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Name _____________________
Class ______________
Date _________


Activity C21: Heat of Solution
(Temperature Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Reactions & energy
C21 Heat of Solution.DS
C21 Heat of Solution
C21_HEAT.SWS

Equipment Needed
Qty
Chemicals and Consumables
Qty

Temperature Sensor (CI-6505A)
1
Ammonium chloride (NH4Cl), anhydrous
1 g

Balance (SE-8723)
1
Sodium carbonate (Na2CO3), anhydrous
1 g

Calorimeter*, 25 mL
1
Water, distilled
40 mL

Graduated cylinder, 100 mL
1
Weighing paper
2

Rubber band
1
Cup, plastic (condiment)
2

Protective gear
PS
Lid, plastic (to fit plastic cup)
1

(*The calorimeter is made from two small plastic cups nested one inside the other. Please see the diagram.)

What Do You Think?

[image: image1.wmf]In this activity, you will dissolve two solids, ammonium chloride and sodium carbonate, to determine if the solution process for each is exothermic, ∆H = (-), or endothermic, ∆H = (+). What do you predict?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

[image: image4.wmf]When an ionic compound dissolves in water, the ions that make up the crystalline structure break into individual charged particles. Water molecules then surround these charged particles. In fact, the polar covalent water molecules are responsible for the crystal's breakdown. Dissolution requires an increase in entropy. Entropy, S, a measure of disorder, is positive. Crystals, which are orderly arrangement of molecules, break down to individual ions. The ions become scattered throughout the solution. The change in entropy (∆S) is positive.

Beside the increase in disorder, the process of dissolving a solid may give off or require heat. If the solution of the solid crystal gets warm, the reaction is exothermic and the Heat of Solution (∆H) is negative. If the solution of the solid crystal gets cool, the reaction is endothermic and the Heat of Solution (∆H) is positive. 

The combination of attaining maximum disorder and lowest energy can be reconciled by the Gibb's Free Energy equation, which says:

∆G = ∆H - T∆S

If the substance dissolves, the reaction is spontaneous and ∆G is negative (-). 

Since a solution is always more disordered than the two components separately, ∆S is always positive (+). The value of (-T∆S) is always negative. If the solution gets cold, the value of ∆H is positive but the tendency of the reaction to maximum disorder over rides the ∆H value and the solid dissolves.

If the solution gets warm, the values of ∆H and ∆S are additive and the solid still dissolves. Once the solid is dissolved, the system reaches equilibrium and no further energy is lost or gained.

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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For You To Do

Use the Temperature Sensor to measure the change in temperature as two different solids dissolve in distilled water. Use DataStudio or ScienceWorkshop to record, display, and analyze the data.

[image: image5..pict]PART I: Computer Setup
1. Connect the ScienceWorkshop 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)

C21 Heat of Solution.DS
C21 Heat of Solution
C21_HEAT.SWS

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

· The ScienceWorkshop document has a Graph display with a plot of the Temperature versus Time and a Table display of Temperature.

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

1.
Make a calorimeter by placing a rubber band about the middle of a plastic condiment cup. Nest this cup inside another cup of the same dimension.

2.
Use a 1/4” paper punch to make a hole in the lid of the inside cup.

3.
Put 20 mL of distilled water in the inside cup.

4.
Measure 1.0 g of ammonium chloride on a piece of weighing paper. DON’T add the solid to the liquid yet.

5.
Put the lid on the cup. Place the Temperature Sensor in the hole in the lid. 

PART IIIA: Data Recording – Ammonium Chloride
1. When everything is ready, start recording data. 

2. After about five seconds, remove the Temperature Sensor and add the ammonium chloride solid through the hole. QUICKLY put the sensor back into the cup.

3. Swirl the cup as you allow the reaction to continue until it is complete. 

4. Continue until the temperature does not change any further, and then stop recording data.

5. Remove the Temperature Sensor from the cup and rinse the end of the sensor.

6. Discard the solution and rinse the cup.

PART IIIB: Data Recording – Sodium Carbonate
Repeat the procedure with 1.0 g of sodium carbonate solid in place of the ammonium chloride.

1. Put 20 mL of distilled water in the inside cup.

2. Measure 1.0 g of sodium carbonate on a piece of weighing paper. DON’T add the solid to the liquid yet.

3. Put the lid on the cup. Place the Temperature Sensor in the hole in the lid. 

4. When everything is ready, start recording data. 

5. After about five seconds, remove the Temperature Sensor and add the sodium carbonate solid through the hole. QUICKLY put the sensor back into the cup.

6. Swirl the cup as you allow the reaction to continue until it is complete. 

7. Continue until the temperature does not change any further, and then stop recording data.

8. Remove the Temperature Sensor from the cup and rinse the end of the sensor.

9. Discard the solution and rinse the cup.

•
You will have two runs of data at the end of the data recording.

Analyzing the Data
1.
Set up the Table so it has two columns: one for the first data run (ammonium chloride - Run #1) and one for the second data run (sodium carbonate - Run #2).

2.
Use the Table or Graph display to find the starting and ending values for temperature for the solution of ammonium chloride (Run #1). Record these values.

3.
Find the starting and ending values for temperature for the solution of sodium carbonate (Run #2). Record these values.

Record your results in the Lab Report section.

Lab Report - Activity C21: Heat of Solution

What Do You Think?

In this activity, you will dissolve two solids, ammonium chloride and sodium carbonate, to determine if the solution process for each is exothermic, ∆H = (-), or endothermic, ∆H = (+). What do you predict?

Data Table: Ammonium Chloride

Data
Item
Value

1
Mass of ammonium chloride used
 g

2
Moles of ammonium chloride used (

)
 moles

3
Starting temperature of water
  ˚C

4
Ending temperature of water
 ˚C

5
Change in temperature (Data 3 - Data 4)
 ˚C

6
Heat generated or gained (mass of liquid x Data 5 x 4.18)
 J

7
Molar Heat of Solution (Data 6÷ Data 2)
 J/mole

Data Table: Sodium Carbonate

Data
Item
Value

1
Mass of sodium carbonate used
g

2
Moles of sodium carbonate used (

)
 moles

3
Starting temperature of water
 ˚C

4
Ending temperature of water
 ˚C

5
Change in temperature (Data 3 - Data 4)
 ˚C

6
Heat generated or gained (mass of liquid x Data 5 x 4.18)
 J

7
Molar Heat of Solution (Data 6÷ Data 2)
 J/mole

Questions

1.
Which substance undergoes an exothermic reaction (∆H = (-) negative)?

2.
Which substance undergoes an endothermic reaction (∆H = (+) positive)?

3.
Complete the summary table below by marking “-” or “+” for each substance:

Summary 
Ammonium chloride
Sodium carbonate

∆G



∆H



∆S
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