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The mean activity coefficients -
) : of Various ; ! .
experimentally by a number of methods. Some nfc:;he:: I:Eal?“ can be determined .

(1) Solubility method

(i1) Vapour pressure method

(1i1) Freezing point method

(iv) Electromotive force method
(v) Equilibrium constant method.

_It 18 important to note that activity coefficient of a single ion cannot be
determined experimentally, because it 18 impossible to isolate an ion in free state,
Hence only mean activity coefficients of various electrolytes, are usually determined.
We shall discuss here some of these methods. :

(i) Solubility Method:

This method is particularly used for sparingly soluble salts. When a solution
18 saturated with a salt there is an equilibrium between the excess solid and the ions
in the solution. To consider a simple case, such as that of sparingly soluble salt silver
chloride in contact with its saturated solution, the equilibrium may be represented by

AgCl == Ag" +CI’
Where Ag"and CI ions refer to the hydrated ions in the solution. The
corresponding equilibrium constant is given as

i, s 2 ©.87)

Since the silver chloride is present in the solid state, its activity il"fﬂ!ﬁau
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“.lﬂ m==A"+B

and the solubility product constant s given by

K, = lil'*, Hw._ ) (9 89)

This expression i the base of the solubility product principle which states

that when n solution is sstursted with & given salt. the produet of the sctivities (or
concentrations) of s constituent on. raised 10 the appropriate powers, must be -
cunslant, rrespeciive of the nature of other electrulytes l!f'-l“ in the =dution "

If the activity of each won » written as the product of s concentration in
gram 1one per liter and the corresponding activity coe (lrcwnt. then the cxpressson for
the salubility preduct of AR, becomes

K,*ria v )
K. =y r 1A%1ID )
K, «rilaTim )
Taking logarithme on both sides we get (on rearranging)
fog K, =log v «log |A]IB |
tog K, = 2log 1, « g (A0 )
log [A B |=log K, -2log ¥,

The solubility 'S of such a salt s equal 1o the moles por Liter of the salt that
dissodven. if no species of electrolyte AR other than A" and B exist in solution.

A7) =W | =S
Thus  log SS = log Ky - 2hg 1,

loy s wlog Ky - 2hog v,
Jiog S log Ky -2 log v,
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Fig. 9.8 Caleulation of K. by extra-polation method .5

If “iog 8" is plotted against Ju by usmlumm l‘- J
convenient salt [Co (NHy), C;0,][Co (NH;), tﬂ%% A steai

obtained, which supports Deby-Huckel predictions of linear rel
has been drawn with predicted slope of 0.5091
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% log Ks = -3.377

lﬂs K’ = 'E.Tﬁ‘l
K, = Antilog (-6.754)

Ks = 1.76x 107

earn equation 9.91 around to give an

With this value one 18 again able to | |
expression for the activity coefficient of the singly soluble salt at any concentration.
(9.92)

[log v, =-3.377-log S

The solubility data, used to construct Fig-(9.8) can therefore be made to give
v for the dissolved saltin all the solutions studied. Although, the D.H.T was used to

aid in the extrapolation to obfain “Ks" in Fig 9.8, 1t should be recognized that these
results do not depend on this theory and are valid for any aqueous solution at this
temperature, for which the solubility of the salt can be measured.

(ii) Activity Coefficients from the Dissociation of a weak electrolyte

Other studies of chemical equilibria besides those that make use of oxidation-
reduction reactions in electrochemical cells, can be used to deduce thermodynamic
properties of non-ideal systems. Acid-ta.» equilibria provide many illustrations. The
traditional example is the equilibrium set up by the dissociation of acetic acid,
CH3COOH, here abbreviated HAc.

CH,COO0H—=CH,C00"™ +H"

or HAsaei B 2 Ae

The thermodynamic equilibrium constant, denoted by K is given
(a) (@)
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9% K, = log [__.fm__;
[HAc]
08 Kip = log 1} + 109 H'1[Ac")
[HAc]

log Ky =2 log y, +jge [H 1[Ac"]

e

[H"][AcT)

|
og [HAG) log Ky, =2 log y, (9.95)

HAc——H"* s A¢"
1 mole 0+0 t=0
(1-a) mole o+ after t -sec

Where a=no of moles converted to ions and it is also known as degree of
dissociation. Let the concentration of CH-COOH is taken as "C" moles Iiter. Then at

equilibrium stage.
Cil—a)—=Ca+Cn
Substitute then values of concentration in Eq. (9.95) we get
log %zhﬁ Ky =2 log v
GRE o o
log e log Ky -2 log v,
For solutions that are very dilute in ions one can still use the




732 mmm

= [(Caxy’ +ca) V7]
p=Ca

‘and  Ju=Ca

50 hgf_il;:lug Ky, +2(0.5091 Z,Z_Jp)

log %“— =log Ky, +1.018 Z,Z_JCa (9.97)
-a
Equation (9.97) is an equation of straight-line,

log IEE;:IDg K +1.018J/Ca . electrolyte is 1:1 type Z. =%. = 1
~-a

-

If a graph is plotted between log o yisJCa a straight-line is obtained

l-a 3

with slope 1.018 and intercept log Kin.
Extrapolation to zero ionic strength, when y, =1 and log y, =0, gives

log Ky, = —4.7565

and Ky, =antilog (-4.7565)
Ky =1.752x107°
K =1.752x107° (theoretical)
Kin = 1.8 105 (experimental)

-4.73
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Equation (9.96) can also be now ummud-tq_.ma RIRE RS

_, _,é
han-—-lesit,,--lu__. i ?

Ca? -
lng?tu—lj'?n-—lng--— 519 - (9.98)

From equation (9.98). we can determine r, for the dissociation products of
(CHyCOOH at any concentrations for which values of « can be obtained. K




