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"";.19. ACTIVITIES AND ACTIVITY COEFFICIENTS OF STRONG
ELECTROLYTES:
The thermodynamic and other properties of the solutions of nun-ulectnl:‘lﬂymi
can bhe adequately expressed in terms of their concentrations even at m b
concentrations. But the solutions of electrolytes exhibit marked deviation even at
relatively low concentrations. Dilute ionic solutions have concentration of 0.001 m or
even less. According to Debye-Huckel theory of interionic attraction, the e¢lectrostatic
attractions between the ions in the solution of an electralyte have significant
influence on the mobility of ions. The ionic concentrations n Case ﬂr wenk
electrolytes, being low do not show appreciable deviation from the ideal huhs_wmr._ Bql
in solutions of strong electrolytes the ionic concentrations are large, 80 mterionit
forces cannot be neglected. Due to electrostatic attraction between fractions of cations
and anions, the solution exhibits the propertics of one in which the effective or
apparent concentrations of the ions are less than the theoretical concentrations.
Depending on the relative importance of factors, such as on-ion attractions and 10n-
solvent interactions, the effective concentration of the solute dissolved in water may
appear to be less than, equal to or greater than the molal concentration. This effeet
becomes more significant at higher concentrations and increasing valence of the ions,

G.N. Lewis suggested due to restricted, mobility of the ions in solutions of
strong electrolytes the ions do not exert their full effect for showing their behavior.
He proposed the term activity in place of concentration term (molarity, molality,
formality, mole fraction), so as to explain the departure of electrolyte solution from
ideal behavior. To distinguish between molar or molal or formal concentration of a
substance and the effective concentration of a substance which accounts mh-i&ea:i
behavior, the latter is called the activity of the species. So the effective concentration
of_m:_t 10n in a solution is called its activity. It is customary to relate thenctri\ril.y of o
species to its concentration through the expression. R

a -ﬂ'ﬂ'ﬁ’l &m




Erectrochemistyy 719

o E o

of Na® andl CT" wons can be WEtten as lectralyte, guch as NaCl, the activity
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) Since it e mot possable to get only positive or negative i 810 wol
s electrolyte. there s i experimental method -vmln:f:m dnt:;mmm nﬁuvﬁ:t: :l'f
sctvty coefficsent of wdividual sonie spectes. The reasons is that the solutions are
electrwally neutral and we cannot merease the number of cations without an equal
incTease wn the number of amons. &m we cannot il.lud}‘ ”Pﬂmtﬁb lhﬂ.‘ .M h!-
Catmns or anxns i the presence of each other m & neuteal solution, it 18 therefore.
not possable 10 measure the mdividual on activities. Fortunately for most purposes,
it = sufficsent to know the mean onic activity (a,) and mean activity coefficient (y, ).

Sinee 1t 1 not possible to substitute concentrations for activities in lonic
solutions. it is essential to consider how the ionic concentrations may be converted to
the activities and how such activities can be evaluated. In order to introduce some
defimtions commonly employed in dealing with the activities of strong electrolytes.
Consader an electrolyte AJB, which wonizes in the solution acvording to

AB, =xA™ +y8"

When Z. and Z. are the charges on the cation and anion respectively. The
activity of the electrolyte as a whole, ay. is defined in terms of the activities of the two
x+y
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If V is the total number of the jons furnished by one molecule of the
g2 P R ﬂ‘"’_)J:? i t




ay=(mim) (yivh) (D.08)
and for mean activity from Eq. (9.65)

r I
a, = (@) = (mim)) " 2y .69)
The factor (m* m® }'L* 15 defined as the mean molality of the electrolyte,
_I_'f
m, = {I'I'I: mt]’ e
I:
Similarly (v} y' )" is known as mean activity coefficient
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In terms of mean molality and mean activity coefficient. Eq (9.68) and (9.60)
‘may be written as

ay =ay =m,y, (9.50)
!
: ay = ‘rz}i =(m.y, :‘: j (0.71)
F‘inally since for any electrolyte of molality m, we have
O+ = .1rm
m-=ym

Egs. (9.70) and (9.71) then take the form




Equation (9.7 Eiey
activities to molaliy ﬂﬂzir :I:; (9. 28 e tha h —

m, we have x =1,y £ V"Eandthg'rhusfm l‘iWMuRﬂdﬁM-_
g =(Ix1y 2 m Ts
- ='f*.$ ‘=m2'f§

Again for
and V=3, = Ei“tNIm of the 2:1 type, such as BaCly, we have x = 1,y=2

Example 9.5,

Calculate the mean and total activity of the following electrolytes: (i) CuS0,
(1) Nag PO, (11) Cas (POy):

Solution:
(1) CuSOix=1,y=l.and V=1%1=2
ll'
a, =(Ix1) *m y,

= my,

ay =(a, ) =m’ry
() NasPO« x=3, 3 = Y= ’”"}’-‘
i ﬂ';ja'“-l'.r*m 1. =27 “m'fﬁ




