Osmosis (adapted from Towson 2001)
Objective:   To design and implement experiments to test aspects of our current model of osmosis.
Introduction:
When you awoke this morning, a flood of chemicals called neurotransmitters were sent from cell to cell in your nervous system. As these chemical signals accumulated, you gradually became aware of your surroundings. Chemical signals from your nerves to your muscles propelled you out of your warm bed to prepare for your day.

As you continue through your day, thousands of biochemical reactions will keep your cells functioning optimally. Hormones and other chemical signals will regulate the conditions within your body. They will let you know if you are hungry or thirsty. If you injure yourself or come into contact with a disease-causing microorganism, chemicals in your body will signal cells to begin the necessary repair or defense processes.

All of this chemical activity involves movement of molecules into and out of cells by one of the mechanisms that we have discussed in class: diffusion or active transport. Diffusion is the net movement of molecules from an area of higher concentration to an area of lower concentration by random molecular motion. In biological systems only a few substances, all of them very small uncharged, nonpolar molecules, can move across a membrane by regular diffusion; other types of molecules need transport proteins to facilitate their diffusion.  Active transport occurs when a cell uses energy to move molecules into or out of the cell against a gradient. In this laboratory you will test some aspects of our current model of molecular movement resulting in osmosis.

Osmosis is a special case of diffusion. It is the diffusion of water through selectively permeable membrane in response to a difference in solute concentrations on each side of the membrane. If living cells are placed in a solution with a higher concentration of solute (a hypertonic solution) than the cytoplasm of the cells, water will move out of the cells. If they are placed in a solution with a lower concentration of solute, (a hypotonic solution) than the cytoplasm of the cell, water will move into the cell. When two solutions are separated by a selectively permeable membrane, water will move from the solution with the lower solute concentration to the solution with the higher solute concentration.

Osmosis is a very important phenomenon in biological systems. Plants regulate the exchange of gases with the atmosphere by the opening and closing of stomata. During the daylight, stomatal guard cells take up water by osmosis and swell. This causes the stomata to open and allows CO2, required for photosynthesis, to enter the leaf. At night, when photosynthesis is not occurring, this process is reversed and the stomata close.

In our experiments we will use an artificial membrane of cellulose acetate to illustrate the behavior of the selectively permeable membranes of cells.
The Effect of Temperature, Concentration Gradient, and Other Factors on the Rate of Osmosis:
Our current model of osmosis suggests that temperature may have an effect on the rate of osmosis. According to our model, osmosis is the diffusion of water across a semipermeable membrane, and diffusion is dependent upon the random motion of molecules. Temperature is actually just a measure of random molecular motion. Water diffuses across a semipermeable membrane separating two solutions differing in solute concentration. This difference, the concentration gradient, is thought to be the driving force for osmosis. As the concentration gradient increases, so does the driving force of osmosis. 
1. What prediction would you make about the relationship between temperature and the rate of osmosis?
2. What prediction would you make about the relationship between the concentration gradient and the rate of osmosis?

3. What other factors do you think could affect the rate of osmosis?

Question/Hypothesis:
Your group must choose one aspect of our model of osmosis to test experimentally. Specifically, you should pose a question based on the above information or other relevant information, and develop an appropriate hypothesis.

Experimental Design:
Osmosis can be measured easily with a section of dialysis tubing sealed at both ends and a balance. Dialysis tubing is semipermeable membrane manufactured in the form of a tube or sleeve. We will use cellulose acetate membranes, which allow many small molecules to pass, but not large molecules. The dialysis tubing can be filled with any solution you choose, then immersed in a beaker of water. As osmosis causes water to flow through the cellulose acetate membrane the volume of fluid in the dialysis tubing will either increase or decrease. Thus the rate at which the weight of the dialysis tube changes is directly related to the rate of osmosis. This can be determined by measuring the weight of the dialysis tube at appropriate time intervals.

Your group will develop an experimental protocol to test your hypothesis, keeping in mind the need for controls and replication.
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