BIOL& 160

                                                                                            Osmosis Lab




Names ____________________________________

_________________________________

_________________________________

____________________________________

Biology 160 Lab Module 5
Osmosis Lab Activities
Objectives – Upon completion of this lab activity, you should be able to: 

1.  Define and correctly use the following terms:

	solute
	concentration difference
	hypertonic

	solvent
	diffusion
	osmolarity

	selectively permeable
	osmosis
	iso-osmotic

	· semipermeable
	tonicity
	hypo-osmotic

	· differentially permeable
	isotonic
	      hyperosmotic

	concentration
	      hypotonic
	      Flux = P ( (C


2.  Use the formula Flux = P ( (C (diffusion rate = membrane permeability times concentration difference) to accurately predict the expected outcome and to explain the actual results of Part A of this activity or a similar set of data.  
3.  Use the formula Flux = P ( (C to explain the results of Part B of this activity or a similar set of data. 
4.  Discuss the results of these activities and their relationship to osmotic effects on living cells.  
5.  Prepare a properly labeled graph that accurately summarizes data collected during this experiment. 
6.  Correctly interpret a properly labeled graph depicting data from an experiment similar to this one.
Science Outcomes: Apply basic biology principles including biochemistry, cells structure and function, metabolism, and genetics; perform laboratory observation and experimentation; draw conclusions about scientific principles based on practice of scientific methodologies.
INTRODUCTION
Osmosis is the diffusion of water across a semipermeable membrane.  Osmosis is a passive transport process.  Water moves across a membrane from an area of higher water concentration to an area of lower water concentration.  Another way to say this is that water moves towards a higher solute concentration or, “Water follows salt.” 
The rate of diffusion of a substance through a semipermeable membrane is referred to as its flux.  The fundamental equation for flux (which is based on Fick’s first law of diffusion) is flux = P x ∆C.  (Or, diffusion rate = permeability x concentration difference.)  That is, the rate of diffusion (flux) of a substance through a membrane is equal to the permeability of the membrane to that substance multiplied by the difference in concentrations of that substance on either side of the membrane.

In these exercises you will make a series of simulated cells from dialysis tubing.  Like real cell membranes, dialysis tubing is selectively permeable (semipermeable, differentially permeable).  Dialysis tubing is permeable to water, but is not permeable to sucrose.  (i.e., PH2O = “high”;  PSUCROSE = 0).  That is, water can pass through the dialysis tubing, but sucrose cannot.

The dialysis bags you will make represent cells while the solutions into which you place the bags represents extracellular fluid.  By weighing your simulated cells over the course of an hour you will be able to tell if osmosis has occurred.  An increase in bag weight indicates that water entered the “cell” by osmosis.  Weight loss indicates a net loss of water from the “cell” by osmosis.

Remember:  The terms that end in –tonic (isotonic, hypotonic, hypertonic) always refer to the solution and are based upon the behavior (shrink, swell, stay the same size) of a cell in that solution.  The terms that end in –osmotic (iso-osmotic, hypo-osmotic, hyperosmotic) simply refer to the relative solute concentrations of two solutions and can refer either to the contents of a cell or the solution outside of the cell.
___________________________________

PART A – OSMOSIS IN SIMULATED CELLS

Materials:
	
	Five 400-ml beakers
	
	Labeling tape
	
	Tray

	
	25% sucrose solution
	
	Permanent marker
	
	Stopwatch or cellphone (

	
	10% sucrose solution
	
	Distilled water
	
	Electronic balance

	
	Two 1 Osm solutions -“unknown solutes
	
	Scissors
	
	Aluminum foil

	
	Dialysis tubing
	
	Funnel
	
	Metric ruler

	
	Balloon clips
	
	Graduated cylinders
	
	


Methods: 

1. Label four, 400-ml beakers “#1” through “#4”. 

2. Add approximately 150 ml of distilled water to the beakers labeled #1, #2, and #3.
3. Add approximately 150 ml of 25% sucrose to the beaker labeled #4.  

