Activity for Lake Acidification by Acid Rain
Nature’s Alka-Seltzer

Part 1: How Alka-Seltzer Works to Reduce Acid Indigestion
Background. Alka-Seltzer contains sodium bicarbonate (NaCHOs) and citric acid (CsHsO7). When mixed in

a glass of water, these ingredients combine to form sodium citrate and CO,. The CO; is what causes the
trademark fizz after a tablet is mixed with water.
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Sodium citrate forms in this reaction in which three positively-charge sodium ions (Na+) from sodium
bicarbonate replace three hydrogen ions (H*) from citric acid. This happens due to the existence of the
three negatively-charged oxygen atoms on the citrate moiety. These negative sites hold positively-
charged ions by electrostatic attraction. The bicarbonate ion (HCOs’) removes the H* ions from citric
acid, and the Na* ions replace the H* ions at the negative oxygen sites to form sodium citrate.

Sodium citrate is the active ingredient of Alka-Seltzer. It alleviates heartburn caused by the backing up
of stomach acid to the middle of the abdomen, chest, and throat. Its mode of action is to neutralize
hydrochloric acid (HCI), produced in the stomach to aid in the digestion of food, by taking H* out of
solution via exchange with Na* in the process of converting sodium citrate to citric acid. Thus HCl, a very
strong acid, is exchanged by citric acid, a very mild acid:
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Activity. We will make an acid-buffering solution with a dissolved Alka-Seltzer tablet. We will titrate the
solution with hydrochloric acid. From knowing the chemical contents of the Alka-Seltzer tablet and the
volume of HCl needed to cause a precipitous decline in the pH of the buffer solution, we can calculate
the tablet’s Cation Exchange Capacity.

Materials:
e 50 ml burette and stand
e 1 MHCI

e Universal indicator or pH meter
e 1 Alka-Seltzer tablet

e 250 mL beaker

e Stirring rod

Safety: Strong acid, wear safety goggles and gloves.

Procedure:
e  Fill burette with 50 mL of HCl.
e Fill beaker with 200 mL of distilled water.



e Dissolve Alka-Seltzer tablet in beaker.

e Titrate beaker with HCl while monitoring the solution’s pH with the pH meter.

e Measure the volume of the HCl it takes to cause a tipping point in the pH of the Alka-Seltzer
solution (to a very low pH~1).

e From the data generated, calculate the Cation Exchange Capacity of the buffer solution.

Additional facts:

e By viewing the ingredients label, we observe that each tablet of Alka-Seltzer contains 1,000
mg of citric acid and 1,940 mg of sodium bicarbonate. From the stoichiometry of the second
equation above, one can calculate that 1,344 mg of sodium citrate is produced.

e This weight of sodium citrate is equivalent to 0.052 moles (gram molecular weight).

e The equation shows that 3 moles of HCl react with 1 mole sodium citrate to produce 1 mole
of citric acid. Thus, each tablet of Alka-Seltzer consumes 0.156 moles of H*, which equals
156 mg of H*.



