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ABSTRACT OF PAPER PRESENTED AT THE SY.t>iPOSIUM ON IllETAL CHELATE CHEMISTRY 

AT BROOKLYN POLYT~CHNIC INSTITUTE ON APRIL 26, 1952 

BY MELVIN GALVIN 

The essential structural element which differentiates metal chelate compounds ,,, 

from metal coordination compounds, or metal complexes in general~ is the existence of 

some linkage between two or more of the donor atoms in the first coordination sphere 

of the metal. It is the purpose of the present d~scussion to examine the influences 

that this structural factor may have upon the physical and chemical properties of 

chelate compounds. Examples of well knownj simple coordination compounds involving a. 

variety of donor atoms (Oxygen, Nitrogen), as 'well as a variety of electrostatic situ-

ations, are shown in the following formula. Below each one are listed a few corres-

ponding chelate structures. 

+.J 
· NH · 
' 3 

H3N ., /NH
3 

" +3 . Co 

/'1" 
H3N NH . NH3 

3 . 

NH -CH 
'/.("' 2 2 

co+3 

""NH-· CH 2 2 

i 

_ NH
2
- CH

2 
Co4{ 
"-..JO~C=O 

~~~o 
0

~0-C/ 
'H 

.·' .(-1) o-~. 
0

/('o- r __ · ~ 

~0-C/ 
'H 

+3 

Various types of complex ions and chelate c;ompounds 
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Perhaps one o! the simplest and most easily definable properties of such compounds 

is the stability of the complex. This stability can be most readily defined in terms 

(\ of association, or formation, constants, as follows: 

M+n + K -m )MeKe +n-m 
~Ke +n-€) 

, e e ( kl = 
~e+~ fie-n:J 

+n-m · -m ' ) E,eK~ +n-2m ·k 
~Ke2+n-~ 

MeKe + Ke · ( 
12 = ~eKe+n-:J ~e-~ I I 

I f I 
I I I 
I I 

I k3 
I 

For the case n = 2, m:::l I 

(Kav)2 
I 

K =' klk2 -· 
Stability def;ined in terms of association constants 

The determination of such stability constants, for_a wide variety of st:tuctures, has 

recently become a popular area of research activity. The reason for this is to be 

found in the important part played by chelate compounds in a wide variety of biologi-

cal phenomena, particularly in enzymatic and co-enzymatic functions, as well as their 

increasing imp~rtance in industrial processes involving organic syntheses, the sepa-

ration of difficultly separable elements such as rare earths, and various catalytic 

phenomena. All of this, of course, is to be added to the much older application in 

analytical chemistry, and their new application in textile chemistry and dyeing, 

especially of synthetic .fibers. 

The methods which have been used to determine stability constants are varied, 

and have been discussed in some detail by other members of the Symposium. They may 

(r be listed briefly as follows: 

J 
·.j 
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lo Direct measurement by titration (pH or Redox). 
. . ' 

2. Direct determination of the concentration of species from 

absorption spectra. 

}o Relative and absolute determination by polarigraphic 

reduction. 

4. Relative and absolute determination from exchang~ rates, 

using isotopic metal ions. 

5. Competition between t1t10 chelating agents for the same 

metal. 

a. In one phase 

b. In two liquid phases (extraction equilibrium). 

c. In one liquid and one solid phase (ion exchange 

equilibrium). 

As a result of a ge,neral su,rvey.of. the stability of complex compounds, it is 

possible to set down the number of factors which influence the stability of all 

complex compounds, irrespective., of whether they be chelates or not. They may be 

divided into properties of the central metal atom, such as charge-radium ratios 
,· 

andavailable orbitals, and properties of the complex group, such as polarizability, 

size and basicity. In addition to these, however, there are a number of character-

istics found uniquely in chel~te compounds. These are: 

1. Steric effecVs involving the size and shape of the chelate 

ring. 

2. Entropy effects ad,sing from differences in the number of 

particles on either' side of the. chelation equilibrium (or 

expressed othervrise, in terms of the necessity for simul-

taneous making or breaMing of two or more ligendG). 
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3. Resonance effects arising from the possibility of electronic 

interaction through the ring between the two or more donor 

atoms. 

It is these latter factors, characteristic of chela.ting compounds, which con-

stitute the subject of the present discussion. When an attempt was made to evaluate 

these factors irt a more quantitative way, it became apparent that it would be nee-

essary to find first some basis of comparison which would have recognized and 

