6.3 The use of the equivalence concept

The concept of equivaence between the amounts of reacting substances has played a
fundamental part in the history of quantitative chemistry and its development as an exact
science. Itsrolein titrimetric andysisis equaly fundamental. Consider for example the basic
type of reaction

n, +ng; ® products @

between a species A (the andyte) in one solution (the sample solution) and a species B which
reacts with it stoichiometrically and is contained in a second solution (the titrating solution or
titrant) the molar masses of the two species which are equivaent are naMa and neMs where
Ma and Mg are the masses of the two species (formerly cdled the gram molecular weights),
and na and ng are the respective number of reacting entities (now termed the stoichiometric
number of the components).

A development of profound importancein practica andysiswas the redlisation that titrimetric
procedures could be carried out with greater speed and convenience if the concentrations of
the two reacting solutions were such that the reaction with the analyte was complete when
comparable volumes of sample and titrant solutions had been brought together. More
specificdly, if volumes Va and Ve of these solutions were mixed the reaction would be
goichiometric when NaVa = NgVe where 'Nx' the 'normality’ of the solution designated the
number of ‘gram equivaents per litre.

The concept of equivalence and the use of the term equivalent iswell established in studies of
ion-exchange phenomena and in eectroandytica chemistry (notably in €ectrogravimetry and
coulometric procedures). Thus any proposas made for standardisation of terminology in
titrimetric andyss must be equaly applicable to these and relevant fidds.

Equivalencefactor fe(X)

The equivaence factor for a reacting component of a specified titrimetric reaction is a pure
number derived from consideration of the overall stoichiometry of the reaction.
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For areaction

n,A+n;B® products 2

where na > ng, the equivaence factor of reagent A, fo(A), is taken as unity and for B, fe(B),
itisne/na. A consequence of this definition is that fey(X) is aways unity or less than unity.

N.B. Modifications to this generd rule exist for acid-base and oxidation-reduction titrations.
In the case of areaction that can be clearly identified as acid-base, the equivaence factor for

each reacting component must be related to one entity of titratable hydrogen ions.
Thusfor areaction

H,X +B(OH), = BX +2H,0

foo(H,X)=1/2= f,,(B(OH),) ©)

In the case of areaction that can be clearly identified as oxidation-reduction, the equivaence
factor for each reacting component must be related to one entity of transferable electrons.
Thusfor areaction

M n+ + 2e— - M (n—2)+
Fo(M™)=1/2

(4)
The equivalent

The equivadent of a pecies X is that entity which in a pecified reaction would combine with
or bein any other gppropriate way equivaent in

(a) an acid-base reaction to one entity of titratable hydrogen ions, H
or (b) aredox reaction to one entity of electrons, e.

In both instances the equivaent can be established from a knowledge of the equivaence
factor and the chemical formula of the speciesand is
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Normal solution

A solution in which the amount-of-substance concentration of the equivadent of the reagent is
1 mol dm® (i.e. 1moal I'l) was termed a Norma solution, symbol N.

Decimalised fractions of N was used, eg. 0.326 N H2SOs, that is a solution with ¢(1/2
H2S04) = 0.326 mol 1™,

Note: Because confuson may exis when a reagent has different equivaence factors
according to circumstances, the statements of normality must be accompanied by the
equivaence factor, eg.

0.1 N KIOs ; fe(K103) = 1/6
0.05 N KIOs ; feg(KIOs) = 1/4

The use of the terms "Normal solution, Normality" are not recommended.
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