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Activity B05: The Role of Buffers in Biological Systems (pH Sensor)

	Concept
	DataStudio
	ScienceWorkshop (Mac)
	ScienceWorkshop (Win)

	Bbiochemistry
	B05 Buffers.DS
	B04 Role of Buffers
	B04_BUFF.SWS


	Equipment Needed
	Qty
	Chemicals and Consumables
	Qty

	pH Sensor (CI-6507)
	1
	Buffer solution: high pH
	100 mL

	Base and support rod (ME-9355)
	1
	Buffer solution: low pH
	100 mL

	Beaker, 250 mL 
	5
	Club soda*
	200 mL

	Buret, 50 mL
	1
	Vinegar, 5% acetic acid
	125 mL

	Clamp, buret (SE-9446)
	2
	Water
	200 mL

	Graduated cylinder, 100 mL
	1
	Water, distilled
	1 L

	Magnetic stirrer and spin bar
	1
	
	

	Wash bottle
	1
	
	

	Protective gear
	PS
	
	


(*dilute solution of sodium and hydrogen carbonate)

What Do You Think?

[image: image10.png]


Human blood contains sodium bicarbonate/carbonic acid/carbonate buffers. What is the purpose of these buffers, and how effective are these buffers?

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

Background

Living cells require constant conditions to remain alive. Individual living cells that are not part of a larger organism rely on their surroundings to provide a constant flow of nutrients and oxygen and to maintain salt balance. Their environment must also be at a nearly constant temperature and pH. If any of these physical and chemical conditions are not held constant, the living conditions may vary above or below the optimum conditions necessary for life. Under these conditions the organisms may not grow or reproduce. If the conditions are varied even more, the organism's life may be threatened.

	In higher animals, living cells rely on the biological systems of the organism for constant living conditions. Specifically, they rely on the flow of nutrients and oxygen, the maintenance of a constant pH, and the removal of waste.

This is usually provided by some sort of circulatory system. The circulating tissue, often blood, is composed of cells, nutrients, oxygen, waste and cellular like particles in a buffered salt solution. A buffer is a solution of a weak acid in the presence of its salt. The combination of weak acid and its salt maintains a constant pH. Without a buffering solution, the pH of a circulating blood system might fluctuate wildly and cause biological havoc.

Blood cells and the body cells with which they come in contact must be held at a nearly constant pH. That is why a buffering system is always present in any circulatory system. 
	[image: image1.wmf]


Vinegar is a solution, usually 5% acetic acid in water. Acetic acid ionizes in water to form hydrogen ions (H+). The hydrogen ions cause the pH of a solution to decrease. Without a salt, the acetic acid can cause pure water to drop to low pH levels. A buffered salt solution can prevent a large decrease in pH.

	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 pH sensor to measure the pH of water as you slowly add a ‘weak’ acid to it. Then measure the pH of water as you slowly add a ‘strong’ acid to it. Then measure the pH of a buffered salt solution (club soda) as you add a ‘weak’ acid to it. Finally, measure the pH of the buffered salt solution as you add a ‘strong’ acid to it. Use DataStudio or ScienceWorkshop to record and display you data. 

Compare the change in pH of the water to the change of pH of the buffered salt solution when the ‘weak’ and ‘strong’ acids are added to each. Determine which is better able to keep its pH closest to the original level.

[image: image11.wmf]PART I: Computer Setup
1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer.

2.
Connect the pH Sensor DIN plug into Analog Channel A on the interface. 

3.
Open the file titled as shown;

	DataStudio
	ScienceWorkshop (Mac)
	ScienceWorkshop (Win)

	B05 Buffers.DS
	B04 Role of Buffers
	B04_BUFF.SWS


•
The DataStudio file has a Workbook display. Read the instructions in the Workbook. The file has a Graph of pH versus Time and a Digits display of pH.

•
The ScienceWorkshop document opens with a Graph display of pH versus Time.

