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Diffusion and Osmosis -  AP Lab #1

Before doing this laboratory you should understand:

    * the mechanisms of diffusion and osmosis and their importance to cells

    * the effects of solute size and concentration gradients on diffusion across selectively permeable membranes

    * the effects of a selectively permeable membrane on diffusion and osmosis between two solutions separated by the membrane

    * the concept of water potential

    * the relationship between solute concentration and pressure and the water potential of a solution

    * the concept of molarity and its relationship to osmotic concentration

After doing this laboratory you should be able to:

    * measure the water potential of a solution in a controlled experiment

    * determine the osmotic concentration of living tissue/unknown solution from experimental data

    * describe the effects of water gain or loss in animal and plant cells

    * relate osmotic potential to solute concentration and water potential

Background on Water Potential:

In animal cells, the movement of water into and out of the cell is influenced by the 





on either side of the cell membrane.  If water moves out of the animal cell, the cell will 

. If water moves into the cell, the cell may 


. In plant cells, the presence of a 

prevents the cells from bursting.  The cell wall exerts a ‘back pressure’ which opposes the entry of water into the cell which affects the process of osmosis. 










When the pressure inside the cell becomes large enough, no additional water will accumulate in the plant cell even the though the cell still has a higher solute concentration than does pure water. So movement of water through the plant tissue cannot be predicted simply through knowing the relative solute concentrations on either side of the plant cell wall. Instead, the concept of water potential is used to predict the direction in which water will diffuse through living plant tissues.

In a general sense, the water potential is the tendency of water to leave one place in favor of another place. Water potential is expressed in bars, a metric unit of pressure equal to about 1 atmosphere and measured with a barometer. Water potential is abbreviated by the Greek letter psi and has two major components: solute potential , which is dependent on solute concentration and pressure potential, which results from the exertion of pressure - either positive or negative - on a solution. We express this as:

 Water potential (    ) =   Pressure potential (     ) + Solute potential (     )

Water moves from an area of high water potential (more water molecules) to an area of lower water potential (fewer water molecules) until 



. 

The Solute potential (    ) of distilled water =        and the pressure potential (     )  of distilled water in an open beaker is =           .  Therefore the water potential of distilled water in an open beaker is               also =                  .

Adding solutes LOWERS the solute potential – hmmm this can be confusing, read this over.  So, if I add sucrose to distilled water in an open beaker, the solute potential will be 


.

This means that water potential can be 


OR 



.

Once you know the solute concentration, you can calculate solute potential using the following formula:

Solute potential (   ) = –iCRT

i = 
The number of particles the molecule will make in water; for NaCl this would be 2; for sucrose or glucose, this number is 1

C = 
Molar concentration of the solute 

R = 
Pressure constant = 0.0831 liter bar/mole K

T = 
Temperature in degrees Kelvin = 273 + °C of solution

All plant cells have solutes inside them – like 




.   In Figure 1.2. a potato cell is placed in pure distilled water. Initally the water potential outside the cell is 0 and is higher than the water potential inside the cell (-3).   What will happen eventually to the water potential inside the potato cell?


Fig 1.2

Now what will happen if you were to add solute (sucrose) to the water containing the potato cell?

Can sucrose move through the plant cell wall into the cytoplasm -   




What moves in this situation and in what direction






An osmolar solution is one that has the SAME MOLAR concentration as the plnt cell.  Design an experiment to find the osmolarity of potato or zucchini cores.

Part 1: Dialysis 
Introduction:
In this exercise you will measure diffusion of small molecules through dialysis tubing, an example of a semi permeable membrane. The movement of a solute through a semi permeable membrane is called dialysis. The size of the minute pores in the dialysis tubing determines which substance can pass through the membrane. A solution of glucose and starch will be placed inside a bag of dialysis tubing. Distilled water will be placed in a beaker, outside the dialysis bag. After 30 minutes have passed, the solution inside the dialysis tubing and the solution in the beaker will be tested for glucose and starch. The presence of starch will be tested with Benedict's Solution or Testape@. The presence of starch will be tested with Lugol's solution ( iodine-potassium-iodide).

