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The half-wave potential of the metal ion is shifted to more 
positive values when the concentration of the monocarboxylic acid 
in the monocarboxylate buffer increases. At low monocarboxylic 
acid concentrations, in which no hydrolysis of complexes occurs, 
there is a linear relation between the half-wave potential and acid 
concentration. It makes possible the determination of the limit acid 
concentration in which no hydrolysis of complexes has yet occurred. 
At such conditions the stability constants of the formato, acetato, 
propionato, butyrato, and lactato complexes of copper, zinc, 
cadmium, and lead were determined. 

Our investigations have shown1•2 that the concentration of the mono
carboxylic acid in the monocarboxylate buffer exerts an influence on the 
half-wave potential of the metal ion. When the monocarboxylic acid concen
tration increases the half-wave potential is shifted to more positive values. 
Investigations on the monovalent ion of thallium, which does not form notable 
monocarboxylate complexes, have shown that the shift of the half-wave 
potential is due to the change of the liquid junction potential, to the change 
of the activity coefficient of the metal ion and the change of the solution 
viscosity. As this influence is opposite to the one caused by the formation of 
complexes, stability constants of monocarboxylate complexes of metal ions have 
to be determined in buffers with a constant monocarboxylic acid concentration, 
and not in buffers with a constant salt-acid ratio. 

However, as a consequence arises the problem of the determination of 
the half-wave potential of the free metal ion, which, in this case, can be 
determined only by extrapolation to the zero ligand concentration3- 7• The 
extrapolation is certainly the better, the lower the monocarboxylic acid con
centration in the buffer, because this means, at the same time, a lower ligand 
concentration with the absence of sodium monocarboxylate. Besides, when the 
monocarboxylic acid concentration is low its above mentioned influence on 
the half-wave potential is reduced to a minimum. However, when the mono
carboxylic acid concentration is low there is a possibility of mixed hydroxo 
monocarboxylate complexes being formed. Therefore it is necessary to find 
the lowest limit concentration of monoparboxylic acid at which such mixed 
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complexes do not yet appear in the whole investigated concentration range 

·of monocarboxylates. 

In this work such limit concentrations of monocarboxylic acid in mono

carboxylate buffers have been determined and then the stability constants 

of monocarboxylate complexes have been derived from the shift of the half

wave potentials of metal ions in these buffers by means of the DeFord and 

Hume graphic method8• 

EXPERIMENTAL 

Measurements were performed by polarographic devices described in previous 
papers4- 7 and by the Radiometer Polariter P04 and by Manual polarograph B MK II 
(The Electrochemical Laboratories) . The potential drop across the potentiometer of 
the polarograph amounted to 500 mV, which was attained by switching dn of cor
responding resistances in front of and behind the potentiometer. This potential drop 
was checked by a compensation potentiometer to the nearest + 1 mV and was 
adjusted before each measurement with a Weston standard cell. The determination 
of the half-wave potential, the diffusion current and the diffusion current constant 
w:as performed in the same way as described previously4• As the electrode process 
of zinc in the investigated carboxylate buffers is quasi-reversible, the reversible 
half-wave potential of zinc was determined according to H. Matsuda, Y. Ayabe, and 
K. Adachi9• All half-wave potentials are given relative to the calomel electrode with 
a saturated solution of sodium chloride. · 

The polarographic cell and other equipment, as well as the preparation of 
solutions did not differ from that described in the previous papers4-7 • The concen
tration of metal ions in the investigated solutions was 0.4 mM, except in lactate 
solutions where it was 0.48 mM. By addition of sodium perchlorate the ionic strength 
of the solutions was kept at a constant value 2. The relative coefficients of viscosity 
(against water) were determined by means of an Ostwald viscosimeter. All 
measurements were carried out under constant temperature of 25 ± 0.1 °c. 

