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The Enthalpy (Heat) of Neutralization
of Phosphoric Acid

As you have seen in the titration of an antacid, a great deal can be learned by conducting an acid-base reaction as a titration. In addition, acid-base reactions can be observed and measured thermodynamically. In this case, the reaction is carried out in a calorimeter. If the temperature change of the reaction for precise amounts of reagent is measured precisely, the enthalpy of neutralization of an acid by a base (or vice versa) can be determined. In this experiment, you will react phosphoric acid with sodium hydroxide.

You will use a Styrofoam cup nested in a beaker as a calorimeter, as shown in Figure 1. For purposes of this experiment, you may assume that the heat loss to the calorimeter and the surrounding air is negligible. You will want to use phosphoric acid as the limiting reactant in this experiment, and you will accordingly be determining the enthalpy, ΔH, of neutralization of the acid. Selecting a limiting reactant helps ensure that the temperature measurements and subsequent calculations are as precise as possible.

OBJECTIVES

In this experiment, you will

· Based on the equipment and reagent concentrations available, decide on the amounts of reagents to be used for a neutralization reaction between solutions of phosphoric acid and sodium hydroxide.

· Measure the temperature change of the reaction between solutions of sodium hydroxide and phosphoric acid.

· Calculate the enthalpy, ΔH, of neutralization of phosphoric acid.

· Compare your calculated enthalpy of neutralization with the accepted value. 
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Figure 1

Pre-Lab Exercise

Give the balanced chemical reaction equation for the complete neutralization reaction between phosphoric acid and sodium hydroxide:


MATERIALS

	Vernier computer interface
	0.60 M phosphoric acid, H3PO4, solution

	computer
	1.85 M sodium hydroxide, NaOH, solution

	Temperature Probe
	two 50 mL graduated cylinders

	Styrofoam cup 
	ring stand

	two 250 mL beakers
	utility clamp

	glass stirring rod
	


PROCEDURE

1.    Obtain and wear goggles. It is best to conduct this experiment in a well-ventilated room. Examine the physical dimensions of equipment given.  Decide how many milliliters of the phosphoric acid and sodium hydroxide solutions are best for your experiment. CHECK WITH THE INSTRUCTOR.
____ mL 0.6 M phosphoric acid,  ____ mL 1.85 M sodium hydroxide solution


2.
Connect a Temperature Probe to Channel 1 of the Vernier computer interface. Connect the interface to the computer with the proper cable.


3.
Start the Logger Pro program on your computer. Open the file “26 Phosphoric Acid” from the Advanced Chemistry with Vernier folder.


4.
Nest a Styrofoam cup in a 250 mL beaker as shown in Figure 1. Measure out the desired volume of 0.60 M H3PO4 solution into the foam cup. CAUTION: Handle the phosphoric acid with care. It can cause painful burns if it comes in contact with the skin.


5.
Use a utility clamp to suspend the Temperature Probe from a ring stand (see Figure 1). Lower the Temperature Probe into the phosphoric acid solution.


6.
Measure out your chosen volume of 1.85 M NaOH solution and transfer it to a 250 mL beaker. CAUTION: Sodium hydroxide solution is caustic. Avoid spilling it on your skin or clothing.


7.
Conduct the experiment.

a. Click [image: image2.png]


 to begin the data collection and obtain the initial temperature of the H3PO4 solution.

b. After you have recorded three or four readings at the same temperature, add the NaOH solution to the Styrofoam cup all at once. Use a glass stirring rod to stir the reaction mixture gently and thoroughly.

c. Data will be collected for 10 minutes. You may terminate the trial early by clicking [image: image3.png]


, if the temperature readings are no longer changing. 

d. Click the Statistics button, [image: image4.png]


. The minimum and maximum temperatures are listed in the statistics box on the graph. If the minimum temperature is not a suitable initial temperature, examine the graph and determine the initial temperature.

e. Record the initial and maximum temperatures, in your data table, for Trial 1.

Close the Statistics box by clicking the X in the corner of the box.


8.
Dispose of the solution in the acid-base waste container. Rinse and dry the Temperature Probe, Styrofoam cup, and stirring rod. 


9.
Repeat Steps 4-8 to conduct a second trial. If directed, conduct a third trial. Print a copy of the graph of the second trial to include with your data and analysis.
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