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Ab stract
From ex trac tion ex pe ri ments and γ-ac ti vity mea su re ments, the exc han ge ex trac tion con stants cor res pon ding to the ge -
ne ral equi li brium M+ (aq) + 1·Na+ (nb) ⇔ 1·M+ (nb) + Na+ (aq) ta king pla ce in the two–pha se wa ter–ni tro ben ze ne sys-
tem (M+ = Li+, H+, NH+

4, Ag+, K+, Rb+, Tl+, Cs+; 1 = di ben zo-21-crown-7; aq = aqu e ous pha se, nb = ni tro ben ze ne pha -
se) we re eva lua ted. Furt her mo re, the sta bi lity con stants of the 1·M+ com ple xes in wa ter – sa tu ra ted ni tro ben ze ne we re
cal cu la ted; they we re found to in crea se in the se ries of H+ < Ag+ < Li+ < Cs+ < K+, Rb+ < NH+

4 < Tl+. 
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1. In tro duc tion
In 1967, Pe der sen pub lis hed his first pa pers1,2 dea -

ling with cyclic pol yet her com pounds with ox yethy le ne
groups –CH2–CH2–O–, that are cal led crowns owing to
their struc tu re. The se elec tro neu tral com pounds form re -
la ti vely stab le com ple xes in no na qu e ous sol vents, es pe -
cially with al ka li and al ka li ne-earth me tal ca tions, the ca -
tions being pla ced in the li gand ca vi ties. The ra tio of the
si ze of the crown li gand ca vity to the ion ra dius of the cen -
tral ca tion is a de ci si ve or at least an im por tant fac tor in
the sta bi lity of the com plex spe cies for med.3 It is the com -
ple xing pro per ties of the crowns that are due to the ra pid
de ve lop ment of the che mi stry of the se cyclic pol yet hers
that we ha ve wit nes sed in re cent de ca des. At this point it
should be no ted that se ve ral re views ha ve co ve red many
as pects of their che mi stry.3–6

The di car bollyl co bal ta te anion7 and so me of its ha -
lo gen de ri va ti ves are very use ful rea gents for the ex trac -
tion of va ri ous me tal ca tions (es pe cially Cs+, Sr2+, Ba2+,
Eu3+ and Am3+) from aqu e ous so lu tions in to a po lar or ga -
nic pha se, both un der la bo ra tory con di tions for pu rely

theo re ti cal or analy ti cal pur po ses,8–29 and on the tech no lo -
gi cal sca le for the se pa ra tion of so me high-ac ti vity iso to -
pes in the re pro ces sing of spent nuc lear fuel and aci dic ra -
di oac ti ve wa ste.30,31

In the cur rent work, the sta bi lity con stant of the ca -
tio nic com plex spe cies 1·M+, whe re M+ = Li+, H+, NH+

4,
Ag+, K+, Rb+, Tl+, Cs+ and 1 is diben zo-21-crown-7 (see
Sche me 1), in ni tro ben ze ne sa tu ra ted with wa ter we re de -
ter mi ned.

Sche me 1. Struc tu ral for mu la of di ben zo-21-crown-7 (ab brev. 1).
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2. Ex pe ri men tal 

Diben zo-21-crown-7 (ab brev. 1) was sup plied by
Flu ka. Ce sium di car bollyl co bal ta te, Cs DCC, was synthe -
si zed by the met hod pub lis hed by Hawt hor ne et al.32 A ni -
troben ze ne so lu tion of hydro gen di car bollyl co bal ta te
(HDCC)7 was pre pa red from Cs DCC by the pro ce du re
des cri bed el sew he re.33 The equi li bra tion of the ni tro ben -
ze ne so lu tion of HDCC with stoic hio me tric Na OH yiel -
ded the cor res pon ding Na DCC so lu tion in ni tro ben ze ne.
The ra dio nuc li de 22Na+ (Du Pont, Bel gium) was of stan -
dard ra dioc he mi cal pu rity. The ot her che mi cals used (Lac -
he ma, Br no, Czech Re pub lic) we re of rea gent gra de pu -
rity.

The ex trac tion ex pe ri ments we re car ried out in 10
m L glass test-tu bes with pol yethy le ne stop pers: 2 m L of
an aqu e ous so lu tion of MNO3 (M+ = Li+, H+, NH+

4, Ag+,
K+, Rb+, Tl+, Cs+) of the con cen tra tion in the ran ge from 5
× 10–3 to 5 × 10–2 mol/L and mi croa mounts of 22Na+ we re
ad ded to 2 m L of a ni tro ben ze ne so lu tion of 1 and Na -
DCC, who se ini tial con cen tra tions va ried al so from 5 ×
10–3 to 5 × 10–2 mol/L (in all ex pe ri ments, the ini tial con -
cen tra tion of 1 in ni tro ben ze ne, C1

in,nb, was equal to the ini -
tial con cen tra tion of Na DCC in this me dium, Cin,nb

