
Solid State Chemistry – CHM4627 – Spring 2019 
Study Guide – Suggested Topics - Exam 2 - Chapter 1.5.5 through section 2.5 

A periodic table will be given. Bring a calculator. 
 Identify and describe octahedral and tetrahedral holes. 
 Know the fourteen Bravais lattices.  
 Know the number of 3d point groups (32) and crystallographic space groups (230). 
 Calculate the volume of cubic, tetragonal, orthorhombic, and monoclinic unit cells given the 

lattice parameter(s). 
 Determine what fraction of the atom is in the unit cell. 
 Determine how many atoms are in a unit cell. 
 Determine the number and types of each atom in a unit cell. 
 Describe the procedure and be able to assign and sketch Miller indices in both 2d and 3d. 
 Know the equation for interplanar (d) spacing, lattice parameters, and Miller indices for cubic 

cell.  Be able to use the equation, if given, for other crystal systems to calculate the d-spacing of 
a given set of planes in a specific crystal system. 

 Given fractional coordinates, be able to draw the position(s) of the atom(s) in the unit cell, 
including those generated by symmetry.  

 Be able to give/estimate the fractional coordinates of an atom given a figure of the structure. 
 Describe the bonding interactions in solids: ionic, covalent, metallic, etc. 
 Given a figure, be able to identify the common solid state structure types: CsCl, NaCl (rock salt), 

ccp, hcp, NiAs, zinc blende/sphalerite, wurtzite, fluorite, cadmium chloride, cadmium iodide, 
rutile, corundum, ReO3, spinel, perovskite, ilmenite, etc 

 Describe primary features of structure types given above. 
 Calculate ideal radius ratios for trigonal, tetrahedral, octahedral, cubic holes. 
 Describe the coordination numbers (e.g. 4,6,8, etc.) and type of environment (tetrahedral, 

octahedral, cubic, etc.). 
 Draw a 2d projection of a crystal structure given a 3d picture (e.g. face of NaCl structure type). 
 Packing, types of tet/oct. holes occupied, coordination numbers of cations and anions, and the 

relationship to the chemical formula 
 Describe three ways octahedra may be linked. 
 Describe how ionic radii are defined. 
 Calculate radius of atoms given a starting assumption (i.e. unit cell type). 
 Explain trends in ionic radii, size, charge, according to location on periodic table, coordination 

number, etc. 
 Explain what is meant by isoelectronic. 
 Give examples of extended covalent arrays, covalent network, & metallic crystals and be able to 

describe their general properties. 
 Describe different types of interactions in molecular and extended solids. 
 Describe the four main types of bonding in solids, the structural unit, type of bonding. 
 Describe types of silicates, basic building block, how the basic building block shares vertices to 

form chains, double chains, infinite layers, rings, and 3d-frameworks, and how these result in 
many types of silicates with different properties. 

 Know Coulomb’s law and the influence of variables (i.e. charges, bond distance) on the energy. 
 Given appropriate data, calculate the Born-Haber cycle for a given reaction and predict if the 

compound would be stable. Calculate lattice energy using the Born-Haber cycle. 



 Define lattice energy and describe the interactions. 
 Describe the approaches Madelung, Kapustinskii, and Born-Landé used to calculate lattice 

energy, be able to calculate given the equation. 
 Describe how X-rays are generated and why X-rays are used in diffraction experiments. Describe 

the information X-ray diffraction enables one to determine. 
 Describe why lines (instead of a continuum) occur in the I vs wavelength of X-rays. 
 Why is monochromatic radiation and a specific wavelength used for X-ray diffraction? 
 How is the K(beta) line filtered out?  Why filter the K(beta)? 
 Describe destructive and constructive interference.  
 Show derivation of the Bragg equation on a 2d lattice, show path length difference. 
 Describe a powder diffraction experiment and contrast with single crystal. 
 Describe the Debye-Scherrer method. 
 Describe how a modern X-ray diffractometer collects data for X-ray diffraction. 
 Describe how peaks are indexed.  Given 2θ values, be able to assign Miller indices. Use common 

factor, etc. 
 Describe absences due to lattice centering (i.e. primitive, body centered, face centered) and 

demonstrate schematically (destructive interference). 
 Know common conditions for reflection to be present for primitive, body-centered, and face-

centered.   
o Be able to use other conditions given a table. 

 Describe the systematic absence conditions for a primitive, body-centered, face-centered lattice 
and the conditions for a reflection to be present for each type of lattice. Be able to calculate 
positions (2θ) of peaks for each type of lattice given the wavelength and lattice parameter(s). 

 Calculate lattice parameter after indexing peaks. 
 Perform calculation involving the relationships between the volume of a unit cell, formula weight, 

Avogadro’s number, number of atoms in unit cell, density, etc. 
 Show how a specific glide plane would introduce a plane of atoms partway along the unit cell. 
 Describe how crystallite size influences the width of a diffraction peak. Given the Debye-Scherrer 

equation, be able to explore relationships between crystallite thickness, full-width at half-max, 
wavelength, etc.. 

 Describe the Rietveld method and the information one may extract.  
 Describe destructive interference in rock salt NaCl and KCl. How might this create difficulties in 

indexing? 
 Describe the single crystal method and the information one can extract.  

o Given equations for structure factor and electron density, describe some of the 
difficulties in solving structures (phase problem). 

o Describe routine corrections performed in the diffraction experiment. 
o Describe the procedure for solve a single crystal structure 
o Describe how the quality of the structure refinement is determined. 

 Contrast differences between Lorentzian and Gaussian peak shapes. 
 Describe the scattering factors of X-rays and contrast with the scattering lengths in neutron 

diffraction, & challenges associated with light atoms vs. heavy atoms, isoelectronic ions. 
 Describe two ways neutrons are generated for neutron diffraction.  
 Describe advantages and disadvantages of neutron diffraction compared to X-ray diffraction. 

o scattering factors of atoms, magnetic properties 


