
10/3/2013

1

Activity

In our earlier discussion of equilibrium constant expressions, we 
defined K for an equilibrium as follows: 

If aA + bB = cC + dD,  then

where K is the equilibrium constant, and aX is the activity of X and 
described by the activity coefficient X and [X]:

aX = X[X]

We said that typically we setup experimental parameters such that X is 
very close to one, close enough to say that activity and 
concentration are equal.

How can we get away with this?  More importantly, when can we get 
away with this?  Lets look at X.
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Activity Coefficients

We typically calculate g using the extended Debye-Hückel equation, 
which relates activity coefficients to the ability of ions in solution to 
interact with one another.

z = charge of the ion

 = effective diameter "hydrated" of the ion in picometers

NOTE:  This is an empirical parameter!

 = ionic strength of the solution

How do each of these terms affect the activity of an ion?
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Activity Coefficients

How do each of these terms affect the activity of an ion?

Ionic Strength:

Ionic strength describes the total concentration of ions in solution

where c is concentration and z is charge of each ion

Increasing the overall ionic strength provides individual ions a larger 
number of counterions to interact with, increasing the overall charge 
in the ionic atmosphere nearest the ion.

Question:  What does this mean in 
terms of solubility and dissociation?
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Activity Coefficients

Hydrated Radius (diameter):

Because of their high charge density, ions with small ionic radii and 
large charge tend to more strongly bind to solvent molecules.

Ion-dipole interactions

The result of this binding is a larger
hydrated radius, causing 
diminished interaction with other ions.

Ionic Charge:

Multiply charged ions are generally more likely to interact with other 
ions than singly charged.
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Pulling it All Together

Let's revisit the Debye-Hückel equation:

• We'd like to use concentrations instead of activities in equilibrium 
constant expressions, what restriction does that put on ?

• How do we accomplish this experimentally?

In situations where  is not close to unity (1), we have to account for 
activities in our calculations.
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Pulling it All Together

6



10/3/2013

4

Pulling it All Together

Example:  Using activities, find the concentration of OH- in a solution 
of 0.075M NaClO4 saturated with Mn(OH)2. (from Table 7-1,  is 
350 pm for OH- and 600 pm for Mn2+)

Mn(OH)2 = Mn2+ + 2OH- Ksp=1.6 x 10-13
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