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Solid State Chemistry – Worksheet 1

1. The structures of solids are determined using a technique called single-crystal X-ray crystallography.  This technique is based on the diffraction of X-rays by atoms in different planes. The distance between planes of lattice points is defined as d. A diffraction pattern is generated for in-phase waves, which are a result of constructive interference. The waves will only remain in-phase when the extra distance travelled is an integer of the wavelength (n). This is known as Bragg’s law. The distances xy and yz are the extra distances travelled by the second wave. This extra distance must be an integer multiple of the wavelength if Bragg’s law is to be satisfied. The Braggs (father and son) won the 1915 Nobel Prize in physics for explaining the diffraction pattern of solids and solving the crystal structures of sodium chloride, zinc sulfide, and diamond. Using the diagram below and trigonometry, derive the Bragg equation:     n = 2dsin

Insert Figure B12.1 from Silberberg, Chemistry: The Molecular Nature of Matter and Change, 5th Edition, McGraw-Hill, 2009.









X-rays of wavelength 2.63 Å were used to analyze an aluminum crystal. The angle of first-order diffraction (n = 1) was 15.55 degrees. What is the spacing between the crystal planes, and what would be the angle for the second-order diffraction (n = 2)?

2. For the cubic crystal systems answer the following questions. You may use MOL files and the figure below to help you answer the questions.

Insert Figure 12.29 from Silberberg, Chemistry: The Molecular Nature of Matter and Change, 5th Edition, McGraw-Hill, 2009. We exclude the mathematical derivation from the figure.

a) Primitive or simple cubic unit cell (refer to Po-PCCP_UC.mol)
What is the coordination number of each atom? (The coordination number is the number of nearest neighbors.)


	How many lattice points (e.g. atoms) are located in one unit cell? Demonstrate mathematically.



	Using simple geometry, show that 52% of the available space is occupied by matter.


















b) Body-centered unit cell (refer to Fe-BCCP_UC.mol)
	What is the coordination number of each atom?
	

How many lattice points (e.g. atoms) are located in one unit cell? Demonstrate mathematically.
 


	Using simple geometry, show that 68% of the available space is occupied by matter.



c) Face-centered unit cell (refer to Cu-FCC_UC.mol)
What is the coordination number of each atom?


	How many lattice points (e.g. atoms) are located in one unit cell? Demonstrate mathematically.



	Using simple geometry, show that 74% of the available space is occupied by matter.




















3. For the two most common packing patterns of atoms, hexagonal close packing and cubic close packing (i.e. face-centered unit cell), answer the following questions.


a) Hexagonal close packing-refer to Mg-HCP_UC.mol and Mg-HCP_layers.mol
What is the coordination number of each atom?


What is the layering pattern? (You may label the layers as A, B, etc.) Manipulate the structure Mg-HCP_layers.mol to help visualize the packing.











b) Cubic close packing
	
What is the coordination number of each atom?


What is the layering pattern? (You may label the layers as A, B, etc.)



Manipulate the structure in Cu-FCCP_layers.mol to prove to yourself that it is indeed a face-centered cubic unit cell.


4. In both types of packing, octahedral (polygon with eight triangular faces) holes and tetrahedral (polygon with four triangular faces) holes are created. Holes are regions of unoccupied space between the atoms. These holes will become important when we discuss ionic solids.

In octahedral holes, the holes are surrounded by six nearest neighbors (lattice points). The lattice points are arranged in two layers – 3 lattice points above the hole and 3 lattice points below the hole. The layers are staggered relative to each other. An alternative view is to consider the octahedral hole surrounded by four lattice points in the same plane and two lattice points directly above and below the hole.




A tetrahedral hole is formed by three lattice points in one plane and then a lattice point either below or above the designated plane. The one atom layer occurs so that the apex of the tetrahedron is either up or down. 
	
	Layer 1
	Layer 2
	Apex

	Option 1
	3 atoms
	1 atom
	Up

	Option 2
	1 atom
	3 atoms
	Down






 	 

	Insert Figure 4.17 from Weller, Overton, Rourke, and Armstrong, Inorganic Chemistry 7th Edition, Oxford Press, 2018
	Insert Figure 4.19 from Weller, Overton, Rourke, and Armstrong, Inorganic Chemistry 7th Edition, Oxford Press, 2018






First locate a tetrahedral hole on either a hexagonal or cubic close packing model. Then, using simple geometry and trigonometry, determine the radius of a sphere that can be placed in a tetrahedral hole. Define the radius of the hole in terms of the radius of the surrounding atoms. The angles of a tetrahedron are 109.5o.























b) First locate an octahedral hole on either a hexagonal or cubic close packing model. Then, using simple geometry and trigonometry, determine the radius of a sphere that can be placed in an octahedral hole. Define the radius of the hole in terms of the radius of the surrounding atoms. The angles of an octahedron are 90.0o. 



c) Two other types of holes exist, but they are not present in close-packed structures. For both a trigonal hole and a cubic hole, define the radius of the hole in terms of the radius of the surrounding atoms. Hint: First sketch diagrams for both holes and determine the appropriate angles for each system. 
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