Heat of Reaction

Purpose

To measure the heat evolved or absorbed a chemical reaction. 

List of Materials

• 1 Celsius thermometer
• 1 250 mL measuring cup
• 1 set of measuring spoons

• 1 measuring cup calibrated in millilitres
• 2 x 250 mL polysterene coffee cups
• 4 x 500 mL plastic bottles
• 1 marking pen
• 25 g Crystal Drano (NaOH)
• 100 mL of 31.5% hydrochloric acid (HCl)
• 1 L  water

Method

Reaction 1: Heat of Dissolution of NaOH

1. Measure out 200 mL of labelled water into a large styrofoam cup. Take a careful reading of the temperature and record as “initial temp” on the table of observations.
2. Measuring carefully one level teaspoon of NaOH. Pour this into the 200 mL of water, and stir to dissolve the solid. Record the highest temperature reached.
3. Repeat to obtain persistent results. 

4. Rinse out the reaction vessel thoroughly. Be sure to use the method of disposal recommended by the local authorities. 

Reaction 2: Heat of Reaction Between Aqueous NaOH and Aqueous HCl

1. Pour 100 mL of 1.0 mol/L HCl into a clean reaction vessel; into another cup place 100 mL of 1.0 mol/L NaOH. Note the temperature of each solution, and record the average of the two temperatures.
2. Pour one solution into the other and mix thoroughly. Record the highest temperature reached.
3. Repeat to obtain consistent results. 
Reaction 3: Heat of Reaction Between Solid NaOH and Aqueous HCl

1. Place 200 mL of 1.0 mol/L HCl into the reaction vessel and record its temperature.
2. Measure one level teaspoon of NaOH and pour into the acid. Stir and record the highest temperature reached.

3. Repeat.
Observations

Reaction 1: Dissolution of NaOH(s)

	 
	Trial 1
	Trial 2

	Initial Temp of Water
	21.1˚C
	21.2˚C

	Final temp. of solution
	94.2˚C
	94.3˚C

	Mass of NaOH
	200 g
	200 g


	Volume of water
	210 mL
	209 mL


Reaction 2: NaOH(aq) + HCl(aq)

	 
	Trial 1
	Trial 2

	Initial Temp of NaOH(aq)
	20.1˚C
	20.1˚C

	Initial temp. of HCl(aq)
	25.0˚C
	25.0˚C

	Final temp. of mixed solution
	21.5˚C
	21.5˚C

	Volume of 1.0 M NaOH(aq)
	101 mL
	100 mL

	Volume of 1.0 M HCl(aq)
	100 mL
	100 mL


Reaction 3: NaOH(s) + HCl(aq)

	 
	Trial 1
	Trial 2

	Initial temp. of HCl(aq)
	25.0˚C
	25.0˚C

	Final temp. of solution
	25.7˚C
	25.9˚C

	Volume of 1.0 M HCl(aq)
	101 mL
	100 mL

	Mass of NaOH(s)
	200 g
	200 g


Questions

1. Write the net ionic equation for each reaction, and note the value of ▲H for each reaction. 
e.g. H+(aq) + OH-(aq) → H2O(l)        ▲H2 = -45kJ/mol HaOH
2. Explain why ▲H is negative in all the reactions. 

3. Describe what each equation represents.

e.g. Equation 2 represents the reaction between aqueous hydrogen ions and aqueous hydroxide ions.
4. Add the net ionic equation for Reaction 1 to the net ionic equation for Reaction 2. How does the result compare with the net ionic equation for Reaction 3?
5. Add ▲H1 and ▲H2. How does the sum compare with ▲H3? Should they be the same? Why?
6. Calculate the percent difference between the sum of (▲H1 + ▲H2) and ▲H3, assuming that ▲H3 is the correct value.

7. Other then being unable to accurately measure the quantities of reagents, what are the possible major sources of error in the procedure for this experiment?

8. If I had used 11.0 g NaOH(s) instead of using about 5.5 g of NaOH(s), i.e. twice the mass, in Reaction 1,

a) what effect would this have had on the amount of heat evolved in Reaction 1,

b) what effect would this have had on the value of ▲H1, the heat evolved per mole of NaOH reacted?

9. In Reaction 1, Na+ ions were separated from OH- ions, a process of dissociation that absorbs energy, yet, in the end, heat was liberated by the overall process. Explain.

10. Make a statement regarding the additivity of heats of reaction as it specifically applies to the results of this experiment.
