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The complex species formed in aqueous solution between Be(I) and ortho-phenylenediamine-
NN,N,N-tetraacetic acid (o-PDTA), 3.4-toluenediamine-N NN, N'-tetraacetic acid (3,4-TDTA) and 4-chloro-
1.2-phenylenediamine-N, NN, N'-tetraacetic acid (4-Cl-o- PDTA) were studied at25° and ionic strength 0.5 M in
NaClO, The application of the program LETAGROP to the experimental potentiometric data, taking into
account hydrolysis of the ion Be(I), indicates that, upon varying the ligand/metal relationships, only the
complexes BeHC™ and BeC*™ (ligands, H,C) are formed in significant amounts for the three systems studied,
in an analogous manner to EDTA, the nitrogen atom conformation of which is similar.

INTRODUCTION

The greater proximity of the nitrogen atoms in tetraacids derived from aromatic
diamines in the ortho position (Figure 1) with respect to their isomers in meta and para
positions, permits the simultaneous coordination of both to one and the same metallic
cation! Moreover, the proximity of the four methylcarboxylate groups allows the
formation of a greater number of chelate rings. Both effects considerably increase the
stability constants of the complexes formed in aqueous solution, to the extent that for
some cations the coordinating capacity of these acids is close to that of EDTA.? This is
only to be expected, since despite the lesser basicity of aromatic amines by comparison
with aliphatic ones, the conformation of the nitrogen atoms is similar in both cases.
Such acids are therefore excellent complexing agents.

In the case of the ion Be(II), hydrolysis of which must be borne in mind if the results
obtained are to be reliable?:* its coordination index of four is totally fulfilled by the
three potentially hexacoordinated ligands studied, so the existence of complex species

* Author for correspondence.
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CHzCOOH R=H , oPDTA

R
CHCOOH R=CH,,34-TDTA
CH;COOH
R=Cl , 4CtoPDTA
N<CH;COOH ct.

FIGURE | Structural formulae of o-PDTA. 3.4-TDTA and 4-Cl-o-PDTA acids.

with excess ligand is not expected. Since. moreover. the conformation of the ligands
does not favour the probable existence of species with excess metal. complex species
will presumably be tormed only in the ratio /1 for the three systems studied. These
predictions are confirmed in the present work. contrary to observations in the system
Be( H)-m-PDTA (m-PDTA = mera-phylenediamine-N. NN, N -tetraacetic acid), whose
nitrogen atom conformation hinders the simultaneous coordination of both nitrogens
to the same metallic cation. but permits the coordination of nitrogen atoms of different
ligands. giving rise to the formation of species with a ligand/metal ratio of 2/1.3

EXPERIMENTAL

0-PDTA acid was obtained following a modification of the method developed by
McCandlish er al.® with a significant increase in the yield of this synthesis” Adopting a
similar technique, the monopotassic salt of 3.4-TDTA acid’ and the monosodic salt of
4-Cl-0-PDTA acid® were prepared for the first time and used as a base product in the
titrations, since the acids did not precipitate from their respective aqueous solutions
when the pH decreased. The solution of Be( C10,), was prepared by reacting metallic Be
with an excess of HC1O,. its free acidity® being determined, as well the concentration of
Be(II) in aqueous solution which was evaluated gravimetrically.!o-!!

The potentiometric titrations were carried out in an inert atmosphere, at 25 £ 0.05,
ionic strength 0.5 M in NaClO, with CO,-free NaOH as titration agent, using a
Radiometer Type PHM-64 potentiometer. a Radiometer G 202 B glass electrode and a
NaCl-saturated K401 calomel electrode. Measurements were taken of the ligands only,
atan approximate concentration of | mM. and of the ligands in the presence of Be(1I) at
the ratios 1/1. 2/1 and 1/2. using concentrations of Be(1l) of 0.8. 1.2 and 1.6 mM for the
0-PDTA acid. of 0.8. 1.6 and 2.0 mM for the monopotassic salt of 3.4-TDTA acid and of
1.0. 1.5 and 2.0 mM for the monosodic salt of the 4-Cl-o-PDTA acid.

