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AP Chemistry 

 

Titrations - Volumetric Analysis 

Term Explanation 
Volumetric analysis A quantitative technique used to analyse solutions using volumes of solutions. 
Burette Calibrated apparatus with a delivery tap at the base, used to deliver up to 50 mL of solution 
Pipette The analytical pipette is designed for accurate transfer of fixed volumes of solution.  Common 

sizes include 5.0 mL, 10.0 mL, 20 mL, and 50 mL.  A pipette bulb is used to draw up solution 
safely into the pipette. 

titrate To add the solution from the burette into the receiving flask while watching for a colour 
change. 

titre The volume of solution added from the burette to exactly reach the end-point. 
aliquot The accurate volume of solution transferred by pipette to the receiving flask. 
end point The point at which a color change occurs.  The solution added from the burette is usually just 

in excess. 
equivalence point The point at which the ratio of moles of reactants is equal to the ratio in the reaction 

equation; neither reactant is in excess. 
indicator The suitable acid-base indicator that changes colour at the end point.  This indicator should be 

chosen carefully so that the end-point is as close as possible to the equivalence point. 
primary standard The substance used to make a solution of accurately known concentration. 
standardisation The process of determining the concentration of a solution by titrating it with a primary 

standard.  
secondary standard a solution that has been standardised using a primary standard.  This solution now has a 

known concentration and can be used to titrate against a further solution. 
volumetric flask This flask is accurately calibrated and contains an exact volume at 20

o
C.  Used to make up 

primary standard solutions or to dilute solutions accurately. 

 

Steps for Solving Titration Problems 

1. Identify your known and unknown in the problem.  
2. Find the amount of the known .  i.e. find n   (either from  n = m/M   or  n = cV)  
3. Write a balanced (non-ionic) overall equation for the reaction.  
4. From the equation, using proportion (ratios) find n for the unknown.  
5. From n and V  of your unknown solution find concentration c  (c = n/V)



 

Titration Techniques 

Techniques for using a burette 

 Clean the burette with detergent and water and rinse it with distilled water.  
 Rinse the burette twice with 5-10 mL portions of the solution to be transferred.  
 Using a small funnel, nearly fill the burette with the solution to be transferred.  Remove the funnel.  
 Open the tap to run out air bubbles in the burette tip and allow the meniscus to fall to a level between the 0 

and 5 mL calibrations.  
 touch a beaker against the tip to remove any drop that has not fallen off.  
 With the burette vertical and the meniscus at eye level, estimate to the nearest 0.02 mL the level of the 

bottom of the meniscus.  Record this initial reading.  
 Lower the burette so that the tip is lower than the top of the receiving flask.  
 Transfer solution from the burette into the receiving flask until the end-point is reached.  with practice you will 

find this is best done by turning the tap with your left hand.  Use your right hand to swirl the receiving flask  
 Record your final reading.  Th difference between your initial and final reading is the titre.  (i.e. the volume of 

liquid delivered from the burette.)  
 Do a rough titration followed by 2 or 3 accurate titrations.  The average titre is found by averaging the 

volumes of your accurate titrations.  

Rinsing of apparatus used in titrations 

 Receiving apparatus - volumetric flasks, conical titration flasks (Rinse with water)  
 Transfer apparatus- burettes, pipettes.(Rinse with the solutions they will be transferring.)  

Titration involves the reaction of a standardized solution (previously-analyzed) with another solution or solid. By 
knowing the composition and concentration of the standard solution, and determining what volume of it reacts with a 
measured amount of the "unknown", the analysis of the unknown can be accomplished.  

The technique of titration can be applied to different materials and different types of reactions. In this experiment, an 
acid-base neutralization between two solutions is used. The standard solution is 0.2 M NaOH (exact concentration 
on the bottle), and the unknown solution is the mixture resulting from dissolving the antacid in excess "stomach acid". 
This solution is still acidic; the purpose of the titration is to determine the amount of acid it contains by measuring the 
number of mL of the standard NaOH need to neutralize it. The reaction is:  

NaOH + HCl ’ H2O + NaCl 

An indicator is used to show when the solution has been neutralized. In this case, the indicator is methyl red, an 
organic compound which is yellow if it is dissolved in a basic solution, and red in an acidic one. As the excess 
stomach acid is neutralized by the NaOH, the solution changes from red to yellow; the exact neutralization point is 
orange. 

At the neutralization point (or endpoint), the number of moles of OH-1 added exactly equals the number of moles of 
H+1 that remained after the antacid tablet "worked". This number of moles of OH-1 can be found by multiplying the 
number of liters delivered by the buret times the molarity of the NaOH: 

The number of moles of HCl remaining after treatment with the antacid tablet is equal to the number of moles of 
NaOH calculated above. The total number of moles of HCl added to the flask can be found by multiplying the total 
volume of HCl used (in liters) by the Molarity of the HCl solution. The number of moles of HCl neutralized by the 
stomach acid is just the difference between these two values. 

moles HCl neutralized by tablet = total moles HCl in flask - moles HCl neutralized by NaOH 

The effectiveness of the antacid may be expressed in terms of mL of stomach acid neutralized, or moles of HCl 
neutralized, and may be calculated per tablet or per gram of antacid. 

