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Solid State Chemistry – Worksheet 2

Ionic solids are hard materials, have high melting points, generally do not conduct electricity in the solid state (there are a few exceptions), and are brittle. All of these properties may be explained by the ionic bonding model. This model assumes that cations and anions are hard spheres that are attracted by strong electrostatic (Coulombic) forces. There is little to no covalent bonding between the ions. In the three-dimensional arrays, cation-anion contact is maximized, while cation-cation and anion-anion interactions are minimized. However, the cations tend to be smaller than the anions so there may be some anion-anion contact. 

Ionic solids usually crystallize in either a hexagonal-closest packing (HCP) or cubic-closest packing (CCP) arrangement. There are some exceptions like primitive cubic or body-centered cubic. Many different types of solids may have the same structure, so common structure types are named after a prototype. For instance the rock salt structure is named after sodium chloride, but many different salts have the same packing arrangement (e.g. KBr, RbI, AgCl, AgBr, MgO, CaO, TiO, FeO, NiO, SnAs, UC, and ScN). As mentioned above, the anions are typically larger than the cations so the larger anions usually form a HCP or CCP arrangement and the smaller cations typically fill in the tetrahedral and/or octahedral holes. The HCP or CCP arrangement usually expands to accommodate the species in the hole, which may be slightly bigger than the hole, and to avoid repulsions. The simplest types of ionic solids are binary compounds (contain only two element types). We will focus on binary compounds; however, we will also investigate more complex structures such as perovskite. 




1. For given ionic solids answer the following questions. You may use the given MOL files to help you answer the questions.

a) Rock Salt (Halite or sodium chloride, refer to NaCl_UC.mol)
	
Draw a picture of one unit cell of sodium chloride.












What is the packing type of the larger ions?


What is the coordination number of each ion?


	How many formula units (Z) are located in one unit cell? Demonstrate mathematically.



	Identify the type of hole in which the smaller ion is located.


	How many of the holes are filled? (zero, one-half, or all)




FYI: Complex ions also form in the rock salt structure. Examples include calcium carbide (CaC2), nickel(II) nitrate (Ni(NO3)2), and calcium carbonate (CaCO3). In these instances, the rock salt structure is slightly distorted to accommodate the large ions.


b) Cesium Chloride (refer to CsCl_UC.mol)
	
Draw a picture of one unit cell of cesium chloride.















What is the coordination number of each ion?


	How many formula units (Z) are located in one unit cell? Demonstrate mathematically.



	What is the type of packing arrangement for this ionic solid?


From a different view point, what two types of cells are interlocked to form the CsCl structure? Provide a diagram to explain your answer. 








What is the explanation for this type of packing?




c) Zinc Blend (Sphalerite or ZnS, refer to ZnS_UC.mol)
	
Draw a picture of one unit cell of zinc blend.














What is the packing type of the larger ions?


What is the coordination number of each ion?


	How many formula units (Z) are located in one unit cell? Prove this mathematically.



	Identify the type of hole in which the smaller ion is located.


	How many of the holes are filled? (zero, one-half, or all)



Compare this structure to the Rock Salt structure.



d) Diamond is not an ionic solid, but a three-dimensional covalent network of carbon atoms. However, diamond has the same exact packing arrangement of zinc blend. Using the diamond model, answer the following questions. (Refer to Diamond_UC.mol)


Draw a picture of one unit cell of diamond.

	











What is the coordination number of each carbon atom?


	Identify the type of hole in which the carbon atom is located.


e) Wurtzite (ZnS, refer to GaN_UC.mol)
	
Draw a picture of one unit cell of wurtzite.















What is the packing type of the larger ions?


What is the coordination number of each ion?


	How many formula units (Z) are located in one unit cell? Demonstrate mathematically.



	Identify the type of hole in which the smaller ion is located.