accounted for these factors which are not characteristic of chelation, but rather 

of any change .in the donor group. The most pronounced such effect.lies in the 

variation of the basic property of the donor group, that is, the ability of these 

donor groups to bind protons. This was first illustrated in 1945 1 by the approxDnate 

linear plots obtained when the logarithm of the stability constant for. the binding of 
,·,,,1 

the cupric ion was plotted against the logarithm of the acidity constant (the binding 

of th_e proton_) in a series of substituted salicylaldehydes. This type of relationship 

has since been greatly expanded for a wide variety o:f complexing groups 2 • 1-Jhen the 

st~b.ility constants for two different chelating groups having the same basic prop-
. •· 

ert:ie~ w~re found to differ very markedly, it became ne~essary to seen an under- · 

star;tdi~~ of ~his discrepancy in terms of structure of the chelate ring itself. This 

has .led to th~ recognition of a resonance contribution to the structure of metal· 

chel9-tes in which the t;vo donor groups are connected by conjugated systems. It· may 

be illustrated by the ~-diketone type of chelating agent, as follows: 

/"\ 
j 
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\ 1! 

or 

/c-~\-+ 
- c/", .. ~cu 2· 

"' 7' ·· c---o· ·,, 
/-. ·n·'·.···· 

and 

. "'·. ·- ·'' 

... '\. · •·; · ·:. ri 

/c-0~+2 -C"'. , .. -~ . .·· 
C==::::.O · 

/ rr 

and 

Thus the degree to which the two oxygen donors may interact electronically will be 

directly reflected in the stability of the chelate compound formed with such an ion 

as cupric iono Any factor in the structure of the molecule which would tend to 

insulate the tt'I'O donor atoms from each other electronically, that is, reduce the 

degree of conjugation between them,. should reduce the stability constant for such 

an ion as cupric ion, even when corrected to the same basic strength (ability to 
' 

bind protons)o This is indeed the case as shown in the series 2,3-naphtholaldehyde, 
' l 

salicylaldehyde, 2,1-naphtholaldehyde and acetylacetone 

these structures are shown in the following diagram: 

.CH ··; · y '· 

'<c--o­
~ H-C~ 
\c==o 
/ 

R 

The Resonance Effect 

A (2) B (1.67) 

c (1.5) D (1.33) 

The relationships in 

c 

\c=o 
I 

H 
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As the R Group in the diketone sho~m above is replaced by an ethoxyl group, there 

will be a cons:ideral:ile:interference with the resonance interaction between the two 
' . 

chelating oxygen atoms .. and this will be reflected in a very marked decrease in the 

. stability of chelates formed by ~~keto acids 0 

The eff~ct of the_ binding.together of two donor groups is, perhaps, best 

illustrated by ·comparing the heat and entropy of the binding per nitrogen atom 

in the coordination compounds of nickel amines. Thus, when two amino-nitrogens 

are tied together by a carbon chain, as in ethylenediamine, the heat of formation 

of the nick~l-nitrogen bond changes just a little, whereas the entropy of this 
- J 

I 

reaction is markedly affected, as shown in the following sequenc~jof reactions: 

The Entropy Effect 

A H e::t 19; ~S .o!.22 

AHe::!25; .AS~+ 2 

~H ~ 6; .AS.c::!+24 

A siruilar st~bilizing eff6ct of bL~ding two or more donor groups together has 

l~een observed in s, 1rride variety of cases 2,.3, 'l'his increased stability, resulting 

from the mere tyipg to€;ether,._ of donor groups in the creation of a chelate structure,. 

lS r0.i'lected in a. variety of .other relateci. properties as uell '~-'5o 

. :·". 

""l 
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t 1 ( 15 sec. 
2 

,--·., 

t1 2.1 hrs. 
2 

. Orie very interesting study in which the· eff<:Jct of the sizes of the chelate 

ring have been examined, is·. that of Schwarzenbach 3 , who investigated the stability 

constants of homologs of. ·ethylenediaminetetraacetic acids. 



- 8 - UCRL 1837 

The relationships betwee~ the stability constants and acidity constants £or a 

number of earth metal~. are gi;ren in the following table·: 

n 

STABILITY QONSTANTS OF ALKALINE ~ARTH COMPLEXES WITH 

BOMOLOGS OF·ETHYLENEDIAiviiNETE'rRAACETIC ACID 

pKl pK2 pK3 pK4 Mgf-2 ca+2 sr+2 

LogK 

Ba+2 

2 2'.0 2.7 6.16 10.26 8.7 10.5 8.6 . 7. 

3 2.0 2.7 7.91 10.27 6.0 7.1 5.2 4. 

4 1.9 2.7 9.07 10.45 5.0 

5 2.2 2.7 9.50 10.58 4.6 

Undoubtedly as the quality and quantity of the measurements of stability constants 

increase,· a final system will be developed regarding the relation betwe.en the structure 

of 'the' chelating agent and the properties of the resulting chelate. 

{ 
t• 
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