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assumes any legal responsibility for the accuracy, completeness, or usefulness of any -
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infringe privately owned rights. Reference herein to any specific commercial product,
process, Or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
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ABSTRACT OF PAPER PRESENTED AT THE SYMPOSIUM ON METAL CHELATE CHEMISTRY
AT BROOKLYN POLYTECHNIC INSTITUTE ON APRIL 26, 1952 ‘

BY MELVIN GALVIN

'(ﬂ The esééhtiél structural elemenp\which"differentiates metal chelate compounds
from metal goordination combounds, orimetal complexes in general, is the existence of
some linkage between two or more of thé donor atoms in the first coordination sphere
of éhe metal, It is the purpose of the present diséussion to examine the influences
thaﬁ this structural factor may have uponvthe physical and chemical properties of
chelate pompounds, Examples of well knownﬁ:simple coordination compounds involving =z
variety of donor atoms (Oxygen, Nitrogep), as‘well as a vériety of electrostatic situ-
ations, are shbﬁg in the following formula. Below each cne are listed a few corres-

ponding chelate structures.
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Various types .of complex ions and chelate qdmpounds
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Perhaps one of 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:
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Stability defined in terms of assoclation constants

The determination of such stability constants, for_ a wide variety of structures, 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, particu1arly in_énzjmati§ and co-enzymatic functions,'as well as their
increasing-impgftance'in industrial processes involving organic syntheses, the sepa-
ration of difficultly separable elements such as rare eérths, and various catalytic
phenomena. All of this, of course, is to'bé added to the much older application in
analytical chemistry, ahd their new applicétion in textile chemistry and dyeing;
especially of synthetic fibers. |

The methods which have been used to determine étability constants are varied,
and have been discussed in some detail by othér membérs of the Symposium., Tﬂey may

be listed briefly as follows:
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Direct measurement by tltratlon (pH or Redox).

Dlrect determlnatlon of the concentration of spec1es from

;absorptlon spectra.

'Relatlve and absolute determlnatlon by polarlgraphlc

reductlon.

Relative and absolute.determination from exchange rates,

u51ng 1sotoplc metal ions.

Competltlon between two chelatlnv agents for the same

metal.

a,v In one phase
,]b;v In two 11qu1d phages (extraction equlllbrlum)
Co - In one l;quld ahd one solid phase,(lon exchange

“equilibrium),

As a result of a general survey»of‘the stability of complex compounds, it is

p0551ble to set down the number of factors which influence the stablllty of all

complex compouﬂds; 1rreopective of whether they be chelates or not, They may be:

d1v1ded into propertles of the central metal atom, such as charge-radium ratios

and available orbltals, and propertles of the complex group, such as polarizability,

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

istics found unlquely in chelate compounds. These are:

1.

2.

Sterlc effechs 1nvolv1ng the ‘size and shape of the chelate
rlng.

Ehtropy effects ariSihg from'differences in the number of
particles on either;side of the chelation ecquilibrium (or
expressea’otherwise, infterms of the necessity for simul-

taneous making or brealing of two or more ligends).
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3. Hesonance effects arlslng from the p0551b111ty of electronlc
1nteractlon through the rlng between the two or more donor’
atoms, : | | .’ . ~

It is these latter fectors, characteristic of eheiatingicompounds, which con-~
stitute the subject of the present discuesionp Wheﬁ aﬁvettempt was made to evaluate
these factors in a more qpantitative,way, it became apparent that it would be nec-
essary to find first some basie of coﬁperieonvwhich woﬁld ﬁave recogﬁized and
accounted forﬁthese factors which are not'oheracteristicvof ctelation, but rather

| of any change in the donor grouﬁt The most‘proﬁouﬁced euch effect‘lies'in the

variation of the basic property of the donor group, that 1s, the ablllty of these

donor groups to bind protonsa_ Thls was first 1llustrated in 19A5 by the approximate
linear plots obtained when the lobarlthm of the stalelty constant for the binding of
the cupric ion was plotted against the logarlthm of the a01d1ty constant (the blndlng
of the proton) in a series of substltuted sallcylaldeh'ydes° This type of relationship
has 51nce been vreatly expanded for a w1de varlety of complex1ng grouns 2, TWhen the
stablllty conotants for two dlfferent chelatlng groups hav1ng the same basic prop-
erties were. found to dlffer vofy merkedly, it became necessary to seen an under-