•
Data recording is set for 10 measurements per second.

[image: image12.wmf]PART II: Sensor Calibration and Equipment Setup
Calibrate the Sensor

•
To calibrate the pH Sensor you will need a wash bottle, distilled water, three beakers, and buffer solutions of high pH (e.g. pH 10) and low pH (e.g. pH 4). Put distilled water into the wash bottle and into one of the beakers. Put buffer solutions in the other two beakers.

[image: image13.wmf]1.
Remove the pH electrode from its bottle of buffer solution. Connect the electrode to the pH Sensor amplifier. To connect the electrode, push the BNC plug onto the receptacle on the Sensor amplifier and turn the BNC plug clockwise until it ‘clicks’ into place.

2.
Use the wash bottle to rinse the end of the electrode. Soak the pH electrode in the beaker of distilled water for 10 minutes.

•
NOTE: While the electrode is soaking you can prepare the ‘weak’ acid and ‘strong’ acid for the activity. See ‘Prepare the Acid’ for details.

[image: image14.wmf][image: image15.wmf]3.
In the Experiment Setup window, double-click the pH Sensor icon.
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•
In DataStudio, the Sensor Properties window will open. Click the ‘Calibration’ tab. In ScienceWorkshop, the Sensor Setup window will open.

4.
Calibrate with the high pH buffer solution.

· Put the end of the pH electrode into the high pH buffer solution. 

· Check the voltage under ‘Current Reading’ in DataStudio or next to ‘Cur Value:’ in ScienceWorkshop. 

· When the voltage stabilizes, click the ‘Take Reading’ button under ‘High Point’ in DataStudio or the ‘Read’ button in the row for ‘High Value:’ in ScienceWorkshop.

· Enter the pH value of the buffer solution. 

5.
Thoroughly rinse the pH electrode with distilled water and dry it with a tissue.

6.
Calibrate with the low pH buffer solution.

· Put the end of the H electrode in the low pH buffer solution.  

· Check the voltage under ‘Current Reading’ in DataStudio or next to ‘Cur Value:’ in ScienceWorkshop. 

· When the voltage stabilizes, click the ‘Take Reading’ button under ‘Low Point’ in DataStudio or the ‘Read’ button in the row for ‘Low Value:’ in ScienceWorkshop.

· Enter the pH value of the buffer solution. Click OK to return to the Experiment Setup window.

7.
Thoroughly rinse the pH electrode with distilled water and dry gently.
[image: image18.wmf]Set Up the Equipment

1.
Put a spin bar into a 250-mL beaker. Place the beaker on the magnetic stirrer. 

2.
Use a clamp and a base and support rod to position the pH electrode so that it is near the edge of the beaker but is not touching the spin bar.

3.
Use a clamp to support the buret so the end of the buret is over the beaker.

Prepare the Acid

1.
Make the ‘weak’ acid. Put 50 mL of vinegar in a 250-mL beaker. Add 50 mL of distilled water to the vinegar. Label the beaker ‘weak acid’.

2.
Make the ‘strong’ acid. Put 75 mL of vinegar in a 250-mL beaker. Add 25 mL of distilled water to the vinegar. Label the beaker ‘strong acid’.

PART III: Data Recording  

· There are four parts to data recording.

	Part
	Description

	A
	10 mL ‘weak’ acid + 100 mL water

	B
	10 mL ‘strong’ acid + 100 mL water

	C
	10 mL ‘weak’ acid + 100 mL club soda

	D
	10 mL ‘strong’ acid + 100 mL club soda


PART IIIA: ‘Weak’ Acid and Water

1.
Put 100 mL of water into the beaker on the magnetic stirrer. Turn on the magnetic stirrer.

2.
Put 10 mL of ‘weak’ acid into the buret. (Make sure the buret valve is ‘off’.)

3.
Start recording data. Hint: In DataStudio click the ‘Start’ button ([image: image5.png]


) or in ScienceWorkshop click the ‘REC’ button ([image: image6.png]


). Allow the interface to record for about 5 seconds.

