The Crystal Lattice


Two-dimensional lattice … two vectors � EMBED Equation.2  ���, � EMBED Equation.2  ���


Lattice point … � EMBED Equation.2  ���


Examples: square, rectangular, centered rectangular and hexagonal


Five possible “lattices” (systems of basis vectors)


Elementary cells (unit cells), primitive cell, centered primitive cell


Crystal structures … monoatomic, with bases





Three-dimensional lattice … three vectors � EMBED Equation.2  ���, � EMBED Equation.2  ���, � EMBED Equation.2  ���


Seven possible  “lattices” (systems of basis vectors)


( Bravais lattices





Point Symmetry


a) Reflection in a plane … coordinate transformation


Example: mirror symmetry about the y-z plane … � EMBED Equation.2  ���, � EMBED Equation.2  ���, � EMBED Equation.2  ���; symbol m


Inversion: � EMBED Equation.2  ���� EMBED Equation.2  ���, � EMBED Equation.2  ���, symbol I


Rotation axes: 2-, 3-, 4- and 6-fold axes ( invariance under rotations of 180(, 120(, 90(, 60(.


Single molecules … also 5-,7-fold, axes


Clusters … also 5-fold rotation symmetry (icosohedron of 13 atoms)


d) Rotation-inversion axes: symbol � EMBED Equation.2  ���








Crystal Classes (Point Groups)


Group ( 1.) � EMBED Equation.2  ���; 


� EMBED Equation.2  ���


� EMBED Equation.2  ���


� EMBED Equation.2  ���


32 distinct crystallographic point groups


If the translational symmetry ( 230 space groups.


Transl. Symm. ( 5.) � EMBED Equation.2  ��� (Abelian group)





The Significance of Symmetry


Group representation ( symmetry operations, operators, matrices


Example: Reflection in a plane


� EMBED Equation.2  ���… 3-dim representation


� EMBED Equation.2  ��� …1-dim irreducible r.


2-fold axis … 1-dim irreducible rep.


3-,4,6-fold axes … two coord. changes ( 2-dim r.


Hamilton operator … group of symmetry


� EMBED Equation.2  ��� ( common set of eigenstates


Examples: (, C2 … � EMBED Equation.2  ���, � EMBED Equation.2  ��� ( 


eig. val. = ( 1


Eigenstates of � EMBED Equation.2  ��� have even or odd “parity”. Molecule H2


C3 … 2-dim rep. ( a) � EMBED Equation.2  ���… the state � EMBED Equation.2  ���is nondegenerate


� EMBED Equation.2  ���, � EMBED Equation.2  ���, The states ( and (’ are degenerate.


Besides symmetry-determined degeneracy, one also finds degeneracy that results from the specific form of � EMBED Equation.2  ���. Example: hydrogen atom … l-, m-degeneracy


Crystal symmetry … tensors like (ij , (ij , cijkl.





Crystal Structures


Crystal structures ( Bravais lattice + basis


Examples:  


basis ( monoatomic ( SC, FCC, BCC, discussion FCC vs BCC for metals (nn. distances),


basis ( two atoms ( HCP, SC, diamond,


basis ( more than two atoms ( cuprates (HTSC), borocarbides, UTX


space groups ( International Tables for Crystallogr.


Amorphous Solids and Glasses


General characteristics; Examples: Si, Ge, SiO2 


Defects


Short range order ( Long range order, “dynamic deformations (phonons, plasmons, ..), Static deform. (vacancies, interstitials, dislocations, ..), Surface, Static disorder (mixed crystals, positional disorder, topological disorder)


