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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, 50 mL
1
Egg white, diluted 1:5 with water
50 mL

Beaker, 250 mL
3
Gelatin suspension, 2%, warm
50 mL

Buret, 50 mL
1
Hydrochloric acid (HCl), 0.1M
10 mL

Clamp, buret (SE-9446)
2
Liver homogenate
50 mL

Graduated cylinder, 50 mL
1
Potato homogenate
50 mL

Stir rod
1
Sodium hydroxide (NaOH), 0.1M
10 mL

Wash bottle
1
Sodium phosphate buffer solution, pH 7
50 mL

Protective gear
PS
Water
50 mL



Water, distilled
500 mL

For instructions on preparation of solutions and materials, see the Notes section at the end of the this lab.

What Do You Think?

Which of the following substances can act as a buffer (maintain its pH within a relatively narrow range)? The substances are egg white, gelatin, liver, potato and water.

How do organisms maintain a stable internal environment?

Take time to answer these questions in the Lab Report section.
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Background
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In order to survive, living organisms must maintain a relatively stable internal environment. Both organisms and cells have learned to adapt to many environmental factors that would normally affect their internal environment.


The pH in the organism’s environment is determined by the concentration of hydrogen ions (H+) and hydroxide ions (OH-). The pH plays an important role in many biochemical processes and can affect internal and external environments of living tissue. Living organisms have developed mechanisms to maintain a normal pH for each cell or organ system (usually between pH 6 and pH 8).

A buffer is a solution of a weak acid in the presence of its salt. A buffer maintains its pH within a relatively narrow range despite changes in the concentration of hydrogen ions or hydroxide ions. 

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 change in pH of water, a buffer solution, and a variety of biological materials when a strong acid or strong base is added to them. Use DataStudio or ScienceWorkshop to record and analyze the data.

[image: image11..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 pH Sensor into Analog Channel A of the interface.

3.
Open the file titled as shown:


DataStudio
ScienceWorkshop  (Mac)
ScienceWorkshop  (Win)

B06 Organisms and pH.DS
See Appendix
See Appendix

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

•
See the Appendix for setting up a ScienceWorkshop file with a Digits display, a Table display, and a Graph display of pH.

•
Data recording is set at ten measurements per second (10 Hz).

[image: image12..pict]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..pict]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.
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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.
Set Up the Equipment

1.
Set up the pH electrode in a 50-mL beaker. Use a base and support rod and a clamp to mount the pH electrode so the end of the electrode is in the beaker.

[image: image18..pict]2.
Set up the buret so it is above the 50-mL beaker. Use a clamp to mount the buret so the tip of the buret is over the mouth of the beaker.

3.
Put a stir rod in the beaker. 
PART III: Data Recording
There are six parts to data recording.

Part
Description

A
Add 1.5 mL of hydrochloric acid to tap water

B
Add 1.5 mL of hydrochloric acid to sodium phosphate buffer solution

C
Add 1.5 mL of hydrochloric acid to a biological material

D
Add 1.5 mL of sodium hydroxide to tap water

E
Add 1.5 mL of sodium hydroxide to sodium phosphate buffer solution

F
Add 1.5 mL of sodium hydroxide to a biological material

Follow the same basic procedure in each part: 

· Put 25 mL of the substance to be tested into the beaker.

· Slowly but steadily add 1.5 mL of the acid (Parts A, B, and C) or base (Parts D, E, and F) drop-by-drop into the substance that is being tested. 

· Stir the substance as you slowly add the acid or base. Use the sensor to record the pH. 

Using the Buret

[image: image19..pict]Turn the valve on the buret to the ‘off’ position. Carefully pour enough acid into the buret so the level of the liquid is 10 mL above the lowest mark on the buret. For example, in a 50-mL buret, add fluid so the bottom of the meniscus is at the 40 mL mark. 

When you are ready to begin adding the acid (or the base) to the substance you are testing, open the valve just enough so that the fluid drips into the substance one drop at a time.

PART IIIA: Add Hydrochloric Acid to Tap Water
First, fill the buret with acid so the level of the acid is 10 mL above the lowest mark on the buret.

Make a prediction: 

[image: image20..pict]What will happen to the pH of the water as you add the acid? Write your prediction and a brief explanation in the Lab Report.

1.
Put 25 mL of tap water into the beaker. 

2.
When everything is ready, start recording data. (Hint: In DataStudio, click ‘Start’. In ScienceWorkshop, click ‘REC’.)
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3.
After 5 seconds, open the valve on the buret enough so the acid can begin dripping into the substance. Stir the mixture with the stir rod.

