Activity (a) and

Activity coefficient (y)



* At moderate and high conc. of electrolyte soln.,the
ions may associate as ion pairs (Na*Cl{ Na*Cl") which
the attraction force of appositely charge ion is
small. or associate as ion triplets (Na*CI-Na*| CI-Na*Cl")
with large attraction force.

* The electrostatic attraction and ion association
minimized the collegative properties than expected
for unhindered ions in the infinite dilution, so that
the moderated and high conc.soln. having an
effective conc. less than the actual or stoichiometric
conc. It is called activity (a).



* a= M at infinite dilution or a/M=1

« But at moderate or high conc.

* aM=y, alc=y, alx=y,

e y:- activity coefficient, y=1 at infinite dilution
and usually| as the concentrationf.

» Activity of electrolyte

In electrolyte soln., each cation and anion have different activity

d, for cation, d_ foranionand d. for electrolyte
For example

A, B. > mA*+nB, a, _ (a,m* g n)l(m+n)

d, :- The mean ionic activity



For NaCl > Na*+CI- a, _ (At * agt)l?
For FeCl, > Fe3*+ 3CI- a, - (gt * a2V

a,=vy,[Cm*Crj¥/mn  for any electrolyte
C.,=m(C, C. =nC

For 0.01M FeCl3a, =y, [C, * C3]V/4
a, = y,[0.01*(3X0.01)3]%/% =2.3x10?y,

Variation of y, with concentration
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lonic strength ()

The ionic strength related to inter ionic attraction defined as:
u=%5,C22= %[C,Z22+C, 2,2+ C3Z%+....+C,Z.?]

Example 6-11

Calculating lonic Strength

VWhat is the ionic strength of (a) 0.010 M KCI, (b) 0.010 M BaS0O4, and (¢) 0.010 M Na2S04,
and (d) what is the ionic strength of a solution containing all three electrolytes together with
salicylic acid in 0.010 M concentration in aqueous solution?

(a) KCI: :
p = 1(0.01 x 1*) 4+ (0.01 x 1%))
= 0,010
(b) BaSO.: 1
u o= -z-un-m X 2%) 4+ (D.01 x 23%))
= 0.040
(c) Na; SOy: :
p = =(0.02 X 1?) + (0.01 x 2*))
= 0.030

(d) The ionic strength of a 0.010 M solution of salicylic acid is 0.003 as calculated from a
knowledge of the ionization of the acid at this concentration (using the equation [H:O7] =
“/K,c). Unionized salicylic acid does not contribute to the ionic strength.

The ionic strength of the mixture of electrolytes is the sum of the ionic strength of the

individual salts. Thus,
Meotal = MKCY + pURasD, 4+ fina SO, + JiHSa)

0.010 + 0.040 + 0.030 + 0.003
0.083

I



Calculation of mean ionic activity coefficient (y,)

log y,=-AZ,Z VU  fordilute soln. until u=0.02 ,A=0.51 for
aqueous soln,= at 25°C

log y,=-AZ,Z Vu/(1+ V) for moderate conc. soln. until u=0.1
log y,=(-AZ,Z Vpu/[1+a;B; Vu]) +C, C,B;: constants values

a;: ionic size parameter

Example 6-13

Mean lonic Activity Coefficient

Calculate the mean ionic activity coefficient for 0.005 M atropine sulfate (1:2 electrolyte) in an
agqueous solution containing 0.01 M NaCl at 25°C. Because the drug is a uni-bivalent
electrolyte, z1zo =1 x 2 = 2. For water at 25°C, Ais 0.51. We have

1
u for atropine sulfate = 5[(0.([)5 % 2% 13)4-(0.005 x 2%)] = 0.015

g for NaCl = %((0.01 X 1?) 4 (0.01 x 1?)] = 0.01

Total p = 0.025

log v+ = —0.51 x 2 x v0.025
'St TP Y EEP = —0-161

v+ = 0.690
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Coefficient for expressing of Colligative properties
1- L coefficient or L value

The cryoscopic equation, AT.=iK; m can be modified to
ATe=LC

where C is the molar concentration

L value computed from experimental data, it is values with

concentration. At isotonic concentration of drug with body L is
designated Liso

Liso = 4.8 cacl: Type
/‘/5///////////////////////////2

so AT, = iK;m= Liso |

Some Liso values

1 A 1 - 1

O O.1 o.2 0.3
Molality

I Fig. 6-7. L;., values of various ionic classes.




Osmotic coefficient (g)

Other methods for correcting deviations of ideality behavior
from colligative properties is Osmotic coefficient (g).

At infinite dilutioni=v soi/v =1

The ratio i/v designated as g (practical osmotic coefficient)SO i= gV
and cryoscopic equation will be AT.= gvK; m

i= gv, we have a=i-1/(v-1) we can calculate a from g and v

ATy = gvKym (6-63)
The molal osmotic coefficients of some salts are listed in Table 6-5.
Example 6-15
Molality and Molarity
The osmotic coefficient of LiBr at 0.2 m is 0.944 and the L, value is 3.4. Compute AT; for this

compound using g and Lis.. Disregard the difference between molality and molarity. We have
ATy = gvKim = 0.944 % 2 %X 1.86 x 0.2

= 0.70°
ATy = Lic = 3.4 X 0.2 = 0.68°