_standlng of thls discrepancy in terms of structurevof the chelate ring 1tself This

has led to the recognltlon_of a resonance contrlbutlon to the structure of metal’

chelates in which thevtwo donor groups ere COnoeoted byboonjugated systems. It:may

be illustrated by the f-diketone type of cheiating agent as follows:
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Thus the degree to Wthh the two oxy en donors mey interact.electronically‘Will be.
dlrectly reflected in the stablllty of the chelste compound formed with such an 1on
as CupPlC‘10n° Any factor in the structure-of the molecule whlch would tend to |
insulafe thenfﬁe doner atoms frem eachkother eiectronically,ithat is, redﬁce-the
degree of conjugation beﬁween them;fshould.reduce the stability constant for éuch
an 1on as cuprlc 1on, even when corrected to the same basic strength (ability to
blnd protons) lhlo is 1ndeed the case as ohown in the serles 2 3—naphtholaldehyde,
sallcylaldehyde, 2 l—ﬁaphtholaldehyde and acetylacetone 1; ;' The relationships in
these eructures are ghown in the follow1ng dlagram |

'The»Resonance Effect

H—C

'\c=o

/

N

' A (2)
O
»' \ | N

=0 . '
‘H/ ¢ (1.5) - D (1.33) H/
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As the R Group in the dlketone shown above is replaced by an ethoxyl group, there
will be a con31derable 1nterference with the resonance interaction between the two | 7
chelating oxygen atomsﬁand this will be reflected in a very marked decrease in the i
'stablllty of chelates formed by P-keto acids. | | |

The effect of the binding together of two donor groups is, perhaps; best
illustrated by‘comparlng the. heat and entropy of the binding per nltrogen etom
in the coordination compounds of nickel'amines° Thus, when two amino—hitrogens
are @ied toéether‘by.a_caroon chain, as in ethylenediamine, the heat of formation -
of the_oickelnnitrogen bond chaogeevjust a little, whereas the entropy of this

. - . i
reaction is markedly affected, as shown in the following seqnence/of reactions:

The Entropy Effect

- (I 20), * G, (aq) T2 u;(‘z:.,,), ;;1»{20  pAHIG; AS,22

"i'.' (“ O) +.3_engaq}f¢_:-_f> Eu(en)j 'th20 o Afed2s, AS ™+ 2

Ni(z-mg)é' + 3 enfaq) ;—_:__—-*_ :si'(e:n)j""’-F + 6llH3)aq A2 6 NS,

A4 similar stabilizing effeet 6F binding two or more donor groups together has

baen obgerved in a‘wioe variety of cases 13, This increased stability, resulting

2]

from the mere jlrv th hei 01 doncr groups in the creation of a chnlate strucuure.

> mn ) . :
ig reflected in avvarleﬁy oisooner related properties as well o3,

T ol

.
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t, €15 sec.
z

2.1 hrs.

"“fonéVVery'ihterésting'study’in which the‘effect of the sizes of the chelate

3

ring have been examined, is'that of Schwarzenbach s who investigated the stability

constants of homologs of ethylenediaminetetraacetic acids.
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The relationshipS'betweéq the stability'constants'and acidity constants for a
number of earth metal§,ére given in the following table: - p
STABILITY CONSTAKTS OF-ALKALINE EARTH COMPLEXES WITH

HOMOLOGS OF  ETHYLENEDIAMINETETRAACETIC ACID

n Pk PK, Pk, pk,  Mg?  ca*? Sr*2  Ba*2

— s ——— ———— e

2 2.0 2.7 616 10.26 8.7 - 10.5 8.6 T

3 0 2.0 . 2.7 7.91  10.27 6.0 7.1 5.2 4
Lo 1.9 2.7 9,07 10.45 5.0
5 2.2 2.7 - 9.50 10.58 Leb

Undoubtedly as the quality and quantity of the measurements of stability constants
increase, a final system will be developed regarding the relation between the structure

df‘tﬁé“Chelating-agent“and the properties of the resulting chelate,
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