Activity

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

If aA + bB =cC + dD, then

(an)*(ag )b
where K is the equilibrium constant, and ay is the activity of X and
described by the activity coefficient y, and [X]:

ay = 1x[X]

We said that typically we setup experimental parameters such that y 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 yy.

Activity Coefficients

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

a = effective diameter "hydrated" of the ion in picometers
NOTE: This is an empirical parameter!

u = 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?

lonic Strength:
lonic strength describes the total concentration of ions in solution

1
M=§§ilcizi2

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. lonic atmospheres
2 T
- b+
Question: What does this mean in
terms of solubility and dissociation?
Cat;inn Anion

3

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.

lon-dipole interactions
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The result of this binding is a larger . . . . =
hydrated radius, causing ’ : = X E
diminished interaction with other ions. # & & . &
lonic Charge: s Gt Gt o

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-Hckel equation:

0.5122./u
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* We'd like to use concentrations instead of activities in equilibrium
constant expressions, what restriction does that put on y?

* How do we accomplish this experimentally?

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

Pulling it All Together

TABLE 7-1 Activity coefficients for aqueous solutions at 25°C

900 0967 0933 0914 086 083

800 0966 0931 0912 0.85 0.82

700 0965 0930 0909 0845 081

X ,CO3 )N 600 0965 0929 097 0835 080
(CHyCH, )sNH®, (C3H; INHT 500 0964 0928 0904 083 079

105, HCOS . HoPOT, HSOS, HaAsOf

450 0964 0928 0902 082 0775

400 0964 0927 0901 0815 077

350 0964 0926 0900 08I 0.76

300 0964 0925 089 0805 0755

250 0964 0924 0898 0.80 075

1 efficie
800 0872 075 0.9 052 045
H:CH.CH,CO3 )y 700 0872 0755 0685 050 0425

*, Co®*, CH,(COT ),
ha 600 0870 0749 0675 0485 0405
L 8,007. WO3 ™, HyC(C03 ). (CHLCOT )y,

500 0868 0744 0.67 0.465 038
3. Mo03; ™, ColNH3)sCl*, Fe( CNJNO?~, G035,
450 0867 0742 0665 0455 037
400 0867 0.740 0.660 0445 0355
. ”

900 0738 054 0445 0245 0.8
citrate 500 0728 051 0.405 018 0l1ls
PO}, Fe(CNR™, CiiNHy ) . ColNH, ", Co(NH, ), H,0™* 400 0725 0505 0395 016 0095

Cha =4 Lewivity coeffic
™z C*F, 5™ 1100 0588 035 0255 010 0065
500 057 031 0.20 0048 0021
& Lanthomides are clements S7-71 in the periodic table
sovack J Kiclload I Am. Ches. Soc. 1937, 39, 1675,
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Pulling it All Together
Example: Using activities, find the concentration of OH- in a solution

of 0.075M NaClO, saturated with Mn(OH),. (from Table 7-1, a. is
350 pm for OH- and 600 pm for Mn2*)

Mn(OH), = Mn?* + 20H- Kgp=1.6 x 1013
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