4.
Add 1.5 mL of acid (or 30 drops) and then close the buret valve.

5.
Stop data recording. 

6.
Dispose of the tap water/acid mixture as directed. Rinse and clean the beaker and the stir rod.

7.
Place an empty beaker under the pH electrode. Use the wash bottle with distilled water to thoroughly rinse the pH electrode. Dispose of the rinse water in the beaker as directed.

PART IIIB: Add Hydrochloric Acid to A Buffer Solution
Make a prediction: 

[image: image22..pict]What will happen to the pH of the buffer solution as you add the acid? Write your prediction and a brief explanation in the Lab Report.

1.
Put the beaker back under the pH electrode and buret. Put 25 mL of sodium phosphate buffer solution into the beaker.

2.
When everything is ready, start recording data. 

3.
After 5 seconds, open the valve on the buret enough so the acid can begin dripping into the substance. Stir the mixture with the stir rod.

4.
Add 1.5 mL of acid (or 30 drops) and then close the buret valve. 

5.
Stop data recording. 

6.
Dispose of the buffer solution/acid mixture as directed. Rinse and clean the beaker and the stir rod.

7.
Place an empty beaker under the pH electrode. Use the wash bottle with distilled water to thoroughly rinse the pH electrode. Dispose of the rinse water in the beaker as directed.

PART IIIC: Add Hydrochloric Acid to A Biological Material
1.
Select one biological material (egg white, liver homogenate, potato homogenate, or warm gelatin). Note: Your teacher may select the biological material for you or your group to use.

Record the type of biological material you are testing.

Substance = _________________________________

Make a prediction: 

[image: image23..pict]What will happen to the pH of the biological material as you add the acid? Write your prediction and a brief explanation in the Lab Report.

2.
Put the beaker back under the pH electrode and buret. Put 25 mL of your biological material into the beaker.

3.
When everything is ready, start recording data. 

4.
After 5 seconds, open the valve on the buret enough so the acid can begin dripping into the substance. Stir the mixture with the stir rod.

5.
Add 1.5 mL of acid (or 30 drops) and then close the buret valve. 

6.
Stop data recording. 

7.
Dispose of the material/acid mixture as directed. Rinse and clean the beaker and the stir rod.

8.
Place an empty beaker under the pH electrode. Use the wash bottle with distilled water to thoroughly rinse the pH electrode. Dispose of the rinse water in the beaker as directed.

PART IIID: Add Sodium Hydroxide to Tap Water
First, fill the buret with sodium hydroxide solution so the level of the solution is 10 mL above the lowest mark on the buret.

Make a prediction: 

[image: image24..pict]What will happen to the pH of the water as you add the sodium hydroxide? Write your prediction and a brief explanation in the Lab Report.

1.
Put the beaker back under the pH electrode and buret. Put 25 mL of tap water into the beaker.

2.
When everything is ready, start recording data. 

3.
After 5 seconds, open the valve on the buret enough so the base (sodium hydroxide) can begin dripping into the substance. Stir the mixture with the stir rod.

4.
Add 1.5 mL of base (or 30 drops) and then close the buret valve. 

5.
Stop data recording. 

6.
Dispose of the tap water/base mixture as directed. Rinse and clean the beaker and the stir rod.

7.
Place an empty beaker under the pH electrode. Use the wash bottle with distilled water to thoroughly rinse the pH electrode. Dispose of the rinse water in the beaker as directed.

PART IIIE: Add Sodium Hydroxide to A Buffer Solution
Make a prediction: 

What will happen to the pH of the buffer solution as you add the base? Write your prediction and a brief explanation in the Lab Report.

1.
Put the beaker back under the pH electrode and buret. Put 25 mL of sodium phosphate buffer solution into the beaker.

2.
When everything is ready, start recording data. 

3.
After 5 seconds, open the valve on the buret enough so the base can begin dripping into the substance. Stir the mixture with the stir rod.

4.
Add 1.5 mL of base (or 30 drops) and then close the buret valve. 

5.
Stop data recording. 

6.
Dispose of the buffer solution/base mixture as directed. Rinse and clean the beaker and the stir rod.

7.
Place an empty beaker under the pH electrode. Use the wash bottle with distilled water to thoroughly rinse the pH electrode. Dispose of the rinse water in the beaker as directed.

PART IIIF: Add Sodium Hydroxide to A Biological Material
Note: Use the same biological material for Part IIIF that you used in Part IIIC.

