
Solid State Chemistry – CHM4627 – Spring 2019 
Study Guide – Suggested Topics – Final Exam - Chapter 4.3-end, 5, 6, 7, 8.1-8.4 

A periodic table will be given. Bring a calculator. 
 

 Describe the extension and application of MO theory to solids (band theory) 
o Describe the formation of bands using the LCAO approach 
o Describe the influence of orbital overlap on MOs and bands 
o Describe the terms energy band, band gap, bandwidth, bandgap, Fermi level 

 Sketch and describe the bands in metals and semiconductors 
o Explain the trends as one proceeds down a group 
o Explain the influence of the band structure/gap on the electrical conductivity 

 Describe the valence band and conduction band in a semiconductor. 
 Describe an extrinsic and intrinsic semiconductor 
 Explain the process of photoconductivity and the role of semiconductors 
 Describe doped semiconductors (n- and p-type) 
 Describe a p-n junction 
 Identify a Field Effect Transistor (FET) and MOSFET and from the configuration 
 Sketch and describe the band structure of GaAs and d-block MO 

o Explain why certain transition metal oxides (MO) are semiconductors and some are 
metallic 

 Describe the types of defects that occur in crystals 
o Describe, illustrate, and compare/contrast Schottky and Frenkel defects 

 Describe why defects are formed. Understand the relationships between enthalpy, entropy, and 
Gibbs Free energy for a plot of energy vs number of defects 

 Describe temperature dependence of defects  
 Describe and provide examples of intrinsic and extrinsic defects 
 Describe the relationship between defects and ionic conductivity 
 Describe and illustrate the process of ionic migration in a crystal with (a) Schottky defects and (b) 

Frenkel Defects. Be able to identify the vacancy mechanism and interstitial mechanism. 
 Compare and contrast ionic and electronic conductors for various materials and provide a relative 

range for the conductivity. 
 Describe how to obtain the activation energy from the temperature dependence of the ionic 

conductivity 
 Explain why the conductivities of some solid electrolytes do not follow a smooth change with 

temperature (e.g. AgI). 
 Explain which types of defects are most important at low and high temperature 
 Define and compare primary and secondary batteries 
 Explain why a fast ion conductor exhibits high conductivity (e.g. RbAg4I5) 
 Describe an oxygen ion conductor, uses, and how a Nernst lamp functions. 
 Describe several oxygen and sodium ion conductors 
 Describe the components of a battery 

o Identify a lithium battery and advantages and disadvantages 
o Identify a lithium-ion battery and advantages and disadvantages 
o Identify a sodium battery and advantages and disadvantages 
o Identify a Zebra battery and advantages and disadvantages 



 Illustrate a fuel cell and describe how it works and the advantages/disadvantages in the generation 
of electrical power 

 Describe the components and operating temperature range for several fuel cells: PAFC, AFC, 
MCFC, DMFC, PEFC, SOFC, PEM 
o Identify the abbreviations 
o Identify and write the half-reactions occurring at the anode and cathode and the overall 

reactions for each type of fuel cell 
 Describe how oxygen meters and oxygen sensors function 

o Electrode reactions 
o Cell potential 

 Describe how electrochromic metals function and possible applications 
 Describe how transition metal switchable mirrors function and possible applications 
 Describe the process responsible for color changes in NaCl when exposed to X-rays, Cl2 gas, and 

sodium metal. 
 Explain what is meant by the term Vegard’s Law 
 Describe the formation of electronic defects and clusters (e.g. Koch-Cohen cluster) 
 Be able to illustrate a cluster defect in a rock-salt structure 
 Explain the defect clusters present in uranium dioxide 
 Describe, sketch and explain the defects that occur in titanium monoxide 
 Describe and sketch planar defects: dislocation, grain boundaries, shear planes 
 Describe, sketch, and explain formation of shear structures in WO3-x 
 Describe, sketch, and explain formation of planar intergrowth structures in tungsten bronzes 

o Explain the use of electron microscopy to view intergrowth structures 
 Describe and explain formation of block structures in O-deficient Nb2O5 and mixed oxides with 

Ti or W 
 Describe 3d defects: pentagonal columns, infinitely adaptive structures 
 Describe the electronic properties and conductivity of four basic types of non-stoichiometric 

metal oxides (MO)  
o Type A: anion vacancies; Type B: interstitial cations; Type C: interstitial anions; Type 