RESULTS AND DISCUSSION 

Figrs. 1-3 represent examples of the relation between the half-wave 

potential of lead ion and the monocarboxylic acid concentration (of formic, 

acetic, and butyric acid) for different monocarboxylate concentrations in the 

buffer. The full line corresponds to the uncorrected values and the dashed line 

to the ones corrected for the change in viscosity of the buffer solution. Such 

investigations have shown with all investigated metal ions (i. e. lead, cadmium, 
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Fig. 1. Half-wave potential of lead versus formic acid con centration in buffers with constant 
formate concentration : 0.01, 0.05, 0.1, 1.0 and 1.8 M . 
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copper, and zinc) that up to 10 mM of monocarboxylic acid (formic, acetic, pro
pionic, butyric, and lactic acid) in buffer an almost linear shift of the half-wave 
potential is observed regardless of the concentration of the corresponding 
monocarboxylate in the buffer. Only with the copper ion in lactate buffer 
solutions this lowest concentration of lactate acid is 30 mM. With even lower 
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Fig. 2. Half-wave potential of lead versus acetic acid concentration in buffers with constant 
acetate concentration: 0.01, 0.05, 0.1, and L8 M. 

monocarboxylic acid concentrations, especially with lead and copper, a format
ion of precipitate or an abrupt shift of the half-wave potential to more negative 
values may occur, this being evidence of the complex hydrolysis or the formation 
of mixed hydroxo complexes. Accordingly, with investigated systems, 10 mM, 
or 30 mM of lactic acid in case of copper, may be considered the limit mono
carboxylic acid concentration at which the complex hydrolysis does not yet 
occur. 
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Fig. 3. Half-wave potential of lead versus butyric acid concentration in buffers with constant 
butyrate concentration: 0.01, 0.05, 0.1, 1.0 and 1.8 M. 
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Therefore buffer solutions of monocarboxylate with the quoted concen
trations of the corresponding monocarboxylic acid were used for the determi
nation of stability constants of complexes of the above mentioned ions. With 
such a low acid concentration the correction of the half-wave potential was 
not necessary, it being considerably within the error limits of the half-wave 
potential measurement. Similarly, the correction of the half-wave potential for 
the change of buffer viscosity due to the change of monocarboxylate concentra
tion was not introduced either,1,2 as such correction affects only the values of 
the third and higher constants, which are only approximate. Besides, the above 
mentioned investigations with the ion of monovalent thallium have shown1,2 

that this correction brings about too great a shift of the half-wave potential to 
more negative values, this being an evident proof that the change of the ionic 
composition of buffer causes the alteration of the activity coefficient of the 
metal ion in spite of the constant ionic strength of the solution. 

Due to such a low monocarboxylic acid concentration in the buffer, a very 
exact extrapolation of the half-wave potential of metal ion to zero ligand 
concentration was possible. The values of the half-wave potential of fr ee 
metal ion obtained in such a way were in good accordance with values obtained 
in pure sodium perchlorate (for Cu2+ and Cd2+), and in sodium perchlorate 
containing 0.1 mM of perchloric acid (for Pb2+). , 

Tables I-IV list the results of measurements and in Table V are given 
cumulative (Bi) and stepwise stability constants (Ki) determined by the graphic 
method of DeFord and Hume8• Table VI gives mean values of capillary con
stants (m2i 3t 116) measured at the half-wave potential in buffer solutions c_ontain
ing 0.01, 0.2, and 1.8 M sodium monocarboxylate. The extrapolated values for 
the cumulative stability constants were checked by the method of successive 
approximations to give the best fit, as recommended by Papoff and Caliumi.10 

The confidence limits of the extrapolated constants Bi and (32 , deduced from 
the dispersion of the experimental points are within ± 100/o. 

