
Mandatory Experiment 5.1

Determination of the heat of reaction of hydrochloric acid with sodium hydroxide

Student Material

Theory
In this experiment a known number of moles of hydrochloric acid is mixed with an equal number of moles of sodium hydroxide in an insulated container. The rise in temperature of the mixture is then measured and from this the heat of reaction is calculated.

The equation for the reaction is

HCl  +  NaOH  →  NaCl  +  H2O

Chemicals and Apparatus

1 M hydrochloric acid

1 M sodium hydroxide 
[image: image1.wmf]
Thermometers (reading to 0.1 oC)

Polystyrene cups with lids

Graduated cylinders (100 cm3)

Procedure

NB: Wear your safety glasses.

1. Using a graduated cylinder, place 50 cm3 of the 1 M hydrochloric acid solution into one of the polystyrene cups.

2. Using a second graduated cylinder, place 50 cm3 of the 1 M sodium hydroxide solution into the second polystyrene cup.

3. Measure the temperature of the hydrochloric acid solution.
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4. Using a second thermometer, measure the temperature of the sodium hydroxide solution.

5. When both solutions are at the same temperature, quickly add the base to the acid, 

       stirring well. Take care to avoid any loss of liquid due to splashing.

6. Place a lid on the polystyrene cup and with continuous swirling record the maximum temperature reached.

7. Summarise your results as follows:

Temperature of HCl solution before mixing 

=          oC

Temperature of NaOH solution before mixing 
=          oC

Highest temperature reached after mixing 

=          oC

Temperature rise  




=          oC

Number of moles of acid used 


= 

Number of moles of base used 


=

8. Now use the equation heat liberated = m c ∆T (where m = mass in kg of the solution, c is the specific heat capacity of the solution, and ∆T is the temperature rise) to calculate the heat liberated.

9. Calculate the heat of reaction, i.e. the heat liberated when one mole of acid reacts fully. Because the reaction is exothermic, your answer should be given a negative sign.

Note: In your calculations assume that the density of the solution is the

same as the density of water, i.e. that 100 cm3 of the solution has a mass of 100 g or 0.1 kg. Also assume that the specific heat capacity of the solution is the same as that of water, i.e. 4.2 kJ kg-l K-l.

Knowing the heat liberated when the number of moles of acid used in this experiment was neutralised, it is now possible to calculate the amount of heat that would be liberated when one mole of the acid is neutralised i.e. the heat of reaction.

 Questions relating to the experiments

1. What precautions are used in this experiment to minimise heat loss to the surroundings?

2. Chemistry data books give the heat of reaction of one mole of hydrochloric acid with one mole of sodium hydroxide as -57 kJ per mole. Why do you think your answer is different from this?

3. If 1 M nitric acid solution is used instead of 1 M hydrochloric acid solution in this experiment, or if 1 M potassium hydroxide solution is used instead of 1 M sodium hydroxide solution, similar values are obtained for the heat of reaction. Explain why this happens.

Teacher Material

· It is important to make up the hydrochloric acid solution and the sodium hydroxide solution at least 24 hours beforehand. This is necessary to ensure that the two solutions are at the same temperature at the start of the experiment.
Preparation of reagents

Hydrochloric acid solution (1 M) is made up as follows: In a fume cupboard, add 170 cm3 of concentrated hydrochloric acid slowly with stirring to about 1 litre of water and make up to 2 litres in a volumetric flask with deionised water. Stopper the flask, and invert the flask a number of times to ensure thorough mixing.

Sodium hydroxide solution (1 M) is made up as follows: Dissolve 80 g of pellets in 800cm3 of cold water and make up to 2 litres in a volumetric flask with deionised water. Stopper the flask, and invert the flask a number of times to ensure thorough mixing.

Quantities needed per working group

150 cm3 1 M hydrochloric acid

150 cm3 1 M sodium hydroxide

Two thermometers (reading to 0.1 oC)

Two polystyrene cups with lids

Two graduated cylinders (100 cm3)

Safety Considerations

Safety glasses must be worn.

Chemical hazard notes

Concentrated hydrochloric acid 
[image: image3.wmf]: Very corrosive to eyes and skin, and its vapour is very irritating to lungs. 

Sodium hydroxide 
[image: image4.wmf]: Caustic, harmful to skin and especially to eyes. Always wear eye protection.

Disposal of wastes

Dilute with excess water and flush to the foul water drain.

Specimen Results
Temperature of HCl solution before mixing 

= 22 oC

Temperature of NaOH solution before mixing 
= 22 oC

Highest temperature reached after mixing 

= 28 oC

Temperature rise  




=   6 oC

Specimen Calculations 

Amount of heat liberated = m c ΔT = 0.1 x 4.2 x 6


= 2.52 kJ

Number of moles of acid used = Number of moles of base used
= 0.05

Heat of reaction 






= -50.4 kJ

Solutions to student questions

1. What precautions are used in this experiment to minimise heat loss to the surroundings?

           A polystyrene cup is used because the specific heat capacity of polystyrene is 

           negligible. The use of a lid on the cup further reduces heat loss.

2. Chemistry data books give the heat of reaction of one mole of hydrochloric acid with one mole of sodium hydroxide as -57 kJ per mole. Why do you think your answer is different from this?

            The values obtained by the students may not be -57 kJ per mole because (i) 

            graduated cylinders (which are not very accurate) are used to measure the 

            volumes of acid and base respectively, (ii) the concentrations of the solutions used 

            are not known to a high degree of accuracy, and (iii) a number of assumptions 

            made in carrying out the experiment may introduce errors. These assumptions are 

           (a) the specific heat capacity of the polystyrene calorimeter is zero, (b) there is no 

            loss of heat to the surroundings, (c) the specific heat capacity of the final solution 

            is the same as that of water and (d) the densities of the acid and base are equal to 

            the density of water.

3. If 1 M nitric acid solution is used instead of 1 M hydrochloric acid solution in this experiment, or if 1 M potassium hydroxide solution is used instead of 1 M sodium hydroxide solution, similar values are obtained for the heat of reaction. Explain why this happens.

            Hydrochloric acid and nitric acid are both strong monobasic acids, and are fully  

            dissociated in water. Potassium hydroxide and sodium hydroxide are both strong 

             monoprotic bases, and are also fully dissociated in water. In all the experiments 

             referred to, the only reaction that occurs is that between the hydrogen ions  

             formed when the acid dissociates in water and the hydroxide ions formed when 

             the base dissociates in water:

H+  +   OH-  →  H2O

             Consequently, the heat of reaction is the same.

Extension work

This experiment can be repeated using a different strong monobasic acid, e.g. nitric acid, and a different strong monoprotic base, e.g. potassium hydroxide. A similar heat of reaction value should be obtained. If a weak monoprotic acid such as ethanoic acid is used, a lower value will be obtained.
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