
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

LEAD(II) COMPLEXES WITH SOME N-SUBSTITUTED IMINODIACETIC
ACIDS
Aldo Napolia

a Department of Chemistry, University of Rome, Rome, Italy

To cite this Article Napoli, Aldo(1985) 'LEAD(II) COMPLEXES WITH SOME N-SUBSTITUTED IMINODIACETIC ACIDS',
Journal of Coordination Chemistry, 14: 2, 127 — 131
To link to this Article: DOI: 10.1080/00958978508073898
URL: http://dx.doi.org/10.1080/00958978508073898

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958978508073898
http://www.informaworld.com/terms-and-conditions-of-access.pdf


1 Coord Chenr 1985. Vol. 14 pp. 127-131 
009j-897?/85/1401-0I 27 %25.00/0 

0 1985 Gordon and Breach Science Publishers, Inc. and OPA Lrd. 
Printed in Grrat Britain 

LEAD(1I) COMPLEXES WITH SOME N- 
SUBSTITUTED IMINODIACETIC ACIDS 

ALDO NAPOLI 
Department of Chemisty, University of Rome 00185 Rome Italv 

(Received December 4, 1984) 

Complex formation between lead(I1) ions and someN-substituted iminodiacetic acids has been studied at 25" 
in aqueous sodium perchlorate with ionic strength0.50 M. Measurements have been carried out with glass and 
lead amalgam electrodes. For all the ligands 1: 1 mononuclear complexes form, one ofwhich monoprotonated. 
The stability constants have been evaluated 
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INTRODUCTION 

In a previous paper' the complexes formed in aqueous solution by lead(I1) ions and 
iminodiacetic acid (I), (R = H), 

CH,COOH 
/ 
\ 

R-N 

CH,COOH 

(I) 

studied by potentiometry, were reported. 
In acid medium and over the investigated concentration range, experimental data 

can be explained by assuming the presence of 1:l mononuclear complexes, PbL 
PbHL+, and PbH,L2+, whose stability constants have been calculated at25" in NaC10, 
(0.50 M). Measurements have been carried out with glass and lead amalgam electrodes 
in order to obtain both hydrogen ion and free lead(1I) concentrations. This simplifies 
the interpretation of experimental data, especially for testing the presence of mixed 
complexes in more acidic solutions where the measurement of hydrogen ion 
concentration alone does not give useful information. 

In this paper the previous study was extended to some N-substituted iminodiacetic 
acids in order to compare the formation constants under the same experimental 
conditions, as the presence of substituents can effect the stability of the complexes. The 
presence of mixed complexes with hydrogen ion was tested by using both glass and 
amalgam electrodes. 

The ligands examined were methyliminodiacetic acid (MIDA (I), R = CH,). 
hydroxyethyliminodiacetic acid(H1MA (I), R= CH,CH,OH). and nitrilotriacetic acid 
(NTA (b, R = CH,COOH). The complexes were studied as a function of -log[H+] in 
order to determine the nature of the possible interactions which take place in aqueous 
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solutions. Investigations were carried out at 25" in 0.50 M aqueous sodium 
perchlorate. 

EXPERIMENTAL 

Methyliminodiacetic (Aldrich). hydroxyethyliminodiacetic (Sigma). and nitrilotri- 
acetic (Merck) acids were used without further purification. Potentiometric titrations 
carried out Nith sodium hydroxide on the dried acids corresponded with 
theoretical molecular weights. Solutions of bisodium salts were prepared when 
required by adding to weighted amounts of the acids, the calculated quantity of 
carbonate-free sodium hydroxide and sodium perchlorate to obtain the right ionic 
strength. 

Lead( 11) perchlorate was prepared from PbO (Merck). dissolved in dilute perchloric 
acid. The analytical excess of hydrogen ions was estimated by a Gran plot2 The metal 
concentration was determined by complexometry. Other chemicals were of analytical 
purity. 

The emf measurements were carried out at 25.0 f 0.1" with a Radiometer pHM4 
potentiometer to within 0.1 mV. using a Wilhelm cell as described by Forsling et 
d 3 :  

RE.1 test so1ution)G.E. (A> 

PI$ Hg) I test solution I RE.  (B) 

The reference half-cell (RE.) was Ag. AgC110.01 M NaCL 0.49 M NaClO,(0.50 M 
NaClO,. In a constant ionic medium the activity coefficients remain constant4 and the 
activities can be substituted by concentrations. so that the emf of the cells (A) and (B) 
can be expressed in mV. as: E = EA +59.16 log [ HC] f EJ. and E = E" -29.58 log [ Pb2+] 
- E,  where Ej (J[H+I. ( J  = -100 mV/M)) is the junction potential between the test 
solution and NaCIO,(U.iOM). EA and EB were determined before and after each series of 
measurements in the absence of the ligand so that [H+] and [Pbzf] can be calculated 
from measurements of E. 

