Thermochemistry:  Measuring Enthalpy Change in Chemical Reactions
Purpose
1. You will learn how to use a simple calorimeter to measure temperature changes associated with chemical processes. 

2. You will use Excel graphing to determine accurately the endpoints of temperature changes. 

3. Finally, you will learn how to use your temperature data to compute enthalpy changes for chemical processes. 

Overview
The study of energy changes associated with chemical processes is called thermochemistry, and it is a vital area of chemistry.  Over 90 percent of the energy used by civilization comes from chemical reactions such as the combustion of fossil fuels.  As chemical bonds break and form in a chemical reaction, energy in the form of heat is either absorbed (bond breakage) or released (bond formation). Under conditions of constant pressure, the energy change of a reaction is called the heat of reaction or enthalpy change, 
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H.  The amount of heat either absorbed or released during a reaction can be measured if the reaction is carried out in a container that insulates the reaction from its surroundings.  By convention, if heat is released, the reaction is termed exothermic and H is negative.  If heat is absorbed, the reaction is termed endothermic and [image: image2.jpg]


H is positive.
In this experiment, you will find the heat capacity of a calorimeter, and then use the calorimeter to determine one or more of the following: 
· the heat of neutralization for an acid-base reaction; 

· the heat of solution for a salt dissolving in water; 

· the heat of reaction for an oxidation–reduction reaction. 

Preparing for the Lab

The following problems require calculations similar to those called for in this experiment.  Learn how to work these problems, showing your calculations with units.  For these calculations, answers are provided.  

1. The specific heat of water is 4.184 J/g°C.  During a chemical reaction between dilute reactants in 100.0 g of water in a calorimeter, the temperature rises from 22.5°C to 31.6°C.  Calculate the heat produced by the reaction.  Assume that chemical reactants do not alter any properties of the water except its temperature.  ANSWER: 3.8 x 103 J. 

2. If the final concentration of product in question 1 is 0.050 M, calculate [image: image3.jpg]


Hreaction, in kilojoules per mole of product.  ANSWER: 761 kJ/mol. 

3. Write full, balanced chemical equations for each of the reactions you might study in this experiment. Reactants in each reaction are given at the beginning of Parts 2, 3, and 4 of the Report Form. 

Procedures

Assemble a calorimeter, consisting of two nested Styrofoam cups, a lid with two holes, a stirrer and a thermometer. To avoid having the calorimeter tip over when the thermometer is inserted into the inner Styrofoam cup, place the whole assembly in a snug-fitting beaker. All students will carry out Part 1 of this experiment.  Your instructor will assign other parts to individual pairs.  NOTE: Record all temperature measurements to the nearest 0.2° C.
Part 1. Heat Capacity of the Calorimeter

1.   Use a 100-mL graduated cylinder to obtain 50.0 mL of room temperature water and add it to your calorimeter (the pure water in the carboys and your wash bottle will likely be at room temperature). Allow a few minutes for the apparatus to come to thermal equilibrium and record the temperature of the water in the calorimeter to the nearest 0.2°C.

2.   Using your graduated cylinder, measure 50.0 mL of water into a small beaker and heat until it is about 30 degrees above room temperature.  Record the exact temperature.

3. 
At time zero, carefully pour the warm water into the calorimeter, replace the lid (including the thermometer and stirrer), and stir the mixture. Important: the process of heat exchange starts upon addition of the warm water - this is zero time!  In Table 1 of the Report Form, under Trial 1, record the temperature as soon as possible after adding the warm water and then every fifteen seconds until it reaches a maximum.  Then record the temperature every 30 seconds for three minutes.

4. 
Empty your calorimeter, dry all parts completely, and allow it to return to room temperature (about 5 minutes).

5. 
Repeat this experiment (steps 1-4), entering the data in Table 1 under Trial 2.

Part 2. Enthalpy Change for an Acid-Base Reaction (Heat of Neutralization)

WARNING: 2.0 M NaOH and HCl can cause burns to skin and eyes.  Wash spills with plenty of water.

