Thermochemistry Lab

Materials:
4 g of NaOH
50 mL 1.0 M HCl

50 mL 1.0 M NaOH

100 mL 0.50 HCl 

100 mL graduated cylinder

Balance

Distilled water

Glass stirring rod

Calorimeter

thermometer

Procedure:
You will be doing three reactions. You may do them in any order.  Make sure you thoroughly wash the calorimeter between reactions.

Reaction 1:

1. Pour about 100 mL of distilled water into a graduated cylinder. Measure and record the volume of the water to the nearest 0.1 mL. Pour the water into your calorimeter. Record the water temperature to the nearest 0.1ºC.
2. Determine and record the mass of a clean and dry watch glass to the nearest 0.01 g. Remove the watch glass from the balance. Obtain about 2 g of NaOH pellets and put them on the watch glass. Measure and record the mass of the watch glass and pellets to the nearest 0.01 g. It is important that this step be done quickly because the NaOH is hygroscopic. It absorbs moisture from the air, increasing its mass so long as it remains exposed to air. 
3. Immediately place the NaOH pellets in the calorimeter cup, and gently stir the solution with a stirring rod, NOT THE THERMOMETER. Place the lid on the calorimeter. Watch the thermometer and record the highest temperature in the data table.
Reaction 2:

1. Pour about 50 mL of the 1.0 M HCl into a graduated cylinder. Measure and record the volume of the HCl solution to the nearest 0.1 mL. Pour the HCl solution into your calorimeter. Record the temperature of the HCl solution to the nearest 0.1 ºC. 
2. Pour about 50 mL of the 1.0 M NaOH into a graduated cylinder. Measure and record the volume of the NaOH solution to the nearest 0.1 mL. Measure the temperature of this solution also. Be sure to rinse the thermometer between solutions.
3. Pour the NaOH solution into the calorimeter cup and stir gently. Place the lid on the calorimeter. Record the highest temperature in the data table. 

Reaction 3:
1. Pour about 100 mL of the 0.50 M HCl into a graduated cylinder. Measure and record the volume to the nearest 0.1 mL. Pour the HCl solution into the calorimeter. Record the temperature of the HCl solution to the nearest 0.1ºC. 

2. Measure the mass of a clean and dry watch glass and record the mass in your data table. Obtain approximately 2 g of NaOH pellets. Place them on the watch glass and record the total mass to the nearest 0.01 g. It is important that this step be done quickly because NaOH is hygroscopic. It absorbs moisture from the air, increasing its mass as long as it remains exposed to the air. 

3. Immediately place the NaOH pellets in the calorimeter, and gently stir the solution. Place the lid on the calorimeter. Watch the thermometer and record the highest temperature in the data table. 

Lab Report:

1.  Write balanced chemical equations for each of the reactions performed in the laboratory.  Include states of matter.
2.  Combine two of the reactions to form the third reaction.  

3.  Use q=mcT to find the H (in units of kJ/mol) for each reaction.  Assume the density of all liquids is 1.00 g/mL, and the specific heat of the solution is the same as pure water, 

4.18 J/gºC.

4.  Use your results from questions 1-3 to show that Hess’s Law is accurate.  Explain any sources of error.

5. Calculate the (H in kJ/mole of NaOH for each of the three reactions.

6. Third-degree burns can occur if the skin comes into contact for more than 4 s with water that is hotter than 60ºC. Suppose someone accidentally poured HCl into a glass container that already contained drain clearner,, NaOH. The container shattered. Investigators estimated that the drain cleaner was about 55 g NaOH and the 450 mL of HCl was a 3.0 M solution. If the initial temperature of each solution was 25ºC, could the mixture have been hot enough to cause burns?

7. For the reaction between drain cleaner and HCl described in the question above, which is the limiting reactant? How many moles of the other reactant remained unreacted?

8. When a strongly acidic or basic solution is spilled on a person, the first treatment step is to dilute the solution by washing the area of the spill with a lot of water. Explain why adding an acid or base to neutralize the solution immediately is not a good idea.  

9. Which is more stable, solid NaOH or a solution of NaOH? Explain.

10. Given the data

N2(g) + O2(g) ( 2NO(g)


H = +180.7 kJ


2NO(g) + O2(g) ( 2NO2(g)

H = -113.1 kJ


2N2O(g) ( 2N2(g) + O2(g)

H = -163.1 kJ

Use Hess’s Law to calculate H for the reaction:


N2O(g) + NO2(g) ( 3NO(g)
