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Hydrochloric acid (HCI) is one of the substances found in gastric juices secreted by the lining
of the stomach. HCl is needed by the enzyme pepsin to catalyze the digestion of proteins in the
food we eat. Heartburn is a symptom that results when the stomach produces too much acid
(hyperacidity).

Antacids are bases used to neutralize the acid that causes heartburn. Despite the many
commercial brand, almost all antacids act on excess stomach acid by neutralizing it with weak
bases. The most common of these bases are hydroxides, carbonates, or bicarbonates. The
following table contains a list of the active ingredients found in several common commercial
antacids, and the reactions by which these antacids neutralize the HCI in stomach acid.

M (Ls(—k\&/

Compound Chemical Chemical Reaction
Formula
Aluminum Al(OH)3 Al(OH)s(s) + 3 HCl(aq) ----- > AlCIs(aq) + 3 H20(1)
hydroxide
Calcium carbonate CaCOs3 CaCOs(s) + 2 HCl(aq) ----- > CaClz(aq) + H20(1) +
CO2(g)
Magnesium MgCOs MgCOs(s) + 2 HCl(aq) ----- > MgClz(aq) + H20(1) +
carbonate CO2(g)
Magnesium Mg(OH)2 Mg(OH)2(s) + 2 HCl(aq) ----- > MgClz(aq) + 2 H20(1)
hydroxide
Sodium bicarbonate =~ NaHCOs3 NaHCOs(aq) + HCl(aq) ----- > NaCl(aq) + H20(1) +
COx(g)

An acid is a source of aqueous H*(aq). For example, HCl(aq) is the acid in your stomach:
HCl(aq) — H'(aq) + Cl(aq). In a healthy stomach, pH is regulated naturally and digestion
functions properly when the pH is around 3 (recall neutral is pH = 7). Excess stomach acid can
be combated with bases, or "antacids". Bases are H*(aq) acceptors; in water, they provide species
that can react with H"(aq).

Common ingredients in antacids are metal hydroxide and metal carbonate salts. The hydroxides
provide hydroxide ion, OH-, which can react with H*(aq) to form H20. Carbonates provide the
carbonate ion, CO3%, which can react with H(aq) to form H20 and CO:. The reactions of
interest in this lab are neutralization reactions.

In this experiment, several brands of antacids will be analyzed to determine the number of moles
of acid neutralized per tablet and the cost analysis of each tablet. The analytical procedure used
is known as back titration. In this procedure, a known amount of HCI, which is in excess, will
be reacted with a weighed portion of a ground antacid tablet. The HCI remaining after the



antacid neutralization reaction occurs will be determined by titration with a standardized NaOH
solution to a phenolphthalein endpoint. The number of moles of HCI neutralized by the antacid
(HClneutratized) 1s the difference between the moles of HCl initially present in the excess (HClinitiar)
and the moles of HCl titrated by the NaOH (HCliitrated).

Mg(OH); + 2 HCI --> Mg + 2 CI" + 2 H20
CaCO3 +2 HCI --> Ca?" +2 CI" + CO2(g) + H20

Notice the 2-to-1 mole ratio of HCl-to-base.

To determine the amount of base in an actual tablet, ideally you would dissolve it in water and
titrate with acid. In most titrations, solutions of the acid and the base are used. This is not an
option here because CaCOs is quite insoluble in water. By the time the tablet completely
dissolves, you will have added too much acid. To overcome this problem, the antacid tablet is
dissolved in a known amount of excess acid; the excess acid is neutralized with more base.

e tabletfMg(OH)2/CaCOs] + HCI — neutralized tablet + excess acid — acidic solution
excess HCl + NaOH — neutral solution

The excess HCl is titrated with NaOH(aq) until enough OH™ (from the NaOH solution) has been
added to completely react with the excess H* (from the excess HCl in the solution). So, part of
the added acid is neutralized by the antacid tablet; the remainder is neutralized by the NaOH
added. This is called back titration.

The equivalence point is when the number of moles of NaOH added equals the number of moles
of HCI remaining after the reaction with the tablet. HCl is the H(aq) source; NaOH is the OH~
(aq) source. At the endpoint of the titration, the acid has been neutralized by the base.

HClinitial — HCltitrated = HClneutralized



Analytical Procedure

1. Weigh an antacid tabletin a weighing boat and record the mass (+0.01 g). Transfer the
tablet to a clean mortar and crush the tablet into a fine powder using the pestle.

2. Transfer it to a clean 250 mL Erlenmeyer flask.

3. Transfer about 50 mL (+0.02 mL) of the HCI to the flask from the acid buret located on
the reagent bench. Record the molarity of the HCI and the initial and final volume
readings from the buret (+0.02 mL).