1. 
Pour 50.0 mL of 2.0 M sodium hydroxide (NaOH), measured with your graduated cylinder, into your clean, dry, room-temperature calorimeter.  Make sure that the thermometer bulb is below the solution’s surface.  Allow the solution to reach equilibrium, and record the temperature.

2. 
Measure 50.0 mL of 2.0 M hydrochloric acid (HCl) in a clean, graduated cylinder.  Rinse and dry the thermometer to remove any NaOH, and then measure the temperature of the HCl solution.  When the temperature is within 0.5 °C of that of the NaOH solution, carefully, but quickly, do the following:

a. Add the acid (HCl) to the base (NaOH) in the calorimeter.

b. Record the time (or start your stop watch).

c. Replace the calorimeter lid, with the thermometer and stirrer, and stir the solution gently.

e. Record the solution temperature to ± 0.2 °C (as well as the time).

f. After recording the initial temperature at mixing, keep stirring gently, and record the temperature at 15-second intervals for 3 minutes, or until the only change is a slow drift to lower temperatures.  Enter your data in Table 2 of the Report Form, under Trial 1.

3. 
Empty your calorimeter in the appropriate container, rinse and dry all parts completely, and allow it to return to room temperature (about 5 minutes).

Repeat the experiment.  Enter data into Table 2, under Trial 2.

Part 3. Enthalpy Change for Dissolving Ammonium Chloride in Water (Heat of Solution) 
You will set up and record the temperature changes for this reaction the same way as you did in the Acid-Base Reaction.

1. 
Pour 100.0 mL of distilled water (room temperature) into your clean, dry, room-temperature calorimeter.  Allow the solution to reach equilibrium and record the temperature. 
WARNING: Ammonium chloride is an irritant to skin, respiratory tract, and eyes. Avoid contact. Wash spills with plenty of water. Keep weighed samples in dry glassware until ready for use.

2. 
Weigh out about 10 g of ammonium chloride in a clean, DRY plastic weigh boat.  Record the mass to the nearest 0.001 g.  Add the ammonium chloride to the water in the calorimeter, close the calorimeter, stir, and then record the temperature immediately, and every 15 seconds for three minutes, or until the only change is a slow drift to higher temperatures (while continuing to stir). Record your data in Table 3 of the Report Form, under Trial 1.

 3. 
Empty your calorimeter, dry all parts completely, and allow it to return to room temperature (about 5 minutes).
4. Repeat the experiment. Enter data in Table 3, under Trial 2.

Part 4. Enthalpy Change for Oxidation of Calcium by HCl (Heat of Reaction)

You will set up and record the temperature changes for this reaction the same way as you did in the Acid-Base Reaction.

1. 
Pour 100.0 mL of 2.0 M HCl into your clean, dry, room-temperature calorimeter. Allow the solution to reach equilibrium and record the temperature.

WARNING: Calcium metal reacts with water (such as moisture in the air or on your skin) to produce caustic calcium hydroxide and flammable hydrogen gas. Keep calcium DRY until ready for use. Avoid contact with skin.

2. 
Weigh out about 1 gram of calcium into a clean, DRY weigh boat.  Record the mass to the nearest 0.001 g.  Make sure the metal is clean and shiny; otherwise, the oxide coating will prevent a fast reaction.  Add it to the solution in the calorimeter, cover, stir gently, and start to record the temperature immediately as the mixture is stirred.  Record time and temperature every 15 seconds for three minutes, or until the only change is a slow drift to lower temperature (while continuing to stir).  Enter data in Table 4 of the Report Form, under Trial 1.

2. 
Empty your calorimeter, dry all parts completely, and allow it to return to room temperature (about 5 minutes).

3. 
Repeat the experiment.  Enter data in Table 4, under Trial 2.
