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Guide to Explore the Structure of Matter Three Dimensions

     One of the first experiences that students have with a discussion of the relationship between surface area and volume is during the study of cell structures and the size of animals in middle school life science or first year biology in high school.

     In physical science classes, the most commonly discussed topic that relates to surface area to volume ratios focuses on the influence of the affect of changes in surface area of a chemical reactant on the rate of a chemical reaction.

Perimeter Number to Total Number Ratios
     This activity can begin with an exploration of the relationship between the number of atoms, ions, or molecules along the perimeter of a three-dimensional structure and the total number of atoms, ions, or molecules in the structure.  This type of investigation would apply most directly to the study of the chemical properties of a structure.

  The second part of the activity that involves an investigation of the relationship between the surface area of a structure and its total volume applies more directly to the study of limits to the size of a cell in a plant or animal.  Surface area to volume ratios also applies more directly to a study of the rate of metabolism an animal.

The following are some examples of Perimeter/Total structure ratios.
Data Table #1

	The arrangement
	Number of atoms, ions, or molecules on the Perimeter (P)
	Total number of atoms, ions, or molecules (T)
	P/T

	1
	1
	1
	1/1 = 1.00

	2 x 2 x 2
	8
	8
	8/8 = 1.00

	3 x 3 x 3
	26
	27
	26/27 = 0.96

	4 x  4 x 4
	56
	64
	56/64 = 0.88

	5 x 5 x 5
	98
	125
	98/125 =0.78

	10 x 10 x 10
	488
	1000
	488/1000 = 0.488


Examples of Answers to Questions

Question 1: What would the P/T Ratio for 100 x 100 x 100 arrangement of cubes?
P/T = 58,808 / 1,000,000 = 0.05808
Question 2: Substances that are visible without the use of a microscope contain billions of atoms, ions, or molecules.  Choose a very large number for N.  What would be the P/T ratio for a cube, for the value of N you have used?
     If a student were to choose a cube with 1,000 atoms, ions, or molecules along each edge of the cube then the P/T Ratio would be:

P/T = 5,988,008 / 1,000,000,000 = 0.00598
Question 3:  Imagine that a cube of sugar is dropped into a container of water.  How might the P/T Ratio of the arrangement of the arrangement of sugar molecules affect the rate at which the sugar molecules dissolve in the water?  Explain you answer.
   A student might suggest that cubes with a larger value for the P/T Ration will dissolve more rapidly since there would be fewer interior molecules that could not be dissolved until the molecules on the perimeter of the structure dissolved.

Question 4: What can be done to a substance like sugar to change the P/T Ratio?
  A student might suggest crushing the large cube into smaller pieces.
Surface Area to Volume Ratios
The following table includes values for one cubic inch wood cubes that would have a length, width, and depths of 2.54 centimeters.

Data Table #2

	The arrangement
	Total surface area of the arrangement
	Volume of the arrangement
	SA/V Ratio

	1
	38.71 cm2
	16.39 cm3
	2.36

	2 x 2 x 2
	 154.84cm2
	131.10 cm3
	1.18

	3 x 3 x 3
	 348.39 cm2
	442.45 cm3
	0.79

	4 x 4 x 4
	619.35 cm2
	1048.77 cm3
	0.59

	5 x 5 x 5
	967.74 cm2
	2048.38 cm3
	0.47

	10 x 10 x 10
	3870.96 cm2
	16,387.06 cm3
	0.24


Examples of Answers to Questions

Question 5: What would be the SA/V Ratio for a 100 x 100 x 100 arrangement of cubes?  

187,096 / 16,387,064 = 0.02

Question 6: What would the SA/V Ratio be for a 1000 x 1000 x 1000 arrangement?
38709600 / 16387064000 = 0.0024
Question 7: Imagine that a large cube sugar is dropped into a container of water.  How might changing the SA/V Ratio of cube of sugar molecules affect the rate at which the sugar dissolves in the water?  
    If the large cube was divided into smaller cubes, then the Surface Area to Volume Ration would increase.  This would result in the sugar cube dissolving more quickly.
Surface Area to Volume Ratios at the Nanometer Scale:


You have been using a centimeter ruler to analyze the Surface Area to Volume Ratio for a macroscopic structure.  A Surface Area to Volume Ratio can also be determined for a nanoscale structure.  As an example, a nanoscale structure may have a width of 4.5 nanometers.  4.5 nanometers is equal to 4.5 x 10-9 meters.  

Question 8:  How can 4.5 nanometers equal be expressed in centimeters using scientific notation and in decimal form?

4.5 x 10-8 cm or 0.0000000045 cm

Question 9:  What would be the Surface Area to Volume Ratio for a rectangular structure that is 16.5 nanometers wide, 120.0 nanometers long, and 4.5 nanometers thick?   If you use the on-line calculator, you need to enter values in decimal form.

5.24 x 10-15 cm2 / 9.02 x 10-24 cm3 = 580,871,590.15  = 5.81 x 108
Questions 10: What can you conclude about the Surface Area to Volume Ratios for nanoscale structures?
     The huge value for the ratio is an indication that there is very large surface area when compared to the volume of the structure.
Examples of Surface Area to Volume Ratio web sites 

An activity posted by an NSTA member is described at:


http://www.accessexcellence.org/AE/SH/NSTA_SF/brown.html
How Surface Area to Volume Ratios Limit Cell Size

http://www.ucs.mun.ca/~iemerson/lectures1001/coursenotes/SAtoV.html
Animal Metabolism Rates

http://www.tiem.utk.edu/~gross/bioed/bealsmodules/area_volume.html
Modeling limits to cell size

http://www.accessexcellence.org/AE/AEC/AEF/1996/deaver_cell.html
Practical limits to the size of both large and small animals

http://curriculum.calstatela.edu/courses/builders/lessons/less/les9/area.html
Impact on organisms: http://en.wikipedia.org/wiki/Surface_area_to_volume_ratio
Allen’s Rule: http://en.wikipedia.org/wiki/Allen's_rule
How cells get around the surface area to volume ration problem:

http://www.hillstrath.on.ca/moffatt/bio3a/cellbio/sa-vsoln.htm
Other web sites with examples of typical activities include:

· http://www.crocodile-clips.com/absorb/AC4/sample/LR1502.html
· http://www.sep.alquds.edu/chemistry/scripts/Teacher/exp_6.htm
· http://www.rogers.k12.ar.us/users/ehutches/reactionratelab.html
