Egg Osmosis

Objective:  Students will:

1. measure and record changes in egg mass and solution volume at different concentrations of solutes

2. extrapolate that water moves from higher to the lower potential

3. graph results of this experiment to find the isotonic concentration of an egg

4. calculate the water potential equation to predict which direction water will move

5. use the terms osmosis, hypotonic, hypertonic and isotonic.

Supplies per lab of 24 students:

· large container to hold eggs to dissolve shells

· acetic acid or vinegar (enough to cover eggs plus a generous amount in addition)

· 6 eggs per lab bench (total 30 eggs per lab section including 6 extra eggs for accidents)

· 6 200 ml beakers per lab bench (total 24 100 ml beakers)

· 1 wax pencil per lab bench (total 4-5 )

· 1 timer per lab bench (total 4 or 5 timers)

· soft paper towels (1 roll per bench plus extras)

· 1 100ml graduated cylinder per lab bench (total 4 or 5 graduated cylinders)

· DI water

· 10% sucrose (~500 ml enough to cover 4 eggs)

· 20% sucrose (~500 ml enough to cover 4 eggs plus enough to cover all the eggs for equilibrating the eggs after removing the shells with the acetic acid/vinegar total ~5000 ml)

· 30% sucrose (~500 ml enough to cover 4 eggs)

· 40% sucrose (~500 ml enough to cover 4 eggs)

· 50% sucrose (~500 ml enough to cover 4 eggs)

· scale

Preparation:

· 72 hours prior to lab, begin to remove the calcium carbonate shells with the acetic acid or vinegar.  The vinegar is the limiting reagent, so be generous in soaking the eggs.

· 48 hours prior to lab, pour off the vinegar and carefully rinse the eggs with water.  Pour off the water, and add acetic acid or vinegar.  The vinegar is the limiting reagent, so be generous in soaking the eggs.  (The eggs can be left in the vinegar or they can be left in the isotonic solution over the weekend.)

· 24 hours prior to the lab, pour off the vinegar and carefully rinse the eggs with water.  Pour off the water and add 20% sucrose (isotonic to the egg) to stabilize the egg.

· Prepare sucrose concentrations as indicated above in the supplies list.

Egg Osmosis

Introduction:

Osmosis is a special case of diffusion.  Water will move across a selectively (or semi–permeable) membrane from a higher water potential to a lower water potential.  Simply stated, if there is a selectively permeable membrane separating to different concentrations of solutes in a solution, water will move from the side with the least number of solutes to the side with the greatest number of solutes.  The higher water potential is the side of the membrane with the fewest solutes.  The lower water potential is the side of the membrane with the most solutes.  This can be confusing.  Remember that osmosis is the movement of water from low solutes (which is high water potential) to high solutes (which is low water potential.

This movement of water can be mathematically described by the following equation wherein:

Ψw = Ψp – Ψs

Ψw = 
water potential

Ψp = 
pressure exerted by the membrane (negligible for our experiments, so we will use a "0"

Ψs = 
concentration of solutes

If we have a concentration of 20% solutes on one side of a membrane, and we have a concentration of 50% solutes on the other side of the membrane, we could calculate this as:

Ψw = Ψp – Ψs
Ψw = Ψp – Ψs

Ψw = 0 – 20
Ψw = 0 – 50

Ψw = –20
Ψw = –50

Water moves from the highest potential to the lowest potential.  Therefore, in this system, we can predict that water will move from the –20 water potential (which is the higher number) to the –50 water potential (which is the lower number).

You can use moles of solutes, or molarity to determine the water potential.  

Below is a cartoon depicting this.  The arrow indicates which way the water will move.




In this experiment, we are using a single cell to examine water movement into and out of this cell.  This particular cell, a chicken egg, is very large, however, it is also very delicate.  You will need to handle it with extreme care.  The prep lab has removed the shells by placing them in acetic acid (vinegar) for 48 hours.  The eggs were placed in an isotonic solution to equilibrate them for 24 hours.

Terms:

· hypertonic:  a solution with a higher concentration of solutes when compared to another solution

· hypotonic:  a solution with a lower concentration of solutes when compared to another solution

· isotonic: a solution that has the same solute concentration when compared to another solution

· osmosis; movement of water from a higher potential to a lower potential across a semi-permeable or selectively permeable membrane.

Note, that these terms are a comparison of two systems, just as are the terms hypotonic, hypertonic and isotonic (or hypoosmotic, hyperosmotic, and isoosmotic).  A solution cannot be hypotonic by itself.  However, a solution can by hypotonic when compared to another solution.