Make a prediction: 

What will happen to the pH of your biological material as you add the base? Write your prediction and a brief explanation in the Lab Report.

1.
Put the beaker back under the pH electrode and buret. Put 25 mL of your biological material into the beaker.

2.
When everything is ready, start recording data. 

3.
After 5 seconds, open the valve on the buret enough so the base can begin dripping into the substance. Stir the mixture with the stir rod.

4.
Add 1.5 mL of base (or 30 drops) and then close the buret valve. 

5.
Stop data recording. 

6.
Dispose of the material/base mixture as directed. Rinse and clean the beaker and the stir rod.

7.
Place an empty beaker under the pH electrode. Use the wash bottle with distilled water to thoroughly rinse the pH electrode. Dispose of the rinse water in the beaker as directed.

Analyzing the Data
1.
Set up your Graph display so you can see all your data. (Hint: In DataStudio the Graph already shows all the runs. In ScienceWorkshop, use the ‘Add a Plot’ menu ([image: image4.png]


) to add a second plot to the Graph. Then use the ‘Data’ menu in each plot to select Runs #1, #2, and #3 for one plot and Runs #4, #5, and #6 for the other plot.)

2.
Set up your Table display so you can see all your data. (Hint: In DataStudio, use the ‘Data’ menu button ([image: image5.png]


) to select each run. In ScienceWorkshop, click the ‘Add a Column’ menu button ([image: image6.png]


) to add more columns to the Table. Then click the ‘Data’ menu ([image: image7.png]


) to select Run #1 for the first column, Run #2 for the second column, and so on for all the data.)

3.
Use the built-in analysis tools of the Graph or Table display to find the beginning pH and the ending pH for each trial.

· Hint for Graph display: In DataStudio, click the ‘Smart Tool’ button ([image: image8.png]


) in the Graph. 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: image9.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. 

· Hint for Table display: Look at the beginning value of pH and then scroll to the end of the column to see the ending value of pH.

4.
Record the values of the beginning pH and the ending pH for each of your runs of data. 

5.
Obtain the pH data for other biological materials from your classmates and record them in your data table in the Lab Report.

6.
Calculate the change in pH (if any) for each substance. Record the change in the data table.

7.
Finally, calculate the percent difference between the beginning pH and the ending pH for each substance (tap water, buffer solution, egg white, gelatin, liver and potato). Record the percent difference in the data table.

Record your results in the Lab Report section.

Appendix: Set Up ScienceWorkshop
Create a ScienceWorkshop file to measure pH.

Set Up the Sensor

In the Experiment Setup window, click and drag the analog sensor plug to Channel A. 

Select ‘pH Sensor’ from the list of sensors. Click ‘OK’ to return to the Experiment Setup window.

Set Up the Displays

In the Display menu, select ‘New Digits’ from the list of displays. Return to the Display menu and select ‘New Table’. Finally, return to the menu and select ‘New Graph’. 

Arrange the windows so you can see the Digits display of pH.

Lab Report - Activity B06: Organisms and pH

What Do You Think?

How do organisms maintain a stable internal environment? Why is maintaining a stable internal environment important?

Predictions:

Part IIIA: What will happen to the pH of the water as you add the acid?

Part IIIB: What will happen to the pH of the buffer solution as you add the acid?

Part IIIC: What will happen to the pH of the biological material as you add the acid?

Part IIID: What will happen to the pH of the water as you add the base (sodium hydroxide)?

Part IIIE: What will happen to the pH of the buffer solution as you add the base?

Part IIIF: What will happen to the pH of the biological material as you add the base?

Data Table


0.1 M hydrochloric acid (HCl) 
0.1 M sodium hydroxide (NaOH)

Substance
Begin pH
End pH
∆pH
% diff.
Begin pH
End pH
∆pH
% diff.

Tap Water









Buffer









Egg White









Gelatin









Liver









Potato









Questions

1.
What was the total pH change when HCl is added to your biological material? Compare this change to the pH change for the tap water and acid.

2.
What was the total pH change when NaOH is added to your biological material? Compare this change to the pH change for the tap water and base.

3.
Describe how each biological material responded to changes in pH.

4.
How does the buffer solution respond to HCl and NaOH? Is it more like the tap water or a biological material?

5.
Would buffers help or hinder the maintenance of a stable internal environment inside living tissue and cells? Explain.

6.
Suggest a mechanism for pH regulation in organisms.

7.
It is known that there are buffers in the human blood system. How might that be important for you?

Connect to the sensor.





Remove the bottle of buffer solution.
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