4. Swirl the flask to help dissolve the antacid. Since the antacid tablet may contain inert
ingredients, much of the tablet may not dissolve and the liquid will be cloudy. The active
antacid ingredient will dissolve and react with the acid very quickly while the liquid will
remain cloudy. (if needed gently heat)

5. Repeat this analysis on two other antacid tablets.

O

Level of
titrant

Buret
clamp

Buret—

< O

Stopcock —
il’ ——Flask
-~ /\
Solution ‘/ \
of ana ',11.'\ f \
/& \\ Magnetic

stirring
bar




Part 2: Standardization of NaOH
Determine the concentration of the base, NaOH, by titrating a known mass of the monoprotic

acid, KHP, to neutral (the equivalence point). The molar mass of KHP is 204.11 g/mol, and it has
one acidic hydrogen per molecule.

1. Gather 4 125 mL Erlenmeyer flasks and label them KHP 1-4

2. Precisely weigh out approximately 1.500 g potassium acid phthalate (KHP) 4 times

3. Place the KHP and 3040 mL water in each flask. It does not need to dissolve
completely. -

4. Use a few drops of phenolphthalein as indicator in each flask.
5. Get 100 mL of NaOH and add 50 mL to your buret

6. Record the initial volume of NaOH from the buret and then begin the titration. As you
turn the stopcock, push it into the barrel so it doesn't loosen and leak.

7. Slowly add NaOH to your solution (approx. 1-2 mL each time) and swirl after each
addition for approx. 15 seconds

8. As you approach the pale pink color, start adding dropwise; we do not want a hot pink
color!!

9. Record the color change at the end point and the final volume on the buret. The volume
of NaOH used = Vfinal — Vinitial.

10. Perform three more titrations with the NaOH to obtain reproducible results.
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Phenolphthalein, Drawings show the acid and base fonmns of phenolphithalein, an indicator commonly used

for the titration of an ackd with strong base. (o) The ackdic m b initially chear, (8] When base bs added,
the solution tums pink mosmentarily bat disappears with swirling. (¢) The first permanent pink indicates the
endpolnt, () The solutton ks vividly colored beyond the equivalence point, where base I In excess
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Part 3: Standardization of HCI conC. ® f
To determine the precise molarity of the HCI solution, titrate it with the samé NaOH from
part 2 to the endpoint
| Use a buret to transfer 20-25 mL of stock HCl into a 125 mL Erlenmeyer flask. Add indicator.

2 Record the initial volume of NaOH and titrate the HCI.

3 Record the color change at the end point and the final volume of NaOH. The volume of
NaOH used = Vfinal — Vinitial.

I-| Repeat 2 more times so you can get reproducible results.

l /A 3

initial HCI buret reading

mL mL mL
final HCI buret reading mL mL mL
mL HCI delivered mL mL mL
initial NaOH buret mL mL mL
reading
final NaOH buret reading mL mL mL
mL NaOH delivered mL mL mL
molarity of NaOH M M M
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Part 4: Determination of the Amount of Acid Neutralized by an Antacid Tablet
1. Gather your flasks from part 1 and add a few drops of indicator.

2. Record the initial volume of NaOH to 0.01 mL.

3. Add NaOH in about 1 mL portions while swirling the solution. Stop between additions to
swirl for a moment and observe the color. When you begin to see temporary faint color
changes, add the NaOH in 0.5-mL increments. Near the endpoint, add the NaOH
dropwise.

4. Record the final volume on the buret to 0.05 mL when you reach the endpoint. Save the
solution in the flask as a reminder of the final color. The volume of NaOH required
1S Vfinal — Vinitial; report the volume needed to 0.05 mL.

w0
5. Accurately titrate the twa remaining samples.

6. Dispose of your waste solutions in the waste containers in the back hood. Clean your
bench top and rinse your glassware. Return any equipment that you borrowed
(clean).

7. Calculate the number of moles of HCI, using the volume and molarity of the HCI
solution. This is the total amount of acid requiring neutralization (by the tablet and the
NaOH).

8. Calculate the number of moles of NaOH titrant that you added to four significant figures
using molarity and volume. This is the number of moles of HCI neutralized by the NaOH.

1) Therxnis 1to 1so moles of NaOH = mol of HCl neutralized and you can subtract this from
amount of acid needing to be neutralized to see how much was neutralized by tablet.
2) HCl needing neutralization-HCl neutralized by NaOH = HCl neutralized by tablet.



Tablet 1 Tablet 2 Tablet 3
| | Antacid brand name
2| antacid tablet wt. g g g
3 crushed antacid sample g g g
wt.
initial HCI buret reading
"(' mL mL mL
q‘ final HCI buret reading mL mL mL
g | mL HCI delivered mL mL mL
1| moles of HCI (jni i all) moles moles moles
initial NaOH buret ’ mL mL mL
‘Z reading
Q | final NaOH buret reading mL mL mL
10| mL NaOH delivered mL mL mL
\'/7 moles of NaOH moles moles moles
@ moles of HCI neutralized moles moles moles
by antacid sample
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