Figure: 1.3
Procedure:
1. Obtain a 30 -cm piece of 2.5-cm dialysis tubing that has been soaking in water. Tie off one end of the tubing to form a bag. To open the other end of the bag, rub the end between your fingers until the edges separate.
2. Place 15 mL of the (15% glucose/ 1% starch) solution in the bag. Tie off the other end of the bag, leaving sufficient space for the expansion of the bag's contents. Record the color of the solution in Table 1.1.
3. Test the (15% glucose / 1% starch) solution in the bag for the presence of glucose. We may do a Benedict's test or use glucose Testape@. Record the results in Table1.1.
4. Fill a 250 mL beaker or cup 2/3 full with distilled water. Add approximately 4 mL of Lugol's solution (IKI solution) to the distilled water and record the color in Table 1.1. Test the solution for glucose and record the results in Table 1.1.
5. Blot the bag thoroughly so that it is completely dry.  Immerse the bag in the beaker of solution.
6. Allow your set up to stand for approximately 30 minutes or you see a distinct color change in the bag or the beaker. Record the final color of the solution in the bag, and of the solution in the beaker, in Table 1.1.
7. Test the liquid in the beaker and in the bag for the presence of glucose. Record the results in Table 1.1.
Table 1.1 

	 
	Initial Contents
	Initial Solution Color
	Final Solution Color
	Initial Presence of Glucose
	Final Presence of Glucose

	Bag
	15% Glucose & 1% starch
	yy
	v
	vv
	vv

	Beaker
	H2O + IKI
	vvvvvvvvvvvvv
	v
	vvv
	vv


Answer these questions: 1. Which substance(s) are entering the bag and which are leaving the bag? What experimental evidence supports your answer?
2. Explain the results you obtained. Include the concentration differences between inside the bag and outside as well as dialysis bag membrane pore size in your discussion.
3. Quantitative data uses numbers to measure observed changes. How could this experiment be modified so that quantitative data could be collected to show that water diffused into the dialysis bag?
4. Based on your observations, rank the following by relative size, beginning with the smallest : glucose molecules, water molecules, IKI (Brown Iodine solution) molecules, membrane pores, starch molecules.
5. What results would you expect if the experiment started with glucose and IKI solution inside the bag and only starch and water outside? Why?

Part 2: Osmosis in dialysis bags
In this experiment you will use dialysis tubing to investigate the relationship between solute concentration and the movement of water through a semi permeable membrane by the process of osmosis. When two solutions have the same concentration of solutes, they are said to be isotonic to each other. If the two solutions are separated by a semi permeable membrane, water will move between the two solutions, but there will be no net change in the amount of water in either solution. If two solutions differ in the concentration of solutes that each has, the one with more solute is hypertonic to the one with the less solute. The solution that has less solute is hypotonic to the one with more solute. These words can only be used to compare solutions.

Procedure:

1. Obtain six 30-cm strips of presoaked dialysis tubing.

2. Tie a knot in one end of each piece of dialysis tubing to form six bags. Pour approximately 25 mL of each of the following solutions into separate bags: Distilled water, 0.2 M sucrose, 0.4 M sucrose, 0.6 M sucrose, 0.8 M sucrose, 1.0 m sucrose

Remove most of the air from the bags by drawing the dialysis bag between two fingers. Tie off the other end of the bag. Leave sufficient space for the expansion of the contents in the bag.

3. Rinse each bag gently with distilled water to remove any sucrose spilled during filling.

4. Carefully blot the outside of each bag and record in Table 1.2 the initial mass of each bag.

5. Fill six 250 mL beakers 2/3 full with distilled water.

6. Immerse each bag in one of the beakers of distilled water and label the beaker to indicate the molarity of the solution in the dialysis bag. Be sure to completely submerge each bag.

7. Let them stand for 30 minutes.

8. At the end of 30 minutes remove the bags from the water. Carefully blot and determine the mass of each bag.

9. Record your group's results in Table 1.2. Obtain data from the other lab groups in your class to complete Table 1.3: Class Data – Excel spread sheet will contain this.

Table 1.2 Dialysis Bag Results: Individual Data
	Contents in Dialysis Bag
	Initial Mass
	Final Mass
	Mass Difference
	% Change in Mass

	a). Distilled Water
	e
	e
	e
	e

	b). 0.2 M
	ff
	ff
	ff
	

	c). 0.4 M
	
	
	
	

	d). 0.6 M
	
	
	
	

	e). 0.8 M
	
	
	
	

	f). 1.0 M
	
	
	
	

	To Calculate:% change in mass
	=
	(Final Mass-Initial Mass)
	X 100
	

	 
	 
	-------------------Initial Mass
	 
	 


 10. Graph the results for both your data on the following graph. For this graph you will need to determine the following:

a). the independent variable. __________________________________

b). the dependent variable. ___________________________________

Analysis of Results : Part 3
1. Explain the relationship between the change in mass and the molarity of sucrose within the dialysis bag.

