COMMUNICATIONS

DE LA FACULTE DES SCIENCES
DE L’UNIVERSITE D’ANKARA

Série B: Chimie

TOME : 28 ANNEE : 1982

Complexation of Some Lanthanides With 1,2-Diamine
Cyclohexane N,N’-Tetraacetic Acid

by
M.B.HAFEZ, Abo EI-KHAIR B.M. and W.S.HEGAZY

2

Faculté des Sciences de 1'Université d’Ankara
Ankara, Turquie



Communications de la Faculté des Sciences
de 1’Université d’Ankara

Comité de Redaction de la Série B
E. Alper - §, Giimiis - T, Giindiiz - C. Tiiziin - Y, Sarkaya
Secrétaire de Publication
0. Cakar.

La Revue “Communications de la Faculté des Sciences de
['Université d’Ankara” est un organe de publication englobant
toutes les diciplines scientifique représentées & la Faculté des
Sciences de 1’Université d’Ankara.

La Revue, jusqu’a 1975 al’exception des tomes I, 11, IIT etait
composé de trois séries

Série A: Mathématiques, Physique et Astronomie,

Série B: Chimie,

Série C: Sciences Naturelles.

A partir de 1975 la Revue comprend sept séries:

Série A : Mathématiques,

Série A,: Physique,

Série A,: Astronomie,

Série B: Chimie,

Série C,: Géologie,

Série C:: Botanique,

Série C,: Zoologie.

En principe, la Revue est réservée aux mémoires originaux
des membres de la Faculté des Sciences de I'Université d’Ankara.
Elle accepte cependant, dans la mesure de la place disponible
les communications des auteurs étrangers. Les langues Allemande,
Anglaise et Francaise seront acceptées indifféremment. Tout ar-
ticle doit &ire accompagnés d’un resume.

Les articles soumis pour publications deivent étre remis en
trois exemplaires dactylographiés et ne pas dépasser 25 pages des
Communications, les dessins et figures portes sur les feuilles sé-
parées devant pouvoir étre reproduits sans modifications.

Les auteurs regoivent 25 extraits sans couverture.

I’Adresse : Dergi Yaym Sekreteri,
Ankara Universitesi,
Fen Fakiiltesi,
Besevier-Ankara



Complexation of Some Lanthanides With 1,2-Diamine
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ABSTRACT

A quantitative study of the interaction of some lanthanide ions with 1,2-diamine cyelo-
hexane N,N’-tetraacetic acid (DCTA) was carried out. Stability constants of the formed lant-
hanide chelates were calculated. A discussion of the variation of the metal chelates stability
constants across the lanthanide series was given.

INTRODUCTION

On the basis of many well established instances of ionic bonding
in lanthanide complexes, it has been quite generally concluded that
the stabilities of trivalent lanthanide complexes, specially with polya-
minopclycarboxylic acids, should increase with decreasing cation radius
or increasing atomic number (1). There appears to be no uniform inc-
rease in the stability with increasing atomic number. There is a “break”
at gadolinium. The stability of the lanthanide complexes with ethylene-
diaminetetraacetic acid (EDTA) has one constant value from terbium

_through lutetium (2). Similar observations were found in case of lantha-
nide chelates with N-hyd1"0xyéthylenediaminetriacetic acid (3), propy-
lenediaminetetraacetic acid (4), 1,2-bis [2-di (carboxy methyl) amino-
ethoxy] ethane (5) and diethylenetriaminepentaacetic acid (6). The ga-
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dolinium break for chelates with ethylenediaminetetraacetic acid has
been ascribed to a change in the number of co-ordinating positions
occupied by the ligand (7). The present work is an extention of this
approach to 1,2-diamine cyclohexane N,N’-tetraacetic acid (DCTA).

EXPERIMENTAL

All chemicals were of analytical grade reagent. Lanthanide metal
oxides were of 99.999, purity. DCTA was recrystallised twice from ether.
Solutions of lanthanide metal chloride were obtained by disolving an
accurate weighed quantities of the oxides in 1IN HCI and were titrated
complexometrically using Eriochreme black T (7). The chelate solution,
of each element was prepared by mixing, at acidic medium, a known
volume of 8x10-2 M. lanthanide ion with the same volume of known
concentration of DCTA. The pH was then adjusted using sodium hyd-
roxide free carbonate. All pH measurements were made using Unicum
pH meter of type 292. The optical measurements were done by Prolaho
spectrophotemeter.

The stability constant (pK) of each complex was calculated using
Job’s equation (8). The dissociation constants of DCTA were taken
equal to 2.4, 3.5, 6.12 and 11.7 respectively (9).

