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pH and the Effectiveness of Antacid Tablets

Introduction

Enzymes and other biological molecules including macromolecules with hydrogen bonds like structural proteins, DNA, and RNA only function properly at specific pH values. For this reason, living things must work to maintain stable pH values through the use of buffering compounds. In this lab we will investigate some of the basics of pH; how the pH of solutions can be measured, how the pH of a solution can be changed, and how buffers make solutions resistant to pH change.
pH is a measurement of the acidity or alkalinity of an aqueous (water-based) solution. Acids are defined as proton donors and bases (alkaline compounds) are defined as proton acceptors. The numbers of the pH scale represent the concentrations of proton donor hydronium ions (H3O+). [As far as you are concerned, these can also be thought of as hydrogen ions or protons (H+)]. Water can act as both a proton donor and a proton acceptor for itself so it can be thought of as either an acid or a base. A proton can be transferred from one water molecule to another through a process called dissociation, resulting in the formation of one hydroxide ion (OH-) and one hydronium ion (H3O+). 



     2H2O                

       H3O+     + 
  OH- 

In the above equilibrium, water acts as both an acid and a base because it dissociates to form one proton donor (H3O+) and one proton acceptor (OH-). However, in pure water at room temperature, the number of water molecules that dissociate is quite small. The dissociation constant of water (KW) at 25° C is approximately 10-14. This means that the concentration of H3O+ is roughly 10-7 moles per liter or 0.0000001 moles of H3O+ per liter of water. The concentration of OH- is also roughly 10-7 moles per liter or 0.0000001 moles of OH- per liter of water since each dissociation produces one OH- for every H3O+. [NOTE: Scientists express large and small numbers in scientific notation – some easily readable number like 2.3 then times 10 to some exponent. If the exponent is negative (e.g. 10-7) the decimal point is moved to the left seven places. A number like 10-9…where the decimal point is moved nine places to the left is a smaller number than 10-7.]

[A mole is a specific number roughly equal to 6 X 1023 – that’s a 6 with twenty-three zeros after it. It is just like using the word ‘dozen’ instead of saying twelve. Because atoms are so tiny, we do not try to count them one by one, but rather we think of them in terms of moles. The mass number is actually the mass of each element in grams per mole of atoms. On your periodic chart, one mole of oxygen atoms on average has a mass of 15.9994 grams. It would be like saying, on average, one dozen Grade A large eggs have a mass of 1 kg. You should think of a mole as a specific number, namely 600,000,000,000,000,000,000,000. In the section above, the concentration of H3O+ is: 

(6 X 1023) (0.0000001) atoms per liter

but it’s easier to think about it in terms of moles.] 
Rather than expressing the concentration of H3O+ as some very small number of moles, it is often more convenient to describe it in terms of pH, defined as: 

pH = - log [H3O+]

For example, pure water at 25°C contains equal concentrations of H3O+ ions and OH- ions, where the concentration of H3O+ = 10-7 moles per liter. So the pH of the solution is obtained by: 

pH = - log 10-7 = 7

The negative log scale is useful for measuring other minute quantities, for example to measure [OH-]: 

pOH = - log [OH-]
Notice that because pH and pOH are logarithmic numbers, changes of 1 pH unit indicate a ten fold change in H3O+ concentration. A solution of pH 6 has ten times the number of H3O+ as a solution of pH 7. Notice also that the pH number decreases as the H3O+ concentration increases. For example, 10-6 is a bigger number than 10-7 – a pH of 6 means more H3O+ than a pH of 7.
But how do we get from the minimal dissociation of pure water to a solution that is either a strong acid or a strong base? An acid is a molecule that increases H3O+ concentration when added to water as a result of the dissociation of a proton from the molecule. The increase in H3O+ concentration results in a drop in the pH. An acid is considered a strong acid if it dissociates completely and a weak acid if it dissociates only partially. For this reason, water which dissociates only partially can be considered a very weak acid. A base on the other hand, is defined as a proton acceptor. Strong bases usually dissociate into a positively charged ion and a hydroxide ion (OH-) giving them a pH above 7 when dissolved in water. When an acid and a base are mixed together, they neutralize each other to create water and a salt. For example:
HCl (acid) + NaOH (base) ( H2O + NaCl

MATERIALS

Vernier electronic pH meter


0.155 molar  HCl solution

pH paper




 standardized NaOH solution

solutions to be tested



2% phenolphthalein indicator 

antacid tablets (5 brands)


 spot plates
mortar and pestle



 stirring rods
calculator  
PRE-LAB EXERCISE (Measuring pH and Converting to Concentrations)
CAUTION:  NaOH and HCl are caustic and corrosive.  Safety goggles should be worn at all times. Skin contact should be avoided. If you spill either reagent on your hands, make sure to wash them immediately.

