
ap biology water potential practice
problems
AP Biology water potential practice problems are an essential component of
understanding plant physiology and the movement of water in biological
systems. Water potential (Ψ) is a crucial concept in AP Biology, as it
quantifies the tendency of water to move from one area to another,
influencing processes such as osmosis and transpiration. Mastering water
potential can help students excel in the AP exam and gain a deeper insight
into plant biology. This article will explore the fundamental concepts of
water potential, provide practice problems, and offer solutions and
explanations to enhance comprehension.

Understanding Water Potential

Water potential (Ψ) is a measure of the potential energy in water and is
expressed in units of pressure (usually megapascals, MPa). It is a crucial
concept in plant biology because it drives the movement of water through
plant tissues. Water potential is influenced by two main components:

1. Solute Potential (Ψs): Also known as osmotic potential, it is determined
by the concentration of solutes in a solution. The presence of solutes lowers
the water potential, making it more negative. The formula for calculating
solute potential is:
\[
Ψs = -iCRT
\]
where:
- \(i\) = ionization constant (number of particles the solute breaks into)
- \(C\) = molar concentration of the solute
- \(R\) = pressure constant (0.0831 liter bar per mole per Kelvin)
- \(T\) = temperature in Kelvin

2. Pressure Potential (Ψp): This is the physical pressure exerted on a
solution. In plant cells, it is often positive due to turgor pressure, which
results from the cell wall's resistance to the expansion of the cell due to
water uptake.

The overall water potential (Ψ) of a solution can be expressed as:
\[
Ψ = Ψs + Ψp
\]



Practice Problems

To reinforce understanding of water potential, here are several problems
designed for practice.

Problem 1: Calculating Solute Potential

A plant cell is placed in a solution with a molarity of 0.5 M NaCl at a
temperature of 25°C. Calculate the solute potential of this solution.

Problem 2: Determining Water Movement

A potato cell has a water potential of -0.5 MPa. It is placed in a solution
with a water potential of -0.7 MPa. Will water move into or out of the potato
cell? Justify your answer.

Problem 3: Pressure Potential Calculation

A plant cell has a solute potential of -1.2 MPa and a water potential of -0.8
MPa. Calculate the pressure potential of the cell.

Problem 4: Comparing Two Solutions

Two solutions are compared: Solution A has a solute potential of -0.6 MPa,
and Solution B has a solute potential of -1.0 MPa. Which solution has a
higher water potential, and what does this imply about the movement of water?

Problem 5: Osmosis in Plant Cells

A celery stalk is placed in different solutions: one with 0.2 M sucrose and
another with 0.4 M sucrose. If the celery cells have a water potential of
-0.4 MPa, determine in which solution the celery will become turgid (firm)
and why.

Solutions and Explanations

Now, let's go through the solutions to the practice problems provided.



Solution to Problem 1: Calculating Solute Potential

1. Identify the values:
- \(i\) for NaCl = 2 (it dissociates into Na⁺ and Cl⁻)
- \(C\) = 0.5 M
- \(R\) = 0.0831 L bar/(mol K)
- \(T\) = 25°C = 298 K

2. Calculate solute potential:
\[
Ψs = -iCRT = -2 \times 0.5 \, \text{mol/L} \times 0.0831 \, \text{L bar/(mol
K)} \times 298 \, \text{K}
\]
\[
Ψs = -24.9 \, \text{MPa}
\]

Thus, the solute potential of the solution is approximately -24.9 MPa.

Solution to Problem 2: Determining Water Movement

The water potential of the potato cell is -0.5 MPa, and the external solution
has a water potential of -0.7 MPa.

Since water moves from areas of higher water potential to areas of lower
water potential, water will move out of the potato cell into the surrounding
solution. This occurs because -0.7 MPa is more negative than -0.5 MPa.

Solution to Problem 3: Pressure Potential
Calculation

1. Identify the values:
- \(Ψs = -1.2 \, \text{MPa}\)
- \(Ψ = -0.8 \, \text{MPa}\)

2. Calculate pressure potential:
\[
Ψp = Ψ - Ψs = -0.8 \, \text{MPa} - (-1.2 \, \text{MPa}) = 0.4 \, \text{MPa}
\]

Thus, the pressure potential of the cell is 0.4 MPa.

Solution to Problem 4: Comparing Two Solutions



- Solution A: \(Ψs = -0.6 \, \text{MPa}\)
- Solution B: \(Ψs = -1.0 \, \text{MPa}\)

Since pressure potential is typically 0 for solutions, the water potential
will be equivalent to the solute potential in this case.

- Water potential of Solution A = -0.6 MPa
- Water potential of Solution B = -1.0 MPa

Conclusion: Solution A has a higher water potential than Solution B,
indicating that if a plant cell were placed in Solution A, it would gain
water (become turgid), while in Solution B, it would lose water.

Solution to Problem 5: Osmosis in Plant Cells

1. Identify the water potential of the solutions:
- Solution 1 (0.2 M sucrose):
- Assume \(i = 1\) for sucrose (it does not dissociate).
- Calculate \(Ψs\):
\[
Ψs = -iCRT = -1 \times 0.2 \times 0.0831 \times 298 = -4.97 \, \text{MPa}
\]

- Solution 2 (0.4 M sucrose):
- Same calculations as above:
\[
Ψs = -1 \times 0.4 \times 0.0831 \times 298 = -9.94 \, \text{MPa}
\]

2. Water potential:
- The water potential of the celery cells is -0.4 MPa.
- Water potential of Solution 1 = -4.97 MPa.
- Water potential of Solution 2 = -9.94 MPa.

Since -0.4 MPa (celery cells) is higher than both solutions, the celery stalk
will become turgid in Solution 1 (0.2 M sucrose) where it can take in water.

Conclusion

AP Biology water potential practice problems help students grasp the
fundamental principles of water movement in plants. Mastering the
calculations for solute potential, pressure potential, and overall water
potential is critical for understanding processes like osmosis and plant
hydration. By practicing these problems, students can solidify their
understanding and prepare effectively for the AP Biology exam.



Frequently Asked Questions

What is water potential and how is it calculated in
biological systems?
Water potential (Ψ) is a measure of the potential energy in water,
influencing the direction of water movement. It is calculated using the
formula Ψ = Ψs + Ψp, where Ψs is the solute potential and Ψp is the pressure
potential.

How does solute concentration affect water potential
in plant cells?
As solute concentration increases, the solute potential (Ψs) becomes more
negative, which lowers the overall water potential (Ψ). This causes water to
move into the cell, increasing turgor pressure until equilibrium is reached.

What role does pressure potential play in the
movement of water in plants?
Pressure potential (Ψp) is the physical pressure exerted by the fluid in the
cell. In plant cells, it helps maintain turgor pressure, which is crucial for
structural support and the movement of water through the plant via osmosis.

How can you determine the direction of water
movement between two cells with different water
potentials?
Water will move from the area of higher water potential (less negative) to
the area of lower water potential (more negative) until equilibrium is
reached. This can be predicted by comparing the water potentials of the two
cells.

What is the significance of water potential in
understanding plant responses to drought?
During drought conditions, the water potential in the soil decreases, leading
to negative Ψs in plant roots. This affects the overall water potential,
causing plants to close stomata to reduce water loss and conserve resources,
highlighting the importance of water potential in plant physiology.
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