In Table VII the values of the stability constants of monoligand complexes 
(K1 ) obtained in our experiments (left column) are compared with those from 
literature (right column), which were either determined by the same polarogr a
phic method at the same ionic strength3,4,5 ,6 •7•12 or at a different ionic strength9•21 

or by a different polarographic method13• The greatest divergences from the 
values obtained in buffers with a monocarboxylic concentration of 2 M occur 
with copper; the values of the stability conctants of other ions show also 
appreciable divergences. It is most probable that this is due to the incorrect 
extrapolation of the half-wave potential of free metal ion with a monocar
boxylic acid concentration of 2M. It is further seen that the obtained results 
are in fair accordance with the results obtained by an other polarographic 
method13, if the differences in ionic strengths (2 and 0.2), and supporting ele
ctrolytes (NaC104 and KN03 ) are taken into account. However, the difference 
(except with zinc) between the results obtained fo r formato complexes and 
those of Hershenson et al.1~ is large, although experimental conditions were 
the same in both cases. The difference of results with zinc is certainly due to 
the fact that the quasireversible electrode pFocess of zinc was taken into 
account. The higher value obtained for the stability constant of monoacetato 
complexes of zinc a~ compared with the value of Mats.uda et al.9 is most mobably 
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TABLE V 

Stability Constants 

Ligand ~1 ~2 ~3 ~4 ~5 ~6 
Ki K2 Ka K4 Ks KG I 

~etal I 
10n 

Cu2+ 
25 200 150 80 
25 8 0.8 0.5 

Zn2+ 
5 15 5 

Formate 5 3 0.3 

Cd2+ 
11 17 56 
11 1.5 3.3 

Pb2+ 
17 103 57 
17 6.1 0.6 

Cu2+ 
50 450 400 350 
50 9 0.9 0.8 

Zn2+ 11 6 40 23 

Aceta te 11 0.5 6.7 0.6 

Cd2+ 
20 90 140 55 
20 4.5 1.5 0.4 

I 
Pb2+ 140 1.5 x 103 2.1 x 103 

I 140 10 1.5 : 

Cu2+ 40 450 200 . 500 
40 11 0.4 2.5 

zn2+ 12 15 32 28 

Propionate 12 1.2 2.1 0.9 

Cd2+ 20 110 167 96 
20 5.5 1.5 0.6 

Pb2+ 220 5.8 x 103 8.0 x 103 1.5 x 104 

220 26 1.4 1.9 

Cu2+ 35 300 200 900 
35 8.6 0.7 4:5 

Zn2+ 10 13 15 34 

Butyrate 10 1.3 1.2 2.3 

Cd2+ 20 85 217 95 
20 4.2 2.6 0.4 

Pb2+ 
I 

120 6.0 x 103 5.0 x 103 2.7 x 104 

120 50 0.8 5.4 

Cu2+ 350 1.3 x 104 3.0 x 104 1.3 x 104 1.5 x 104 

350 37 2.3 0.4 1.2 

Lactate Cd2+ 21 110 280 70 40 33 
21 5.2 2.5 0.3 0.6 0.8 

Pb2+ 140 1.4 x 103 1.8 x 104 900 
140 10 1.3 0.5 

TABLE VI 

Capillary Constants m 2/at 1/a (mg'h sec·1
/ , ) 

Formate Acetate ! Propionate I Butyrate Lactate 

Copper 2.25 2.24 2.05 2.29 2.65 

Zinc 2.50 1.94 2.45 2.42 

Cadmium 2.40 2.40 2.40 2.40 2.64 

Lead 2.36 2.36 1.97 1.97 2.58 
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TABLE VII 

Stability Constants of Monoligand Complexes (Ki) 

~· I 
I 

cu2t zn2+ ca2• Pb2+ H+ 

I 
Log Ki11 

d 

45 6 4' 206 134 

Formate 25 3712 5 412 11 312 17 512 3.752 
721 

1006 45 406 1504 

Acetate 50 5313 11 
513 

20 1613 140 1503 4.756 99 13013 

Propionate 40 1106 12 85 20 306 220 1704 4.874 

Butyrate 35 , 806 10 75 20 176 120 1204 4.820 

Lactate 350 3307 - - 21 307 140 757 3.858 

due to the fact that the quoted authors worked in buffers of constant pH (con
stant salt-acid ratio), but there is also the difference in ionic strength o:( solut
ions (2 and 4) and the difference in the supporting electrolyte (NaClO,, and 
NaN03 ) to be considered. 

