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The Effects of pH on Acid Behavior

DEPROTONATION is a molecular
mechanism that illustrates how, under
certain conditions, acids can lose a hydrogen
ion. In many circumstances, an acid can
exist in a sample in both protonated (no H*
donation) and deprotonated forms. In many
compounds or formulations that utilize an
acid active ingredient, a measurement of
“total acid” includes both forms of the acid.

Free acid, conversely, is a measurement
solely of acid molecules that have not yet
been deprotonated (donated an H* ion).
While free acids remain protonated and
are chemically reactive, deprotonated
acids are less able to bond or react with
other molecules. Thus, acidic formulations
with lower percentages of free acid have
decreased activity and reactivity.

The relationship between free acid and
deprotonation illustrates how increasing the
pH of an acidic compound will decrease

the ability of the acid to react with other
molecules. An increase of pH in a formulation

is indicative of an increasing percentage of
the acid becoming deprotonated, thereby
decreasing its reactivity and subsequently its
efficiency.

In order to demonstrate this principle,

an experiment was conducted in which

a number of 10% glycolic acid (C,H,O,)
sample solutions. with a baseline pH of
approximately 1.70, were treated with varying
amounts of 25% sodium hydroxide (NaOH)
solution to increase the pH of the samples to
a set of values between approximately 2 and
5.5 pH (FIGURE 1). These were then analyzed
to calculate the percentage of free acid at the
differing pH values in each sample.

As the data indicates (FIGURE 2), increasing
the pH of the glycolic acid solutions
drastically decreases the amount of free

acid present in the sample. When sodium
hydroxide, a base, is introduced into the
solution, the sodium hydroxide can dissociate
into Na* and OH" ions.



FIG. 1 Free Acid Experimental Data

$1 2.0 2.01 8.89
S2 2.5 2.50 8.10
S3 3.0 3.00 6.87
S4 3.5 3.49 4.62

Deprotonation of the glycolic acid follows as
the sodium hydroxide and glycolic acid react
in an acid-base neutralization reaction. The
Na* ion from sodium hydroxide will react with
deprotonated glycolic acid to form sodium
glycolate, a compound that does not share
the chemical activity of protonated glycolic
acid. Thus, the amount of free acid present is
reduced, as the increasing levels of sodium
hydroxide base in the solution will convert

a larger percentage of the free acid into a
deprotonated form. (FIGURE 3). This indicates
that those glycolic acid solutions with higher

FIG 2. Sample pH and Free Acid %

10
® Free Acid (%)

2 2.5 3 3.5 4 4.5 5 5.5 6

SAMPLE pH

S5 4.0 4.04 2.47
S6 4.5 4.53 0.96
S7 5.0 5.01 0.48
S8 5.5 5.51 0.24

pH’s will be less effective than those with
lower pH.

CONCLUSION

In summation, this experiment validates

the principal that greater acid reactivity
corresponds to lower formulation pH. An
increase of pH in an acidic compound
indicates greater concentrations of
deprotonated acid molecules in the
formulation. This in turn decreases the
amount of free acid present, and diminishes
the reactivity of the acidic compound.

FIG 3. Sample pH and Free Acid % for Samples
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