You are going to use two different techniques to measure the pH of a variety of solutions. To use the pH paper, simply place a drop of the solution on a small piece of the pH paper. Compounds in the paper are sensitive to pH and will produce specific colors that indicate the pH of the solution. Compare each color to the color chart in order to estimate the pH of each solution using the pH paper. Enter those values in the table.

Using the Vernier electronic pH meter is as simple as putting the probe into each of the solutions to be tested and recording the pH displayed on the computer screen. You should gently rinse the probe with distilled water after each use. Do not touch the bottom of the probe. You can blot it gently with a Kimwipe.  Keep the probe submersed in the neutral solution when not in use. When testing each solution you should allow the pH reading to stabilize before making your measurement – this might take a minute or two. Enter each pH value in the table. Calculate the pOH for each solution remembering that pH + pOH = 14. The H3O+ and the OH- concentrations for each solution are the antilogs (10^) of the negative pH and pOH values respectively. Enter those values in the table.

	Solution
	pH measured with pH paper
	pH measured with pH meter
	calculate the following values using the pH values obtained with pH meter

	
	
	
	pOH
	[H3O+]
	[OH−]

	soap solution
	
	
	
	
	

	coffee
	
	
	
	
	

	lemon juice
	
	
	
	
	

	vinegar
	
	
	
	
	

	sea water
	
	
	
	
	

	aquarium water
	
	
	
	
	



Procedure
The Effectiveness of Antacid Tablets – Microscale Titration with Spot Plates
Stomach acid is a dilute solution of HCl, produced by parietal cells lining the stomach.  Your stomach produces approximately 1-2 L of 0.155 molar HCl a day. Without this strong acid the digestive function of the stomach and intestine would be severely limited. HCl catalyzes the formation of pepsin – an enzyme that digests proteins in meats, seeds, eggs, and dairy products. In order for pepsin to be effective, the pH of the stomach must remain below 3.0. Under situations of stress or over-eating, the pH can drop to 1.0 or less. When this occurs, the stomach becomes hyperacidic and an upset stomach or heartburn can result. Prolonged hyperacidity can result in the erosion of the stomach lining – a condition known as an ulcer.
There are several over-the-counter remedies for heartburn and upset stomach. These products, known more commonly as antacids, neutralize excess stomach acid by absorbing excess H3O+ ions. Antacids come in liquid form, effervescent form, and in tablet form. In this part of the lab, you will test the effectiveness of different over-the-counter antacids by means of an acid-base titration. A titration is simply a procedure where you add acid of a known concentration to each antacid in order to measure how much acid each antacid can neutralize. However, most antacids contain more than one active ingredient as well as several other inactive ingredients. This means that the solid antacid tends to dissolve slowly and the titration takes a long time. The endpoint (when the neutralizing ability ceases) is hard to spot because the reaction is so slow. 

To deal with this problem and enable us to get a faster and more precise estimate of each antacid’s acid-neutralizing ability, we are going to do a “back titration”.  That is, we are going to react the antacid with a known amount of excess HCl acid and then titrate the left over acid with a known solution of NaOH (a base).  That will enable us to calculate how much acid did not react with the antacid tablet.  Since we know how much acid we started with, and how much acid is left over, we can determine the amount of acid that was neutralized by the antacid. 

