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DIFFUSION, OSMOSIS AND SURFACE AREA: VOLUME RATIO
Learning objectives:
· Differentiate between the terms diffusion and osmosis.
· Assess the importance of water potential to plants and animals.
· Deduce what happens to animal and plant cells when they are placed in solutions with differing water potentials.
· Define active transport.
· Relate the adaptations of cell to its functions.
· Assess the importance of surface area to volume ratio in biology and explain how cells are adopted for absorption.
Diffusion
                It is the net movement of molecules or ions from where they are in a higher concentration to where they are in a lower concentration i.e. down a concentration gradient.
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                In liquids and gases, molecules posses kinetic energy and are continually moving about. As this movement is at random, an equilibrium is reached when the molecules are evenly spaced out. It is not that the molecules have stopped moving. In fact, they are always moving about but there is the same number of them everywhere in the system so there is no net change anymore.  This is also known as dynamic equilibrium.
Molecules diffuse down this gradient
   Direction of movement of molecules
         Point B 
      Point A
              Concentration
In the graph above, the arrowhead pointing from POINT A (higher concentration) to POINT B (lower concentration) shows the diffusion gradient. Here it should be noted that the steeper the diffusion gradient for a substance, the faster the rate of diffusion will be for that substance. 
Diffusion in cells:
                             We now know that the cell surface membrane is partially permeable: it will allow some substances through and not others. Similarly a substance could diffuse into or out of a cell if it is one of the substances which the cell membrane allows to pass through itself, e.g. carbon dioxide, oxygen etc. Therefore, diffusion is an important way by which substances move into and out of the cell. For example, the AMOEBA, which is a unicellular organism, gets the oxygen it needs from water, in which it lives, by diffusion. It also gets rid of the carbon dioxide it produces by diffusion.
OSMOSIS
              This is a special type of diffusion which involves the net movement of water molecules from a solution of higher water potential to a solution of lower water potential through a partially permeable membrane.
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Semi-permeable membrane
        Concentration 
Point A                                           Point B        
       Direction of movement of water molecules 
In the graph above, the arrowhead pointing from POINT A (higher water potential) to POINT B (lower water potential) shows the diffusion gradient. Here it should be noted that the steeper the diffusion gradient, the faster the rate of diffusion.
Water potential:
                         The term water potential is used to describe the movement of water molecules. It is a measure of the tendency for water to move from one place to another. A dilute solution contains more water molecules/unit volume than a concentrated solution so it has a higher water potential than a concentrated solution. When two solutions of different water potential are separated by a partially permeable membrane, a water potential gradient is established. Water always moves from a higher water potential to a lower one, i.e. down a water potential gradient.
Water potential
Dilute solution=more                               concentrated solution=less
Or, a simple rule to remember this is that salt sucks.
Salt is a solute, when it is concentrated inside or outside the cell, it will draw the water in its direction. This is also why you get thirsty after eating something salty.
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Hypotonic, Hypertonic and Isotonic Solutions 
(These terms apply only to animal systems and not to plant systems)
Type of Solutions
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If the concentration of solute (salt) is equal on both sides, the water will move back in forth but it won't have any result on the overall amount of water on either side.                                  
"ISO" means the same
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The word "HYPO" means less, in this case there are less solute (salt) molecules outside the cell, since salt sucks, water will move into the cell.
The cell will gain water and grow larger. In plant cells, the central vacuoles will fill and the plant becomes stiff and rigid, the cell wall keeps the plant from bursting
In animal cells, the cell may be in danger of bursting, organelles called CONTRACTILE VACUOLES will pump water out of the cell to prevent this.
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The word "HYPER" means more, in this case there are more solute (salt) molecules outside the cell, which causes the water to be sucked in that direction.
In plant cells, the central vacuole loses water and the cells shrink, causing wilting. Such a cell is called a plasmolysed cell as the cytoplasm shrinks away from the cell wall.
In animal cells, the cells also shrink. The membrane forms little spikes as water is lost and the cell shrinks, also known as crenation.
In both cases, the cell may die.
This is why it is dangerous to drink sea water - its a myth that drinking sea water will cause you to go insane, but people marooned at sea will speed up dehydration (and death) by drinking sea water.
This is also why "salting fields" was a common tactic during war, it would kill the crops in the field, thus causing food shortages.
Importance of turgor in plants:
                                                 Turgor supports plants that do not have woody stems. Plants lacking in turgor visibly wilt. The process of osmosis plays an important part in maintaining the turgidity of plant cells. Water leaves and enters the cell by osmosis. If too much water leaves the cell, for example during drought or saline conditions, then turgor is lost and the cell becomes flaccid. As turgor gives the plant rigidity, loss of turgidity results in the plant wilting
ACTIVE TRANSPORT
Active transport is the process in which energy is used to move the particles of a substance against a concentration gradient from a region where they are in a lower concentration to a region where they are in a higher concentration.
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Sometimes living cells are able to absorb certain substances even though these substances are of higher concentration inside the cell than they are in the outside environment. This means that the cells are absorbing these substances against a concentration gradient. Active transport only occurs in living cells because living cells respire. It is during tissue respiration that energy is set free, and part of this energy is used in active transport.
               Direction of movement of molecules
      Point A                                          Point B
Active transport up a concentration gradient
           Concentration
Active transport is involved in a number of processes occurring within an organism. This includes the absorption of:
· Dissolved mineral salts by the root hairs.
· Glucose and amino acids by cells in the small intestine of humans.
Surface area: volume ratio
The ratio between the surface area and volume of cells and organisms has an enormous impact on their biology. For example, many aquatic microorganisms have increased surface area to increase their drag in the water. This reduces their rate of sink and allows them to remain near the surface with less energy expenditure. Humans and other large animals cannot rely on diffusion for absorption and rejection of respiratory gases for their whole body; however, animals such as flatworms and leeches can, as they have more surface area per unit volume. For similar reasons, surface to volume ratio places a maximum limit on the size of a cell.
Individual organs in animals are often shaped by requirements of surface area to volume ratio. The numerous internal branchings of the lung increase the surface area through which oxygen is passed into the blood and carbon dioxide is released from the blood. The intestine has a finely wrinkled internal surface, increasing the area through which nutrients are absorbed by the body.
Smaller single celled organisms need to have a high surface area to volume ratio in order to survive. This is because they rely on oxygen diffusing into the cell. The higher the SA:Volume ratio they have, the more efficient this process can be.
Increased surface area can also lead to biological problems. More contact with the environment through the surface of a cell or an organ (relative to its volume) increases loss of water and dissolved substances. High surface-area-to-volume ratios also present problems of temperature control in unfavorable environments.
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