Heat of a Chemical Reaction - Hess’ Law
NAME:___________________________________ COURSE:_________ PERIOD:______

Prelab
1.  Write and balance three net ionic equations, one for each reaction occuring in procedure

     Parts A-C. 

Part A:

Part B:

Part C:

2.  Show that the algebraic sum of the balanced net ionic equations from Parts A and B equals the

     net ionic equation from Part C. (Use Hess' Law)

3.  Why is it important in Part B of the procedure that both solutions are at the same temperature

     before they are mixed? 

4.  If 50.0 mL of a 0.50 M NaOH solution is measured out as in Part B of the procedure, how

     many moles of NaOH are taken? 

5.  Which reactant (assuming 1.00 g of NaOH is used) is the limiting reagent in Part C of the

     procedure?  Support your answer with calculations. 

 Heat of a Chemical Reaction - Hess’ Law
Abstract: In this laboratory exercise the heat of solution of NaOH(s), the heat of neutralization of NaOH(aq) and HCl(aq), and the combined heat of solution for NaOH(s) and the heat of neutralization for the reaction between NaOH(aq) and HCl(aq) are measured to demonstrate the validity of Hess' Law. 

Objectives:

(A) To measure the heat of solution for NaOH(s) in water. 

(B) To measure the heat of neutralization for the reaction of NaOH(aq) with HCl(aq). 

(C) To determine whether the heat effects (solution plus neutralization) are additive according to Hess' law. 

Introduction: Heat is involved in all chemical reactions. Chemical reactions are either exothermic or endothermic. The heat of reaction for any chemical reaction is determined as follows: 

(H = ( (Hf (products) - ( (Hf (reactants)

For exothermic reactions, (H is negative, whereas (H is positive for endothermic reactions. A negative (H indicates the products are at a lower energy state than the reactants. A positive (H indicates the products are at a higher energy state than the reactants. In the following reactions, (H is expressed in kilojoules of heat. 

Example: 

H2 (g) + 1/2 O2 (g) ( H2O (g) 

(H = -242 kJ (exothermic)

 H2 (g) +I2 (g) ( 2 HI (g) 

(H = +25.9 kJ (endothermic)

Many substances can be formed using more than one technique. Carbon dioxide gas can be produced by burning carbon in oxygen gas. 

1)  C (s) + O2 (g) ( CO2(g) 

(H = -393.5 kJ 

Another method of producing carbon dioxide involves a three-step process.

2)  H2O (g) + C (s) ( CO (g) + H2 (g) 
(H = +131.0 kJ 

3)  H2 (g) + 1/2 O 2 (g) (  H2O (g)  
(H = -242.0 kJ

4)  CO (g) + 1/2 O2 (g) (  CO2 (g) 
(H = -282.5 kJ

The sum of equations 2, 3, and 4 is:

5)  H2O(g) + C(s) + H2(g) + 1/2 O2(g) + CO(g) + 1/2 O2(g)  (   CO(g) + H2(g) + H2O(g) + CO2 (g)

To determine the total amount of heat energy released or absorbed using the three-step process, add the heats of reaction for the three reactions. 

(H= (+131.0 kJ) + (-242.0 kJ) + (-282.5 kJ) = -393.5 kJ

Equation 5 reduces algebraically to equation 6

6)  C (s) + O2 (g) ( CO2 (g) 
 (H = -393.5 kJ  

which is identical to (H for the reaction in equation 1.

Hess's Law of heat summation states that when a reaction can be expressed as the algebraic sum of two or more other reactions, the heat of the reaction is the algebraic sum of the heats of these reactions. 

Procedure: 
Preparing the Calculator and CBL and Collecting Data
1. Attach the CBL temperature probe to the CBL in Channel 1.

2. Attach the CBL to the calculator using the unit to unit link cable. Attach the voltage adapter to the CBL.

3. Turn on the calculator and CBL.

4. Press [PRGM] on the calculator.

5. Use the down arrow to select the program HEAT. Press [ENTER].

6. The “PRGM HEAT” will appear. Press [ENTER]. 


(On the TI-83, “Heat V1.2” appears. Press [ENTER]. “Turn on the CBL” appears. 


Press [ENTER]. “ Now checking the Calculator-CBL Link. Please wait.” appears.

