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CHAPTER 1|
INTRODUCTION
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INTRODUCSTION

Inorganic salts are usually olaessified as simple,
double or complex salts. This diffrentiation is now not

significent,

A simple salt may be regarded as a complex when the

metal is joiped to one ligand unly to form a neutral system.

In the wider sense, simple salts such as simple
chlorides, sulphates, nitrates, .... etc. may be regarded
as complexes. For example iron (III) combines with ohlorine
ion forming the following systems:

r—

*+ + - —
T
[recL] ", [#ec1,] ", 7o 2 1, Trec1,] ,[recr;] ,anda [Pecr]
All tbese can be regarded as complex systems. The
salt Fe(III)(}l3 which is commonly regarded as a simple
salt is soctually a member of a complex series. This also may
apply to other systems.

Stability Constenta:

The most important way to cheracterise a complex
forwation in solution is o determine the equilibrium
constants of the cogplexes farmed.
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i’'he berm stability is introduced to describe the
amount of associetion that occures in solutions containing
two or more component spacies in equllibrium in which the
mare stable the complex formul, the sreoter will be the

association,

One must differentiate between two types of stability,
namgly "thermodynamic stability comstant” and "kinatic
8tability constant". The former is a messure of the extent
at which this species will form from, or to be transformed
into other species at equilibrium conditions and the lattor
deals with the speed at which such transformations takes
Place. In the presant investigation, we are dealing with
thermodynamic stability constants only.

In early investigations, a great excess of ligand is
usually used for complexation rcactions with metal ion or
atom. Thus tbe couwputation of stability constants was
always based on tha essumption that only ome particular
complex speoies is formed in solution, such an assumption
is not always true, and in Bany cases may lead to erroneous
results.

Bjerrum; was the first to emphasime, that couplex

formation is in general g stepwise process. This is best
shown in the light of the following relationships:
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SuppoBe u Wutwl lon M, :. introduccd into a solution
containlog a lizand A, und suppose that conditions were
chosen 80 that to i ive rise only to the formation of mono-
nuclear specius, then difforent aquilibria will be smet up.
5y applying the low of mass action, to thise equilibrie and
ignoring the iopic charges for simplicity, wa obtain:

K+ 4 = MA K, =

*sesvng I\F

+
csetonyn -
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csstene \)F
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[“;j-—l] 4

whare " [ ]" referred to the activity of spscies in
solution and K's represcnt the apparent or stepwise

stability constants.

Generally, J dis the maximum coordination number
for the matal ion M, for the ligend L4, J may vary from
ong ion %0 amather and from ore ligand to znother.
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The previous set of equilibris may be treated in

anotbher way as follows:

soedn
(X R 2N ]
sasbde
[ X N )

=
+

Ja

]
.
@
.
h

where B j ‘s denotes “overall or stoichiometric
stability constant™. The overall and stepwise stabllity

constants are related by the expression

K, » K, - 33 ceseearne Kj

Cds
n

w
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One way take into connideration, that the above rele-
tions are begsed on the assuaplion that very dilute sclutions
are used in which the aoctivity cocefficients " Y 's " are

beld oconatant.

Faovors offeoting Stehility Congtants:
The relative proportions of the different metal complex

speclen, “;J where

ay = [“‘3] / Oy

is dependent upon many factors. These may be related to the
metal ion or Go the ligand. The compatabllity between those
factors will obviously cr.zu-ol the relative values of Kl '

Ky » Ky y eveee Ky

4 Correlation with Properties of the Metgl Ion:

(1) Ionic gharge and radius:

It is well known that the stability of complexes
{formed with small ionic, bighly charged, unidentate or
mialtidentate ugands] incresses as the size of the metal

ion decreoases.

This has been observed particularly within the
lanthanide and ackinide ser:'l.asa’3 .
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rve seguence La € ..... dd € .... Lu (11I) haes
been establisbed with curbox_ylar.e4 and aminocarboxylate

5
ligands-.

Also, for metal ions having the ssme size, stability
was found to inoresse ip the same order of inoreasing the

6

charge on the metal ion~ as found in the followlng series

KQ- < Sr++ < La+++

(ii) Ionizgtion potenti nd electronegativity:

The minimum energy required to remove an electron
from ar atom, ion or moleculs, leaving each witbout any
kinetic energy is called the ionigation potential "I™ 7,
zinc and cadmium have approximately the same ionization

potential but mercury bes a slightly higher value.

On the other hand electronegativity is the power of
an atom ip a moleculs to attract elsctrons to itselfa.
Mulliken showed by theoretical asrguments that the tendency of
sn atom in a molaculs to compete with =znother atom to whigh
it is bound in attracting the shared electrons should be
propartional to (I+A)/2, that is the average of its ionize-
tion potential and its electron affinity.

The electronegativity will consequently expresses

the energy evolved when electrons enter a vacent orbital
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of a uetal lorn whiob form a complex
ion, and tnerefore smounted for stability of the ocomplex
formed. The greater the enaryy evolved in the complex

formation, the greater will bLe its stadility and vice versa.

(441) Stereochemistry:

The stereochemicel evidence provide a more striking
exemple for the requirement of the metal and ligand ions

especially from thc structural point of view.

Exemplcs Lor the effects of stereochemistry upon
stebility constants were provided by the complexes of poly-
aminasll'lz.

Thus the existence 31 an unususlly large value of
log K1/K2 within a sequence has been ascribed to a change
of stereochemistry of the metal ion in which a transition
in the hybrid state of the mstal ion from a less to a mare

regular structurel5'14’15.

The large values of log K1/K2
may alsc be dus to the dative W -bonding - in mono-cowplexes —

from the metal ion to the lizandl®,

In other caeses, a small negative values of log Kllxé
or log K2/K3 has been found for a number of systems. This
was ascribed to the incrassing in the ¥ -acceplor properties
of the ligand by the substituentsl’®'B,
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