 

 



Objectives:  

1. Define and demonstrate titration techniques 

2. Apply a lab technique to analyze a common product. 

Overview of Procedure: 

A. Dissolving the antacid tablet. Since some brands of tablet do not dissolve in water, you will use a measured 
amount of "stomach acid" (actually about 0.2 M HCl) to dissolve the tablet. You will use more of this acid than can 
possibly be neutralized by the tablet, resulting in a mixture containing excess acid. 

B. Neutralizing the excess acid. You will add base to the above mixture and measure the amount of base required to 
finish neutralizing the excess acid. The more base required in this step, the less effective was the antacid tablet at 
stomach acid neutralization.  

Details of Procedure: 

A. Dissolving the antacid tablet. 

  Place 2 medium weighing boats on the balance and record the total weight.  

· With your fingers, break one tablet into small pieces into one of the boats and place the other boat on top of it. Crush 
the tablet (with a beaker) and reweigh. 

¸ Obtain 250 mL burets from the stockroom. Set them in a holder attached to a ringstand. Fill one of them with 0.2 M 
HCl (see directions for buret use below).  

¹ After recording the initial volume, allow approx. 45 mL of HCl to run into your 250 mL Erlenmeyer flask. Do not allow 
the liquid level to drop below the 50 mL mark. Leave the solution in the buret!  

º Transfer all of the crushed antacid tablet into the flask containing the acid. Use a stream of distilled H2O from your 
wash bottle. 

œ Set the flask on a wire gauze supported by a ring, and heat until the solution boils. Continue boiling the solution for 
5 minutes to remove any CO2 gas that may be liberated from carbonates in the antacid. Cool the flask. 

B. Neutralizing the excess acid. 

  Fill the second buret with 0.2 M NaOH. Record the initial volume. 

· Add 5 drops methyl red indicator to the solution in the flask, and titrate it with the NaOH solution as described on 
page 99. If you add too much NaOH solution, you can add slightly more HCl from the first buret, and continue with 
NaOH addition until the endpoint is reached. 

¸ Read the final volumes on both burets. Repeat if requested by your instructor. 



 

Titration curves for strong acid v strong base 

We'll take hydrochloric acid and sodium hydroxide as typical of a strong acid and a 
strong base. 

 

Running acid into the base 

 

 

 

 
 
 
 
 
 
 
 

Running base into the acid 

This is very similar to the previous curve except, of course, that the pH starts off low 
and increases as you add more sodium hydroxide solution. 

 
 



Titration curves for strong acid v weak base 

This time we are going to use hydrochloric acid as the strong acid and ammonia 
solution as the weak base. 

 

Running acid into the base 

 

Because you have got a weak base, the beginning of the curve is obviously going to be different. However, once you 
have got an excess of acid, the curve is essentially the same as before. 

At the very beginning of the curve, the pH starts by falling quite quickly as the acid is added, but the curve very soon 
gets less steep. This is because a buffer solution is being set up - composed of the excess ammonia and the 
ammonium chloride being formed. 

Notice that the equivalence point is now somewhat acidic ( a bit less than pH 5), because pure ammonium chloride 
isn't neutral. However, the equivalence point still falls on the steepest bit of the curve. That will turn out to be important 
in choosing a suitable indicator for the titration. 

Running base into the acid 

At the beginning of this titration, you have an excess of hydrochloric acid. The shape of the curve will be the same as 
when you had an excess of acid at the start of a titration running sodium hydroxide solution into the acid. 

It is only after the equivalence point that things become different. 

A buffer solution is formed containing excess ammonia and ammonium chloride. This resists any large increase in pH 
- not that you would expect a very large increase anyway, because ammonia is only a weak base. 

 



Titration curves for weak acid v strong base 

We'll take ethanoic acid and sodium hydroxide as typical of a weak acid and a strong 
base. 

 

Running acid into the base 

For the first part of the graph, you have an excess of sodium hydroxide. The curve will be exactly the same as when 
you add hydrochloric acid to sodium hydroxide. Once the acid is in excess, there will be a difference. 

 
Past the equivalence point you have a buffer solution containing sodium ethanoate and ethanoic acid. This resists any 
large fall in pH. 

 
 
 
 
Running base into the acid 

 
The start of the graph shows a relatively rapid rise in pH but this slows down as a buffer solution containing ethanoic 
acid and sodium ethanoate is produced. Beyond the equivalence point (when the sodium hydroxide is in excess) the 
curve is just the same as that end of the HCl - NaOH graph. 



Titration curves for weak acid v weak base 

The common example of this would be ethanoic acid and ammonia. 

 

It so happens that these two are both about equally weak - in that case, the equivalence point is approximately pH 7. 

Running acid into the base 

This is really just a combination of graphs you have already seen. Up to the equivalence point it is similar to the 
ammonia - HCl case. After the equivalence point it is like the end of the ethanoic acid - NaOH curve. 

 
Notice that there isn't any steep bit on this graph. Instead, there is just what is known as a "point of inflexion". That 
lack of a steep bit means that it is difficult to do a titration of a weak acid against a weak base. 
 



A summary of the important curves 

The way you normally carry out a titration involves adding the acid to the alkali. Here 
are reduced versions of the graphs described above so that you can see them all 
together. 

 
 
 


