Experiment:  

Determining the Heat of Neutralization

Skills Assessed: Data collection, data Processing, presentation, conclusion, evaluation

Objective: To determine the heat of neutralization of a strong acid/strong base reaction.

Introduction:  In every chemical reaction, energy is either absorbed or released. If energy is released in the form of heat, we say that the reaction is exothermic. The amount of heat released depends upon the nature and amount of reactants and products. If the heat is calculated per mole of a reactant, then results may be compared to one another. In this experiment, you will measure the amount of heat released in a strong acid/strong base reaction between HCl and NaOH:

HCl (aq) + NaOH (aq) ( H2O (l) + NaCl (aq)

You will calculate the amount of heat released per mole of HCl by performing the reaction in a coffee cup calorimeter. All calorimeters have the same basic components. They are insulated to prevent loss or gain of heat energy between the calorimeter and its surroundings. The simple calorimeter you will use in this experiment is made of a heat-insulating plastic foam material. Calorimeters contain a heat sink that can absorb or provide the energy for the process under study. The most common material used as a heat sink for calorimeters is water, because of its simple availability and large heat capacity. Calorimeters also must contain some device for the measurement of temperature, because it is from the temperature change of the calorimeter and its contents that the magnitude of the heat flow is calculated. Your simple calorimeter will use an ordinary thermometer for this purpose.  To determine the heat flow for a process, the calorimeter typically is filled with a weighed amount of water. The temperature of the water in the calorimeter is monitored during the process to be measured. From the mass of water in the calorimeter and the temperature change of the water, the quantity of heat transferred in the process can be determined. The calorimeter for this experiment is pictured in Figure 15-1. It consists of two nested plastic foam coffee cups and a cover, with thermometer and stirring wire inserted through holes punched in the cover. As you know, plastic foam does not conduct heat well and will allow little heat to be lost to the room, so that we can calculate the heat exchanged and thus the specific heat of the metal.

Safety:

1. Wear safety glasses at all times in the laboratory.

2. Use tongs or a towel to protect your hands when handling hot glassware.

3. Hydrochloric acid is an irritant at the concentration used in this experiment. If you spill acid on yourself, immediately flush the affected area with water for 2-3 minutes and notify the teacher. If acid should get into your eyes, begin flushing your eyes with water immediately and continue doing so for at least 20 minutes.

4. If acid is spilled on the laboratory bench or floor, neutralize the spill with solid sodium bicarbonate, NaHCO3, before wiping it up with sponges or paper towels. The acid will be neutralized when bubbles of gas no longer form after addition of the sodium bicarbonate. If you need to dispose of a small quantity of acid, pour it down the drain. 

5. Sodium hydroxide is a very caustic material that can cause severe skin burns. Do not handle the sodium hydroxide with your fingers under any circumstances. Eye burns caused by sodium hydroxide are progressive: what at first appears to be a minor irritation can develop into a severe injury unless the chemical is completely flushed from the eye. If sodium hydroxide comes in contact with the eye, flush the eye with running water for at least 15 minutes. Notify the teacher immediately. If sodium hydroxide is spilled on another area of the body, flush the affected area continuously with running water for a minimum of 10 minutes or until the skin no longer feels “soapy.”

Materials:

2 plastic foam cups with covers thermometer wire for stirrer

Thermometer

50 mL beakers

1.0 M HCl

1.0 M NaOH

0.5 M NaOH
0.5 M HCl
Distilled Water 
Citric acid 
Baking soda
Procedure:

1. Record all data and observations directly in your notebook in ink.

2. Write out the reactions you are going to perform before doing any experiment. 

3. Based on what you know about bond energy (breaking and forming) write out your expected enthalpy change

4.  Nest two similar-sized plastic foam coffee cups for use as the calorimeter chamber. If the cups have been rinsed with water, dry them out.

5.  Obtain a lid that tightly fits the coffee cups. Using the paper punch, make two small holes in the lid. Make one hole near the center of the lid for the thermometer and one hole to the side for the stirring wire. Assemble the stirring wire and thermometer as indicated in Figure 15-1.

6. Measure 50 mL HCl into your coffee cup calorimeter. 

7.  Measure 50 mL  NaOH with a graduated cylinder and set aside.

8. Measure and record the temperature of the HCl solution in the coffee cup calorimeter

9. Add the NaOH solution, cap the calorimeter, stir vigorously and record the highest temperature reached taking the temperature every fifteen seconds until the temperature reaches a maximum 

10. Discard the solution into the sink and rinse the cup and thermometer with water.

11. Repeat for the reactions:

Reaction 1: The dissolving of solid sodium hydroxide in water. 

 NaOH(s) ( Na+ (aq) + OH-(aq) + heat 
Reaction 2: The reaction of solid sodium hydroxide with dilute hydrochloric acid. 

NaOH(s) + H+(aq) + Cl-(aq) ( Na+(aq) + Cl-(aq) + H2O 
Reaction 3: The reaction of sodium hydroxide solution with dilute hydrochloric acid solution. 

Na+ (aq) + OH-(aq) + H+(aq) + Cl-(aq) ( Na+(aq) + Cl-(aq) + H2O 

Reaction Four (Endothermic):  
H3C6H5O7(aq) + 3 NaHCO3(s) --> 3 CO2(g) + 3 H2O(l) + NaC6H5O7(aq)
1.  Place 25 mL of citric acid solution in a styrofoam coffee cup.  Use the thermometer to take the initial temperature of the acid.  

2. Stir in 15 g of baking soda (sodium bicarbonate).  Track the change in temperature every fifteen seconds until a final temperature is reached.

3. Note:  this reaction is endothermic so the reaction is complete when the temperature reaches room temperature again.

Data Collection:

Create a chart, according to IB criteria, for the data generated during this experiment.  Create a graph to visually represent your results.

Data Analysis:

Process your data, draw conclusions and evaluate your data according to IB criteria.

The accepted value for the heat of neutralization per mole of a strong acid (like HCl)

is -56.3 kJ mol-1.  (Exothermic)

Experiment From:

http://www.isstavanger.no/high/ClassPages/Chem/ib%201%20chem/unit%206/Heat%20of%20Neutralization%20Lab.pdf
