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Charges on point imperfections

 Point imperfections in ionic crystals are generally 

electrically charged. 

(a) Unit cell in perfect crystal; charge-neutral. 
(b) Removal of a cation to a surface step, leaving a unit 
cell with a cation vacancy. Net charge associated with 
defective cell is –1. (c) Formation of anion interstitial; 
net charge is –1. 
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Kröger-Vink notation
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XY
Z

  where  

X =  what is at the site (El or V)

Y =  what site is defective (El or i)

Z = effective charge at the site (• = +;  '= –)
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 Examples 

Intrinsic defects: Schottky and Frenkel 

Defects involving impurities 
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Schottky disorder 

 Charge-compensating anion vacancies + cation 
vacancies — e.g. in MgO 

Formation:


Equilibrium:
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Charge neutrality:


! 

" " V Mg[ ] = VO
••[ ]
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Frenkel pair 

 Charge-compensating vacancy-interstitial pair — e.g. 
cation Frenkel pair in LiF 

Formation:


Equilibrium:
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LiLi
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Charge neutrality:


! 

" V Li[ ] = Lii
•[ ]
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Self-diffusion in KCl 

 Analogous to self-diffusion in metals with


and 
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"K =12 # " K # V K[ ]

giving for the self-diffusivity on the cation sites
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Extrinsic defects 

 Isovalent impurities — e.g. CaO in MgO


 Incorporation:


 Equilibrium:
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CaO
MgO

" # " " CaMg
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 Charge neutrality: 

! 

" " V Mg[ ] = VO
••[ ]

 Impurity does not influence point defect concentration
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Extrinsic defects, cont’d


 Aliovalent impurities — e.g. CaO in ZrO2 

 Incorporation:


 Equilibrium:
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ZrO2" # " " C $ $ a Zr + VO

••
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 Charge neutrality:


! 

4 VZr

4–[ ] + 2 C " " a Zr[ ] = 2 VO

••[ ]

 Impurities influence point defect concentration
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Cation diffusion in KCl with Ca


 Impurity incorporation 

! 

CaCl2
KCl

" # " " CaK

•
+ $ V K + 2ClCl
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Schottky equilibrium
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Neutrality condition


! 

VCl
•[ ] + CaK

•[ ] = " V K[ ]
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Diffusion in KCl with Ca, cont’d


 This leads to 

and to two regimes:
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Intrinsic: Small impurity concentration or high T


! 

" V K[ ]pure
>> CaK

•[ ],  then " V K[ ] = " V K[ ]pure

Extrinsic: High impurity concentration or low T


! 

" V K[ ]pure
<< CaK

•[ ],  then " V K[ ] = CaK
•[ ]
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Diffusion in KCl with Ca, cont’d


 This leads to this behavior for the cation diffusivity
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