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Introduction [400]
Cells are the microcosm of life. They exist in great variety, but all are composed of the same essential building blocks; atoms and molecules. It is the regulated movement of these molecules within the cell, and through cellular membranes, that help maintain the stability required to survive its external environment. Driven by kinetic energy, this movement of molecules is known as diffusion and osmosis. Diffusion is the movement of molecules from an area of higher concentration to lower concentration until they reach a state of equilibrium; however, this is predominately the case with smaller molecules such as oxygen (O2) and carbon dioxide (CO2) as larger molecules may not diffuse across the cell membrane as it is selectively permeable. Comparatively, osmosis refers to the diffusion of water (H2O) across the cell membrane. 
Diffusion and osmosis differs in plant and animal cells, as each require different levels of tonicity to remain stable. Tonicity describes the ability of a solution to cause a cell to gain or lose water. Solutions can be one of three types: hypertonic - where the solution is higher than that of the cell; isotonic – equal to that of the cell; or hypotonic; lower than that of the cell. Plant cells thrive in hypertonic solutions as their cell walls prevent them from lysing. The excess water in the cell is what keeps plant cells turgid and their stems stiff. Animal cells prefer isotonic solutions as they only have a plasma membrane and would lyse in a hypertonic solution. Both plant and animal cells, however, tend to avoid hypotonic solutions as they would plasmolyze or shrivel and die. 
The uptake of material across the cell membrane by diffusion is dependent on a cell’s surface area to volume ratio; the higher the ratio, the faster the rate of diffusion and absorption as there is more membrane available to diffuse across (Hoffman et al., 2009). Cells desire to have the biggest surface area and smallest volume possible so they may transport nutrients and oxygen into the cell more effectively.
This experiment uses the observation of potato (Solanum tuberosum), onion (Allium haematochiton), and sausage casing to highlight how diffusion and osmosis operates in plant and animal cells, the differences between these two processes, and the various factors that influence their function, such as surface area to volume ratio, varying levels of external tonicity, and types of molecules present. [395]
Methods [500]

Results [750]
The initial test of determining the osmolarity of a solution using pieces of S. tuberosum soaked in a lactose solution yielded that as the concentration of lactose(aq) increased, the percentage of weight change decreased. The first potato piece in 0 molarity lactose solution, and as such was simply in distilled water, had an initial weight of 2.52 g and a final weight of 2.84 g, resulting in a weight change of +0.32g or +10.9%. The potato in a 0.25M lactose had an initial weight of 2.40 g and a final weight of 2.58 g, resulting in a weight change of +0.18g or +7.5%. The third potato in a 0.50M lactose solution had an initial weight of 2.58 g and a final weight of 2.61 g, resulting in a weight change of +0.03g or +1.2%. The final potato in 0.75M lactose, however, had an initial weight of 2.49 g and a final weight of 2.35 g, resulting in a negative weight change of -0.14g or    -5.6% (Figure 1).

In testing the effects of surface area to volume ratio, the small potato sample (1x1x1cm) had an initial weight of 1.47g and a final weight of 1.7 g for a weight change of +0.23 g or +15.6%. The large potato sample (2x2x2) had an initial weight of 7.60 g and a final weight of 8.2 g for a weight change of +0.6 g or +7.9% (Figure 2).
Figure 2: Effects of Surface Area to Volume Ratio on Small and Large Potato Cubes
	Potato Cubes
	Dimensions (cm)
	SA-V Ratio
	Weighti (g)
	Weightf (g)
	∆ Weight (g)
	∆ Weight (%)

	Small
	1 x 1 x 1
	1:1
	1.47 g
	1.7 g
	0.23 g
	15.6 %

	Large
	2 x 2 x 2
	4:8
	7.60 g
	8.2 g
	0.6 g
	7.9 %



In testing the permeability of membranes using sausage casing, test tube C contained distilled water and was colourless prior to Benedict’s test for the presence of lactose. Following Benedict’s test, the content was blue in colour. Test tube S contained 2 mL of 20% lactose and 2 mL of 2% amylose, and was colourless prior to Benedict’s test. Following the test, the content was bright orange with a small amount of red precipitate. Test tube B contained ___ mL of the beaker contents, and was colourless prior to Benedict’s test. Following the test, the content was orange-green-blue in colour. Test tube BI contained 2 mL of 20% lactose and 2 mL 2% amylose, and was colourless prior to the IKI test for amylose. Following the IKI test, the content was amber-yellow in colour. Test tube SI contained ___ mL of the beaker contents and was colourless prior to the IKI test. Following the test the content was purple-black in colour (Figure 3).
Figure 3: Colour Information of Sausage Casing, Beaker Contents, and Test Tubes Before and After Benedict and IKI Tests
	Part III
	Original Contents
	Colour Prior to Benedict’s Test
	Colour After Benedict’s Test

	Test tube C
	Distilled H2O
	Colourless
	Blue

	Test tube S
	20% Lactose (2 mL) 2% Amylose (2 mL)
	Colourless
	Bright orange with red precipitate

