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Activity SL12: Hess’s Law – Additivity of Heats of Reaction (Temperature Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Reactions & energy
C23 Hess’s Law.DS
C23 Hess’s Law
C23_HESS.SWS

Equipment Needed
Qty
Chemicals and Consumables
Qty

Temperature Sensor (CI-6505A)
1
Hydrochloric acid (HCl), 1.00 Molar
50 mL

Balance (SE-8723)
1
Hydrochloric acid (HCl), 0.50 Molar
100 mL

Base and Support Rod (ME-9355)
1
Sodium hydroxide (NaOH), 1 Molar
50 mL

Beaker, 250 mL
1
Sodium hydroxide (NaOH), solid
4 g

Clamp, Buret (SE-9446)
1
Styrofoam cup 
1

Graduated cylinder, 100 mL
1
Water, distilled
100 mL

Slit stopper 
1
Weighing paper
2

Spatula and/or tweezers
1



Stirring rod
1



Protective gear
PS



What Do You Think?

[image: image1.wmf]Heats of Reaction are listed for various reactions in resources such as The Handbook of Chemistry and Physics. When the heat of reaction for a specific chemical reaction is not listed, what method could you use to determine the unknown heat of reaction?

Take time to write an answer to this question in the Lab Report section.

Background

The purpose of this activity is to verify Hess's Law. This law, referred to as the additivity of heats of reaction, states that the heat of reaction for a reaction is equal to the sum of the heats of formation of the individual components of the reaction.

A + B-> C      ∆HC = ?

∆HC = ∆HA + ∆HB

The reactions you will use in this activity are:

Solid sodium hydroxide dissolves in water to form an aqueous solution of ions.

I. NaOH (s) -> Na+ (aq) + OH- (aq)

Solid sodium hydroxide reacts with aqueous hydrochloric acid to form water and an aqueous solution of sodium chloride.

II. NaOH (s) + H+ (aq) + Cl- (aq) -> H2O (l) + Na+ (aq) + Cl- (aq) 

Solutions of aqueous sodium hydroxide and hydrochloric acid react to form water and aqueous sodium chloride.

III. Na+ (aq) + OH-(aq) + H+(aq) + Cl- (aq) -> H2O (l) + Na+ (aq) + Cl- (aq)

SAFETY REMINDERS
· Wear protective gear while handling chemicals.

· Follow directions for using the equipment.

· Dispose of all chemicals and solutions properly.
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Pre-Lab
In the Lab Report section, combine two of the above equations algebraically to obtain the third equation. Indicate the number of each reaction to the left of the reaction equation.

For You To Do
Use the Temperature Sensor to measure the change in temperature during each reaction. Use DataStudio or ScienceWorkshop to record, display, and analyze the data.

[image: image4.wmf]PART I: Computer Setup
1.
Connect the interface to the computer, turn on the interface, and turn on the computer.

2.
Connect the DIN plug of the Temperature Sensor to Analog Channel A on the interface. 

3.
Open the file titled as shown;


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

C23 Hess’s Law.DS
C23 Hess’s Law
C23_HESS.SWS

· The DataStudio file has a Workbook display. Read the instructions in the Workbook

· The ScienceWorkshop document has a Digits display and a Table display of Temperature.

· Data recording is set so there is one measurement per second. Data recording stops automatically at 200 seconds.

PART II: Sensor Calibration and Equipment Setup
· You do not need to calibrate the Temperature Sensor. 

1.
Use a base and support rod, a clamp, and a slit stopper to support a Temperature Sensor as shown.
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Place a Styrofoam cup into a 250-mL beaker as shown in the diagram. Measure out 100.0 mL of water into the Styrofoam cup.

3.
Tare the balance to the weight of the weighing paper. Weigh out about 2 grams of solid sodium hydroxide, NaOH, and record the mass to the nearest 0.01 g. 

NOTE: Since sodium hydroxide absorbs moisture from the air, weigh it and proceed to the next step without delay. Caution: Handle the NaOH and resulting solution with care.

PART IIIA: Data Recording - Solid NaOH  and Water
1.
When everything is ready, start recording data. 

2.
After about two seconds, add the solid sodium hydroxide to the water.

· Observe the change in temperature on the Digits display.

3.
Use the stirring rod to stir the contents continuously for 200 seconds or until a maximum temperature has been reached and the temperature starts to drop. 

