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Chapter 77.2, 7.3
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Concept 7.2: Membrane structure results in selective permeability
 A cell must exchange materials with its surroundings, a process controlled by the plasma membrane
 Plasma membranes are selectively permeable, regulating the cell’s molecular traffic
 Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings
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The Permeability of the Lipid Bilayer
 Hydrophobic (nonpolar) molecules, such as hydrocarbons, can dissolve in the lipid bilayer and pass through the membrane rapidly
 Polar molecules, such as sugars, do not cross the membrane easily
 Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings
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Transport Proteins
 Transport proteins allow passage of hydrophilic substances across the membrane
 Some transport proteins, called channel proteins, have a hydrophilic channel that certain molecules or ions can use as a tunnel
 Channel proteins called aquaporins facilitate the passage of water
 Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings
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Other transport proteins, called carrier proteins, bind to molecules and change shape to shuttle them across the membrane
 A transport protein is specific for the substance it moves
 Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings
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Concept 7.3: Passive transport is diffusion of a substance across a membrane with no energy investment Diffusion is the tendency for molecules to
 spread out evenly into the available space Although each molecule moves randomly,
 diffusion of a population of molecules may exhibit a net movement in one direction
 At dynamic equilibrium, as many molecules cross one way as cross in the other direction
 Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings
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• Osmosis is the diffusion of water across a selectively permeable membrane
 • Water diffuses across a membrane from the region of lower solute concentration to the region of higher solute concentration
 • Substances diffuse down their concentration gradient, the difference in concentration of a substance from one area to another
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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.
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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
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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?
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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
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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!
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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?
 0.1 M 0.75 M
 Of course it would move from the 0.1M solution into the 0.75M solution.
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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.

Page 15
                        

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
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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.
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An animal cell in the same
 situation would burst. Terms isotonic, hypertonic and hypotonic are usually used when a reference to cell of a living organism is made, but it can be generally used to compare concentration of a solute in two solutions.
 Isotonic solutionsIsotonic solutions are two solutions that have the same concentration of a solute.
 Hypertonic solutionHypertonic solution is one of two solutions that has a higher concentration of a solute.
 Hypotonic solutionHypotonic solution is one of two solutions that has a lower concentration of a solute.
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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 (from your experimental data)
 R = Pressure constant = 0.0831 liter bar/mole K
 T = Temperature in degrees Kelvin = 273 + °C of solution
 Solute potential ( ) = –iCRT
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Water potential ( ) =
 pressure potential ( ) + solute potential ( )
 Pressure potential ( ): In a plant cell, pressure exerted by the rigid cell wall that limits further water uptake.
 Solute potential ( ): The effect of solute concentration. Pure water at atmospheric pressure has a solute potential of zero. As solute is added, the value for solute potential becomes more negative. This causes water potential to decrease also.
 In sum, as solute is added, the water potential of a solution drops, and water will tend to move into the solution.
 In this laboratory we use bars as the unit of measure for water potential; 1 bar = approximately 1 atmosphere.
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Sample Problem
 The molar concentration of a sugar solution in an open beaker has been determined to be 0.3M. Calculate the solute potential at 27 degrees. Round your answer to the nearest hundredth.
 Solute potential = -iCRT = -(1) (0.3 mole/1) (0.0831 liter bar/mole K) (300 K) Correct Answer: -7.48 The pressure potential of a solution open to the air is zero. Since you know the solute potential of the solution, you can now calculate the water potential.
 What is the water potential for this example? Round your answer to the nearest hundredth.
 Correct Answer: -7.48
 Water potential = -7.48 + 0, so water potential = -7.48
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