	Test tube B
	Beaker contents 
	Colourless
	Orange-green-blue

	Part IV
	Original Contents
	Colour prior to IKI test
	Colour after IKI test

	Test tube BI
	20% Lactose (2 mL) 2% Amylose (2 mL)
	Colourless
	Amber-yellow

	Test tube SI
	Beaker contents
	Colourless
	Purple-black



Upon microscopic examination of osmosis on Alium haematochiton in mystery solution I, the cells appeared plasmolyzed with a wrinkled texture. The central vacuole shriveled and pulled away from the cell wall, causing much of the cell to be white in colour as opposed to pink when the cell was in the 0.9% saline control solution. In mystery solution II, a. haematochiton appeared full and turgid with a smooth texture. The central vacuole nearly covered the entirety of the cell, with a very thin white cytoplasm and cell wall surrounding the vacuole. [495]
Discussion [1500]
In observing changes to various plant and animal specimens, it has been demonstrated that the external environment of a cell is a critical influence in the processes of diffusion and osmosis. When working with changes in weight with Solanum tuberosum (potato) in varying lactose(aq) solutions, the weight (g) and the percentage of weight change for the potato trended downward as the molarity of lactose solution increased. As the first piece of potato was placed in distilled water, which is hypotonic to the potato cells, water from the test tube diffused down the concentration gradient into the potato, causing a 10.9% increase in weight (Figure 1). Once lactose was introduced to the distilled water, the solution slowly changed from being very hypotonic to hypertonic. At 0.25M and 0.50M, there remained a positive percentage of weight change of 7.5% and 1.2% respectively, showing that the lactose solution remained hypotonic but that the solution was approaching equilibrium with the potato cells (Figure 1). At approximately 0.52M, the solution was stable with the potato cells and became isotonic. When the molarity of lactose was increased to 0.75M, the solution was at that point hypertonic, causing water to diffuse out of the potato cells to equalize the concentration of the solution, and resulting in a percentage weight change of -5.6% (Figure 1). From this data it can be concluded that the percentage weight change is the dependent variable as its fluctuation is dependent on the independent variable, the lactose concentration (M)(Figure 1).
The experiment of the effects of surface area to volume ratios on S. tuberosum cubes originally was thought to be incorrect, but careful observation showed that this was not the case. Cells tend toward having the largest surface area possible while maintaining the smallest volume, which is why cells are so small in their size (10-100μm) but are filled with additional membranes from organelles to increase their surface area (SOURCE textbook). The small potato, with a surface area to volume ratio of 1:1, showed the higher increase in percentage weight change at 15.6%, but a lower change in mass, at 0.23 g (Figure 2). In comparison, the large potato had a surface area to volume ratio of 4:8 and had a percentage weight change of only 7.9%, but had a higher change in mass at 0.6 g (Figure 2). Water molecules diffuse through pores in the cell wall of S. tuberosum, therefore more available membrane results in a higher number of molecules passing through the membrane in a given time. This gives the large potato cube a higher rate of diffusion, while the small potato cube which has less available membrane, results in a slower rate of diffusion. 
Benedict’s test and the IKI test were used to determine the presence of sugar and starch respectively after diffusion had taken place. The contents of test tube C presented no sugars, turning blue after Benedict’s test as its only contents were 1 mL distilled water (Figure 3). Test tube S turned bright orange with a red precipitate after Benedict’s test due to one of the contents being lactose (Figure 3), which is a disaccharide sugar and an isomer to sucrose. As the contents came from inside the sausage casing, this suggests that the level of lactose within the casing was still quite high and had not fully diffused down the concentration gradient. Test tube B contained 1 mL of beaker contents, but turned orange-green after Benedict’s test (Figure 3). This result shows that some of the lactose from within the sausage casing had diffused across the membrane and into the beaker, but that the concentration was still quite low and hypotonic. Therefore, the concentrations from inside the sausage casing and the beaker had not yet equilibrated, but diffusion had occurred. Test tube SI used the IKI test and its contents turned yellow-amber, therefore lacking the presence of starch (Figure 3). As the contents were taken from the beaker, this suggests that starch did not diffuse across the sausage casing membrane at all. This is reinforced by performing the IKI test on the contents of test tube BI, taken from inside the sausage casing, which turned dark purple-black, highlighting the presence of starch. 
In determining the effect of solutions on Alium haematochiton, careful cellular observation and comparison to the control revealed the tonicity of mystery solution I and mystery solution II. It should be noted that chloroplasts were not present as the fruiting body (bulb) of the onion plant is used for storing energy rather than undergoing photosynthesis (SOURCE). The control onion cells placed in an isotonic 0.9% saline solution were stable and the vacuole remained at a normal size. In mystery solution I, the onion cells had plasmolyzed as a result of water leaving the central vacuole and diffusing down the concentration gradient and out of the cell. The pink pigment within the vacuole had become less dominant, while the white cytoplasm space increased. Although the cell wall performed its function and remained rigid, the remaining cell was shriveled, leading to the conclusion that mystery solution I was hypertonic. Comparatively, A. haematochiton cells in mystery solution II had an excessively large central vacuole as a result of water diffusing across the cell wall and into the cell. The pink pigment of the central vacuole dominated much of the cellular space, leaving very little white cytoplasmic space. Due to the thick structure of the cell wall, the onion cells were prevented from lysing, but this demonstrated that mystery solution II was hypotonic. 





Figure 1: Lactose Concentration vs Weight Change (%) in Solanum tuberosum
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