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Regents Biology Laboratory Investigation

SURFACE AREA, VOLUME, DIFFUSION AND CELL SIZE
Background Information


We are all, by now, familiar with the cell theory, and its three tenants, viz. that all living things are made of cells, the cell is the smallest unit of life, and all cells arise from pre-existing cells.  Why, however, with the myriad ways of assembling cells, from angiosperms to zebras, do cells never really get that big?  We see towering redwoods and diminutive hydra, but they are all made of cells that adhere to some sort of self-limiting growth.  Why aren’t there amoebas that are a meter across?  Why don’t trees save time and energy by just making a few hundred huge cells, instead of billions of little ones?


It turns out that the answer lies with out old friend diffusion.  Diffusion is a slow process by which molecules move from an area of high concentration to low concentration.  It is also how cells move many things across their membranes.  Because diffusion is so slow, if a cell got very large, oxygen and other nutrients would take too long to diffuse to the very center of the cell, and the organelles residing therein would not be able to function.  So diffusion limits exactly how big cells can get.

By extrapolating the idea out into organisms, we see that creatures such as earthworms and insects do not grow to a grand scale, either.  This is because they too use diffusion to get molecules to the inside of their bodies.  If they became any larger, the process of diffusion would be unable to provide the cells and organs in the very middle of their bodies with enough gasses or nutrients.

There is a relationship between the surface area of a cell and its volume which prohibits it from becoming very large.  Today you will use some simulated cells to determine exactly what that relationship is.
Purpose

The purpose of this lab is to determine what relationship exists between the surface area of a cell and its volume, in terms of the amount of diffusion that takes place.  You will gain an understanding of why cells and certain organisms cannot become very large, and what effects the speed of diffusion has on organism size.
Materials

Agar
Phenolphthalein


NaOH
Distilled H2O


Hot plate/stirrer
Stir bar


Metric ruler
Scalpel

Glass tray
Hot hands

1 L beaker
Digital balance


Weighing paper
1 L beaker
Procedure
N.B. – It is important to remember that phenolphthalein is flammable, and should not be added to the agar solution until it is off the hot plate.  The NaOH solution that is used is not very strong, but any spills should be cleaned up immediately with a wet paper towel, or rinsed off your hands with plenty of cold water.  Your teacher may prepare the agar used in the lab, or you may do it yourselves.  
PART I – PREPARE THE AGAR

1.  Measure out 15 g of agar powder, and add it to the 1 L flask.
2.  Pour about 600 mL of distilled water into the flask, and add the stir bar.

3.  Place the flask on the hot plate/stirrer, and boil the solution.
4. Dilute the solution to 1 L with distilled water, and continue to boil.
5.  Remove the flask from the hot plate.

5.  Add 10 mL of phenolphthalein to the flask, and swirl to mix.
6.  Pour the agar into the glass dish, and put it in the refrigerator to gel.  It should take about an hour to set completely.
PART II – DIFFUSION EXERCISE

1.  Remove the agar from the refrigerator.

2.  Using the scalpel, cut the agar into cubes of varying sizes, but in whole-centimeter increments.  Choose at least five sizes, no smaller than 1 cm, but no larger than 10 cm. 

3.  Record the sizes of your cubes in table 1, and calculate the surface area and volumes of the cubes, as well.

4.  Fill the 1 L beaker with the NaOH solution, just enough to cover the largest of your cubes.


5.  Carefully place your cubes into the beaker; take care not to splash!


6.  Leave the cubes for the time your teacher specifies.  RECORD THE TIME BELOW!!

7.  Using tongs or gloves, remove the cubes from the NaOH to a paper towel.


8.  Using the scalpel, cut the cubes in half.


9.  Measure the size of the area that did not change color.  Record this in table 2, and calculate the surface area and volume of this space as well.


10.  The cubes may be disposed of in the garbage.  
Diffusion Time ______________________________
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	Volume (cm3)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Table 1.  Measurements of cubes before experiment.

	Cube Size (cm)
	Surface Area (cm2)
	Volume (cm3)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Table 2.  Measurements of unchanged section of cubes after experiment.

Analysis
QUESTION 1:  Using the graph paper provided, construct a line graph that compares the cube size, surface area, and volume for the data in table 1.  Attach the graph at the end of your lab.
QUESTION 2:  Calculate the diffusion rate for each of your cubes.  The rate of diffusion is defined as the LINEAR DISTANCE FROM THE OUTSIDE  that turned pink, divided by the time it took to diffuse.  The unit should end up being cm/min or mm/min, depending on what unit you used to measure.  Which cube had the highest diffusion rate?  Which had the lowest?
QUESTION 3:  Using the graph paper provided, construct a graph that shows the diffusion rate compared to the size of the cube.  Attach the graph at the end of the lab.  
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