Water Potential (Ψ)


Water potential (Ψ) is a measure of water’s potential to do work.  In order to do work, an object must be able to apply enough force to another object to cause displacement.  In order for water to displace another object, water must be moving.  The largest water potential any volume of water can have, if only standard atmospheric pressure is being applied to that volume of water, is defined as 0.  This is the water potential for distilled water.  Distilled water has the greatest potential to move, and thus displace another object.
As solute is added to distilled water with no outside pressure being applied to it, the water potential of that solution drops.  But what does it mean to say that the water potential of a solution drops?  It means that the water in that solution is less likely to do work - in other words, it is less likely to move!  Why is that?  Well, as solute is added, the chances become less and less that a concentration gradient can be set up between that solution and a second solution that will favor the movement of water out of the initial solution.
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In the example to the left, solute was added to the solution on the left side of the membrane.  This decreased the chances that water would move out of the solution to the left of the membrane and into a solution to the right of the membrane.  This means that the water on the left side of the membrane has less potential to do work than the water on the right side.  What does this mean in terms of water potential?  It means that the solution to the left of the membrane has a more negative water potential than the solution to the right of the membrane.  Therefore, water will flow from the right side of the membrane to the left.  Water always moves towards a more negative water potential.
Let’s take a look at another example.  The solute potential of a 0.1 M solution of distilled water and sucrose at 20º C at standard atmospheric pressure is -0.23.  If we continue adding sucrose to the solution until it reaches a concentration of 0.75 M at 20º C at standard atmospheric pressure, the solute potential continues to drop to a value of         -1.87.  Which solution contains water that is less likely to do work?  The one that has a higher concentration of solute and a lower concentration of water!  Think about it - if we separated a 0.1M solution of sucrose and a 0.75M solution of sucrose with a selectively permeable membrane, which direction would the water move?  Of course it would move from the 0.1M solution into the 0.75M solution.  In the process, it would be doing work!  Remember, water always moves from an area of higher water potential to an area of lower water potential.
Now that you think you’ve got water potential figured out, let’s complicate matters a little bit!  Water potential (Ψ) is actually determined by taking into account two factors - osmotic (or solute) potential (ΨS​) and pressure potential (ΨP​).  The formula for calculating water potential is  Ψ = ΨS +  ΨP.  Osmotic potential is directly proportional to the solute concentration.  If the solute concentration of a solution increases, the potential for the water in that solution to undergo osmosis decreases.  Therefore, the more solute that is added to a solution, the more negative its osmotic (solute) potential gets.  If  no physical pressure is applied to a solution, then the solute potential is equal to the water potential.  However, if physical pressure is applied to a solution, then it’s water potential (the potential for the water to move and do work) will be affected.  How it is affected depends upon the direction of the pressure.
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How could pressure be applied to a solution?  Let’s look at another example!  If a plant cell is placed into distilled water, obviously water will move into the cell because distilled water has a higher water potential than the plant cell itself.  However, when the plant cell’s central vacuole fills with water, then it will push back out on the water surrounding the cell.  The plant cell doesn’t burst due to this pressure because it has a cell wall.  An animal cell in the same situation would burst.  When the pressure exerted outward on the water surrounding the plant cell is equal to the osmotic potential of the solution in the cell, the water potential of the cell will be equal to zero.  The water potential of the plant cell will also be equal to the water surrounding it, and there will be no net movement of water molecules.  See page 751 in your textbook for other examples of the effects of applying physical pressure on the water potential of solutions.
