Conductivity & Magnetism Workshop

5-3-2006: Atoms, Molecules & Reactions

All of the problems below will involve building models with the solid-state model kits.  Even though you will be working individually to build certain models you are encouraged to work collaboratively in addressing the questions.  (Be certain everyone has the chance to build at least one model.)

1. NaCl and AgCl both have rock salt structure and both have monopositive ionic conductivity.  In NaCl the most common structural defect is a vacancy defect and ionic mobility is described by the vacancy mechanism.  In AgCl the most common defect is a Frenkel defect and ionic mobility is described both by the interstitial mechanism and the intersititialicy mechanism.  Build models of each of these materials with their common defect.  Use the model to visualized the conductivity mode.

2. AgI undergoes a solid phase transition as temperature increases.  At low temperatures AgI has a wurtzite structure with hcp I- and Ag+ in the tetrahedral holes.  At high temperatures AgI has a bcc structure for I- with three possible sites for the Ag+ ions; tetrahedral, trigonal, and linear coordinations.  There are a total of 36 of these possible sites with overall partial occupancy. (See the adjoining diagram distributed in workshop.)  Build both the high temperature form and the low temperature form of AgI. Use the structures to pick the highly conductive phase and explain your choice with structural arguments.

3. The spinel family of materials have interesting electric and magnetic properties.  Build the spinel structure of MgAl2O4.  A special group of spinel’s called the ferrites have the formula MFe2O4 with M being a divalent ion such as Fe2+, Ni2+, Cu2+, etc.  What is the charge on the Fe species in MFe2O4? If we have a low spin complex what is the electronic configuration of this iron ion?   If we have a high spin complex what is the electronic configuration? Ferrites have reverse spinel character in that the larger divalent ions go to the octahedral sites with the iron ion, of the other charge, spreading out between both octahedral and tetrahedral sites.  Build a reverse spinel representing one of the ferrites.  What is the electronic configuration of the divalent species in the octahedral sites?  What type or types of magnetic behavior would you expect to exist in this species?