4.
As soon as the temperature begins to drop after reaching a maximum, stop recording data. 

5.
Remove the Temperature Sensor from the cup and rinse and dry the sensor. 

6.
Dispose of the solution as directed. Rinse and dry the cup and stirring rod.

PART IIIB: Data Recording - Solid NaOH  and 0.50 Molar Hydrochloric Acid
1.
Put 100.0 mL of 0.50 Molar hydrochloric acid into the Styrofoam cup. Put the Temperature Sensor into the cup. 

2.
Weigh out about 2 grams of solid sodium hydroxide, and record the mass to the nearest 0.01.

· CAUTION: Handle the HCl solution and NaOH solid with care. 

3.
Repeat the procedure described in Part IIIA to record the temperature as the solid sodium hydroxide reacts with the hydrochloric acid.

4.
Remove the Temperature Sensor from the cup and rinse and dry the sensor. 

5.
Dispose of the solution as directed and rinse and dry the cup and stirring rod.

PART IIIC: Data Recording - Sodium Hydroxide Solution and Hydrochloric Acid
1.
Put 50.0 mL of 1.00 Molar hydrochloric acid into the Styrofoam cup. Put the Temperature Sensor into the acid.

2.
Measure out 50.0 mL of 1.00 Molar sodium hydroxide into a graduated cylinder.

· CAUTION: Make sure that both solutions are at approximately the same temperature. Handle the HCl solution and NaOH solution with care. 

3.
When everything is ready, start recording data. 

4.
After about two seconds, add the sodium hydroxide solution to the acid.

· Observe the change in temperature on the Digits display.

5.
Use the stirring rod to stir the contents continuously for 200 seconds or until a maximum temperature has been reached and the temperature starts to drop. 

6.
As soon as the temperature begins to drop after reaching a maximum, stop recording data. 

7.
Remove the Temperature Sensor from the cup and rinse and dry the sensor. 

8.
Dispose of the solution as directed and rinse and dry the cup and stirring rod.

Analyzing the Data
1.
Determine the mass of 100 mL of solution for each reaction (assume the density of each solution is 1.00 g/mL). Record the values in the Data Table.

2.
Set up the Table display so there is one column for each run of data: one for Run #1 (solid NaOH and water), a second for Run #2 (solid NaOH and 0.5 Molar HCl), and a third for Run #3 (NaOH solution and 1 Molar HCl). 

3.
Use the Table to determine the initial temperature, T1 for each reaction. Record the temperature, T1. 

4.
Use the Tables data analysis tools to determine the maximum temperature, T2, for each reaction. Record the temperatures.  

1. Calculations
2. Determine the temperature change, ∆T, for each reaction.

3. Calculate the heat released by each reaction, q, by using the formula:

q = Cp•m•∆T   (Cp = 4.18 J/g°C)


Convert joules to kiloJoules in your final answer.

4. Find the heat of reaction, ∆H ( ∆H = -q ).

5. Calculate moles of NaOH used for reactions I, II, and III.

6. Use the heat of reaction and the number of moles to determine ∆H/mol NaOH in each of the three reactions.

7. To verify the results of the experiment, combine the heat of reaction (∆H/mol) for Reaction I and Reaction III.  

· This sum should be similar to the heat of reaction (∆H/mol) for Reaction 2.  

7. Using the value in Reaction II as the accepted value and the sum of Reactions I and III as the experimental value, find the percent difference for the experiment. 

Formulas



Record your results in the Lab Report section.

Lab Report - Activity SL13: Hess’s Law – Additivity of Heats of Reaction

What Do You Think?

Heats of Reaction are listed for various reactions in resources such as The Handbook of Chemistry and Physics. When the heat of reaction for a specific chemical reaction is not listed, what method could you use to determine the unknown heat of reaction?

Pre-Lab

Combine two of the above equations algebraically to obtain the third equation. Indicate the number of each reaction to the left of the reaction equation.

Data Table: Hess’ Law

Data
Item
Reaction I
Reaction II
Reaction III

1
Mass of solid NaOH
 g
g
*

2
Mass (total) of solution
 g
g
g

3
Final temperature, T2
˚C
˚C
˚C

4
Initial temperature, T1 
˚C
˚C
˚C

5
Change in temp., ∆T
 ˚C
˚C
˚C

6
Heat, q
kJ
kJ
kJ

7
∆H
kJ
 kJ
kJ

8
Moles of NaOH




9
∆H/mol
kJ/mol
kJ/mol
kJ/mol

(*No solid NaOH mass.)

Heat of Reaction I plus Heat of Reaction III: 

Heat of Reaction II:

Percent difference(%):

Question

1. According to your data, is the heat of reaction for the reaction equal to the sum of the heats of formation of the individual components of the reaction?
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