
R
ailsback's Som

e Fundam
entals of M

ineralogy and G
eochem

istry

ln (γi ) = – A zi    I
2

Thought #1: the m
ore ions in the solution, the 

sm
aller should be the activity coefficient, 

because those ions can com
plex w

ith the ion of 
interest and thus thus render it inactive.
Thought #2: the greater the charge on the ions 
in solution, the sm

aller should be the activity 
coefficient, because greater charge on those 
ions m

ake them
 m

ore likely to form
 a com

plex 
w

ith the ion of interest and thus thus render it 
inactive.
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Ionic strength (I) com
bines both of these by 

sum
m

ing the products of concentration and 
square of the charge for each ion in the solution:

A
ctivity and activity coefficients II: the logic of the D

ebye-H
ückel equation

Thought #3: the greater the charge 
on the ion of interest, the sm

aller 
should be the activity coefficient, 
because greater charge on that ion 
m

akes it m
ore likely to form

 a 
com

plex w
ith other ions and thus 

be inactive.
       The D

ebye-H
ückel expression 

am
plifies this thought by squaring 

the charge of the ion of interest:

In Part I of this series, w
e concluded that w

e needed som
e 

proportionality factor to relate the activity of a solute (w
here 

that activity is not evident to us) to the concentration of that 
solute (w

hich w
e can m

easure directly).  That propor-
tionality factor is the activity coefficient γ, so that

This page considers three key thoughts 
that m

ust be involved in estim
ating the 

activity coefficient γ , and it relates those 
thoughts to the sim

plest w
ay w

e 
estim

ate  γ , w
hich is through 

the D
ebye-H

ückel equation.
Thus this page attem

pts 
to present an intuitive
understanding of the
D

ebye-H
ückel 

equation.
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This m
athem

atical expression yields the expected 
relationship: the activity coefficient γ decreases 
w

ith increases in the charge of the ion of interest 
and/or increase of ionic strength of the solution.
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The D
ebye-H

ückel equation 
w

as derived by Peter D
ebye 

and Erich H
ückel in 1925 in a 

paper in Physicalische 
Zeitschrift (v. 24, p. 185-206).

Part III of this series considers ionic strength in 
greater detail.


