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ACID-BASE TITRATION CURVES

DECUS Program Library Write-up DECUS No. FOCAL8-113

The program is initiated by reading in the program tape
under FOCAL control and typing GO followed by a carrage return.
After a heading is typed, the program requests the number of
replaceable hydrcgens. [The program was tested with up to five
replaceable hydrogens.| The successive pKa values are entered
when requested by the program. The plot is genérated after
entery of. the last pKa.

The exact equations describing a general titration curve
are derived from relationships given in Laitinen [1]. A charge

balance on the system, assuming NaOH is the titrant is
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(Na ] + [(H'] = [OH ] + fgll[H;N iy

where N is the number of replaceable nydrogens. The concentra-

tion of Na is
oo+
[Na' ] = CVAV + VOJ [2]

C and V are the concentration of NaOH and the volume of NaOH
added. VO is the initial volume of acid. The [OH | in Equation [1]

can be replaced by

OH | = Kw/{H+j (3]

where Ky 1s Lhe autoprotolysis constant [or water.
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From Laitinen [ 1]

H. ah = X4© | y
MH- AT i“HA [4]
where
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H m K,
[H] Do %
Ai = [ 4a]
N [N - k]
z [H] 7 K,
k=0 j=0
K = 1.00 and Ki are the successive stepwise dissociation constants
o}

for the acid.

CHNA

of acid. CO is the initial concentration of acid.

= COVO/{V + V.| = the total analytical concentration

Substitution of Equations [2]), 3] and [4] in Egquation (1} yields
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Defining CV/{COVOj = ¢ = fraction titrated and substituting in

Equation [ 5] for both CV/[Covoi and V one obtains

C + gc N
0 = — (K /H}] - [H]] -g+ Z iof 6]
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If one intends to plot pH as a function of @, Equation [6]
must be solved for H' for various values of @. This is a
rather formitable task since even for one replaceable hydrogen
on a weak acid, Equation [6] yields a cubic in HY [c.f. Fleck [2]].
However, an accurate solution of the equatiocn is not required.
All that is required is to determine if the solution for a
particular value of @ is between two scale values of pH.
That is for a plot to the nearest 0.25 pH units, is the pH
between le and le + 0.25°7

Equations {%a| and [ €] are used in the calculations.
The program starts with ¢ = pH = 0 and calculates the value
of the expression on the right hand side of Equation [6].
The pH is then incremented by 0.25 and the right hand side is
evaluated again. This process is continued until there is a
change in sign. The pH is then plotted and the value of ¢
is incremented by 0.05. A new point is calculated and plotted
and the process continues until the value of @ is greater

than N + 0.1.
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Variable Table
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Dummy Variable
Dummy Variable
1a(i

H+

PH

number of replaceable hydrogens

fraction titrated
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