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Background 
In saturated and unsaturated soils and 
sediments not all of the pore water is in its liquid 
state. Some water is held by capillary forces in 
small pores (Freeze and Cherry 1977) or is 
immobilized close to charged mineral surfaces 
(Feibelman 2010). This water has a lower 
tendency to react chemically in solution as the 
additional binding energy lowers its activity.  In 
other words, the mole fraction of solvent water, 
x1, is less than unity, because 
 
x1 (solvent water) + x2 (bound water) = 1   
 
Since the mole fraction relates to the chemical 
potential of water, µH2O, this has consequences 
for chemical reactions (Blandamer et al 2005). In 
soil biogeochemical models µH2O is commonly 
assumed to be that of bulk free water, i.e. -
237.18 kJ mol-1, thermodynamically the standard 
state. But this assumption is not valid for all pore 
water, especially in case of clay-rich soils and 
sediments where µH2O in small pores can be 
much lower. 

Chemical potential of total pore water 
Measurements performed on soil samples show that some tenths of 
milligrams of pore water per gram of soil have much lower chemical 
potentials than at standard state. 

 
 
 
 
 
 
 
 
 
 
 
 

Conclusions 
Current studies of soils and sediments 
overestimate the amount of pore water 
thermodynamically at standard state (and thus 
solvent water content, x1) traditionally 
determined from bulk density or gravimetric 
water content after drying at 105°C, with 
particularly strong effects at higher clay content. 
We therefore envisage the use of the chemical 
potential in addition to standard parameters such 
as redox potential, pH or salinity for 
biogeochemical modelling studies in soils and 
sediments.  

Motivation 
The chemical potential of water covers the 
thermodynamic state of the aqueous 
environment in soils and sediments. In the 
presence of clay minerals it is lower than at 
standard state and chemical reactions may 
proceed rather differently than in an ideal 
aqueous solution. This may be a considerable 
shortcoming of biogeochemical models when for 
example predicting the fate of carbon in marine 
sediments. 

Amount of pore water in which microbial 
respiration turns thermodynamically 
unfavorable  
 

When the thermodynamic activity of water falls below the standard state 
microbial processes such as respiration soon become unfavorable.  
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Methods 
Samples were stepwise air-dried, covered after 
each step for sufficient equilibration (24 h) and 
gravimetric water content and water activity 
measured. The chemical potential was than 
calculated from water activity for standard 
conditions (Blandamer et al 2005). As the water 
content of a porous medium decreases, the 
amount of adsorbed soil water remains constant 
while the amount of solvent water decreases due 
to evaporative loss, hence, µH2O drops.  
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Fig.1: Chemical potential of total 
pore water, µH2O, for two soils 
(Cambisol = green triangles, 
Luvisol = red circles) with different 
clay content as a function of 
gravimetric water content. The 
horizontal dashed line depicts the 
chemical potential of free water at 
standard state. Solid lines are fits 
to illustrate the basic trends. Clay 
content is given as  weight-%. 

Fig.2: Gravimetric content of water 
with µH2O < -330 kJ mol-1, the 
thermodynamic limit for microbial 
respiration, as a function of clay 
content (fraction with grain size 
diameter < 2 µm). 


	Foliennummer 1

