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Abstract 

The acid-catalysed dissociation rate constants for 
PbEGTA’- and CuEGTA’- complexes (where EGTA 
is ethylenebis(oxyethylenenitrilo)tetraacetic acid) 
were measured in acetic acid-acetate buffer medium 
(pH: 3.9-4.8) and perchloric acid solutions ([H+] = 
0.05-0.15 M), respectively, at a constant ionic 
strength of 0.15 (NaClO& The rate laws shown by 
the lead(B) and copper(I1) complexes are of the 
form, Rate = {kd + /cH [H+] ) [complex] and Rate = 
{kd + krr2 [H+] ‘} [complex], respectively. The enthal- 
py and entropy of activation for acid-independent 
and acid-catalysed pathways for both the complexes 
were obtained by the temperature-dependence studies 
of resolved rate constants in the 16-45 “C range. 
The rate of dissociation of PbEGTA’- is not en- 
hanced by increasing the concentration of acetate 
ion in the buffer, and the amount of total electrolyte 
in the reaction mixture has no pronounced effect on 
the dissociation rates of either the lead(I1) or copper- 
(H) complex. Attempts to study the kinetics of 
stepwise ligand unwrapping in the binuclear Cu,- 
EGTA complex were unsuccessful due to the ex- 
tremely rapid dissociation of this complex to yield 
mononuclear CuEGTA’-. 

Introduction 

The kinetics and reaction mechanisms of metal 
complexes containing polydentate ligands have been 
the subject of continuing interest [ 1, 21, as evidenced 
by several books [3-53 and a number of review 
articles [6-81 which have appeared in recent years 
dealing with this topic. Such studies are important 
not only from the point of view of the coordination 
chemistry of metal ions but also because of the 
valuable information they furnish regarding the 
strength and nature of interactions of metal ions with 
biologically important ligands viz. peptides, proteins, 
nucleic acids, amino acids and vitamins. The rates 
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of dissociation of these complexes have implications 
in analytical chemistry also, as they provide the 
information regarding the life-times of such com- 
plexes in the presence of several ions in solution at 
different pH levels and temperatures, which helps 
to improve the existing methods of metal ion separa- 
tions such as ion-exchange chromatography and 
solvent extraction. 

The dissociation mechanism for metal complexes 
seems to vary from complex to complex, but some 
generalities can be drawn in terms of available path- 
ways. Most complexes with mono- and polydentate 
ligands do exhibit acid-independent and acid- 
dependent pathways in aqueous solution [9, lo], 
the former being assisted by the solvent. The presence 
of acid in the reaction mixture can have a profound 
influence on the rates of complex dissociation. Acid- 
catalysed reactions are feasible for complexes which 
contain a basic ligand and their rates show a strong 
pH dependence. Rate acceleration in the presence of 
acid [ 1 I] can occur in two possible ways. (i) After 
the bond between the metal ion and ligating atom 
is broken, the reformation or the ring-closing in the 
case of chelating ligands could be prevented by pro- 
tonation of the free coordinating atoms. Such a 
process can be detected by following the variations 
in observed rate constants, with increase in acid 
concentration, as this reaction is expected to become 
zero-order in acid at high acid concentrations [ 111. 
(ii) By breaking the metal-ligand bonds resulting 
from direct electrophilic attack of the acid on co- 
ordinated atoms such as amino nitrogen(s) or 
carboxylate oxygen(s). This reaction is either first- 
order or higher order in acid and can show strong 
steric effects due to its associative nature [6]. 

Recently we have embarked upon a systematic 
and detailed investigation of the kinetics and reaction 
mechanism of metal complexes which contain macro- 
cyclic and open-chain polyaminopolycarboxylic acids 
as ligands, and as a part of this study we made rate 
measurements on the acid-catalysed dissociation of 
PbEGTA2- and CuEGTA’- complexes. The results 
obtained during the course of this investigation are 
discussed here. 
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Experimental 
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Results and Discussion 

Reagent grade EGTA was obtained in acid form 
from Aldrich and was used as received. NaC1O4 
(Aldrich), (CH&NOH (Aldrich), Pb(NO& (Ald- 
rich), NaOH (Fisher), CHsCOONa (Fisher), CHs- 
COOH (MCB), Cu(NO,)s*3HsO (MCB), and potas- 
sium hydrogen phthalate (MCB) used were of reagent 
grade and no further purification of these chemicals 
was performed. All solutions were made in boiled 
deionised water. Routine absorption spectra of 
complex, ligand and metal salt solutions were 
recorded on a Cary 118 (Varian Instruments) spectro- 
photometer. pH measurements were done on a Fisher 
Acument Selective Ion Analyser (Model 750) in 
conjunction with a Fisher combination electrode. 
The ionic strength was adjusted to 0.15 with NaCIO,. 
Complex solutions were made in situ by mixing 
appropriate amounts of stock solutions of Cu’+ 
or Pb*+ and EGTA and adjusting the pH to about 6. 
The complex concentration in the reaction mixture 
was maintained at 2.0 X 10M4 M. The buffer solutions 
were made using a constant concentration of sodium 
acetate (0.01 M) and varying the amount of acetic 
acid. The acetate ion concentration in the reaction 
mixtures is 5.0 X lop3 unless specified otherwise. 
The hydrogen ion concentration in the buffer solu- 
tions was calculated from the expression -log[H+] = 
pH + log fn+, after measuring the pH of solutions 
obtained by mixing equal volumes of complex and 
buffer solutions. 

