
Name __________________________ Geochemistry, Fall 2005

Ionic strength and the Debye-Hückel theory
Refer to Faure ch. 10 pages 139-142 to complete this assignment

1) Faure chapter 10, problem 5:

Calculate the ionic strengths of water in Lake Superior and Lake Erie and explain the difference.
You may need to do a bit of research into the geology of both lakes to explain the differences in
their chemistry (nothing more than a google search). You will probably find this problem much
easier to do if you create an Excel spreadsheet to do the calculations for you.

The concentrations and charges of ions in a solution is its ionic strength and is defined as:

I = 1/2∑mizi
2

where mi are the concentrations expressed in moles and zi are the charges of the ions. Ionic
strengths of aqueous solutions range from 0.001-0.005 for rivers and lakes to 0.001-0.02 in
potable groundwater to 0.7 for seawater and to ≥5 for brine lakes.

Species Lake Superior
(mg/L)

Lake Erie
(mg/L)

HCO3
- 50.0 121

SO4
2- 4.8 28

Cl- 1.5 17
NO3

- 0.52 1.2
Ca2+ 14.1 39
Mg2+ 3.7 8.7
Na+ 2.9 8.2
K- 0.5 1.4
Fe2+ 0.36 0.03
SiO2 4.1 2.1

2) Faure chapter 10, problem 6:
 
Calculate the activity coefficient of Mg2+ in an aqueous solution having I = 5 x 10-2 at 15°C
based on the Debye-Hückel theory relating activity to concentration, [a] = γ(c), and represented
by equation below:

-log γ = Az2I1/2/(1+aBI1/2)
where I is the ionic strength of the solution as defined above; z is the charge of the ion whose
activity coefficient is being calculated; A and B are constants whose values depend on the
dielectric constant of the solvent and the temperature; and a is the effective diameter of the ion in
the solution in Å. Values for A and B for water are listed in Table 10.3 on page 140 as a function
of temperature, and values of a of several ions in aqueous solution are compiled in Table 10.4 on
page 141.


