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Membrane Permeability


Student Inquiry Worksheet


Membrane Permeability
Driving Question
What types of substances are able to pass through a cell membrane?
Background
The contents of a cell are separated from the outside environment by a membrane. Life is dependent upon movement of substances across the membrane, specifically CO2 and O2, water, minerals and nutrients, and wastes. Some molecules may pass (unaided) through the membrane: water, carbon dioxide, oxygen, cholesterol, and other very small polar molecules (for example, ammonia). 
Passive transport includes simple diffusion and therefore requires no energy expenditure. Most substances, however, require specific mechanisms to be transported across the membrane. Active transport requires energy and is used to move substances from low to a higher concentration, traveling against a concentration gradient, or to move large molecules through a protein channel.

The cell membrane is not a simple bag holding cell parts. The active nature of a biological membrane makes it a living part of the cell. 
Materials and Equipment
For each student or group:

	· Data collection system
	· 0.1 M sodium hydroxide (NaOH ), 15 mL 

	· pH sensor
	· Starch solution 

	· Beaker, 250-mL
	· Dialysis tubing, 15-cm length (2)

	· Large base and support rod 
	· Wash bottle

	· Clamp, utility (2)
	· Water, distilled, 1 L

	· Magnetic stirrer and spin bar 
	· Binder clip

	· Lugol's iodine 
	· String

	· 0.1 M hydrochloric acid (HCl),15 mL 
	


Safety
Add these important safety precautions to your normal laboratory procedures:

· Wear safety glasses and lab coats or aprons.

· Dispose of chemicals and solutions as instructed. 

CAUTION: Hydrochloric acid and sodium hydroxide are irritants and can ruin clothing. Avoid contact to eyes and skin. Do not ingest. Notify your teacher of any contact with the chemicals.

Sequencing Challenge
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The steps below are part of the Procedure for this lab activity. They are not in the right order. Determine the proper order and write numbers in the circles that put the steps in the correct sequence. 

Procedure
After you complete a step (or answer a question), place a check mark in the box (() next to that step.

Note:  When you see the symbol "�" with a superscripted number following a step, refer to the numbered Tech Tips listed in the Tech Tips appendix that corresponds to your PASCO data collection system. There you will find detailed technical instructions for performing that step. Your teacher will provide you with a copy of the instructions for these operations.
Set Up Equipment 

Prepare the Dialysis Bag
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TIPS FOR WORKING WITH DIALYSIS TUBING

· Wash your hands. The oils on your skin can clog the pores of the tubing.
· Keep the tubing moist. If it dries out, it can crack and give invalid results.

· Tie multiple tight knots in the string at the end of the bag to ensure that it is sealed off.
1.
(
Tie one end of a piece of dialysis tubing with string to form the tubing into a bag. Rub the tubing between your fingers to open the top of the bag.

2.
(
Pour 15 mL of 0.1 M hydrochloric acid (HCl) and 5 mL of the 10% starch solution into the dialysis tubing bag. 
CAUTION: Hydrochloric acid and sodium hydroxide are irritants and can ruin clothing. Avoid contact to eyes and skin. Do not ingest. Notify your teacher of any contact with the chemicals.

3.
(
Fold over the open end of the bag. 
4.
(
Place a binder clip over the folded end, or you can tie off this end using string as well.

5.
(
Place the bag under a gentle stream of running water to wash off any acid that may have fallen on the exterior of the bag. 

6.
(
Tie off one end of the second piece of dialysis tubing with string. 

7.
(
Add 15 mL of 0.1 M sodium hydroxide (NaOH) to the bag.

8.
(
Fold over and clip or tie off the other end of the bag (as with the first bag).
9.
(
Rinse the outside of the second bag. 

Note: Do not allow the exteriors of the bags to come in contact with each other.