4. Cut four pieces of dialysis tubing, each approximately 10-15 cm long.  Place the four pieces of tubing into the distilled water in beaker #1 to soak. 
5. After soaking the tubing for approximately five minutes, fold one end of each tube twice and clamp the end of the tube with a balloon clip.  Do this carefully; you do NOT want the bag you are making to leak.  Leaks will make your results unreliable.
6. Return the tubing to beaker #1 and continue soaking them until you can open the unclamped end by rubbing it between your thumb and index finger.  You may use a plastic pipette to assist in this process, if necessary.  Now you have four dialysis bags (simulated cells) into which you can place solutions indicated below.  
7. Use a graduated cylinder to measure out 10 ml of each of the following solutions. Be sure to rinse the graduated cylinder and funnel with distilled water between measuring each of the solutions.   
· Bag #1 Contents:  10 ml of distilled water 

· Bag #2 Contents:  10 ml of 10% sucrose 

· Bag #3 Contents:  10 ml of 25% sucrose 

· Bag #4 Contents:  10 ml of 10% sucrose 

8. As each bag is filled, gently force out the air near the open end by squeezing on the tube near the top of the liquid.  Your instructor will demonstrate the technique.
9. Fold and clamp the open end of the bag.  It is important that the bag is somewhat limp after it is clamped.  NO SAUSAGES!
10. Squeeze each sealed bag gently to check for leaks.  If a bag leaks, you will need to re-clamp the bag.  NO LEAKS!  Leaks will make your results unreliable.
11. Gently blot each bag dry on a paper towel or Kimwipe to remove excess fluid.
12. Place a sheet of aluminum foil on the pan of the balance and tare (zero) the scale.  Weigh each numbered bag to the nearest 0.1 g.  (There is no need for additional accuracy.)  Record each bag’s weight in the column marked "0 min" in the appropriate cell of the data table in the DATA AND ANALYSIS section on page 5.  

13. After weighing all of the bags, place each one in the correspondingly numbered beaker (See Data Table on page 5.).  Put all the bags into their proper beaker at approximately the same time!  (Doing this will make data collection easier.)  Bags should be fully submerged in their solutions.
14. Record the starting time in the data table.  You will need to reweigh the bags every 15 minutes.  Designate a group member as the timekeeper.
15. After 15 minutes, remove the bags, gently blot them on a paper towel or Kimwipe, and weigh each one to the nearest 0.1 g.  Record the weights in the appropriate spaces in the data table.

16. Return the bags to their respective beakers immediately after weighing and begin timing the next 15 minute time interval.  Be careful that each bag goes back into its proper beaker.
17. Repeat steps 15 and 16 every 15 minutes.  Your last measurement will occur 60 min from the beginning of the experiment.  

18. When you have finished the activity, pour the contents of the bags and the beakers down the drain.   Place the empty bags and their balloon clips in the trash can.  Rinse the beakers with water and place them in the designated area to dry.  Return all other equipment to the designated areas.  Leave your area and the equipment area in the same clean condition you found it when you arrived in the lab today.
___________________________________
PART B – OSMOSIS WITH TWO UNKNOWN SOLUTIONS
Two experimental solutions, A and B, are available in the same area as the other materials.  These solutions have the same osmotic concentration (i.e., they are iso-osmotic to each other), but you do not know what the specific solute is in either solution. 
Materials and Methods:

1. Choose one of the solutions (A or B) and place it into a dialysis bag to form a simulated cell as you did for the previous exercise.  No sausages!
2. Blot dry and weigh the bag.

3. Place the dialysis bag into a beaker containing the other solution. 
4. After approximately one hour, blot the bag dry and reweigh the bag.
Solution (A or B) you picked for the Bag 

_____

Solution you picked for the Beaker 


_____

(NOT THE SAME AS WHAT IS IN THE BAG!)

Record the initial and final weights and explain your results on page 7.
​​​​___________________________________

PART C – Discussion Questions:  You WILL NOT be turning in your answers to these questions, but you do need to understand this material for lecture and lab.  
Discussion questions to be answered as a group as you have time during the activity. 
1. Define each of the terms listed under Objectives on page 1.

2. What structural feature of the dialysis tubing makes it a semipermeable membrane? 
3. What does your group predict should happen to each “cell” in Activity A, above.  That is, should a given “cell” gain weight, lose weight or do you predict no significant weight gain or loss?
4. Based upon the predictions you made in question 3, decribe the expected result for each of the four simulated cell/beaker combinations using appropriate terms from the following list:  concentration gradient, osmosis, hypertonic, isotonic, hypotonic, diffusion, and selectively permeable membrane.  Remember that the terms ending in –tonic can only be used to describe the solution, not the “cell.” 

5. How would you appropriately describe the solution inside the “cell” compared to the solution in the beaker in each of the for conditions using the terms iso-osmotic, hypo-osmotic or hyperosmotic?  E.g., the solution in “cell” #1 is ___ to the solution in beaker #1.