2. Predict what would happen to the mass of each bag in this experiment if all the bags were placed in a 0.4 M sucrose solution instead of distilled water. Explain your response.

3. Why did you calculate the per cent change in mass rather than using the change in mass in gms?
4. Problem: A dialysis bag is filled with distilled water and then placed in a sucrose solution. The bag's initial mass is 20 g. and its final mass is 18 g. Calculate the percent change of mass, showing your calculations. The sucrose solution in this beaker would have been ___________________ to the distilled water in the bag. (choose isotonic/hypotonic/hypertonic)
Graph Title ______________________________________________ 

[image: image1.png]



 

Part 3- Potato/veggie core study to determine osmolarity /Water Potential of veggies

Procedure for Potato Cores:

1) Pl. do not write directly on beakers.  Label 6 beakers using tape and marker as – 1 M sucrose, 0.8 M sucrose, 0.6 M sucrose, 0.4 M sucrose, 0.2 M sucrose, and 0 M sucrose.  Also label on tape – your group name.

2) Peel a potato.

3) Place it in the tray.

4) Using the cork borers/knives, cut 4 cylinders (about 2 inches long) of potato for each cup – you will need to have 24 pieces of potato.  The pieces don’t have be all the same.  Save the pieces.

5) Place one empty, labeled beaker (start from 1M), on the weighing scale (turn it on, if it is not on)

6) Press the ‘TARE’ button to zero the beaker weight (this will cancel out the weight of the beaker)

7) BLOT dry any 4 potato cylinders on a paper towel by dabbing them gently 

8) Place the 4 potato cylinders/pieces in the beaker you have ‘TARED’

9) Record the weight of the potato cylinders/pieces (4 together) in the correct place (use data table 1.4 – INITIAL MASS)

10)  Add 100 mL of the correct sucrose solution (check beaker labels with the sucrose bottle labels) in each of the beakers.  Use the beaker volume mark to add your solution.

11) Cover each beaker with plastic wrap.  Secure the plastic wrap with rubber band.

12) Place the beakers on the AP lab benches – check if your group name is on the labels.

13)  Write observations for what your potato looks like in each of the beakers (should be the same on Day 1!)

14)  Tomorrow, you need to first make observations – record how the potatoes appear

15)  Then tomorrow, for the 1M beaker, remove the 4 potato cylinders.

16) Blot them dry on paper towel.

17) Weigh the 4 cylinders using an empty weighing boat (remember to ‘TARE’ the boat!).  Record weight for FINAL MASS in data table.

18) Repeat for all other beakers

19) Clean up – remove all labels, dump solid wastes in garbage only, clean beakers with soap solution.

	TABLE 1.4
	Individual data for veggie cores

	 Veggie used
	
	
	
	 

	Contents in
	Initial
	Final 
	Mass 
	% change 

	Dialysis Bag
	Mass
	Mass
	Difference
	Mass

	Distilled Water
	 
	 
	
	

	0.2 M
	 
	 
	
	

	0.4 M
	 
	 
	
	

	0.6 M
	 
	 
	
	

	0.8 M
	 
	 
	
	

	1.0 M
	 
	 
	
	


1. Graph the percentage change in mass.  Determine the molar concentration of the potato core (the sucrose molarity in which the mass of the potato cores does not change).  This value will be the point at which a best fit line crosses the x-axis.  (See example below.)  This point represents the molar concentration of sucrose with a water potential that is equal to the potato/veggie tissue water potential.  At this point there is no net gain or loss of water from the tissue.
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1.0

Sucrose Molarity within Beaker

2. The solute potential of this sucrose solution can be calculated using the formula ΨS = -iCRT.

i = Ionization constant (1 for sucrose because sucrose doesn’t ionize in water)

C = Molar concentration (moles/liter) – determined from graph

R = Pressure constant (0.0832 liter bars/mole oK)

T = Temperature oK (273 + oC of solution)

If you know the solute potential of the solution and the pressure potential is zero, then you can calculate the water potential of the solution.  The water potential will be equal to the solute potential of the solution.


Ψ = O + ΨS   or    Ψ = ΨS
Calculate the water potential of the potato/veggie cell.

