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Background 

Many aspects of the life of a cell depend on the fact that atoms and molecules have kinetic energy and are 

constantly in motion. This kinetic energy causes molecules to bump into one another and move in new 

directions. One result of this molecular motion is the process of diffusion. 
 

Osmosis is a special case of diffusion. Osmosis is the diffusion of water through a selectively permeable 

membrane (a membrane that allows for the diffusion of certain solutes and water) from a region of higher water 

potential to a region of lower water potential. Water potential is a measure of free energy of water in a solution. 
 

Botanists use the term water potential when predicting the movement of water into or out of plant cells. Water 

potential is abbreviated by the Greek letter psi (Ψ) and it has two components: a physical pressure component 

(pressure potential Ψp) and the effects of the solutes (solute potential Ψs). Water potential is measured in bars, a 

unit of pressure equal to about one atmosphere. 
 

Water will always move from an area of higher water potential to an area of lower water potential. Water 

potential, then, measures the tendency of water to leave one place in favor of another place. You can picture the 

water diffusing “down” a water potential gradient. 
 

Ψ               =               Ψp               +               Ψs 
                                                           water                                pressure                                solute 

                                                        potential                              potential                              potential 
 

Water potential is affected by two physical factors. One factor is the addition of solute which lowers the water 

potential. The other factor is pressure potential (physical pressure). In increase in pressure raises the water 

potential. By convention, the water potential of pure water (distilled water) at atmospheric pressure is defined as 

being zero (Ψ = 0). In other words, the pressure potential in an open system will generally equal zero which 

means that the physical pressure within the cell pushing outward and the physical pressure pushing inward on a 

cell are equivalent. 
 

Therefore, the movement of water into and out of a cell is essentially influenced by the solute potential on either 

side of a cell’s membrane. It is important to note that the concentrations of specific solutes inside and outside 

the cell are not relevant, only the total concentration of all the solutes that cannot pass through the membrane.  

Solute potential is calculated by the following equation: 
 

Ψs = -iCRT 
 

Where: 
   -i = ionization constant (degree to which a substance ionizes in water) 

   C = molar concentration of all solutes 

   R = pressure constant (0.0831 liter bars/mole K) 

   T = temperature (K) 
 

It is important for you to be clear about the numerical relationships between water potential and its components, 

pressure potential and solute potential. The water potential value can be positive, negative, or zero. Since 

pressure potential is generally equal to zero in open, biological systems, the determination of solute potential 

will typically indicate which direction water will flow across a membrane. Solute potential is always negative in 

all solutions and the addition of any solutes will decrease the solute potential further. In other words, an increase 

in solution concentration will lower the solute potential, and therefore the water potential. 
 

The relative tonicity terms: hypertonic (a higher concentration of solutes) and hypotonic (a lower concentration 

of solutes) are used to describe solutions on either side of a membrane. To say that solutions are isotonic means 

that they have equal solution concentrations. 
 

 

 

 

Objective(s) 

Water Potential and Osmosis 
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 to model the action of a selectively permeable membrane 

 to measure the water potential of a solution 

 to observe the effect of solute concentration on water movement across a membrane – osmosis 

 to relate osmotic potential to solute concentration and water potential 
 

Materials

 dialysis tubing (x6) 

 sucrose solutions 

 plastic cups (x6) 

 graduated cylinder, 10 

mL 

 funnel 

 distilled water 

 masking tape 

 weigh boat 

 electronic balance 

 paper towels 

 scissors 

 

Pre-Lab Questions 
These questions are for preparing for this investigation. You should be able to answer each of these questions 

thoroughly. While they WILL NOT be checked or graded, they WILL help you to understand the concepts you will 

explore in this investigation AND to produce any required lab write-up.  
 

1. What is dialysis tubing and how does it work? 

2. Calculate the solute potential of a 0.5 M solution of glucose at 20˚C. 

3. Calculate the solute potential of a 1.5 M solution of sodium chloride at 16˚C. 

4. Assuming a pressure potential of zero, what is the highest value for Ψ possible? Explain. 

5. A substance has an initial mass of 7 g. After a period of time elapses, the substance’s mass has increased 

to 9 g. Calculate the percent change in mass. 

