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COMPLEX FORMATION BETWEEN HEAVY
METAL CATIONS AND DIAZA CROWN ETHERS
AND CRYPTANDS IN AQUEOUS SOLUTION

H.-J. BUSCHMANN", E. CLEVE and E. SCHOLLMEYER

Deutsches Textilforschungszentrum Nord-West e.V., Frankenring 2, D-47798 Krefeld,
Germany

(Received 16 August 1996)

Complexation of some heavy metal cations in aqueous solution by diaza crown ethers and cryptands
has been studied using pH-metric titrations. In most cases, macrobicyclic cryptands form more stable
complexes than diaza crown cthers. The size of the cavity also influences the stability of the
complexes formed.
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INTRODUCTION

The ability of diaza crown ethers and cryptands to form stable complexes with
heavy metal cations is well known.!-2 Surprisingly few values of stability constants
have been reported in the literature.3-'° To now, the number of published stability
constants with heavy metal cations is much smaller as compared with alkali and
alkaline earth cations.

For a number of heavy metal cations only upper or lower limits of stability
constants with diaza crown ethers and cryptands in aqueous solution have been
reported.’¢ In some cases, published values do not agree very well. We therefore
decided to determine stability constants for complex formation with these cations.
This work was done in continuation of the redetermination of the reactions of
diaza crown ethers and cryptands with protons!! and with alkali and alkaline
earth cations'? in aqueous solution.

* Author for correspondence.
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EXPERIMENTAL

The diaza crown ethers (21) and (22) and the cryptands (211), (221) and (222)
(all Merck) were used without further purification. The salts TICIO, (ICN),
Pb(NO,), (Fluka), Co(Cl0Q,), - 6H,0 (Alfa), Ni(NO,), - 6H,0 (Alfa),
Cu(Cl0y), - 6H,0 (Alfa), Zn(ClO,), - 6H,0 (Alfa), Cd(NO,), - 4H,0 (Fluka),
(C,Hq),NCIO, (Fluka), and (CH,),NOH (Fluka) were of the highest purity
commercially available.

All stability constants were determined by pH-metric titrations. A solution
of one ligand (1 x 1072 mol dm-?), one salt (1 x 10”2 mol dm3) and hydrochloric
acid (2.5 x 10-2 mol dm-3) was titrated with a solution of tetramethylammonium
hydroxide (3 x 1072 mol dm-3). Ionic strength was kept constant with
tetramethylammonium perchlorate (5 X 10-2 mol dm). The pH-values were
measured using a glass electrode (Metrohm 6.0203.100) with internal reference.

The stability constant, K, for the complex formation of the diaza crown
ethers and cryptands with cations is calculated using the following equation with
protonation constants K, and K, and the total concentrations of the salt ¢, and
of the ligand c,: with a = 1 + K,[H*] + K, K,[H*]?, b = K{H*] + 2K K,[H*]?
and ¢ = Cy;, — oy — [H'] [OH"]; ¢4 is the total concentration of the acid, Cgyy_
of the base. The actual concentration of free protons, [H*] is calculated from the
measured potential by means of the Nernst equation and the actual concentration
of hydroxyl ions [OH] is obtained using the ionic product of water under the
given experimental conditions. Values of the protonation constants of the ligands
used have been published recently.!!

g CG-ach
b-Cy c

RESULTS AND DISCUSSION

The determined stability constants and corresponding data from the literature for
the complexation of some heavy metal cations by diaza crown ethers and cryptands
in aqueous solution are summarized in Table 1. Most values taken from the
literature are in good agreement with the values obtained in this study. With the
ligands (21) and (22), a few discrepancies are found. However, these are caused
by the use of other protonation constants for these ligands.*

The complexes with diaza crown ethers are normally less stable when compared
with those of the cryptands. Values of stability constants for both diaza crown
ethers are, with few exceptions, of the same order of magnitude for a given
cation. In contrast, the cavity size of the cryptands influences the stability of the
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TABLE 1 Stability constants (K in dm®/mol) for the reaction of some heavy metal cations with
macrocyclic and macrobicyclic ligands in aqueous solution at 25° C (ionic radii,” cavity radii'®)

ligand 21 22 211 221 222
cation (r=094) (r=144) (r=084) (r=114) (r=144)
Pb%* 5.6 6.6 74 12.1 12.5
(r=1094 A) 5.85¢ 6.90° 7.932 13.122 12.72¢
7.01¢ 12.36°¢
12.0¢
Co®* 3.8 3.7 45 4.6 2.8
(r =0.57 A) 5.05¢ <5 <4.7° 5.402 <258
5.22% 3.25°
Ni#* 3.3 32 45 44 4.4
(r=0.69 A) 4052 <25 <450 428 <352
373 3.43%
>2.54
cu? 6.9 6.2 8.1 7.6 7.1
(r =062 A) 7172 6.182 7782 7.56° 6.812
8.15° 7.59°
Zn* 49 3.0 6.0 4.6 28
(r=0754) 534" 3.192 <539 5412 50
431"
cd* 6.2 49 5.3 93 7.4
(r = 0.80 A) 6.46° 5312 <55¢° 10.04 2 7.10%
559" 68°¢
525¢
TI* 22 23 5.1 7.0 6.2
(r = 1.50 &) 68° 55¢
64F
638
64"

aRef. 3, "Ref. 4, Ref. 5, IRef. 6, °Ref. 7, "Ref. 8, £Ref. 9, "Ref. 10, Results are significant to
the last figure.

complexes formed. However, if the cation radius is much smaller than the cavity
of the smallest cryptand (211), then the stability of the complexes is independent
of the cavity size, e.g. Ni* and Cu?.

For a given ligand the stabilities of the cation complexes show large differences.
Thus, cryptands are able to complex heavy metal cations selectively. In contrast
to alkali and alkaline earth cations, the selectivity of the ligands does not only
depend on the size of the cations.
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