
             AP Biology                       

                                        

Water Potential & Unknown Sucrose Concentrations 

In animal cells, the movement of water into and out of the cells is influenced by the relative 
concentration of solutes on either side of the cell membrane. If water moves out of the cell, the cell 
will shrink. If water moves into the cells, the cells may swell or even burst. In plant cells, the presence 
of a cell wall prevents the cells from bursting, but pressure does eventually build up inside the cell 
and affects the process of osmosis. When the pressure inside the cell becomes large enough, no 
additional water will accumulate in the cell even 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, water potential is the tendency of water to diffuse from one are to another 
under a given set of parameters. Water potential is expressed in bars, a metric unit of pressure equal 
to about 1 atmosphere and is measured with a barometer. Water potential is abbreviated by the 
Greek letter psi (Ψ) and has two major components.  

Ψ = Ψp +Ψs 
Water Potential = Pressure Potential + Solute Potential 

 

 

 

 

 

 

 

 

To determine Solute Potential, the following formula is used:	  ΨS = -iCRT. Where . . . 

i = ionization constant (for sucrose, this value is 1) 

C = molar concentration of sucrose per liter at equilibrium (sometimes determined experimentally) 

R = pressure constant/ ideal gas constant (0.0831 liter bar/mole K) 

T = temperature of solution in Kelvins (K = °Celsius + 273) 

Ex. If C is experimentally determined to be 0.300 and T = 293 K, then 

Ψs = -(1) (0.300 mole/liter) (0.0831 liter bar/mole K) (293 K) = -7.304 bars 



Pre-Lab Questions 

1. What would happen if you applied saltwater to the roots of a plant? Why? 
2. Will water move into or out of a plant cell if the cell has a higher water potential than the 

surrounding environment? 
3. If a plant cell’s Ψp = 2 bars and its Ψs = -3.5 bars, what is the resulting Ψ? 
4. The plant cell from question #3 is placed in a beaker of sugar water with Ψs = -4.0 bars. In 

which direction will the net flow of water be? 
5. The value of Ψ in root tissue was fond to be -3.3 bars. If you place the root tissue in a 0.1 M 

solution of sucrose at 20°C in an open beaker, what is the Ψ of the solution, and in which 
direction would the net flow of water be? 

6. NaCl dissociates into 2 particles in water: Na+ and Cl-. If the solution in question 5 contained 
0.1M NaCl instead of 0.1 M sucrose, what is the Ψ of the solution, and in which direction would 
the net flow of water be? 

7. At some point in the lab, you will have to obtain cut potatoes (plant cells) and quickly mass 
them or place them in a beaker with plastic wrap over the top. If you cannot mass your potato 
pieces immediately after they are cut, why is the plastic wrap necessary?  

Procedure:  

Day 1 

1. You will be provided with 5 colored sucrose solutions of unknown molarity (Each unknown is 
one of the following: 0.0M,  0.2 M, 0.4 M, 0.6 M, 0.8 M,). For each unknown solution (colored 
sucrose solution) you will be determining the initial mass, final mass, mass difference, 
%change in mass, average % change in mass for the class, and molarity of sucrose solution. 
Create a data table for this lab.   

2. With tape, label your 5 beakers/cups with your lab table, class period, and color of solution.  
3. Pour 100 mL of each unknown solution into a beaker.  
4. Obtain 5 pieces of cut potato. Either immediately mass them and place in proper solutions or 

obtain and place in beaker with plastic wrap covering the top.    
5. Record the mass of the 5 potato pieces in your data table.  
6. Place the potato pieces into the beakers with solution and cover/secure with plastic wrap. 

Leave overnight. Clean graduated cylinders and other lab equipment that you are finished with. 
 
Day 2 

7. Remove the cylinders from the beakers and carefully blot of any excess solution. Again, if you 
cannot immediately use a balance to mass your cores, cover them as before to prevent 
evaporation. Record the room temperature in Celsius.  

8. Determine the mass of the potato pieces and record.  
9. Calculate the % change. Using the form on the class website, please send your % changes in 

mass to the teacher for average calculations.   
10. Clean up: Trash potato cores, empty sucrose solutions down sink, Windex lab station, wash 

and dry beakers.   
11. Move onto your Analysis of Results.   

 
 
 
 
 
 
 



 
Analysis of Results 
 

1. Determine the molarity of the unknown solutions.  This step will require some thought.  
2. Graph the class averages for percent change in mass for the five sucrose concentrations.  To 

do this properly the x-axis (0 axis) line should be in the middle of your graph. The y-axis label 
above this line should include the words “% increase” and the portion below should include “% 
decrease” in it.  

3. On your completed graph, find the point where the line of your data crosses the 0 line (x-axis). 
This is the equilibrium point; at this point there is no net gain or loss of water from the potato 
cells. Read the corresponding value of sucrose molarity for this point. This is the molar 
concentration of sucrose that produces equilibrium. In your lab notebook, record this 
concentration of sucrose.  

4. Below/ next to the concentration, record the temperature as given to you by your teacher.  
5. Then using the formula given to you, calculate the solute potential for the potato. Show your 

work.  
 

ΨS = -iCRT 
 

 
 
Post Lab Questions: 

 
1. Calculate the solute potentials for each of the solutions used in the lab. Compare your 

calculations to the average %changes in mass.  If they are very different, give possible 
sources of error.   

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

3. 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 or lose 
water? Explain.  

4. A chef chops vegetable into a bowl of water. Would you expect the vegetable slices to gain or 
lose water? Explain your answer in terms of water potential.  

5. Now that you know the concentration of the sucrose solutions, design an experiment that can 
help you determine the solute concentrations of other types of potatoes (sweet potatoes, 
golden potatoes, red potatoes).  Include the following: Title, Purpose, Introduction.  

 

 

 

 

 

 

 

 