Procedure:

You will need 

· 6 eggs (remember that they are very delicate, and need to be handled carefully), 

· 6 200 ml beakers

· 1 100 ml graduated cylinder (be sure to rinse out this cylinder after each use)

· 100 ml DI water

· 100 ml 10% sucrose

· 100 ml 20% sucrose

· 100 ml 30% sucrose

· 100 ml 40% sucrose

· 100 ml 50% sucrose

1. Gather your supplies.  

2. Carefully dry each egg.  Weigh and record the initial mass.

3. Carefully place one egg in each of the 6 200ml beakers.

4. Label each beaker with the concentration of solution that it will contain (example, one beaker will be labeled "DI", the second will be labeled "10%", the third "20%", etc.).

5. Measure 100ml of DI water and add to the DI beaker.

6. Measure 100ml of 10% sucrose and add to the 10% beaker.

7. Measure 100ml of 20% sucrose and add to the 20% beaker.

8. Measure 100ml of 30% sucrose and add to the 30% beaker.

9. Measure 100ml of 40% sucrose and add to the 40% beaker.

10. Measure 100ml of 50% sucrose and add to the 50% beaker.

11. Time these eggs for 15 minutes.

12. Carefully remove, dry and weigh each egg , being careful to not to lose track of which egg is which.  

13. Note the amount of solution remaining in the 200ml beaker.

14. Carefully return each egg to the correct beaker.

15. Repeat steps 10-13 for 2 hours (you will have a total of 9 measurements, including the initial measurement.

16. Wash your hands after handling the eggs.  Raw eggs can carry salmonella.

17. Complete the egg osmosis graph.

18. Graph the results of the egg mass as the y axis and time as the x axis.

19. Plot the isotonic point (when the egg and the solution are the same solute concentration).

20. Graph the results of the ml of solution in the beaker as the y axis and time as the x axis.

Questions:

1) Vinegar is made of acetic acid & water. Explain how it was able to remove the calcium shell.  
2) What happened to the size of the egg after remaining in distilled water?
a) Was there more or less liquid left in the jar?
b) Did water move into or out of the egg? Why?
3) What happened to the size of the egg after remaining in at 10% sucrose? 

a) Was there more or less liquid left in the jar?
b) Did water move into or out of the egg? Why?
4) What happened to the size of the egg after remaining in at 10% sucrose? 

a) Was there more or less liquid left in the jar?
b) Did water move into or out of the egg? Why?
5) What happened to the size of the egg after remaining in at 20% sucrose? 

a) Was there more or less liquid left in the jar?
b) Did water move into or out of the egg? Why?
6) What happened to the size of the egg after remaining in at 30% sucrose? 

a) Was there more or less liquid left in the jar?
b) Did water move into or out of the egg? Why?
7) What happened to the size of the egg after remaining in at 40% sucrose? 

a) Was there more or less liquid left in the jar?
b) Did water move into or out of the egg? Why?
8) What happened to the size of the egg after remaining in at 50% sucrose? 

a) Was there more or less liquid left in the jar?
b) Did water move into or out of the egg? Why?
9) Why are fresh vegetables sprinkled with water at markets?
10) Roads are sometimes salted to melt ice. What does this salting do to the plants along roadsides & why?
11) Using the water potential equation, indicate which direction water would move if one side of a membrane has a concentration of 22M, and the other side has a concentration of 15M.
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Data Sheet:

· Record the mass of each egg at each indicated time interval.

· In the shaded row, subtract the initial mass from the mass you record at each time interval.  The number will be positive, it the egg is gaining water through osmosis.  The number will be negative if the egg is losing water through osmosis.

· Graph your results (the shaded column)

	Mass
	Initial
	15 min
	30 min
	45 min
	60 min
	75 min
	90 min
	105 min
	120 min
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Data Sheet:

· Record the volume of each beaker after the egg has been removed at each indicated time interval.

· In the shaded row, subtract the initial volume from the volume you record at each time interval.  .  The number will be positive, it the egg is losing water through osmosis.  The number will be negative if the egg is gaining water through osmosis.

· Graph your results (the shaded column)

	Volume
	Initial
	15 min
	30 min
	45 min
	60 min
	75 min
	90 min
	105 min
	120 min

	DI
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semi–permeable membrane





Water will move this direction





Solution #1 is hypotonic to solution #2
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Solution #2 is hypertonic to solution #1