NaDCC).
The test-tu bes fil led with the so lu tions we re sha ken for 2 h
at 25 ± 1 °C, using a la bo ra tory sha ker. Un der the se con di -
tions, the equi li bria in the systems un der study we re es tab -
lis hed af ter ap pro xi ma tely 20 min of sha king. Then the
pha ses we re se pa ra ted by cen tri fu ga tion. Af ter wards,
1 mL sam ples we re ta ken from each pha se and their γ-ac -
ti vi ties we re mea su red by means of a well-type Na I(Tl)
scin til la tion de tec tor con nec ted to a γ-analy zer NK 350
(Gam ma, Bu da pest, Hun gary). 

The equi li brium di stri bu tion ra tios of so dium, DNa,
we re de ter mi ned as the ra tios of the cor res pon ding mea su -
red ra di oac ti vi ties of 22Na+ in the ni tro ben ze ne and aqu e -
ous sam ples.

3. Re sults and Dis cus sion

Re gar ding the re sults of pre vi ous pa pers,7,34,35 the
two–pha se wa ter– MNO3 (M+ = Li+, H+, NH+

4, Ag+, K+,

Rb+, Tl+, Cs+)–ni tro ben ze ne–so dium di car bollyl co bal ta te
(NaDCC) ex trac tion system can be des cri bed by the fol lo -
wing equi li brium 

M+ (aq) + Na+(nb) ⇔ M+(nb) + Na+ (aq);
Kex (M

+, Na+)
(1)

with the cor res pon ding exc han ge ex trac tion con stant Kex
(M+, Na+); aq and nb de no te the pre sen ce of the spe cies in
the aqu e ous and ni tro ben ze ne pha ses, res pec ti vely. For
the con stant Kex (M

+, Na+) one can wri te34,35

log Kex (M
+, Na+) = log Ki

M+ – log Ki
Na+ (2)

whe re Ki
M+ and Ki

Na+ are the in di vi dual ex trac tion con stants
for M+ and Na+, res pec ti vely, in the wa ter–ni tro ben ze ne
system. 34,35 Kno wing the va lues log Ki

M+( M+ = Li+, H+,
NH+

4, Ag+, K+, Rb+, Tl+, Cs+),34,35 the sin gle exc han ge ex -
trac tion con stants Kex (M

+, Na+) we re simply cal cu la ted
on the ba sis of Eq. (2). The cor res pon ding da ta are gi ven
in Tab le 1.

In terms of pre vi ous re sults,7,36–40 the two–pha se wa -
ter– MNO3 (M+ = Li+, H+, NH+

4, Ag+, K+, Rb+, Tl+,
Cs+)–ni tro ben ze ne–1 (1 = diben zo-21-crown-7)–NaDCC
ex trac tion system (see Ex pe ri men tal), cho sen for de ter mi -
na tion of the sta bi lity con stant of the com plex 1·M+ in ni -
tro ben ze ne sa tu ra ted with wa ter, can be cha rac te ri zed by
the main che mi cal equi li brium 

M+(aq) + 1·Na+(nb) ⇔ 1·M+ (nb) + Na+(aq);
Kex (M

+, 1·Na+)
(3)

with the ge ne ral equi li brium con stant Kex (M
+, 1·Na+):

(4)

It is ne ces sary to emp ha si ze that 1 is a very hydrop -
ho bic li gand, prac ti cally pre sent in the ni tro ben ze ne pha se
only, whe re this li gand forms the rela ti vely stab le com ple -
xes 1·M+ and 1·Na+ with the uni va lent ca tions men tio ned.
Ta king in to ac count the con di tions of elec tro neu tra lity in

Tab le 1. Equi li brium da ta for the M+ and 1·M+ ca tions in the two–pha se wa ter–ni tro ben ze ne ex trac tion system at 25 °C (M+ = Li+, Na+, H+, NH+
4,

Ag+, K+, Rb+, Tl+, Cs+; 1 = di ben zo-21-crown-7; for the mea ning of the con stants see text).