 Use a ruler to recreate the Data Table(s) below neatly on your lab paper, and be sure it is drawn 

approximately the same size
 

Safety 
 

 

 

 

 

 
 

Procedure 

1. Use small pieces of masking tape to label six plastic cups with the following labels: distilled water, 0.2 

M sucrose, 0.4 M sucrose, 0.6 M sucrose, 0.8 M sucrose, 1.0 M sucrose.  

2. Obtain six pieces of presoaked dialysis tubing. It is important to keep the dialysis tubing moist – do not 

let it dry out! 

3. Tie a knot in one end of each piece of dialysis tubing to form six bags. Make your knots as close to the 

end of the tubing as possible. 

4. Rub the untied end of a dialysis bag between your thumb and forefinger to open the bag. Use graduated 

cylinder to measure approximately 10 mL of each of the following solutions, and the funnel to pour the 

solutions into the bags.  NOTE: It is more important that the bags are half to two-thirds full than that 

they have 10 mL of solution in them. Rinse the funnel with tap water in between fillings and do not mix 

up the bags! 
 

a) distilled water 

b) 0.2 M sucrose 

c) 0.4 M sucrose 

d) 0.6 M sucrose 

e) 0.8 M sucrose 

f) 1.0 M sucrose 
 

Remove most of the air from the bags, and tie off the other end. It’s important to leave sufficient space 

for the expansion of the bag’s contents. 
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5. Carefully blot the outside of each bag and use the weigh boat and electronic balance to determine the 

initial mass of each bag. Record those values in Data Table 1. 

6. Place each bag in the appropriately labeled plastic cup, and pour enough distilled water into the cup to 

completely submerge the bag. 

7. Let the cups and bags stand for 20 minutes. 

8. After the 20 minutes have elapsed, carefully remove the bags from the water, gently blot them with a 

paper towel, and determine the mass of each using the weigh boat and electronic balance. Record those 

values in Data Table 1. 

9. After completing the calculations in Data Table 1, complete Data Table 2 by compiling your results 

with the rest of the class. 
 

Data Table 1 

Dialysis Bag Results – Group Data 

Dialysis Bag Contents Initial Mass (g) Final Mass (g) % Δ in Mass 

distilled water    

0.2 M sucrose    

0.4 M sucrose    

0.6 M sucrose    

0.8 M sucrose    

1.0 M sucrose    
 

Data Table 2 

Dialysis Bag Results – Class Data (% Δ in Mass) 

 
Group 

1 
Group 

2 
Group 

3 
Group 

4 
Group 

5 
Group 

6 
Group 

7 
Group 

8 
Class 

Average 

distilled 
water 

         

0.2 M 
sucrose 

         

0.4 M 
sucrose 

         

0.6 M 
sucrose 

         

0.8 M 
sucrose 

         

1.0 M 
sucrose 

         

 

Clean Up 

 sink: distilled water, sucrose solutions (carefully pierce bags with scissors, wipe scissors off) 

 trash: dialysis bags, masking tape labels, paper towels 

 rinse (no need to dry): plastic cups, graduated cylinder, funnel, weigh boat 

 everything returned to its original location 
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Results & Analysis 
These questions are for learning purposes. You should be able to answer each of these questions thoroughly. While 

they WILL NOT be checked or graded, they WILL help you to understand the concepts explored in this investigation 

AND to produce any required lab write-up.  
 

1. Create an appropriate graph to plot your group’s percent change in mass from the Data Table 1, and the 

class average percent change in mass from Data Table 2. 

2. Explain the relationship between the change in mass and the molarity of sucrose within the dialysis 

bags. 

3. Predict what would happen to the mass of each bag in this experiment if all the bags were place in a 0.4 

M sucrose solution instead of distilled water. Explain your response. 

4. Why did you calculate the percent change in mass for each bag rather than simply using the absolute 

change in mass? 

5. 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 in mass. 

6. Plant cells possess a rigid cell wall that surrounds the cell membrane. The cell wall allows the cell 

membrane to expand only to a point, at which time the plant cell is said to be turgid. Plant cells that have 

lost a significant quantity of water are said to have plasmolyzed. Create a basic, labeled sketch of how a 

plant cell might appear were it to plasmolyze. Describe what happened to the cell. 

7. Since animal cells do not possess a cell wall, predict what would happen to an animal cell if it were to be 

placed in distilled water. 

8. Imagine you are lost at sea and have run out of fresh water to drink. Would drinking sea water relieve 

you of your thirst?  Explain why or why not in terms of water potential and tonicity. 