The experimental potentiometric data were analysed by means of the NERNST/
LETA/GRAFICA version'? of the LETAGROP program.'* based on a generalised
form of the least-squares method. that establishes the best model and best values of the
Bpyc constants. minimizing the function U = X(Z., — Z.)*. Z being the average
number of dissociated protons for the total concentration of ligand (Z¢) or for the total
concentration of metal(Zg). Hydrolysis of Be( II) was previously studied under the same
experimental conditions.*

RESULTS AND DISCUSSION

The values obtained for the overall ionization constants. f_,. that correspond to the
equilibrium (/)

-pH" + H(C == H

rCr )
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FIGURE 2 Z (- log {H™]) curve corresponding to o-PDTA acid.

can readily be related with the corresponding values of pK; presented in Table I, where
the values obtained for EDTA’ under the same conditions of temperature and ionic
strength are also included for comparative purposes.

The validity of the values found is proven by the perfect concordance between the
curves Z(~log [H*]) (dotted curve) and Z ,(-log [H*]) (continuous line), as can be
observed in Figure 2 for o-PDTA acid and that can be applied to the other two ligands
studied. Moreover. these results are in perfect agreement with those found by us’+# at25° and
ionic strength 0.1 M in KCl for the three acids and with the results obtained by Grimeset
al.'* for o-PDTA acid at 30° and identical ionic strength.

The values given in Table | indicate that while pk, and pK, correspond to protons
situated fundamentally over carboxylic groups. pK; and pK, correspond to protons
situated mainly over the nitrogen atoms.”'* As expected. the values of pK; and pK, are
higher for EDTA than for o-PDTA, 34-TDTA and 4-Cl-o-PDTA acids, due to the
greater basicity of the aliphatic diamines with respect to the aromatic ones. When the
three aromatic ligands studied are compared. it is observed that the nitrogen atoms of
34-TDTA acid are slightly more basic than those of o-PDTA acid, which must be
attributed to the electrodonor nature of the methyl radical situated as a substituent on
the aromatic ring. As for4-Cl-o-PDTA acid. the presence of a chlorine atom in the mera
position with regard to one of the nitrogen atoms. and in a para position with regard to
the other. draws electronic density from the former due to its negative inductive effect
(responsible for the smaller value of pK,. with respect too-PDTA and 3.4-TDTA acids),
while due to the effect of resoanance, the basicity of the para nitrogen atom increases
{which would explain the slightly higher value of pK; with respect to the other two
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acids). The values of pK, and pK, for 4-Cl-o-PDTA acid indicate slightly more basic
protons than those corresponding to carboxylic protons of 0o-PDTA and 34-TDTA
acids, which can be attributed to some type of interaction of the above-mentioned
protons with the non-bonding pairs of electrons of the chlorine atom. Summing up. the
values of pK, indicate that the basic strength of these acids follows the order:
EDTA > 34-TDTA > 0-PDTA > 4-Cl-o-PDTA

The analysis of the experimental data of the ligand-Be(II) systems studied by the
NERNST/LETA/GRAFICA version!? of the LETAGROP program!® shows that the
best fitis achieved assuming the existence of the model “FONDO + BeHC™ + BeC* ™,
where FONDO includes the species proceeding from the successive 1onizations of the
ligands (H,C~, H,C?*~, HC*~ and C*7) as well as the hydrolithic species of Be(II)
existing in the area of calculus, ie, Be(OH)’" and Bey(OH),’*. whose formation
constants, at this temperature and ionic strength, have been calculated by us in a
previous work? Although models were tested that included the possible presence of the
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FIGURE 3 Zy(-log [H*]) curves of the system o-PDTA-Be(Il). Dotted line, experimental curves. Full line,
calculated curves.
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FIGURE4 Zg-log{H™}) curves of the system 3.4-TDTA-Be(1l). Dotted line. experimentai curves. Full line,
calculated curves.

diacid species. BeH,C. hydroxocomplex. B¢ OH)C? ™, and complex species with excess
of ligand and excess of metal the results indicate that they are not present in significant
amounts. The validity of this analysis can be checked in Figures 3, 4 and 5. where an
excellent fit can be observed between the experimental and calculated values of Z.

