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Introduction:  
[bookmark: _GoBack]Understanding diffusion and osmosis is critical in the study of biology and cells.  This is because cells need to maintain a certain ‘environment’ inside the cell to make sure all the organelles can function correctly.  Cells regulate this environment with a selectively permeable membrane that controls the movement of materials in and out of the cell (Biology Department, 2014).  It is because of this that osmosis is so important in the function of a cell.  To understand osmosis first one must understand diffusion; diffusion is simply the movement of molecules in high concentration to a lower concentration until the concentration is equal throughout the system.  Osmosis is the diffusion of water across a selectively permeable membrane.  Solutes dissolved in water are unable to diffuse through the cell membrane so cells use osmosis to transfer a net movement of water in or out of the cell in order to get the solute concentration to equal both in the cell and the surroundings.  If the cell has a higher concentration of solute than the solution (hypotonic) it is in the cell will absorb water to lower the internal concentration.  If a cell has a lower concentration (hypertonic solution) the opposite will occur.  If the concentrations are equal (isotonic) there will be no net movement (Reece et al.,2014).
  Osmosis is slightly different between animal and plant cells due to plant cells having a cell wall.  Animal cells in hypotonic solution will continue to absorb water until they burst.  Plant cells however will not burst due to the cell wall resisting pressure and a central vacuole that can hold excess water, eventually the cell will stop absorbing water due to pressure built up in the cell wall.  When animal are in hypertonic solution they will lose water and shrivel up.  Plant cells in hypertonic solution also lose water and pressure on the cell wall decreases causing it to ‘droop’. 
The surface area to volume ratio is important when discussing diffusion or osmosis.  This is because the larger the surface area is relative to volume the more contact the cell will have with it’s surroundings and therefore there is more surface to diffuse though and so more material will be transferred faster.

The purpose of this lab is to gain a deeper understanding of osmosis and diffusion through estimating osmolarity of a potato tissue, studying the relation of diffusion with surface to volume ratio, and testing the permeability of sausage casing with a Benedict test and an IKI test. 

Methods:

	The first part of the experiment was to estimate osmolarity of potato tissue by change in weight.  First 4 plastic tubes were labeled (0,0.25,0.65,0.85) and a piece of potato was obtained and placed on wax paper.  The peel was removed from the potato and it was cut into 4 equal cubes.  Dimensions and weights of the cubes were recorded using a ruler and a Denver Instrument mxx-212 scale.  Each potato slice was placed into a tube and the appropriate glucose solution was added to the tube up to the 10mL line ensuring all potato pieces were completely immersed.  The time was recorded and the potato pieces were left to incubate for an hour.  After an hour the potato pieces were removed and weighed once more and the final weight was recorded.  

	The second part of the experiment was studying the surface to volume ratio and it’s role during diffusion/osmosis.  Two rectangular potato pieces were obtained; one large and one small.  The dimensions of each were recorded as well as the weight.  Both were transferred to a 50mL beaker and covered with water.  The beaker was then left for an hour.  After the incubation the potato sections were removed, weighed, and their final masses were recorded.  The surface areas and volumes were also calculated and recorded.  

The third part of the experiment was testing the permeability of sausage casing with an IKI test and a Benedict’s test.  A piece of sausage casing was obtained and a knot was carefully tied at one end.  A plastic beaker was then filled with 40mL of water.  One group member then held the sausage casing open while the other used a pipette to transfer 2mL of 45% glucose solution and another pipette to transfer 2mL of 1.5% starch solution into the casing.  The contents of the casing was then mixed while holding the casing closed.  The casing was then draped on the beaker so that the middle is immersed in distilled water and the two sides are hanging over the edges.  After 30 minutes the colours of the sausage solution and water were recorded.  1mL of IKI was then added to the water in the beaker and the colour was recorded.  1mL of solution from sausage casing was then transferred to a cuvette and 2 drops of IKI were added.  The colour of the solution was then recorded.
               The next part was the Benedict’s test for sugar.  3 cuvettes were labeled C (control), S (sausage), and B (beaker).  1mL of solution from the beaker was transferred to cuvette B and 1mL from the sausage casing was transferred to cuvette S.  1mL of distilled water was then added to cuvette C.  The colours of all 3 cuvettes were recorded.  5 drops of Benedict’s reagent were added to each cuvette and then they were placed in a 60°C ‘Fisher’ water bath and heated for 5 minutes.  The colours of the solutions in each cuvette were then recorded and the lab area was cleaned up.  


