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Structure of Matter in 3D
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Explore the Structure of Matter Three Dimensions
     Wood cubes can be used to illustrate how the size of a structure can influence its physical and chemical properties.

· Each wood cube represents an atom, ion, or a molecule in a structure.

· Start with 1 wood cube. In this arrangement, there is cube on the perimeter of the structure and a total of one cube in the structure. That means that the Perimeter to Total (P/T) Ratio is 1/1 = 1.0 as shown in the Data Table below.

· Now, create cube using 8 wood cubes. Record data and determine the P/T Ratio for the arrangement.

· Continue to maker larger cubes. Record data and calculate the P/T Ratio for each arrangement.
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
Ratio

	1
	
	
	

	2 x 2 x 2
	
	
	

	3 x 3 x 3
	
	
	

	4 x  4 x 4
	
	
	

	5 x 5 x 5
	
	
	

	10 x 10 x 10
	
	
	


Question 1: What would the P/T Ratio if the number of atoms , ions, or molecules along one edge created a 100 x 100 x 100 arrangement of cubes?
Question 2: Substances that are visible without the use of a microscope contain many more than 1,000,000 atoms, ions, or molecules.  What would the P/T Ratio if the number of atoms , ions, or molecules along one edge increased by another power of 10 to create a 1000 x 1000 x 1000 arrangement of cubes?
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.
Question 4: What can be done to a substance like sugar to change the P/T Ratio?
Surface Area to Volume Ratios

     Another way to analyze the affect of the size of a structure on the properties of a structure is to determine the Surface Area to Volume Ratio.

· Start with 1 wood cube to represent chemical structure.. 
· Use a centimeter ruler to measure the dimensions of each face of the chemical structure.
· Calculate and record the total surface area of the structure (in cm2) in the Data Table on Page 3. 
· Make the measurements necessary to calculate the volume of the structure.  Calculate that volume (in cm3).  Record the volume in the Data Table.
· Calculate the Surface Area to Volume Ration for the structure by dividing the Surface Area by the Volume
· Now, use more wood cubes to build a cubic chemical structure that contains 8 wood cubes.  That arrangement would be recorded as 2 x 2 x 2 in a row of the Data Table.  Determine and record the Surface Area to Volume Ratio.
· Analyze the Surface Area to Volume Ratio for a 3 x 3 x 3 arrangement of wood cubes.

Form a hypothesis.  How might increasing the size of a cubic structure made with wood cubes affect the Surface Area to Volume Ratio?
Test your hypothesis.  Continue to maker larger arrangements of cubes. Determine and record the Surface Area to Volume Ratio for each arrangement.
An On-Line Calculator is Available.

An on-line Surface Area to Volume Ratio calculator can be used to quickly calculate Surface Area to Volume Ratios for structures.  Dimensions for the cubic or rectangular object need to be entered in centimeters in the on-line calculator at: 

http://www.cod.edu/people/faculty/chenpe/sa-ratio.html
Form another hypothesis. How might rearranging your largest structure into a thin layer affect the Surface Area to Volume Ratio?

Test that hypothesis.  Rearrange the wood blocks of your largest structure and determine the Surface Area to Volume Ratio.
Data Table #2

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

	1
	
	
	

	2 x 2 x 2
	
	
	

	3 x 3 x 3
	
	
	

	4 x 4 x 4
	
	
	

	5 x 5 x 5
	
	
	

	10 x 10 x 10
	
	
	


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

Question 6: What would the SA/V Ratio be for an N x  N x N arrangement, where N is large?
Question 7: Imagine that a large cube of sugar is dropped into a container of water.  How might the changing the SA/V Ratio of the sugar cube affect the rate at which the sugar molecules dissolve in the water?  
Surface Area to Volume Ratios at the Nanometer Scale:


An on-line Surface Area to Volume Ratio calculator can be used to calculate Surface Area to Volume Ratios for structures.  Dimensions for the cubic or rectangular object need to be entered in centimeters in the on-line calculator at: 

http://www.cod.edu/people/faculty/chenpe/sa-ratio.html

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?
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.

Questions 10: What can you conclude about the Surface Area to Volume Ratios for nanoscale structures?