Questions: Part 3

1) If a potato is allowed to dehydrate by sitting in the open air, would the water potential of the potato cells decrease or increase? Why?

2) If a plant cell has a lower water potential than its surrounding environment, and if pressure is equal to zero, is the cell hypertonic or hypotonic to its environment? Will the cell gain water or lose water? Explain your response

3)  In the figure 1.4  below, the beaker is open to the atmosphere. What is the pressure potential of the system?

4)  In figure 1.4, where is the greatest water potential?

5) What will happen to the mass of the bag? Why?


6) Carrot cores placed in sucrose solutions at 27° C resulted in the following percent changes after 23 hours:

	                % Change in Mass 



Sucrose Molarity

	                        20% 




Distilled Water

	                        10% 





0.2 M

	                        -3%





 0.4 M

	                        -17% 





0.6 M

	                        -25% 





0.8 M

	                        -30% 





1.0 M


 
What is the molar concentration of solutes with in the carrot cells?

7) Calculate solute potential (ψs) of the sucrose solution in which the mass of the carrot cores doesn’t change. Show work.  Use a graph paper (printed from a google search).
          Use   ψs =-iCRT

 8) Calculate the water potential (ψ) of the solutes within the carrot cores. Show work here.

            ψ = ψs + ψp

9) What effect does adding more solute have on the solute potential component of that solution? Why?

10) Consider what would happen to a red blood cell placed in distilled water:

    a) Which would have the higher concentration of water molecules (beaker/cell)?

    b) Which would have the higher water potential (beaker/cell)?

    c) What would happen to the red blood cell? Why?
Lab Report Guidelines:

All sections as usual!  This time around I want to see that your group is cohesive and therefore you will ALL receive ONE grade – no splitting grades based on who did what – support each other and bust out a really awesome report with each other’s input!

This time around I will be paying particular attention to HOW you write your report – the way you ORGANIZE information; how you structure it, what you emphasize and how you use your concepts to backup statements you make.  I am giving you more freedom (= more responsibility) to decide what will be in the Into and discussion sections, so think it through carefully.
Ques. For Intro: 50% Points will be taken off this section if answers are listed serially (ordered definitions) without any thought towards building a well organized Introduction that incorporates answers to guideline questions in context.  

1) Define and explain all vocabulary as it applies to this lab (diffusion, osmosis, semi permeable membrane, dialysis, water potential, …you decide what else will be applicable).

2) What determines if diffusion or osmosis will occur across a semipermeable membrane? Connect to water potential ALSO (that means there is more than just water potential).
3) Illustrate (pictures/diagrams with clear labels!) and explain how the 4 parts of the lab (Part 4 is Elodea activity) will be set up to show different aspects of diffusion/osmosis. (I am looking to see if you really got the reason why so many different parts were carried out – they each had “goals” that were different – can you identify them?).  Spend time on how you will write this part of the Intro without making it sound like the PROCEDURE.  If it reads like a procedure, then I cannot give you points for the same section twice!!!  Keep it to the point, but plan this out before you write it (talk it out with others).
4) What else??   - ---  I cannot help with this – you have to come up as a team with what else makes sense to place in the Intro.
Results:

a) Clear explanation of qualitative results for ALL four parts – labeled as such

b) Data Tables and Graphs showing your data and class data for the dialysis bags and Veggie cores

c) Calculation of osmolar veggie cell concentration and water potential for the same cell.  The room temperature = 24.5c.

d) Clear labeled picture for Part 4 – with an explanation of what happened in this activity.

Discussion:  This is the section that many of you need to improve on THE MOST!  Please email me this section before turning it in for my comments.  This should not be a rehashing of your results in words – that would be a RESTATEMENT OF RESULTS and NOT a ‘discussion’.  Why did your results come out the way they did – was it expected, how so; if not, explain anomalies in ways other than trial size was too small,  and there is more to it – use your checklist.  Once more pl don’t write out answers to checklist pointers in order – 50% points off if I see that!  Place it in context.
In general, apart from summarizing MAJOR findings for each part (you may do this with subheadings), use your lab report checklist to structure your discussion.  Finally:

1) How did the osmolar concentration varie for zucchini cores and sweet potato cores compared to regular potato and WHY?

2) Explain two real world situations in detail that use the concept of water potential – see the chapter 8 power point for some good animations.  

1.0 M sucrose solution





Di water