In Table VII it is seen that the order of stability of monocarboxylato com
plexes as measured by K 1 is: 

and 

Formato: 
Acetato: 
Propionato: 
Butyrato: 
Lactato: 

Zn< Cd<Pb< Cu 
Zn<cd< Cu<Pb 
Zn<cd< cu<Pb 
Zn< Cd< Cu<Pb 
Cd<Pb<Cu 

Zn: Form< But< Ac< Prop 
Cd: Form< Ac, Prop, But, Lac 
Pb: Form< But< Ac, Lac< Prop 
Cu: Form< But< Prop< Ac< Lac 
H: Form< Lac< Ac< But< Prop 

From these orders it may be seen that zinc and cadmium form the weakest 
monocarboxylato complexes, which is in accordance with their stable d10 ele
ctronic configuration.14 The higher stability of cadmium complexes in relation 
to those of zinc complexes is certainly due to the higher polarizability of the 
cadmium ion.15 The relatively high stability of lead monocarboxylato complexes, 
especially acetato, propionato, and butyrato complexes, in spite of the stable 
5d106s2 electronic configuration of the lead ion, is also due to the particularly 
high polarizability of lead ion.15 With the divalent copper ion having a d9 

electronic configuration, a certain ligand field stabilization effect may be expe
cted in the weak ligand field as well as the additional Jahn-Teller stabilization 
effect, 14,ir, which is expressed by a higher stability of copper monocarboxylato 
complexes. The markedly increased stability of copper lactato complexes with 
respect to other investigated monocarboxylato complexes is certainly connected 
with the presence of the OH group in the lactate ion. In view of the lactate 
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ion having a very small basioity (see Tab. VII) such a stability could not be 
expected otherwise. It is probably a question of a stronger Jahn-Teller stabili
zation effect. However, lactato complexes of cadmium and lead are also more 
stable than would correspond to the small basicity of the lactate ion. Accord
ingly, with lactato complexes of these ions, too, the stabilization effect of the 
OH group present in the lactate ion is seen. 

With formato, acetato, propionato, and butyrato complexes of the inve

stigated metal ions a parallelism exists between ligand basicity and complex 

stability,14 especially in the sequence Form< Ac< Prop. The divergence in 

the case of butyrato complexes is probably connected with a more expressed 

inductivity effect in the presence of the metal ion. The divergence from the 

sequence is especially large with copper.17 

Values of stability constants of investigated metal lactato complexes obta
ined by the polarographic method are in good agreement with those recently 
obtained by the potentiometric method.18,19 The difference in the number of 
coordinated ligands is due to the high ligand concentration in the polarographic 
measurements, although here, too, it is evident that the strength of the bond 
between the metal ion and the ligand decreases abruptly when more than three 
ligands are bonded. On the other hand recent potentiometric investigations of 

lead acetato complexes20 point to the fact that the number of coordinated acetate 
ions is four and not three. But again the fourth ligand is very weakly bonded 
(K4 = 0.19). According to the cited potentiometric investigation20 the first sta
bility constant is somewhat higher (K1 = 214) than it was found by the pola
rographic method. 

Acknowledgment. The authors wish to express their gratitude to the Federal 
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IZVOD 

0 polarografskom odredivanju konstanata stabilnosti formijato, acetato, propionato, 
butirato i laktato kompleksa kupruma, cinka, kaidmiuma i plumbuma 

I. Filipovic, I. Piljac, A. Medved, S. Savic, A. Bujak, B. Bach-Dragutinovic i B. Mayer 

Poluvalni potencijal metalnog iona pomice se prema pozitivnijim vrijednostima 
potencijala s porastom koncentracije monokarboksilne kiseline u monokarboksilatnom 
puferu. Kod niskih koncentracija monokarboksilne kiseline, kod kojih jos ne <lolazi 
do hidrolize kompleksa, postoji linearan odnos izmedu poluvalnog potencijala i kon
centracije kiseline. To je omogucilo odredivanje granicne koncentracije monokar
boksilne kiseline i uz taj uvjet odredene su konstante stabilnosti formijato, acetato, 
propionato, butirato i laktato kompleksa kupruma, cinka, kadmija i plumbuma. 
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