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Name _____________________
Class ______________
Date _________


Activity C18: Chemical Equilibrium
(Pressure Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Rate of reactions
C18 Equilibrium.DS
C19 Chemical Equilibrium
C19_CHEM.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Pressure Sensor (CI-6532A)
1
Tubing (w/sensor)
1

Connector, rubber stopper (w/sensor)
1
Protective gear
PS

Coupling, quick release (w/sensor)
1
Chemicals and Consumables
Qty

Flask, 250 mL
1
Glycerin
1 mL

Graduated cylinder
1
Soda water, cold
100 mL

Rubber stopper, one-hole
1
Soda water, warm
100 mL

What Do You Think?

[image: image1.wmf]How will the temperature of club soda affect the rate at which equilibrium is established?

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

Background

[image: image8.png]


The process of chemical equilibrium is dynamic. The term dynamic means that even though no macroscopic chemical changes are noticeable, microscopic chemical changes are occurring constantly. 

For any chemical reaction, the reactants combine with each other to form products. A general reaction could be written:

A  +  B   ======>   C

The equation states that chemical A reacts with chemical B at a set rate to produce C. This is a kinetic reaction which proceeds in only one direction. This is not a system in equilibrium. 

But chemical C decomposes at another rate to reform chemicals A and B. This is also not a system in equilibrium.

C  ======> B + A

When the two reactions are combined and the rate of the forward reaction equals the rate of the reverse reaction the two opposing reactions are said to be at equilibrium.

A <======> B  +  C

Carbonic acid decomposes to form carbon dioxide and water in the following equilibrium system:

H2CO3(aq) <=======> CO2(g)  +  H2O(aq)

carbonic acid
    carbon dioxide   water

The carbon dioxide then reacts with water to reform carbonic acid. The forward reaction occurs every time you open a soda bottle or pour soda into a glass. The carbonic acid decomposes to form the fizz that we associate with most soft drinks. 

When you cap the bottle, the carbon dioxide gas begins to re-dissolve in the soda water to reform carbonic acid. Once the rate of the forward decomposition equals the rate of reformation of carbonic acid, the system has reached chemical and physical equilibrium. The reactions still occur at the microscopic level but there is no evidence of any macroscopic change. You will know when the carbonic acid/carbon dioxide system has reached equilibrium when there is no further change in the pressure in the soda bottle. 

SAFETY REMINDERS
· Wear protective gear.

· Follow directions for using the equipment.

· Handle and dispose of all chemicals and solutions properly.
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For You To Do

[image: image9..pict]Use the Pressure Sensor to measure the change in pressure inside a rigid container as a small amount of soda water decomposes. Use DataStudio or ScienceWorkshop to record and display the data. Compare the data collected for cold soda water to the data collected for warm soda water.

PART I: Computer Setup
1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer.

2.
Connect the Pressure Sensor’s DIN plug into Analog Channel A on the interface.

3.
Open the file titled as shown:

DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

C18 Equilibrium.DS
C19 Chemical Equilibrium
C19_CHEM.SWS

•
The DataStudio file has a Graph display of pressure versus time. Read the instructions in the Workbook display.

•
The ScienceWorkshop document has a Graph display of pressure versus time.

•
Data recording is set for one measurement per second.

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

Set Up the Equipment

•
For this part you will need the following: glycerin, quick-release coupling, connector, plastic tubing, rubber stopper, flask, graduated cylinder, and warm (room temperature) soda water.

[image: image10..pict]1.
Put a drop of glycerin on the barb end of a quick release coupling. Put the end of the quick release coupling into one end of a piece of plastic tubing (about 15 cm) that comes with the Pressure Sensor. 

[image: image11..pict]2.
Put a drop of glycerin on the barb end of the connector. Push the barb end of the connector into the other end of the plastic tubing.

3.
Fit the end of the connector into the one-hole rubber stopper. 

4.
Put 100 mL of warm (room temperature) soda water in the flask.
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PART IIIA: Data Recording – Warm Soda Water
1.
Put the rubber stopper firmly into the top of the flask.

[image: image13..pict]2.
Align the quick-release coupling on the end of the plastic tubing with the pressure port of the Pressure Sensor. Push the coupling onto the port, and then turn the coupling clockwise until it clicks (about one-eighth turn). 

3.
When everything is ready, begin data recording. (Hint: Click ‘Start’ in DataStudio or ‘REC’ in ScienceWorkshop.)

What do you predict the graph of pressure versus time will look like?

•
Observe the change in pressure as the carbonic acid decomposes in the flask. 

4.
Continue collecting data for about 6 minutes and then stop recording data. 

5.
Slowly remove the rubber stopper from the bottle. Disconnect the quick-release coupling from the Pressure Sensor.

6.
Dispose of the soda water. Rinse the flask with cold water.

PART IIIB: Data Recording – Cold Soda Water
1.
Put 100 mL of cold soda water in the flask. Put the rubber stopper firmly into the top of the flask.

2.
Align the quick-release coupling on the end of the plastic tubing with the pressure port of the Pressure Sensor. Push the coupling onto the port, and then turn the coupling clockwise until it clicks (about one-eighth turn). 

3.
When everything is ready, begin data recording. 

How will the graph of the cold soda water differ from the graph of the room temperature soda water?

4.
Continue collecting data for about 6 minutes and then stop recording data. 

5.
Slowly remove the rubber stopper from the bottle. Disconnect the quick-release coupling from the Pressure Sensor.

6.
Dispose of the soda water. Rinse the flask.

Analyzing the Data
1. Use the built-in statistics tools in the Graph display to find the minimum and maximum values for pressure for each run of data.

•
Hint: In DataStudio, click the ‘Statistics menu’ button ([image: image4.png]


) in the display toolbar. The legend in the Graph display will show the minimum and maximum pressure.

•
Hint: In ScienceWorkshop, click the ‘Statistics’ button ([image: image5.png]


) to open the statistics area. Click the ‘Statistics menu’ button ([image: image6.png]


) in the statistics area and select Minimum and Maximum from the menu.

2.
Record the values in the Lab Report section.

3.
Use the built-in analysis tools in the Graph display to find the slope of the pressure versus time. 

[image: image14..pict]•
Hint: In DataStudio, use the cursor to select a region of the plot of pressure. Click the ‘Fit menu’ button ([image: image7.png]


) in the display toolbar and select ‘Linear’ from the menu. 

•
Hint: In ScienceWorkshop, use the cursor to select a region of the plot of pressure. Click the ‘Statistics menu’ button in the statistics area and select ‘Curve Fit, Linear Fit’ from the menu.

4.
Record the slope of each run of data as the rate of decomposition.

Record your results in the Lab Report section.

Lab Report - Activity C18: Chemical Equilibrium

What Do You Think?

How will the temperature of club soda affect the rate at which equilibrium is established?

Data Table

Trial
Pressure (maximum)
Pressure (minimum)
Slope

Warm soda water
 kPa
 kPa


Cold soda water
 kPa
 kPa


Questions

1.
Is there a difference in the rate to reach equilibrium?

2.
What is the relationship of temperature to the rate to reach equilibrium?

3.
Explain what is happening on a molecular level.
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