Kinetic runs were performed on a Durrum-Dionex 
stopped-flow spectrophotometer as described in our 
earlier communication [ 121. Rates of reactions were 
monitored by following the decrease in absorbance 
due to the complex at 253 and 291 nm for Pb- 
EGTA’- and CuEGTA’-, respectively. Reactions 
were generally followed up to 3-4 half-lives and 
200 data points (absorbance readings) were collected 
during the course of the reaction. Final absorbance 
readings (A,) were recorded after ten to twelve 
half-lives of reaction. Excellent straight line plots 
of log@, - A,) versus time (where At is absorbance 
at time t) were obtained for at least three half-lives 
of reaction. Pseudo-first-order rate constants were 
calculated from linear and non-linear regression 
analysis of experimental data after each run. Rate 
constants (quoted in Tables I and II) represent aver- 
age values of four measurements or more, and their 
reproducibility is within *5% or better. Acid-indepen- 
dent and acid-dependent rate constants were ob- 
tained from the least-squares intercept and slope of 
the linear plots as described in ‘Results and Discus- 
sion’. The activation parameters for both dissociation 
paths were determined from Eyring plots in the range 
of 16-45 “C for Cu(I1) complex and 16-35 “C for 
Pb(I1) complex of EGTA. 

EGTA (Fig. 1) has eight possible coordination 
sites, i.e., two amino nitrogens, four carboxylate 
oxygens and two ethereal oxygens. As the maximum 
coordination number of Cu(I1) is believed to be six, 
one would expect that the amino and carboxylate 
groups are involved in coordination in CuEGTA’-, 
as the ethereal oxygens (in non-cyclic systems) are 
not known to bind well to metal ions especially in 
aqueous solutions. Indirect evidence for the above 
argument comes from the stability constant data 
[13] of Cu(I1) complexes of EDTA and EGTA. 
The log K values are 18.7 and 17.6, respectively 
at 25 “C and 0.1 ionic strength, which are indicative 
of a similar environment around the metal ion. Un- 
fortunately the crystal structure of CuEGTA2- is 
not yet known. Lead(I1) ion is known to form a 
complex with a coordination number of more than 
six and it may call upon all the available coordination 
sites in EGTA. It is anticipated that the dissociation 
mechanisms of these EGTA complexes may parallel 
that of their EDTA analogues. 

The acid-catalysed dissociation rates have been 
measured for both Pb(I1) and Cu(I1) complexes of 
EGTA under pseudo-first-order conditions. The 
observed rate constants obtained for both Pb(I1) 
and Cu(I1) complexes of EGTA, along with the acid 
concentrations used and the temperatures at which 
these reactions were done, are listed in Tables I and 
II, respectively. 

- ,CH2COOH 

f0 N 
'CHpCOOH 

EGTA 

Fig. 1. Structural formula of EGTA, ethylenebis(oxyethyI- 
enenitrilo)tetraacetic acid. 

Dissociation Kinetics of PbEGTA2- 
The observed rate constants (kobs) for the Pb(I1) 

complex increase linearly with increase in acid 
concentration, which is characteristic of a reaction 
that is first-order in [H+]. When these rate constants 
are plotted against [H”] (Fig. 2) a straight line with 
a non-zero intercept has been obtained, which corre- 
sponds to the rate constant for an acid-independent 
pathway. The slope of this line gives the rate constant 
for an acid-catalysed pathway. The self-dissociation 
rate constant or acid-independent rate constant (,&) 
and the rate constant for acid-catalysis (kn) at each 
temperature have been resolved by a weighted linear 
least-squares programme assuming a constant per- 
centage error in observed rate constants, and are 
presented in Table III as a function of temperature. 









162 

The enthalpy and entropy of activation for the 
acid-catalysed pathway of both PbEGTA*- and 
CuEGTA*- are typical of the values observed for 
an associative mechanism. Moreover, the respective 
AH& and AH’ HZ values for the Pb(I1) and Cu(II) 
complexes of EGTA are in good agreement with 
similar values reported for first-order [ 181 and 
second-order [ 191 acid catalysis in other complexes. 

Independence of Dissociation Rates on [Electrolyte] 
The total amount of electrolyte in the reaction 

mixtures has been reported to alter the rates of 
dissociation of certain complexes [20,21]. In our 
previous studies, we found that cationic complexes 
dissociate at a slower rate when the concentration 
of electrolyte is increased [12]. This effect has been 
explained on the basis of ion-pair formation between 
the cationic complex and anion in the electrolyte. 
Rate-enhancement by added electrolyte has also 
been reported for other complexes [22]. To study 
the effect of electrolyte on the rates of dissociation 
of the complexes under study, we measured the ob- 
served rate constants for both these complexes in 
the presence of varying concentrations of NaC104, 
keeping the other variables such as temperature and 
pH constant. No influence of electrolyte on these 
rate constants could be detected in the range of 
electrolyte concentration studied. The observed 
rate constants are within experimental errors and the 
mean value for PbEGTA*- is (2.41 +0.07)X 10’ 
s-‘; for CuEGTA*-, 8.98 f 0.07 s-l. It is not certain 
if the electrolyte has no effect on dissociation rates 
of these complexes or it has compensation effects 
on the parallel pathways involved. 
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