Lead amalgam was prepared by dissolving freshly cut metal (Merck silberfrei) in 
twice distilled mercury (1%) w/w) and was stored under 0.02M HC10,. It was prepared 
fresh each week and during the measurements a strong stream of purified nitrogen was 
passed through the test solution. The glass electrode was a G202B Radiometer unit 
calibrated in concentration units and the A g  ApCl electrode was prepared according to 
Brown.' 

RESULTS AND DISCUSSION 

Potentiometric titrations with sodium hydroxide of the hgands in the presence and 
ahsence of lead ions were performed. As an example. titrations of metyliminodiacetic 
acid are reported in Figure 1. The curves obtained in the presence of lead(II) exhibit a 
sharp inflexion when one mole of sodium hydroxide is added per mole of metal ion. 
besides the neutralization of the first proton of the acid according to the following 
react ions. 

H,L + OH- i HL- + H,O 

Pb" + HL-  + OH- PbL + H,O 
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FIGURE 1 Titration curves for methyliminodiacetic acid: a = moles of NaOH per mole of ligand. Curve A: 
acid alone; curve B: acid plus lead(I1). CL/CM = 2; curve C: acid plus lead(I0. CL/CM = 1; ( I )  precipitate 
formation. 

This is true also in the presence of excess ligand ( 2 :  1 mole ratio with respect to the metal 
ion), meaning that only 1:l complexes are formed in acidic medium. 

Several determinations of free ion concentrations were carried out using the 
amalgam electrode in solutions in which CL > CM (the analytical concentrations of the 
ligand and metal ion respectively) at different values of -log[Hf]. The metal 
concentration was varied from 2.50 to 7.50 mM and the ligand concentration from 7.50 
to 20.0 mM. The acidity of the medium was maintained sufficiently low that hydrolytic 
products of the lead ion were always negligible! 
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FIGURE 2 
0 C, = 5.00 mM. C, = 15.0 mM: (3 C, = 7.50 mM. C, = 20.0 mM. 

Conditional formation constant (PI')  as a function of [H']: 0 C, = 2.50 mM, C, = 7.50 mM: 

The conditional formation constants for the 1: 1 complexes were calculated for each 
value of -log[ H+] by the following equations.' 
[PbL'] = CM - [Pb'+] 
[L'-] = (CL - [PbL'])/a 
PI' = [PbL]/([Pb2+][L2-]) bhere 
[PbL]  = C,C,IPb,H,L,] with q 20.  and a = C, P0,,lH']'. 

The protonation constants of the ligands. utilised in the calculation. refer to the 
experimental conditions of temperature and ionic medium.' 

Some of the experimental data for the lead-methyliminodiacetic acid system are 
plotted in Figure 2. The value of fiI' was found to be independent of CM, meaning that 
polynuclear complexes are negligible in our solutions. The plot of PI' vs [ Hf]  gives a 
straight line with positive slope and intercept. meaning that two complex species are 
predominant in solution, PbL and PbHL+. the formation constants of which are 
related to PI' by the expression 

a; = fll,, + a l l 1  W + l .  
For the other ligands examined similar complexes are formed The values of the 
stability constants, deduced from the slope and the intercept using least-squares 
treatment. are listed in Table I. together with the values of the protonation constants of 
the acids. 

In acid medium and in the concentration range examined only 1:l  complexes are 
formed with the ligands investigated. A monoprotonated species was also found for all 
the ligands. The value for the NTA mixed complex species is in agreement with that 
obtained by Karadakov rr al.* if the different experimental conditions are considered. 
The stability order for the normal complexes. compared by taking into account the 
values of ligand basicity9 represented by protonation constants. increases in the order 
IMDA MIDA HIDA NTA Protonated forms are present to a detectable amount over 

+ D r q i  represents the stability constant of the Pb,H,I., species. 
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TABLE I 
Stability constants for iminodiacetic acid derivatives, at T = 25". 0.50 M NaCIO, 

IMDA' MIDA HIDA NTA 

log P o  I I 9.17 9.42 8.52 8.98 
log P o 2 1  11.73 11.78 10.80 11.31 
1% P o , ,  13.49 13.01 

log P I 0 1  7.31 7.60 k 0.04 8.75 f 0.04 10.02 f 0.05 
1% Pill 10.36 11.23 f 0.10 11.51 k 0.13 12.30 f 0.10 

almost all the acidity range examined (up to -log[H+] = 4) for the ligands. In Figure 3,  
for example, the distributions are reported for the Pb-MIDA system (equimolar 
solutions). In this case, PbHL+ represents the prevailing complex species down to 
-log [H+] = 3.5. 

For the protonated complexes the same order of stability can be iound. if the 
equilibrium M + HL * MHL is considered This means that probably also in these 
cases a chelate is formed, as the HL- species are potentially terdentate in the case of 
nitrilotriacetic acid and bidentate otherwise. 

FIGURE 3 Distribution diagram for PbMIDA complexes under equimolar conditions 
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