M+

Quan tity Li+ Na+ H+ NH+
4 Ag+ K+ Rb+ Tl+ Cs+

log Ki
M+

a –7.6 –6.0 –5.7 –4.7 –4.5b –4.1 –3.4 –3.4b –2.7 
log Kex (M

+, Na+) c –0.7 – 0.3 1.3 1.5 1.9 2.6 2.6 3.3
log Kex (M

+, 1·Na+) d –0.4 – –0.8 2.6 1.2 3.1 3.8 4.2 3.9
log βnb (1·M+) e 6.0 5.7 f 4.6 7.0 5.4 6.9 6.9 7.3 6.3

a Ref. 34.   b Ref. 35.    c Cal cu la ted from Eq. (2) using da ta from Refs 34 and 35.    d Cal cu la ted from Eq. (5).    e Cal cu la ted from Eq. (6) using da -
ta from Refs 34, 35 and 41.    f Ref. 41.
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the or ga nic and aqu e ous pha ses of the system un der study,
the mass ba lan ces of the con si de red uni va lent ca tions at
equal vo lu mes of the ni tro ben ze ne and aqu e ous pha ses, as
well as the mea su red equi li brium ra tio of so dium, DNa =
[1·Na+]nb / [Na+]aq , com bi ned with Eq. (4), we gain the fi -
nal ex pres sion for Kex (M

+, 1·Na+) in the form 

(5)

whe re Cin,aq
MNO3

(M+ = Li+, H+, NH+
4, Ag+, K+, Rb+, Tl+, Cs+)

is the ini tial con cen tra tion of MNO3 in the aqu e ous pha se
and Cin,nd

NaDCC de no tes the ini tial con cen tra tion of Na DCC in
the ni tro ben ze ne pha se of the system un der con si de ra tion.

In this study, from the ex trac tion ex pe ri ments and γ-
ac ti vity mea su re ments (see Ex pe ri men tal) by means of
Eq. (5), the lo ga rithms of the con stants Kex (M

+, 1·Na+)
(M+ = Li+, H+, NH+

4, Ag+, K+, Rb+, Tl+, Cs+) we re de ter mi -
ned, as gi ven in Tab le 1. 

Mo reo ver, with res pect to Referen ces 36–40, for the
ex trac tion con stants Kex (M+, Na+) and Kex (M

+, 1·Na+) de -
fi ned abo ve, as well as for the sta bi lity con stants of the
com ple xes 1·M+ and 1·Na+ in ni tro ben zene sa tu ra ted with
wa ter, de no ted by βnb (1·M+) and βnb (1·Na+), res pec ti vely,
one gets 

log βnb (1·M+) = log βnb (1·Na+) + 
log Kex (M

+, 1·Na+) – log Kex (M+, Na+)
(6)

Fi nally, using the con stants log Kex (M+, Na+) and
log Kex (M

+, 1·Na+) gi ven in Tab le 1, the va lue log
βnb (1·Na+) = 5.7,41 de ter mi ned from the di stri bu tion of so -
dium pi cra te in the wa ter–ni tro ben ze ne system con tai ning
the li gand 1, and appl ying Eq. (6), we ob tain the sta bi lity
con stants of the com ple xes 1·M+ (M+ = Li+, H+, NH+

4, Ag+,
K+, Rb+, Tl+, Cs+) in wa ter-sa tu ra ted ni tro ben ze ne. The se
da ta are al so li sted in Tab le 1. Thus, the βnb (1·M+) va lues
from this tab le in di ca te that the sta bi lity of the com plex
spe cies 1·M+ in ni tro ben ze ne sa tu ra ted with wa ter in crea -

ses in the fol lo wing ca tion or der: H+ < Ag+ < Na+ < Li+ <
Cs+ < K+, Rb+ < NH+

4 < Tl+.
In conc lu sion, Tab le 2 sum ma ri zes the sta bi lity con -

stants of the ca tio nic com ple xes ML+, whe re M+ = Li+,
Na+, K+, Rb+, Cs+, with eight crown li gands L, de no ted by
the symbols 18C6, B18C6, DB18C6, DCH18C6,
DB21C7, DB24C8, DCH24C8 and DB30C10, in ni tro -
ben ze ne sa tu ra ted with wa ter at 25 °C. In this con text it is
ne ces sary to emp ha si ze that the most stab le com ple xes
ML+ are mostly the Na L+ or KL+ ca tio nic spe cies, res pec -
ti vely, for the crown li gands L pre sen ted in Tab le 2. 
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21. E. Ma krlík, P. Vaňura, Z. Phys. Chem. 2009, 223, 247–252.
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Povzetek
Z ek strak ci jo in me ri tva mi γ-ak tiv no sti smo do lo~ili rav no te`ne kon stan te ek strak ci je za rav no te`ja M+ (aq) + 1·Na+ (nb)
⇔ 1·M+ (nb) + Na+ (aq) v dvo faz nem si ste mu vo da-ni tro ben zen (M+ = Li+, H+, NH+

4, Ag+, K+, Rb+, Tl+, Cs+; 1 = di ben -
zo-21-21-crown-7; aq =vod na fa za, nb = ni tro ben zen). Ugo to vi li smo, da kon stan te sta bil no sti 1·M+ kom plek sov v vo di,
na si~eni z ni tro ben ze nom, na ra{~ajo v za po red ju H+ < Ag+ < Li+ < Cs+ < K+, Rb+ < NH+

4 < Tl+. 


