1. crystal defects

From solid state physics we learn about the perfect configuration of atoms resulting in the crystal structure

which determines many properties of condensed matter.
Deviations from the perfect crystal structure result in ’real’ materials and are therefor-

eresponsible for many engineering properties, as e. g.:

=

However:
‘metal physics’

e mechanical properties
e critical currents in superconductors
e induration of magnetic materials

1.1 O0-dimensional crystal defects (’point defects’)

n the thermodynamical e uilibrium the free enthalpy of a single crystal containing

vacancies is contributed by:

=: free energy of mi ing



=: free lattice energy
=: free vacancy energy

=: mole fraction of vacancies

ccording to the model of ideal solution see part of the cource 'metal physics’ one obtains:
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acancies are always present in materials order of magnitude only at = =

however: annealing out of vacancies impossible due to the lac of movability.

n general, there are two possibilities: electrical resistivity and density.
t first, we consider the electrical resistivity increase:

H
= = ep — = ep — ep —
= number of points in lattice, = = increase of electrical resistance per point defect.
= Determination of possible after uenching the specimen from di erent temperatures

Figure .

see

indeed there ist no statement upon the type of defect possible, thus vacancy or interstitial atoms.

hus, measuring the density re uired, too



e ta e one atom from the interior to the surface = generation of vacancy
rela ed volume of the vacancy :

edan ene periment:

a  he change in volume is  =: atomic volume, =:

b  easuring the lattice parameters e. g. by -raydi raction is only in uenced by the rela ation
linear appro imation leads to:

and not by

= then represents the number of vacancies per unit cell.

f  consists of m unit cells
he average change of volume per unit cell then becomes:

converted to:

and, hence:



acancies are created, if —  — otherwise interstitial atoms.

he measurement can be done utili ing a dilatometer ,and -ray di raction

ecently: measurement of vacancy density by positron annihilation.
positron = e = interaction of positron and vacancy increases
lifetime of positron, detection of radiation.



