Acid-Base Solution pH and Titration Calculations

Acid/Base, version 1.0 10/10/2001

Acid/Base is an application designed to perform general pH and titration calculations.  A database of 103 compounds it provided.  

The list of compounds may be sorted by name of the acid form, the name of the base form, the number of acidic hydrogens, the pKa, or the pKb.  

Selecting a compound from the list displays the different acid and base forms and their pKa values as a pH tree.  The pKa button toggles to pKb and displays the pKb values. From this form there are three options, solution, titration, and alpha-diagram.  

The solution form calculates the pH of a solution from a user input concentration.  In addition, the relative concentration of each of the acid and base forms of the compound are displayed.

The titration form allows the user to input three of four parameters (analyte concentration, analyte volume, titrant concentration, and 1st equivalence point volume) and calculate the forth.  The titrant is automatically selected depending on user selection of the acid or base form of the compound (in the pH-tree form).  The pH values at the midpoints and equivalence points may be displayed as well as the titration graph.

An alpha diagram displays in graphic form the fractional composition of the different acid and base forms of the compound as a function of solution pH.

All calculations are base on total mass and charge balance, incorporate all of the Ka values for a compound, and include the Kw.

The demonstration version has some limitations.  Only 11 compounds are available in the database and use input of solution concentrations or volumes are not allowed.

To get the full version of Acid/Base register by sending $15.00 to:

Dr. Jeff Rosenthal

P.O. Box 466

River Falls, WI  54022

USA

Send any questions or comments to:

Jeffrey.Rosenthal@uwrf.edu

The following describes the theoretical background for the pH calculations.

Initial pH of the analyte.

For a diprotic acid the following equilibria apply.

H2A  ( H+ + HA-

Ka1

HA-  ( H+ + A2-

Ka2
The charges that were picked for the acid are a matter of convenience and have no effect on the outcome (although it does take some algebra to verify this point).  The important point is that Ka1 and Ka2 are the first two Ka values.  

The charge balance is.

[H+] = [HA-] + 2[A2-] + [OH-]

Substitution of the rearranged equilibrium constant expressions yields.
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the parameter α is the fractional composition of a particular form of the acid, and i represents any accompanying ions present with the compound (that completely dissociate on solution).

Substitution of 
[image: image2.wmf]C

V

V

C

V

T

A

A

A

=

+

, and [H+] = x gives:
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Rearrangement gives:
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This can be solved by Newton’s method for x = [H+].  

Some Comments.

Generally if the two Ka values are far apart the second Ka doesn’t contribute significantly and can be left out of the equation (i.e. set to zero).  For sulfuric acid, H2SO4, the first dissociation is 100% and Ka2 = 1.02x10-2  (as sulfuric acid is a diprotic acid).  In these equations Ka1 for sulfuric acid represents the equilibrium constant for the dissociation of the second hydrogen (HSO4-  (  H+ + SO42-), and i is the amount of H+ from the first dissociation of H2SO4.

This solution can be extended to any order polyprotic acid.  The order of the polynomial is two more than the number of acidic protons; for the hexaprotic acid EDTA, the above analysis results in an eighth order polynomial.

Midpoint to an equivalence point.
At the midpoint, enough titrant has been added to convert half of the analyte to its conjugate base form.  The following equilibrium applies.

A- + H2O  (  HA + OH-
By the same analysis as for the initial pH the following equation is the result.
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The similarity of this equation for the result of the initial pH is apparent.

CA = the concentration of [A-] generated by the titrant = 
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CHA = the concentration of [HA] left unreacted by the titrant = 
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The equivalence point.
At the equivalence point, all of the analyte has been converted to its conjugate base and the following equilibrium applies.  This is for an analyte with no subsequent equivalence points.  For example this applies to, the 1st and only equivalence point for the titration of acetic acid, or the last and 3rd equivalence point for phosphoric acid.

A- + H2O  (  HA + OH-

If the titrant is NaOH,

[Na+] + [H+] = [A-] + [OH-]

As before the result is.
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Again, the similarity with the above results should be apparent.

_1061631141.unknown

_1061631192.unknown

_1061718022.unknown

_1061631530.unknown

_1061631152.unknown

_1061629239.unknown

_1061629379.unknown

_1061629129.unknown