Results:

The percent weight changes for 0M, .25M, .65M, and .85M were 8.88, 4.26, -3.74, and -11.44 respectively.  The glucose concentration for no net weight change would be at .415M.  
  
Figure 1. Change in percent weight change with glucose concentration  

Both the large and small pieces of potato gained weight through osmosis.  The large piece gained .72g and the small piece gained .21g.  However the percent weight change was much larger for the smaller piece.  
Table 1. Surface area to volume ratio and % weight change for potato pieces.
	Potato Piece
	SA/V (cm2/cm3)
	 Weight Change (%)

	Big 
	2.61
	6.9

	Small
	6.26
	15



For the IKI test (rows 1,2) the water in the beaker went from clear to yellowish and the glucose/starch from the sausage casing went from cloudy to dark purple.  For the Benedict’s test (rows 3,4,5) the water in cuvette C went from clear to blue, the glucose/starch from cuvette S went from cloudy to dark orange, and the water from cuvette B went from clear to light orange.  

Table 2. Colour change for solutions tested
	
	Original Contents
	Colour Before Test
	Colour After Test

	Beaker
	Water
	Clear
	Murky Yellowish

	Sausage Casing
	Glucose/Starch
	Slightly Cloudy
	Purple/Black

	Cuvette C
	Water
	Clear
	Blue

	Cuvette S
	Glucose/Starch
	Slightly Cloudy
	Very Orange

	Cuvette B
	Water
	Clear
	Light Orange




Discussion:
	In part 1 the potato tissue gained mass for 0.0M and 0.45M but lost mass for 0.65M and 0.85M glucose solutions.  This is because the first 2 solutions had a lower concentration of glucose than the potato (hypotonic), and the second 2 solutions had a higher concentration (hypertonic).  This makes sense because to try and even out the concentrations the potato will take in water in hypotonic solution and lose water in hypertonic solution.  The graph shows that increasing the concentration of glucose in the solution more water will be lost from the potato.  It also shows that at 0.415M the solution should be isotonic to the potato indicating the potato has an osmolarity of 0.415M because that is when the concentrations will be equal and there is no net gain or loss of water.

	In part 2 it was found that both the large and small potato gained mass however the percent of mass gained was much larger in the smaller potato than the large one as can be seen in table 1.  This makes sense because the surface area to volume ratio was much larger in the smaller piece (6.26) than the large one (2.61) meaning the small potato had greater surface for water to diffuse through per volume.  This shows one reason why cells have such a small size, because with a large surface area to volume ration it is much easier to acquire necessary materials for cell function.

	The colour changes in part 3 and 4 can be seen in Table 3.  In part 3 the water in the beaker went from clear to yellowish which is the colour of IKI indicating no starch is present and it all remained in the sausage casing which went from cloudy to dark purple indicating the presence of starch.  For part 4 the test cuvette went from clear to blue indicating Benedict’s reagent was functioning properly.  The sausage casing solution went to dark orange and the water from the beaker went to light orange.  This shows that there is a large concentration of glucose in the sausage casing and a small concentration in the beaker water in which the casing was immersed.  These 2 tests show how osmosis works as no starch was able to pass through the casing and a small amount of glucose was able to pass through, mainly only water can diffuse through the casing.  Glucose molecules are considerably smaller than starch and closer to the size of water.  This explains how some glucose is capable of passing though the casing into the water.  Starch molecules are very large in comparison and so it makes a lot of sense that no starch could pass through the casing.
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