 
If the CBL is on, “Status OK” appears. Press [ENTER].)
7. For the seconds between points, type in 6. Press [ENTER].
8. “Press enter to start collecting data” appears. Do Not press [ENTER] at this time.
Part A) Heat of Solution of NaOH(s)
1. Mass an empty small weigh boat. Add approximately 1 gram of solid NaOH to the weigh boat. Remass the weigh boat and NaOH. Record the values in the data table. Calculate the mass of NaOH used.

CAUTION: Sodium hydroxide is caustic and will burn the skin. If it is spilled, or you think you may have spilled some, you should rinse the affected area with large amounts of water (skin will feel "soapy" if it comes in contact with NaOH).

2. Measure 50.0 mL of distilled water using a graduated cylinder. Add this to the calorimeter and place the cover on it. Place the temperature probe through the lid of the calorimeter and into the water.

3. Press [ENTER] on the calculator. Wait for about 3-4 points to appear on the calculator screen. These temperatures should be relatively constant.

4. Lift the cover and drop the NaOH into the water in the cup. Place the cover back on the cup, with the temperature probe through the hole and in the water. Stir the solution gently with the temperature probe while the solution process takes place. It is necessary to stir the contents of the cup while solution is occurring to be sure that the temperature measured is the average temperature of the contents of the cup. The temperature will rise rapidly and then level off. You are looking for the stable plateau temperature. The temperature will then begin to fall as the solution loses heat to the surroundings. Good stirring is essential! 

5. The CBL will show DONE at the end of the data collection. The graph is displayed on the calculator.

6. Press [ZOOM]. Select: ZoomStat. Press [ENTER].

7. Press [TRACE]. Use the arrow keys to find the initial constant temperature (T1) rather than the first temperature value and the highest constant temperature which will be the final temperature (T2). Record these values to the nearest 0.01oC in the data table. Calculate the change in temperature.

8. To see the data, press [STAT]. EDIT should be highlighted. Press [ENTER]. The Time should be in L3 and the Temperature in L4.

9. Empty the calorimeter. Thoroughly rinse and dry the calorimeter and the temperature probe for Part B.

Part B) Heat of Neutralization of HCl(aq) and NaOH(aq)
1. Repeat steps 3-8 for preparing the calculator and CBL.

2. Measure 50.0 mL of 0.500 M HCl into a graduated cylinder. Measure 50.0 mL of 0.500 M NaOH into your clean dry calorimeter using a different graduated cylinder. Place the temperature probe through the lid of the calorimeter and into the solution.

3. Press [ENTER] on the calculator. Wait for about 3-4 points to appear on the calculator screen. These temperatures should be relatively constant.

4. Lift the cover and pour the HCl solution into the calorimeter containing the NaOH solution. Stir the solution gently with the temperature probe while the reaction takes place. The temperature will rise rapidly and then level off. You are looking for the stable plateau temperature. Good stirring is essential! 

5. The CBL will show DONE at the end of the data collection. The graph is displayed on the calculator.

6. Press [ZOOM]. Select: ZoomStat. Press [ENTER].

7. Press [TRACE]. Use the arrow keys to find the initial constant temperature rather than the first temperature value and the highest constant temperature. Record these values to the nearest 0.01oC in the data table. Calculate the change in temperature.

8. To see the data, press [STAT]. EDIT should be highlighted. Press [ENTER]. The Time should be in L3 and the Temperature in L4.

9. Flush the solution down the sink with water. Thoroughly rinse and dry the calorimeter and the temperature probe for Part C.

Part C) Heat of Neutralization NaOH(s) with HCl(aq)  

1. Repeat steps 3-8 for preparing the calculator and CBL.

2. Using labeled graduated cylinders, measure 55.0mL of 0.500 M HCl in the Erlenmeyer flask and add 50.0 mL of distilled water to the flask and swirl it to mix the acid and water. (The distilled water is added to give a reasonable volume to absorb the heat given off.  This is not a reaction). 

3. Measure and record the mass of approximately 1 gram of NaOH in a weigh boat. 

4. Place the HCl solution in the cup. Place the temperature probe through the lid of the calorimeter and into the solution.

5. Press [ENTER] on the calculator. Wait for about 3-4 points to appear on the calculator screen. These temperatures should be relatively constant.

