Romanovskiy, V. A.
Babain, V. M. Esimantovskiy, I. V. Smirnov, B. N. Zaitsev,
Solvent Extr. Ion Exch. 2001, 19, 23-36.

32. M. E. Hawthorne, D. C. Young, T. D. Andrews, D. V. Howe,
R. L. Pilling, A. D. Pitts, M. Reintjes, L. F. Warren, P. A.
Wegner, J. Am. Chem. Soc. 1968, 90, 879-896.

33. E. Makrlik, Collect. Czech. Chem. Commun. 1992, 57, 289—
295.

34.]. Rais, Collect. Czech. Chem. Commun. 1971, 36, 3253—
3262.

35. E. Makrlik, F. BozZek, Polish J. Chem. 1998, 72, 949-952.

36. E. Makrlik, J. Halova, M. Kyrs, Collect. Czech. Chem. Com-
mun. 1984, 49, 39-44.

37. E. Makrlik, P. Vanura, J. Radioanal. Nucl. Chem. 1996, 214,
339-346.

38. M. Darikova, E. Makrlik, P. Vanura, J. Radioanal. Nucl.
Chem. 1997, 221, 251-253.

39. E. Makrlik, P. Vanura, M. Dankova, J. Radioanal. Nucl.
Chem. 1999, 240, 579-583.

40. E. Makrlik, P. Vannura, Monatsh. Chem. 2006, 137, 157—
161.

41. E. Makrlik, P. Vanura, Unpublished results.

42. E. Makrlik, P. Vanura, Z. Phys. Chem. 2006, 220, 1125—
1130.

43. E. Makrlik, P. Vanura, ACH — Models Chem. 1999, 136,
519-524.

44. 7. Samec, A. Papoff, Anal. Chem. 1990, 62, 1010 —1015.

45. E. Makrlik, P. Vanura, J. Radioanal. Nucl. Chem. 2006, 268,
635-638.

46. E. Makrlik, P. Vanura, J. Radioanal. Nucl. Chem., in press.

47. A. Hofmanova, L. Q. Hung, W. Khalil, J. Electroanal. Chem.
1982, 135, 257-264.

Z ekstrakcijo in meritvami y-aktivnosti smo dolodili ravnoteZne konstante ekstrakcije za ravnotezja M* (aq) + 1-Na* (nb)
& 1:M* (nb) + Na* (aq) v dvofaznem sistemu voda-nitrobenzen (M* = Li*, H*, NHJ, Ag*, K*, Rb", TI*, Cs*; 1 = diben-
70-21-21-crown-7; aq =vodna faza, nb = nitrobenzen). Ugotovili smo, da konstante stabilnosti 1-M* kompleksov v vodi,
nasiceni z nitrobenzenom, nara$¢ajo v zaporedju H* < Ag" < Li" < Cs* < K*, Rb* < NH} < TI*.
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