D: cation vacancies and their representative chemical formulas. 
o Describe how conduction occurs in these oxides  
o Describe how charge balance is maintained 
o Explain the influence of the non-stoichiometry on the crystal structure 
o Explain how the non-stoichiometry influences electronic properties and relate n-type or 

p-type semiconductor like conduction to the four types of non-stoichiometric oxides. 
o Describe how non stoichiometry may be measured with experimental techniques (e.g. 

density) 
 Define valence induction 
 Describe Zeolites, a class of microporous aluminosilicates 

o chemical composition 
o cavities and exchangeable cations 
o framework and building blocks ([SiO4]4- and [AlO4]5- linking by 2, 3, or 4 vertices to 

form secondary building units of various 2d and 3d shapes) 
o identify common Zeolites given structure 
o use as dehydrating agents 



o channels, pores/windows, and cavities 
o pore sizes and structures 
o synthesis 
o uses 
o effect and role of cation exchange (i.e. create open space for catalytic reactions, soften 

water, etc.) 
 Structure determination of Zeolites 

o Loewenstein’s Rule 
o Diffraction, MAS-NMR 

 Describe and illustrate structure and function of Zeolites as catalysts 
o Reactant shape selective  
o Product shape selective 
o Transition-state selective 

 Mesoporous aluminosilicate structures 
o Incorporation of functional group 
o polyaniline/molecular wires 

 Describe uses and limitations of smectite clays 
o pillar modifications 

 Describe the interaction of light with atoms 
o selection rules, allowed and forbidden transitions 
o processes in how electrons in excited states return to ground states  
o induced/stimulated/non-radiative transitions 

 Describe the splitting of the d-orbitals and influence on electronic transitions 
 Describe the components of a Ruby laser 

o Chemical composition 
o Electronic transitions: excitations, intersystem crossing, and emissions in term symbols 
o Schematic of laser (crystal, mirror, flash lamp, Q-switch, etc.) 

 Describe microstates and term symbols for nd electron configurations 
o Determine ground state term symbol 

 Describe phosphors in fluorescent lights 
o Describe representative materials systems and chemical components 
o Sketch emission spectrum 
o UV to visible light 

 Describe the upconversion process 
o Metastable 
o IR/red to higher energy visible light 

 Contrast absorption/emission spectra of gaseous elements vs absorption spectra in solids 
 Sketch the MO diagram for a 1D linear chain of atoms (s or p-orbitals) 

o determine number of nodes 
o determine value of k for MOs 
o Sketch an E(k) vs k plot 

 Describe energy bands and the meaning of a direct and indirect band gap. 
 Describe the band structure of a transition metal and the appearance of a metal 
 Be able to sketch and describe energy bands near the junction in a p-n junction 
 Describe the operation of a gallium arsenide laser 



 Describe quantum well, quantum mechanical tunneling, and in InxGa1-xN 
 Describe refraction, unique properties of calcite, how to make a cloak of invisibility that works at 

optical wavelengths. 
o Birefringence 

 Describe optical fibers, fiber optics, purity, sources of energy loss, and uses 
 Describe photonic crystals 
 Describe metamaterials and negative refractive index 
 Define and compare and contrast diamagnetic and paramagnetic 
 Describe magnetization (M), applied field (H), magnetic flux density (B), and magnetic 

susceptibility (χ) 
 Define and describe the Curie Law and Curie-Weiss law as applied to the temperature dependence 

of magnetic susceptibility 
o Curie constant, Weiss constant 

 Describe ferromagnetism, antiferromagnetism, paramagnetism, and ferrimagnetism and the 
orientations of the magnetic spins and temperature dependence of magnetic susceptibility. 

 Be able to determine oxidation states and number of unpaired electrons in transition metal ion or 
compounds 

 Be able to sketch spins in magnetic domains both in the presence and absence of an applied 
magnetic field 

 Be able to give the relative value and sign, dependence on H, and temperature dependence of 
magnetic susceptibility 

 Describe other classes of magnetism 
o Spin glass, cluster glass, metal magnet, superparamagnetic 

 Be able to calculate the spin-only (s) magnetic moment in metal complexes and relate this to the 
number of unpaired electrons 

 Be able to explain when and the spin-only assumption is no longer valid 
 Be able to describe how the magnetic moments in lanthanides are different from first row 

transition metals 
 Be able to describe how the band structure and unpaired electrons in metals are different from 

transition complexes 
 Describe the magnetism in lanthanide alloys 
 Describe and explain ferromagnetic domains 
 Describe domain wall movement 
 Describe hysteresis curves, remnant magnetization 

  