6. Add the NaOH to the acid solution and replace the cover. Stir the solution gently with the temperature probe while the reaction takes place. The temperature will rise rapidly and then level off. You are looking for the stable plateau temperature. Good stirring is essential!

7. The CBL will show DONE at the end of the data collection. The graph is displayed on the calculator.

8. Press [ZOOM]. Select: ZoomStat. Press [ENTER].

9. Press [TRACE]. Use the arrow keys to find the initial constant temperature rather than the first temperature value and the highest constant temperature. Record these values to the nearest 0.01oC in the data table. Calculate the change in temperature.

10. To see the data, press [STAT]. EDIT should be highlighted. Press [ENTER]. The Time should be in L3 and the Temperature in L4.

11. Empty the calorimeter. Thoroughly rinse and dry the calorimeter and the temperature probe.

Calculations:

The heat absorbed by the water or the solution may be calculated as follows: 


[image: image1.wmf](

)

(

)

Heat

J

MassSoluti

on

g

SpecificHe

atSolution

J

g

C

Temperatur

e

C

(

)

,

,

,

=

°

æ

è

ç

ö

ø

÷

°

D



EMBED Equation.2[image: image2.wmf]
The mass of the solution is in grams, the specific heat of water is in J/g(C , the ( temperature or change in temperature is in (C . 

***These assumptions are being made in order to carry out the calculations.*** 

a) The density of all solutions equals the density of water, 1.00 g/cm3. 

b) The specific heat of all solutions equals that of water, 4.184 J/g(C. 

c) All substances react or dissolve completely.

d) All heat energy released by a reaction is absorbed by the solution (none by the cup).

1. In Part A use the mass of the water in the equation above.

2. In Part B use the total mass of the HCl and NaOH solutions in the equation above.

3. In Part C use the total mass of the water and the HCl solution in the equation above.

4. Calculate the heat absorbed by the water or the solution in J and convert it to kJ. Include the correct sign for the heat change.

5. Calculate the heat released by the reaction in terms of kJ/mol NaOH. In Parts A and C, the moles of NaOH are calculated from the mass of solid NaOH. In Part B, the moles of NaOH are calculated from the volume and the molarity of the NaOH solution used. Include the correct sign for the heat change.

6. Compare the heat in Part C with the sum of the heats in Parts A and B and calculate the percentage difference. 
Heat of a Chemical Reaction - Hess’ Law
NAME:_________________________________________________ COURSE:________
PARTNER’S NAME:______________________________________ PERIOD:________

Data Table

	
	
	Part A
	Part B
	Part C

	1
	Mass of NaOH(s) and weigh boat (g)
	
	
	

	2
	Mass of weigh boat (g)


	
	
	

	3
	Mass of NaOH(s) (g)


	
	
	

	4
	Volume of H2O (mL)


	
	
	

	5
	Mass of H2O (g)


	
	
	

	6
	Volume of NaOH(aq)

	
	
	

	7
	Mass of NaOH(aq) (g)


	
	
	

	8
	Volume of HCl (aq) 


	
	
	

	9
	Mass of HCl(aq) (g)


	
	
	

	10
	Total mass of solution (calculated) (g) 
	
	
	

	11
	Initial temperature, T1 (oC)

	
	
	

	12
	Final temperature, T2 (oC)


	
	
	

	13
	Temperature change, (oC)

(T=T2-T1
	
	
	

	14
	Heat absorbed by the solution (J) (with sign) 
	
	
	

	15
	Heat absorbed by the solution (kJ) (with sign) 
	
	
	

	16
	Heat released by the reaction (kJ) (with sign)
	
	
	

	17
	Moles of NaOH  


	
	
	

	18
	Heat evolved/mol of NaOH (kJ/mol)
	
	
	


Attach a separate sheet showing the sample calculations for #14-18.

1. Use your results (#18, data sheet) to calculate the difference (kJ/mol) between the heat produced by reaction C and the sum of heat produced in Parts A + B. Theoretically, what should be the difference? 

2) Assuming that the answer from Part C is the accepted heat of reaction, calculate the percent relative error. 
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EMBED Equation.2[image: image4.wmf]
3) How would the heat/mole NaOH(s) change if the mass of NaOH (s) in Part A are doubled but the volume of water remained constant. Explain your answer.

Conclusions: Write a concise, but thoughtful paragraph stating your conclusions from this experiment. Was Hess' Law validated? What were your sources of error?
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