10.
(
Set your bags aside on a labeled paper towel.
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11.
(
Start a new experiment on the data collection system. �(1.2)
12.
(
Connect a pH  sensor to the data collection system. �(2.1)
13.
(
Display pH on the y-axis of a graph with Time on the x-axis. �(7.1.1)
14.
(
Adjust the scale of the graph to show all data as needed. �(7.1.2)
15.
(
Put a spin bar into a 250-mL beaker and place the beaker on the magnetic stirrer.

16.
(
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.

Part 1 – Migration of hydrogen ions (H+) through a membrane 

Set Up
17.
(
Use a clamp to suspend the dialysis tubing bag containing hydrochloric acid above the beaker.

18.
(
Add 100 mL of distilled water to the beaker. 

19.
(
Turn the magnetic stirrer on low. 
20.
(
Add 25 drops of iodine to the water.
21.
(
Position the pH electrode so it is in the water in the beaker but does not hit the spin bar.

Collect Data

22.
(
Start data recording. �(6.2)
23.
(
After 60 seconds, lower the dialysis tubing containing the hydrochloric acid into the water. 

24.
(
Allow the experiment to run for 300 seconds.

25.
(
Stop data recording. �(6.2)
26.
(
Name the data run "HCl". �(8.2)
27.
(
Add a note to the graph of any color changes in the beaker water, or the color of the water inside the bag. �(7.1.5)
28.
(
Dispose of the dialysis tubing bag and hydrochloric acid as directed.

29.
(
Raise the pH electrode out of the water. 
30.
(
Use a wash bottle to thoroughly rinse the end of the pH electrode. 

31.
(
Remove the spin bar from the beaker and dispose of the beaker contents as directed. 
32.
(
Rinse and dry the beaker. 

Part 2 – Migration of hydroxide ions (OH–) through a membrane 
Set Up
33.
(
Add 100 mL of fresh distilled water to the beaker. 
34.
(
Add the spin bar and place the beaker on the magnetic stirrer. 
35.
(
Turn on the magnetic stirrer. 
36.
(
Position the pH electrode so it is in the water in the beaker, but does not hit the spin bar.
37.
(
Display both data runs. �(7.1.3)

Collect Data
38.
(
Start data recording. �(6.2)
39.
(
After 60 seconds, lower the dialysis tubing containing the sodium hydroxide into the water. 

40.
(
Allow the experiment to run for 300 seconds.

41.
(
Stop data recording. �(6.2)
42.
(
Name this data run "NaOH". �(8.2)
43.
(
Dispose of the dialysis tubing bag and sodium hydroxide as directed.

44.
(
Raise the pH electrode out of the water.

45.
(
Use a wash bottle to thoroughly rinse the end of the pH electrode and store it properly

46.
(
Remove the spin bar from the beaker and dispose of the beaker contents as directed. 
47.
(
Save your experiment. �(11.1) and clean up according to your teacher's instructions.
Data Analysis

1.
(
In Table 1, record the initial and final colors seen in the beaker and the bag for the HCl run. Also indicate whether or not starch was present in the results column. 
Table 1: Initial and final colors

	
	Initial Color
	Final Color
	Result 

	Beaker
	
	
	

	Bag
	
	
	


2.
(
Find the initial and final pH for each data run and record in Table 2. �(9.1)
3.
(
Calculate the change in pH for both data runs and record in Table 2.
4.
(
Calculate the rate of change of pH (change in pH / time) for each run and record in Table 2.

Table 2: Change in pH

	Part
	Run
	Initial pH
	Final pH
	Change in pH
	Rate of Change of pH 

	HCl
	1 
	
	
	
	

	NaOH
	2
	
	
	
	


5.
(
Sketch pH versus Time for both data runs. Be sure to label your runs. 
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Analysis Questions

1.
Describe what happened to the pH in the beaker during the soaking of the HCl bag. What does this indicate about the permeability of the membrane by the H+ ions? 

