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AP INQUIRY LAB 05a: Which is the best ‘hot pack’? (Comparing two materials) 
 

Your Tasks: 

 

• Answer the Pre-Lab Questions  

• Read the sections below on Safety, Background & Prior Knowledge, Equipment Available 

and Chemicals Available 

• To design an experiment (i.e., to outline an experimental procedure) to answer the question 

posed above. You MUST have your plan reviewed BEFORE you start the experiment 

• To produce and turn in, a lab report (see separate document on lab reports) 

• Answer the Post-Lab Questions 

 

Safety: 

• Follow all the normal safety procedures in the laboratory 

 

Background & Prior Knowledge: 

 

• Dissolving an ionic solid involves three processes; the endothermic separation of the ions in the 

solute (breaking ionic bonds), the endothermic separation of the solute particles (breaking 

intermolecular forces), and the exothermic process of bond making (solute particles, usually 

water, surrounding the ions). The sum of these processes is called the enthalpy of solution 

(ΔHsolution) and can be endothermic or exothermic depending on the magnitude of each individual 

process. ΔHsolution values are measured in kJ mol-1 and can be derived from qsolution values 

measured in kJ or J. If qsolution and ΔHsolution are positive then we have a ‘cold pack’, if negative, 

then we have a ‘hot pack’ 

• When an exothermic process (a system) releases energy, q, then the surroundings will absorb 

that energy and they will undergo a temperature increase. A negative sign is introduced to show 

that an exothermic reaction of the system, results in an endothermic change of the surroundings. 

In these experiments the surroundings are made up of two components; the aqueous solution 

(the water bath) and the calorimeter (the container for the reaction), and both will rise in 

temperature; the energy of the water bath being qwater and that of the calorimeter being qcalorimeter 

• qsolution = -(qwater + qcalorimeter) = -(m c ΔT + ccalorimeter ΔT). For the coffee-cups, ccalorimeter = 17.0 J/oC 

• Masses of 2-5 g of salt, dissolved in 40-50 mL of H2O, produce measureable temp. changes 

• The solutions have specific heat capacities = 4.184 J/g oC, and densities = 1.00 g/mL 

• ‘Best’ should also include considerations related to safety (toxicity) and to value 

• When relevant, always give thought to dependent and independent variables and controls  
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Equipment Available: 

 

Insulated coffee-cups (the calorimeters), thermometers, stirrers, spatulas, stirring bars, magnetic stirrers, 

graduated cylinders, electronic balance 

 

Chemicals Available: 

 

Deionized water, solid samples of sodium ethanoate, lithium chloride, calcium chloride and sodium 

carbonate 
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Pre-Lab Questions: 

 

1. The dissolving of a particular ionic solid in water, results in a temperature drop of the water. What 

does this tell us about the relative magnitude of the energy associated with the process of 

separating the solute particles & separating the solvent particles, and the process of hydrating the 

ions? 

 

 

 

 

 

 

2. If, when 2.00 g of a solid are dissolved completely in 45.3 mL of water in a calorimeter, a 

temperature rise from 21.5 oC to 27.1 oC is observed, what is the value of q? (Assume the 

specific heat capacity of the solution to be the same as that of pure water, 4.184 Jg-1oC-1). 

 

 

 

 

3. The calculation in #2 above does not account for the fact that the calorimeter has a heat capacity 

= 10.3 J/oC. Re-calculate a value for q in #2 above, this time accounting for the energy absorbed 

by the calorimeter. 

 

 

 

 

 

 

 

 

 

4. What must be done to the value of q calculated in #3 above, in order to convert it to a ΔH value? 
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Post Lab Questions: 

 

1. What factors will affect the precision of your experiment? 

 

 

 

 2. In such experiments, what is the effect of using 10.0 g of a particular ionic substance dissolved in 

water, compared to using 5.00 g of the same substance, assuming that the total mass of the solution 

remains the same, and that the specific heat capacity is the same for both solutions? Explain your 

answer carefully, including references to ΔH, q and ΔT. 

 

 

 

 

3. Consider the following experiment. 

 

 A sample of ice is added to a calorimeter than contains hot water. The hot water has a mass of 100. g 

and an initial temperature of 48.0 oC. The ice completely melts, and the final mass and temperature of 

the contents of the cup are found to 155 g and 0.9 oC, respectively. 

 

(a) In which direction does energy flow? Explain your answer. 

 

 

 

(b) Calculate the energy change of the hot water. 

 

 

 

(c) Determine the energy change of the ice? What does your answer assume? 

 

 

 

(d) Assuming that the energy change in (c) ONLY goes into melting the ice, calculate a value for the 

 ΔHfusion for ice, in units of kJ/mol. 