___________________________________

Discussion questions to be completed as a group after your data have been collected.
1. Did your results match your prediction for each of the four “cells”?

2. If you answered “No” to question 1 for any of the “cells,” what are some possible sources of error that could explain this discrepancy?

3. Did Bag #2 and Bag #3 gain or lose weight at the same rate?  How does flux = P x ∆C explain the weight changes you observed in Bag #2 compared to Bag #3?
4. For the Osmosis Using Two Unknown Solutions activity, did your “cell” gain weight or lose weight?

5. Based upon the behavior of the bag in the solution your answer to question #4, the solution was ___ to the “cell.” (isotonic, hypotonic, hypertonic)
6. In Part B, the solutions inside and outside the cell had the same osmotic concentration.  I.e., the bag and the solution were iso-osmotic to each other.  How can you explain the weight gain or loss that you observed?  (Hint:  flux = P x ∆C)

Names ____________________________________

_________________________________

_________________________________

____________________________________

Biology 160 Lab Module 5
Osmosis 
DATA AND ANALYSIS

(THIS PORTION IS TO BE TURNED IN TO YOUR INSTRUCTOR)

PART A – OSMOSIS IN SIMULATED CELLS

1. Data Table  (Note:  Record weight changes as differences (+ or -) for each reading from time 0.  For example, if the weight of the bag at time 0 was 12.0 g and the weight of the bag 15 minutes later was 20.0 g, then the change would be +8.0 g.  If the weight 15 minutes later (i.e. 30 minutes after the beginning of the experiment) was 25.0 g, then the “Change” would be +13.0 g.  Compare back to the initial weight each time.)

Changes in Weight Over Time for Simulated Cells in Different Solutions
	
	START TIME:
	
	
	

	Time
(Min.)
	“CELL” 1 / Beaker 1
(dH2O / dH2O)**

	“CELL” 2 / Beaker 2
(10% Sucrose / dH2O)


	“CELL” 3 / Beaker 3
(25% Sucrose / dH2O)


	“CELL” 4 / Beaker 4
(10% Sucrose / 25% Sucrose)

	
	Weight (g)
	Change since start
	Weight (g)
	Change since start
	Weight (g)
	Change since start
	Weight (g)
	Change since start

	0
	
	0
	
	0
	
	0
	
	0

	15
	
	
	
	
	
	
	
	

	30
	
	
	
	
	
	
	
	

	45
	
	
	
	
	
	
	
	

	60
	
	
	
	
	
	
	
	


**The first solution listed indicates the contents of the simulated cell and the second solution listed indicates the solution in the beaker.  The solution in the beaker is analogous to extracellular fluid.
2. GRAPH OF SIMULATED CELL DATA
( DO NOT draw your graph until AFTER you have completed the experiment. 

All group members will have the same data, but each student will turn in his or her own graph.

Using the graph paper provided, prepare a LINE graph (NOT a bar graph) of the data you collected.  The graph should show the CHANGES in weight from the initial WEIGHT AT THE START of the experiment at 15 minutes intervals.  Each bag’s line will begin with a point at TIME = 0 and CHANGE IN WEIGHT = 0.  
Make certain that you provide an appropriate title, axis labels and units of measurement, and accurately graphs the data points you obtained.  Remember, this graph will contain four sets of data, one for each simulated cell.  
Be certain to provide a key (legend) that allows your reader to easily differentiate between the various bags.  DO NOT RELY ON COLOR FOR THIS.  If you wish to use color to enhance/beautify your graph, that is fine.  But your reader should be able to clearly interpret a photocopy (i.e. a black and white version) of your graph.  

Your instructor will explain graphing fundamentals.
___________________________________
PART B – OSMOSIS WITH TWO UNKNOWN SOLUTIONS


Solution (A or B) you picked for the Bag 

_____


Solution you picked for the Beaker 


_____   (NOT THE SAME AS WHAT IS IN THE BAG!)
· Weight of bag before placement into beaker 
_____ (g)

· Weight of bag after approximately one hour 

_____ (g)

· Change in weight (g) after one hour


_____ (g)  (use + for a gain, - for a loss)
Analysis: 

If there was a change in “cell” weight, then water either entered or left the “cell.”  Explain why water entered or left the “cell” under the conditions of your experiment.  Use appropriate terminology (-osmotic and     -tonic terms, permeability, osmosis, etc.) as appropriate to fully explain the results of this experiment.  (Attach a separate sheet of paper if necessary.)
________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________
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