RESULTS AND DISCUSSION

1- Variation of the absorption spectrum of a mixture of (Ln*3 -
DCTA) as a function of pH:

The absorption spectra of 41072 M of Pr III, Nd III, Sm IIT,
Eu III, Gd II1, Dy IIT or Er IIT, in 1N HCI have characteristic maxima
in the region of wavelengthes lying between A = 250 nm and A = 600
nm (Fig. 1). The DCTA absorbs in the U.V. region, its absorbance is
negligable from » < 280 nm. Absorption spectra of a mixture of either
4x1072 M Pr III, Nd III, Sm III, Evu II1, G4 III, Dy III or Er III and
1.6 107! M DCTA were measured as a function of pH. The spectra of
the lanthanide ions were found to be slightly shifted to longer wavelen-
gthes with an increase in the intensity as the pH of the mixture solution
was increased. Within certain pH ranges, the position of the absorptien
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maxima remained constant (Fig. 1). It should be mentioned that the
shift of the absorption maxima to the higher wavelength is more clearly
okserved in case of praseodymium and samarium than in that of dysp-
rosium and erbium. The pH, at which the corresponding complex com-
pound, begins tc form is in case of erbium in more acid region than in
case of praseodymium. This is apparently because praseodymium has
more basic properties and therefore the fermation of its complexes
takes place in a more basic region. The pH intervals for complete chela-

tion and the characteristic wavelengthes of each complex, are given in
Takle 1. : '

TABLE I
Characteristics of lanthanide - DCTA chelates
Ton A nm A nm pH pK
complex | intervals
Pr III 442 444 3.7 -10 16.3
466 468
478 482 .
Nd IIX 518 522 3.4 -10 16.6
571 576
Sm III 344 346 3.11 - 10| - 17.2
360 362 ‘
400 403
Eu IIT 392 394 2.9 - 10 17.6
Gd 11X 272 273 2.6 - 10 17.6
1 275.5 276
Dy IX 324 326 2.3-10 17.8
349 352
363 362
Er II1 255 256 2.0 - 10 18.0
377 376
483 486
5117.5 518

2- Determination of the composttion of the chelate:

The composition cf the chelates was determined at pH 4.5 and 7.5
using a} the mole ratio method (Fig. 2) in which the [Ln*3] was kept
constant at 4X 1072 M and b) the continuous variation methed in which
[Ln+3 + DCTA] was kept constant at 8 X107 M. Obtained results
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showed that the formed chelates had the composition of 1/1. It was
found that solutions containing 1/1 of Ln+3 and DCTA did not give a
precipitate up to pH 9.5 while a precipitate was noticed at [Ln*3]/
[DCTA] = 3/2 and clearly at [Ln+3]/[DCTA] = 2/1. This indicates
that only 1/1 complex is formed.

The stability constants values were calculated, at pH 4.5, and are
given in Table 1. Results show that, a regular increase in stability of the
1/1 chelates with increasing atomic number from Pr+3 through Eu+s
and a discontinuity at Gd*3 is noted. It was suggested by many authors
(1, 3, 7) that the bonding in such chelates (with polyaminopolycarboxy-
lic acids) is purely electrostatic and therefore the stability of these comp-
lexes (pK) should be determined only by the radius of the cations pre-
sent and should then be expected to vary linearly with Z?/r (where Z
is the atomic number, r is the radius of the cation). Svch linearity cha-
racterizes the (Pr I1I 4 DCTA) chelates to the (Eu III 4 DCTA) che-
lates. For ions beyond Gd+:, ncrmal further increase in stability with
decreased radius is occurred. It can be argued that the gadolinium
break jis related to the discontinuity in crystal radius at gadolinium.
Moreover it was suggested, in case of EDTA, that (10), because of the
many possible co-ordinaticn sites in the polyaminopolycarboxylic li-
gands, there is a possibility of a change in the number of points of attach-
ment before and after gadolinium and due to the bulkness of the car-
boxyl groups, a critical point in erystal radius might be reached beyond
which only three of the four carboxyl groups could fit about the central
ion. The gadolinium break was thus associated with a change from
sexidentate to quinquedentate behaviour on the part of tke ligand. Such
explaination can be applied in case of (DCTA + lanthanide) comple-
xes. Staveley and Randall (11) have suggested. that, the above trend in
formation constants may be due to varing degrees of stabilization from
the interaction of the 4f orbitals with the ligand field.

Therefore the differencess between the stahility constants for the
successive (DCTA - lanthanide) complexes which are less for ions byond
gadolinium than ions before are due; to the irregular decrease of the
crystal radius of lanthanides, to the change in the co-ordination number
across the lanthanides and to some extent 1o the charing of 4f orbital

in the bending of the lanthanide ion te DCTA.
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Fig 1. Absorption spectra of: (1) Ln*® only in 1 N HCI, (2) [Ln*3} / ‘[DCTA] = 1[4 at pH
45, [La*] = 4x10~% M.
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