The results are given in Table II. where they are expressed as formation constants,
readily obtained from the LETAGROP constants. f,,,. defined as:

pH" + ¢ B&" +r HC = H,BefH,C) 2)

The different values found for the complexes BeHC™ and BeC?~ are explained by
the fact that a protonated nitrogen atom is to be found in the acid complex, whereas in
the non-protonated complex both nitrogen atoms are coordinated to the same atom of
Be (Figure 6). These structures are analogous to those proposed for EDTA® Upon
comparing the values of pKy ( Table II) with those of pK, (Table I). it is found that for all
the ligands pK, > pKy. proving that the betainic proton of the species BeHC™ is
repelled by the coordinated beryllium in view of the strong tendency of the beryllium to
coordinate with the two atoms of nitrogen to form the species BeC?™.

The values of log K. which follows the order EDTA > 34-TDTA > 0-PDTA
> 4-Cl-o-PDTA. can be explained considering the basicity found for the atoms of
nitrogen of the ligands studied (vide supra). The formation of the same type of complex
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FIGURE 5 Zg-log [H™]) curves of the system 4-Cl-o- PDTA-Be(Il). Dotted line, experimental curves. Full
line, calculated curves.
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FIGURE 6 Structural formulae proposed for the complexes BeHC™ and BeC?*".
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species by EDTA and by the three diaminepolycarboxylic ligands derived from
aromatic diamines in an ortho position is due to the fact that they all present a
comparable conformation with respect to the nitrogen atoms. On the contrary, the fact
that the nitrogen atoms of the tetraacid isomers in meta and para positions are more
distant permits only one nitrogen to be coordinated to one atom of beryllium, an
increase taking place in the number of complex species in aqueous solution, as found
by us in the system m-PDTA-Be(II)’.

EDTA. 0-PDTA. 34-TDTA and 4-Cl-0-PDTA acids are appropriate ligands for the
coordination of the alkaline earth cations to be classed in the so-called “irregular”
sequence's ie, Be(1l) < Ca(Il) > MgID) > SxII) > Ba(ll), explaining the greater
stability of the CaC?>~ complexes’ with respect to BeC*™. since these ligands are
potentially hexadentates and totally fulfil the coordination needs of the hexacoordi-
nated and larger cation Ca?*, forming two new fiveemembered chelate rings.

REFERENCES

1. A Mederos. 1.V. Herrera. M. Modolell. A. Rancel and J.M. Felipe. An. Quim, 80 B, 213 (1984).

2. JM. Felipe. Thesis. La Laguna University. 1984.

3. F Bertin. G. Thomas and J.C. Merlin. Bull Soc Chim France 2393 (1967)

4. A Mederos. S. Dominguez. E. Chinea. M.J. Morales and F. Brito. XIX Reunion Bienal de la Real

Sociedad Espanola de Quimica. Santander (1982). Com. 16.31. Book G.

A Mederos, S. Dominguez, M. Hernandez-Padilla, F. Brito and E. Chinea, Bol Soc Quim Peru, 50, 277

(1984).

6. EF. McCandlish. TK Michael. JA Neal E.C. Lingafelter and N.J. Rose. Inorg. Chem., 17, 1383
(1978).

7. A Mederos. 1.V. Herrera. .M. Felipe and M.L. Quesada, An. Quim. 80 B, 281 (1984).

¥. A Mederos. 1.V. Herrera. J.M. Felipe and M. Hernandez-Padilla. 4n. Quim. to be published.

9. G. Gran. Analyst 77, 661 (1952).

10.  J. Hurée. M. Kremer and F. Bequer. Anal Chim Acta 7, 37 (1952).

1t. R Pribil Analviical Applications of EDTA and Related Compounds Pergamon Press. Braunschweigh
(1972).

12, F Brito and J.M. Goncalves. Project Num. 51.78.31-S1-1228. CONICIT (1981). Caracas. Venezuela

13. R Arnek LG. Sillen and O. Wahiberg Arkiv Kemi 31, 353 (1969).

14.  J H. Grimes. AlJ. Huggard and S.P. Wilford. J Inorg Nucl Chem.. 25, 1225 (1963).

15. P. Letkeman and A.E. Martell Inorg Cherm. 18, 1284 (1979).

16. R Aruga Inorg Chem. 19, 2895 (1980).

o