4.
Open the buret valve to let the ‘weak’ acid (dilute vinegar solution) pour into the water. 

5.
Continue to record the pH data for an additional 10 seconds after the ‘weak’ acid has been added.

6.
After the last of the solution has been added, and you have waited 10 seconds, stop recording data.

7.
Dispose of the contents of the beaker as directed and thoroughly rinse the beaker and the buret.

PART IIIB: ‘Strong’ Acid and Water

· Repeat the procedure, but put 10 mL of ‘strong’ acid into the buret. Record data as the strong acid pours from the buret into the beaker of water. 

· Dispose of the contents of the beaker as directed and thoroughly rinse the beaker and the buret.

PART IIIC: ‘Weak’ Acid and Club Soda

1.
Put 100 mL of club soda into the beaker on the magnetic stirrer. Turn on the magnetic stirrer.

2.
Put 10 mL of ‘weak’ acid into the buret. (Make sure the buret valve is ‘off’.)

3.
Start recording data. Allow the interface to record for about 5 seconds.

4.
Open the buret valve to let the ‘weak’ acid (dilute vinegar solution) pour into the club soda. 

5.
Continue to record the pH data for an additional 10 seconds after the ‘weak’ acid has been added.

6.
After the last of the solution has been added, and you have waited 10 seconds, stop recording data.

7.
Dispose of the contents of the beaker as directed and thoroughly rinse the beaker and the buret.

PART IIID: ‘Strong’ Acid and Club Soda

· Repeat the procedure, but put 10 mL of ‘strong’ acid into the buret. Record data as the strong acid pours from the buret into the beaker of water. 

· Dispose of the contents of the beaker as directed and thoroughly rinse the beaker and the buret.

Optional

To see whether or not the quantity of the acid makes a difference, repeat the procedure, but put 50 mL of the acid into the buret instead of 10 mL. 

Analyzing the Data
1.
Use the built-in analysis tools in the Graph display to determine the beginning pH and the ending pH for each run of data. 

· Hint: In DataStudio, click the ‘Smart Tool’ button ([image: image7.png]


). The ‘Smart Tool’ displays the coordinates of its position as you move it to any position in the Graph display. When the ‘Smart Tool’ is on a data point, the ‘y’ coordinate is the pH value at that point. 

In ScienceWorkshop, click the ‘Smart Cursor’ button ([image: image8.png]


) and move the cursor into the display area. The coordinates of the cursor are displayed in the label area of the Y-axis and the X-axis. 

2.
Record the beginning pH and the ending pH for each run in the Data Table.

· Note: In ScienceWorkshop, use the ‘Data Menu’ button ([image: image9.png]


) in the Graph display to select a run of data.

Record your results in the Lab Report section.

Lab Report - Activity B05: The Role of Buffers in Biological Systems

What Do You Think 

Human blood contains sodium bicarbonate/carbonic acid/carbonate buffers. What is the purpose of these buffers, and how effective are these buffers?

Data Table

	Part
	Run
	Description
	Beginning pH
	Ending pH

	A
	1
	‘weak’ acid + water
	
	

	B
	2
	‘strong’ acid + water
	
	

	C
	3
	‘weak’ acid + club soda
	
	

	D
	4
	‘strong’ acid + club soda
	
	


Questions

1.
Look at the graph of each of your results. Compare and contrast the combinations of weak acid and water with weak acid and club soda. How are they different? How are they the same?

2.
What happened when you added the ‘strong’ acid to water. What happened when you added the ‘strong’ acid to club soda? How were the results different from when you added 10 mL of diluted vinegar to the club soda?

3.
Consider the definition of a buffer. Tap water contains minerals. Club soda contains sodium bicarbonate and carbonic acid. Which starting liquid made a better buffer? How does your experiment show this?

Connect to the sensor.





Remove the bottle of buffer solution.
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