The antacids that you will use in this lab have as their active ingredient either a carbonate or a hydroxide. The most common ingredient used is calcium carbonate [CaCO3], also known as limestone. Other tablets contain insoluble hydroxides that will react with hydrochloric acid. There are also newer types of antacids that are taken before eating. These consist of a hormone that reduces the amount of acid produced by the stomach. This is not the type of antacid that we will evaluate in this lab. Strong soluble bases likes NaOH would certainly neutralize the acid in your stomach, but it would also destroy the lining of the mouth and esophagus on the way down.  There are several dangers in taking too much antacid into your system.  One danger is described as the “acid rebound effect”.  This is when the stomach acid is neutralized the acid-secreting cells of the stomach will produce more acid.  A second danger lies in those antacids which contain magnesium ions.  Magnesium ions are strong purgatives and abuse leads to chronic diarrhea and dehydration. The following balanced equations show specifically how each of the antacid active ingredients that you will have in this lab, react to neutralize HCl acid. The first two show commonly used carbonates and the last two show commonly used hydroxides.

CaCO3  + 2HCl
(
CaCl2  + H2CO3
(      H2O + CO2
NaHCO3  + HCl
(   
NaCl   + H2CO3
(      H2O + CO2
Mg(OH)2  +  2HCl

(  

MgCl2 + 2H2O
Al(OH)3  + 3HCl

(  

AlCl3  + 3H2O
You will test five different antacids for their acid neutralizing ability. At some point during the activity, fill in the parts of the table that ask you for the specific active ingredient quantities and costs in each brand of antacid. You can find all of this information on the containers. Remember that you are writing down the amount of active ingredients and the cost per dose, not per tablet. In each case, one dose equals two tablets.

To start, one dose (two tablets) of each antacid will be crushed and dissolved in 50 ml of 0.155 molar HCl. (This means a solution that has 0.155 moles of HCl per liter of water.) Dissolve the tablets while crushing them with a mortar and pestle. Grind the tablets with 25 ml first and pour the ground slurry into a beaker. Be sure to label the beaker with the name of the antacid it contains. Then rinse any residue out of the mortar with the additional 25 ml.  If each group makes 50 ml of one of the 5 antacid brands, the resulting 50 ml of [HCl + antacid] solution should be enough for the entire class to complete the titration. 

Once the 5 solutions have been prepared, each group should obtain a spot plate. Clean the spot plate wells and stir rods carefully before beginning. Label the wells 1-6. Add 15 drops of each solution to each well as outlined in the table. Make certain you use proper technique when using the pipet (clean, held vertically, same volume drops, no air bubbles). Add 2 drops of 2% phenolphthalein indicator to each acid solution. Phenolphthalein remains clear in solutions that have a pH less than 7.

Now titrate with the standardized NaOH solution. The idea is that if you can add just enough NaOH to react with all of the HCl in the well, no less and no more, you will know how much HCl you had left after the antacid did its job. If you also know the number of moles of HCl you started with, determining the moles of HCl neutralized by the antacid tablet is easy.  How do you know when you’ve added just enough NaOH to react with all of the remaining HCl – no less and no more? You’ve added an indicator which changes color when the reaction is done, phenolphthalein. Initially, phenolphthalein will be in an acidic environment, the HCl solution.  As you start to add NaOH, the solution in each well will remain clear as long as it is acidic. But when the last of the HCl is neutralized by the NaOH, the very next drop of NaOH you add will turn the solution in the well a pink color. So the phenolphthalein will tell you when you’ve added just the right amount of NaOH. 
You must continually stir the well as you add each drop of NaOH. You are looking for the number of drops that causes it to turn pink and stay pink while stirring.
We say that the NaOH solution is standardized (in this case relative to the 0.155 molar HCl solution) because a specific volume of the HCl solution should be neutralized by roughly an equal volume of the NaOH solution. You can test this in the well that has 15 drops of pure HCl solution with no antacid. Slowly start adding drops of NaOH to that solution. It should take roughly 15 drops of the NaOH solution to neutralize the 15 drops of HCl solution (reach the endpoint of the titration).

Record the number of drops needed to neutralize all of the HCl with no antacid in the table. Repeat that same procedure for each of the other wells containing the solutions of (HCl + antacid). 

Would you expect any of those wells to take more than 15 drops before reaching the endpoint? Why or why not?

Would you say that the solutions that take more drops of NaOH in order to reach the endpoint contain ‘better’ antacids or ‘worse’ antacids? Explain your reasoning.

