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2H2O -->  4H+ + O2 + 4e-

Breakdown of water:

H2O + H+ + 2e- --> H2 + OH- 
Breakdown of water:

Fields on this diagram are from 
Figures 4 to 19 of  Baas-Becking et 
al. (1960, Jo. Geol. 68:243-284).  The 
fields are thus more data-based than 
the labels on the widely reproduced 
Figure 11.1 of Garrels and Christ's 
Solutions, Minerals, and Equilibria.
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         pH is a measure of t he acidit y or 
alkalinil ty of  a solut ion, where pH = -logaH+.  
pH is t hus less in more acidic ( less basic)  
solut ions and great er in less acidic (more 
basic) solut ions.  A change of 1 ( i.e., f rom 
pH=3 t o pH=4)  represent s a t en-fold 
change in t he act ivi ty of  H+.  A 1N solut ion 
of highly dissociat ed acid (e.g., 1M HCl) has 
a pH of 0 (because aH+ = 1 = 100) .  pH is 
commonly said t o have a possible range 
from 1 t o 1 4, but  highly acidic solut ions 
can have pH = -1 (10N) and even -2.  At 
2 5°C, pH + pOH =1 4.

        Eh is a measure of  the redox 
(oxidat ion-reduc tion)  stat e of  a solut ion or, 
more exact ly, i ts solut es.  Eh is a 
measurement  of  elec trical pot ent ial and 
t hus commonly expressed in volt s.  Values 
of Eh in nat ure range from -0.6 t o +0.9V, 
wit h 0.0 charact erizing a solut ion wit h no 
drive t o ei ther oxidize or reduce.  Accurat e 
measurement  of  Eh is much more dif f icult 
t han t hat of  pH, because measurement of  
Eh requires equilibrat ion wit h many solut es 
and even solids.
      Unlike pH, Eh is not a measure of  
concent rat ion of somet hing, and use of  the 
relat ed paramet er pE = ( -logae-)  requires 
recognit ion t hat pE is a complet ely 
t heoret ical expression, ignoring t he realit y 
t hat t he concent rat ion of  elect rons in a 
solut ion is always zero.  pE = Eh ÷ 0.05 916.

        The diagram at  lef t  shows data 
from a range of  environment s.  The f ields 
for rainwat er, wat ers of  rivers and lakes, 
shallow ground wat er, and deeper ground 
wat er are highlight ed and/ or shaded t o 
draw at t ent ion t o t he evolut ion of  wat er 
t hrough t he wat er cycle as i t becomes less 
oxic and more buffered wit h respect t o pH. 

Characterization of solutions by pH and Eh

Railsback's Some Fundamentals of Mineralogy and Geochemistry

Note that H2 (reduced hydrogen, relative to the 
much more abundant H+) is found in small 
concentrations in some deeper groundwaters
(Lovley & Chapelle 1995, Reviews in Geophysics).

O2 isoxidized oxygen, 
relative to the much 
more abundant O2- 

of H2O and minerals.
Rain

Peat 
  Bogs

Soils

Mine 
waters

Rivers 
& lakes

Seawater

Deeper 
ground-
water Evaporative

saline 
waters

Geo-
thermal
waters

Shallow   
 ground-
  water

Limit of stability of water

Eh of water in 
equilibrium with 
atmosphere
(Stumm & Morgan 
3rd edn., p. 468)