2.
Describe what happened to the pH in the beaker during the soaking of the NaOH bag. What does this indicate about the permeability of the membrane by the OH- ions?
3.
Describe what happened between the starch solution and iodine. Was iodine able to move into the bag? Was starch able to move out of the bag? Explain your answer, and support it with data. 
4.
This lab is demonstrating diffusion and semi-permeable membranes. Define these concepts.

Synthesis Questions
Use available resources to help you answer the following questions.

1.
How could the diffusion rate be increased?

2.
How could you use a series of molecules to determine the size of the pores in the membrane?
3.
Were there any sources of experimental error that may have altered your results?

4.
How does this membrane model differ from a real cell membrane? What structures are present in a real cell membrane that regulate what can enter and exit the cell? 

5.
What types of molecules can readily enter and exit cells by passing directly through the lipid bilayer?

6.
List several examples of substances that must move through a membrane protein. Explain why it is necessary for these substances to use a protein for transport.

7.
Does the model illustrated in this experiment demonstrate active or passive transport? Explain.

Multiple Choice Questions

Select the best answer or completion to each of the questions or incomplete statements below.

1.
The membrane of a cell will allow water, oxygen, CO2, and glucose to pass through. However, other substances are blocked from entering. This type of membrane is called:

A.
Semi-permeable

B.
Perforated

C.
Permeable

D.
Non-permeable

2.
Despite differences in cell types, all cells have a:
A.
Cell wall

B.
Cell membrane

C.
Mitochondrion

D.
Nucleus

3.
Cell membranes are constructed mostly of: 

A.
Protein channels

B.
Carbohydrate channels

C.
Lipid bilayers

D.
Hydrophobic regions

4.
Look at the diagram below and choose the correct statement:
A.
Glucose will move from right to left.

B.
Starch will move from right to left.
C.
Salt will move from right to left.
D.
No molecules will move in any direction.
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Key Term Challenge
Fill in the blanks from the list of randomly ordered words in the Key Term Challenge Word Bank.
1.
____________ are the basic unit of all living organisms. The one common attribute of all cells is that they are surrounded or bounded by a _____________________. Because of its chemical makeup, it is _____________________, which means that some particles pass easily through it and others cannot pass through at all. The plasma membrane forms an extremely effective seal around the cell. A cell uses two methods to move substances from one side of the plasma membrane to another. _____________________ is accomplished without the expenditure of energy. _____________________ requires a cell to expend energy.

2.
Water and selected solutes move passively though the cell and cell membranes by ____________, a physical process in which molecules move from an area where they are in high concentration to one where their concentration is lower. The rate at which molecules of a particular substance cross a plasma membrane defines _____________________. Permeability is dependent on the _____________________ and the composition of the membrane, the number and _____________________, or the number of specific carrier proteins in the membrane. 
3.
The plasma membrane is composed primarily of two types of molecules: ____________, which are fatty or oily molecules, and ____________. The basic structural framework of the plasma membrane is formed by two sheets of lipids, each sheet a single molecule thick. The protein molecules are embedded within this double layer, or ____________, of lipids.
Key Term Challenge Word Bank
	Paragraph 1
	Paragraph 2
	Paragraph 3
	

	tissues

cells

plasma membrane

cell wall

completely permeable

selectively permeable

passive transport

active transport

electron transport

	diffusion

endocytosis

membrane permeability

type of cell

type of molecule

type of organ

size of pores

size of cells

	carbohydrates

lipids

DNA

proteins

sugars

bilayer

trilayer

single layer


	








Add distilled water to the beaker, and turn on the magnetic stirrer.














Prepare 2 dialysis bags. Set up your data collection system.











Glucose molecule





Repeat the procedure for the bag containing NaOH. 














Lower the dialysis tubing  containing the HCl and starch into the water, and add iodine to the water.











Determine the change in pH. Observe any change in color in the beaker or inside the bag.





Starch molecule





The membrane is permeable to glucose but not permeable to starch.





Dialysis bag
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