
 1 

Lecture 7: Carbonate Geochemistry Continued 
 
I. Review 

A. Activity-concentration relationships 
a. Equilibrium constants (Keq) change as a function of temperature, resulting in increases or 

decreases in the ratio of products to reactants: 
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b. The saturation index (SI) describes whether a solution is undersaturated (Q < Keq and SI < 0) 
or oversaturated (Q > Keq and SI > 0) with respect to mineral: 

SI = log(Q/Keq) 
If the solution is undersaturated, mineral dissolution occurs; if the solution is oversaturated, 
mineral precipitation occurs. 
 

B. The Bicarbonate Buffering System 
We can explore bicarbonate buffering in the environment as an example of acid-base reactions. 
 
CO2 gas dissolves in water until equilibrium is reached (or vice versa…e.g. when a soda can 
degasses open opening): 

CO2 + H2O à H2CO3*  
 

H2CO3* represents all forms of CO2 dissolved in water (H2CO3* = H2CO3 + HCO3- + CO32-) 
We can use a series of equations to determine the concentration of H+ as carbonic acid 
deprotonates.  

 
 

The species that form depend on the pH of the solution. 
Bjerrum plot: 
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a. Rxn 0: carbon dioxide dissolution in water 
CO2 + H2O à H2CO3 

 
We assume that fCO2 = PCO2 (in air PCO2 = 10-3.5 atm), then 

𝐾()! =
𝑎*!()"
𝑎*!)𝑃()!

 

Rearrange to find aH2CO3:	
𝑎*!()" = 𝐾()!𝑃()! 

 
b. Rxn 1: H2CO3 à HCO3- + H+  

𝐾# =
𝑎*()"#𝑎*$
𝑎*!()"

 

 
c. Rxn 2: HCO3- à CO32- + H+  

𝐾" =
𝑎()"!#𝑎*$
𝑎*()"#

 

 
We usually report K value as pK, where pK = -log(K). This is similar to H+ and pH. 
At 25ºC: 

pKCO2 = 1.47  KCO2 = 10-1.47 
pK1 = 6.35  K1 = 10-6.35 
pK2 = 10.33  K2 = 10-10.33 

 
 

C. Alkalinity and Titrations 
How do we actually quantify buffering capacity? 
The buffering capacity of water in the environment is measured as alkalinity (equivalents) 
 
Total alkalinity – the equivalent sum of the bases that are titratable with a strong acid; e.g. can 
accept a proton to form a neutral species 

 
Alktot = mHCO3- + 2 mCO32- +mB(OH)4- +mH3SIO4- + morganic anions + mOH- - mH+ 

 
𝐴𝑙𝑘𝑎𝑙𝑖𝑛𝑖𝑡𝑦	(+,

-
) = ∑𝑚./012&3𝑧./012&3 − ∑𝑚.2&3+$4,/&12&3𝑧.2&3+$4,/&12&3  

 
Alkalinity is measured by titration: 
At end point of weak acid/base cases, pKa = pH – log([A-]/[HA]) (Henderson-Hasselbalch Eqn.) 
For HA à H+ + A-: 
Henderson-Hasselbalch equation can be derived from: 

𝐾/ =
𝑎6#𝑎*$
𝑎*6
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II. Carbon species as a fraction (a) of total carbon concentration 
If we define:  

 
We can derive: 

 
Procedures of deriving a0: 

𝛼7 =
[𝐻"𝐶𝑂8]

[𝐻"𝐶𝑂8] + [𝐻𝐶𝑂89] + [𝐶𝑂8"9]
 

 
From 𝐾# =

[*$][*()"#]
[*!()"]

, we can derive [𝐻𝐶𝑂89] =
<%[*!()"]

[*$]
 

 
From 𝐾" =

[*$][()"!#]
[*()"#]

, we can derive [𝐶𝑂8"9] =
<![*()"#]
[*$]

= <%<![*!()"]
[*$]!

 
 
Substitute the latter two equations into the first one, we can derive the a0 equation. 
 
 
III. Example 
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EXAMPLE Determine the alkalinity of solution containing 2 x 10−3 M NaHCO3, 
3 x 10−3 M Ca(OH)2, 1 x 10−3 M KOH, 1 x 10−3 M H2SO4, and 6 x 10−3 M HCl. 

 

 
 
EXAMPLE Calculation of alkalinity and related carbonate species from titration data: 
A 100-mL water sample with an initial pH of 7.20 required 8.4 mL of 0.0205 N HCl to 
reach the total alkalinity endpoint (V2). Compute the total alkalinity and determine the 
equilibrium concentrations of carbonate species in the initial solution. 
 
 