	How many of the holes are filled? (zero, one-half, or all)


Wurtzite and zinc blend are polymorphs. Describe how the two polymorphs differ. [Hint: Focus on the layers of zinc and sulfur ions in the models.]


f) Nickel Arsenide (NiAs, refer to NiAs_UC.mol)
	
Draw a picture of one unit cell of nickel arsenide.















What is the packing type of the larger ions?


What is the coordination number of each ion?


	How many formula units (Z) are located in one unit cell? Demonstrate mathematically.



	Identify the type of hole in which the smaller ion is located.


	How many of the holes are filled? (zero, one-half, or all)


Compare this structure to the Wurtzite structure.




FYI: In nickel arsenide, Ni–Ni bonds exist.


g) Fluorite (CaF2, refer to CaF2_UC.mol)
	
Draw a picture of one unit cell of fluorite.















What is the packing type of the larger ions?


What is the coordination number of each ion?


	How many formula units (Z) are located in one unit cell? Demonstrate mathematically.



	Identify the type of hole in which the smaller ion is located.


	How many of the holes are filled? (zero, one-half, or all)




h) Anti-fluorite (e.g. Li2O, refer to Li2O_UC.mol)

This is the exact opposite structure of fluorite. In this case the anion is larger than the cation.


What is the packing type of the larger ions?


What is the coordination number of each ion?

	
	How many formula units (Z) are located in one unit cell? Demonstrate mathematically.

	

Identify the type of hole in which the smaller ion is located.

	
How many of the holes are filled? (zero, one-half, or all)




Compare this structure to the Zinc Blend structure.



i) Rutile (TiO2, refer to SnO2_UC.mol)
	
Draw a picture of one unit cell of titanium(IV) oxide. Traditionally the Ti4+ is placed on lattice points.















What is the packing type of the smaller Ti4+ ions?


What is the coordination number of each ion?


	How many formula units (Z) are located in one unit cell? Demonstrate mathematically.



	Identify the type of hole in which the larger O2- ion is located.


	How many of the holes are filled? (zero, one-half, or all)



Compare this structure to the Nickel Arsenide structure with regard to how the cation packs inside the anion’s lattice. Use SnO2_Olattice.mol to help visualize the comparison.





j) Perovskite (CaTiO3, refer to SrTiO3.mol)
	
Perovskite compounds have the general formula of ABX3. The A cation is usually a 2+ or 3+ ion with a larger radius, while the B cation usually has a higher charge and a smaller radius.

Draw a picture of one unit cell of perovskite.














What is the packing type of the larger Sr cations? What is the packing if we include O as lattice points?


What is the coordination number of each cation, A and B?


	How many formula units (Z) are located in one unit cell? Demonstrate mathematically.



	Identify the type of hole in which the smaller Ti cation is located. What is the charge of the smaller ion?


	How many of these holes are filled?


FYI: When substituting ions in the perovskite structure, the ions need to be of similar size so that the lattice does not change and the charge of the new ions must equal the charge of the original ions.
	
BaTiO3	A + B = Ba2+ + Ti4+ = 6+
	LiNbO3	A + B = Li+ + Nb5+ = 6+


k) Spinel (MgAl2O4, refer to MgAlO4_UC.mol and MgAlO4_Olattice.mol)

What is the packing type of the oxide ions?



Identify the type of holes in which the smaller cations are located.

	

How many of each of the holes are filled?






FYI: Spinels have the general formula [A]t[B]oO4, where A is the 2+ species and sits in the tetrahedral hole and B is the 3+ species and sits in the octahedral hole. For instance Mn3O4 does not contain Mn with the 8/3+ oxidation state. The formula is [MnII]t[MnIII,MnIII]oO4. In addition to the presence of spinels, inverse spinels also exist. In this case, a 3+ ion occupies the tetrahedral hole as in Fe3O4, magnetite: [FeIII]t[FeII,FeIII]oO4. Magnetite is found as microscopic crystals in bacteria, pigeons, and salmon. The crystals confer sensitivity to the earth’s magnetic field.