	Well Number
	Brand
	Carbonate per dose
	Hydroxide per dose
	Cost per dose
	Drops of NaOH used in back Titration
	Drops of acid neutralized per well
	Percentage of acid neutralized
	Moles of acid neutralized per dose
	Grams of acid neutralized per dose
	Cost per mole of acid neutralized
	Cost per gram of acid neutralized

	1
	HCl         no antacid
	
	
	
	
	
	
	
	
	
	

	2
	CVS Regular  Strength
	
	
	
	
	
	
	
	
	
	

	3
	CVS    Extra Strength
	
	
	
	
	
	
	
	
	
	

	4
	Rolaids Regular Strength
	
	
	
	
	
	
	
	
	
	

	5
	Rolaids Extra Strength
	
	
	
	
	
	
	
	
	
	

	6
	Gaviscon Extra Strength
	
	
	
	
	
	
	
	
	
	



Develop an effectiveness rating for each antacid by combining the cost and efficiency at neutralizing the acid solution.  This mathematical rating can be figured out by completing the last five columns in the table.  This should give you an idea as to which antacid works the best and which one is the best value for the money spent. 

There are a number of ways that you might go about converting units and calculating the amount of acid neutralized by each antacid. Perhaps a simple way to approach it is to think about it as the percentage of acid neutralized. Presumably in your sample, there were originally 15 drops of 0.155 molar HCl. Without any antacid, it should require 15 drops of NaOH to neutralize that amount of acid. But let’s imagine that in one sample where an antacid was used, that the back titration endpoint was reached with only 3 drops of the NaOH solution. That means that 12 of the initial HCl drops must have been neutralized by the antacid. That translates into 80% (12/15) of the HCl being neutralized by one dose of antacid. 

Now calculate the number of moles of HCl that were neutralized per dose. First off, remember that each dose was used to treat 50 ml of acid solution. And that solution had a concentration of 0.155 moles of HCl per liter. Calculate the number of moles of HCl in 50 ml. (HINT: How many 50 ml volumes are in one liter?)

To get the number of moles of HCl that were neutralized by one dose of antacid, just multiply your percentage of acid neutralized by the total number of moles of acid in the 50 ml solution. Enter that number in the table. [As the values will be very small numbers, you should express them in scientific notation – (e.g. 6.57 x 10-4 and not 0.000657)].

You can also easily calculate the number of grams of acid that were neutralized per dose. One mole of HCl has a mass of 36.46 grams. Using the number of moles of acid neutralized per dose, calculate the number of grams of acid neutralized per dose and enter those values in the table.

Lastly, divide the number of grams neutralized per dose by the cost per dose to get an estimate of the effectiveness related to the cost of each brand. Be sure to put all of the wastes from your titration experiment into the appropriate waste containers.
Discussion Questions

1.  Which has the greater concentration of hydroxide ions: coffee or vinegar?  How many times greater?

2.  Which has the greater concentration of hydronium ions: soap or lemon juice?  How many times greater?

3.  What is the difference between “titration” and “back titration”? Which one did you use in this lab? Why?

4. What is your analysis of the five antacid tablets you tested? Which one is the most effective at neutralizing excess stomach acid? Which one is the most cost effective?

5. Try blowing through a straw into a bottle of water containing the pH indicator bromothymol blue. Describe what happens. Explain what happens.

6. Why does exercise generate H+? 
7. How can H+ generated in muscle cells during exercise affect the pH of the blood throughout the body (i.e., how does the concentration of H+ in the muscle cells affect the concentration of H+ in the blood)? 

8. An emergency medical team evaluates an Olympic athlete and determines that she has alkalosis. What do you think that means? What component of the carbonic-acid-bicarbonate buffer would the athlete be given to decrease the pH of the blood? 
9.  Hyperventilation (very rapid and deep breathing, which reduces the concentration of CO2 in the blood) causes dizziness. 

a. How does hyperventilation affect the pH of the blood (i.e., is the pH increased or decreased as a result of hyperventilation)? Briefly, explain your answer. 
b. The normal first-aid treatment for hyperventilation is to have the patient breathe into a paper bag. Briefly, explain why this treatment works and tell what effect the paper-bag treatment has on the pH of the blood. 
ADAPTED IN PART FROM:
Blood, Sweat, and Buffers: pH Regulation During Exercise       
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