Summer Institute for Engineering and Technology Education


�subject�Chemical Engineering� - Teacher Module �keywords�2�


�title�Movement of Small Molecules and Water Through a Membrane�


NOTE:	This Module is taken from “Activity 26” of Chemical Activities: Teacher Edition, by Borgford and Summerlin.  American Chemical Society, 1988.


Concept


One of the basic processes in living systems is that of osmosis, the passage of water across a semipermeable membrane to an area of greater solute concentration. A related process is the simple diffusion of small molecules and ions across the membrane.  Dialysis is used in the biochemical industry to separate molecules based on molecular weight.  An enzyme such as Humulin is quite large and is retained by the dialysis membrane.  Smaller molecules, like small proteins and salt ions, diffuse through.


SCIENCE PROCESS SKILLS


�
Identifying


Measuring


Observing


Predicting


Experimenting


Collecting and interpreting data


Analyzing data


�
AAAS SCIENCE BENCHMARKS


�
1A The Scientific World View


1B Scientific Inquiry


4D Structure of Matter


4E Energy Transformations


12 Manipulation and Observation


12E Critical Response Skills


5E Flow of Energy and Matter


�
SCIENCE EDUCATION CONTENT STANDARDS (NRC)


Grades 5-8


�
Design and conduct a scientific investigation


Use appropriate tools, techniques, and analyze data


Construct explanations and models using evidence


Properties of matter


Particulate model of matter


�
Grades 9-12


�
Identify the questions and use concepts to guide scientific investigations


Construct and revise scientific explanations and models


Using logic and evidence


Recognize and analyze alternative explanations and models


Communicate and defend a scientific argument


Interactions of energy and matter


Atomic structure of matter


�
STATE SCIENCE CURRICULUM FRAMEWORKS


Grades 5-8:	1.1.7,1.1.10,1.1.11, 1.1.12, 1.1.13, 1.1.14, 1.1.15, 1.1.16, 3.1.15, 3.1.17, 3.1.19


Grades 9-12:	1.1.20, 1.1.21, 1.1.22, 1.1.26, 1.1.27, 3.1.33, 3.1.37


Materials


Short piece of dialysis tubing (about 20�30 cm).


Starch solution.


Iodine solution.


Salt solution (1%).


Salt solution (10%).


Graduated cylinder.


Three beakers, 250 mL.


Procedure


Soften three pieces of dialysis tubing by holding them under running water and rubbing the ends between two fingers until the tubing separates.


Prepare three bags by tying a knot in one end of each piece of tubing.


Carefully measure 20 mL of 1% sodium chloride solution and add it to one bag.


Place this bag upright in a 250�mL beaker. Fill the beaker two�thirds full with 10% salt solution.


Measure 20 mL of 10% salt solution and place it in another dialysis bag.


Place this bag upright in another 250�mL beaker and add 1% salt solution to this beaker until the liquid level is the same as that in the first beaker. Set both beakers aside for 15 min.
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Add 25�30 mL of starch solution to the third dialysis bag. Rinse the outside of the bag.


Place the bag upright in another 250�mL beaker. Fill the beaker two�thirds full with water. Add 3 or 4 droppers of iodine solution. Observe the bag after 15 min. or the next day.


Add a few drops of the iodine solution to a small amount of the starch solution in a separate test tube or beaker. Notice the blue�black complex. Set this tube aside. 


After the allotted time, compare the levels in the first two beakers containing sodium chloride solutions. Has one decreased? Has the other increased? Why? 


Remove the bags from the first two beakers. Carefully pour the solution from one bag into the graduated cylinder and record the volume. Repeat with the second bag. How does the volume of each bag compare with the original volume of the bag (20 mL)? Which decreased in volume? Which increased in volume? What happened to the starch solution inside the third bag?


Reactions


In the first two beakers, osmosis resulted in a movement of water from the less concentrated solution (1%) to the more concentrated solution (10%). This change increased the volume of water in the 10% solution bag and decreased the volume of water in the 1% bag. 


Diffusion of iodine through the semipermeable dialysis tubing allowed iodine to react with starch to give the characteristic blue�black complex. The blue color is produced when the I5- or I3- complex fits inside the coiled molecule of amylose. The large starch molecule will not diffuse through the membrane.
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Questions


Which of these activities involved osmosis? Which involved diffusion?


How much water was gained or lost in each bag?


How do you know that iodine passed through the membrane?


Notes for the Teacher


Background


In this activity students can study two processes that involve the passage of mate�rial across a semipermeable membrane. One process, osmosis, involves the passage of water from a 1.0% salt solution to a 10% salt solution. Students can show this change by measuring an increase in water in a dialysis bag. They can also show that iodine moves across the membrane, by diffusion, by producing the characteristic blue�black complex formed when starch and iodine react. Furthermore, they can show that starch does not pass through the membrane.


Materials


Dialysis tubing can be purchased from most biological supply companies.


Starch solution. Make a paste of 5 g of soluble starch in 15 mL of hot water. Dissolve this in about 100 mL of boiling water. Cool the solution and dilute it to 1 L.


Potassium iodide�iodine solution. Dissolve 5.0 g potassium iodide, KI, in 500 mL water. Add 1.0 g iodine, I2, and stir until dissolved. Place the solution in dropper bottles. Iodine is corrosive. Avoid touching the crystals.


Salt solutions: For 1%, dissolve 1 g sodium chloride, NaCl, in 99 mL of water. For 10%, dissolve 10 g sodium chloride, NaCl, in 90 mL of water.


Teaching Tips


The dialysis bag containing 10% salt solution placed in the beaker containing 1% salt solution will gain several milliliters of water. The bag containing the 1% salt solution placed in the beaker of 10% solution will lose several milliliters of water. The change in volume in the two beakers will be obvious.


The salt concentration in most human cells, which operate on the same prin�ciple as the membrane in this activity, is approximately 0.9%.


You might prefer to have students close both ends of the first two bags and weigh them before and after the experiment, rather than measure the volume. (Try both methods.)


The amount of water in the dialysis bag containing starch will also increase.


Both of these processes are important at the cellular level. Osmotic pressure (the pressure necessary to counteract the effect of osmosis) forces carbon dioxide and other products into venous blood and removes oxygen and nutrients from arterial blood. Osmotic pressure is also responsible for making pickles!


See Activity 25 of Chemical Activities: Teacher Edition for a very simple way to demonstrate osmosis.


You may prefer to use a 1% and 10% glucose solution (also called dextrose). Normal plasma glucose is about 5%.


Answers To The Questions


The first two showed osmosis; the last (with starch) showed diffusion of iodine but also involved osmosis as water enters the bag also.


Answers will vary, depending on the length of time the bags were in the solutions.


The iodine reacted with the starch inside the bag to produce the characteristic blue�black complex.


Source


Borgford, Christie L. and Lee R. Summerlin, “Activity 26: Movement of Small Molecules and Water Throught a Membrane,” Chemical Activities: Teacher Edition.  Washington, D.C.: American Chemical Society, 1988. p.p. 71-73.
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