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Bragg-Nye Bubble Raft Model 



Defects controlphysicaland functionalproperties ofm etals


Defects controlallproperties ofm etals

• M echanicaldeform ation

•  Electricaland therm alconductivity

• M agnetic hysteresis

•  Environm entalresistance (tem perature,chem icals)


Since 1930s,we have known thatsingle crystals are m uch weakerthan 

predicted,so defects like dislocations were hypothesized to exist.


Notuntil1950s thatsuch defects observed experim entally with 

transm ission electron m icroscopy(TEM ).


Fundam entalstudyofdefects in 

1D:vacancies,interstitials

2D:dislocations,twin boundaries

3D:grain boundaries


has greatly enhanced ourability to design forand againstdefect-m ediated 

processes.




1D Defects: Vacancies and Interstitials

Two kinds of deform ation

ELASTIC: reversible, bond stretching

PLASTIC: irreversible/perm anent, bond breaking OR bond m aking

vacancyinterstitial self interstitial



1D Defects:Vacancies and Interstitials


1D orPointDefects:Single m issing (vacancy)orextra (interstitial)atom ,with respectto crystallographic lattice sites


Energyto m ake these defects:

Ev~ 1 eV/vacancy ~ 100 kJ/m ol 

Ei~ 10 eV/interstitial~ 1000 kJ/m ol 


W hy? 

Takesm ore energyto strain the lattice and add an atom in (I)then itdoesto m ove one to the surface (V)




1D Defects:Vacancies


Presence ofa vacancyraises the energyofa crystalbya certain am ount.W hy? 

Requiresenergyto rem ove atom from lattice and place iton surface ledge


Energy= sublim ation energyperatom

Break6 bonds,and relocation regains3 bonds;Sublim ating sam e atom breaks3 bonds. 

∆Hfv = G b
3/5 ~ 1 eV forCu (scaleswith G) 

Som e relaxation ofatom saround the vacancy(slightcontraction)in m etals,butactuallyexpansion in ionicsolids

due to charge interactions




1D Defects:Interstitials


Presence ofan interstitialraises energym ore than thatofa vacancy.W hy? 

Requiresenergyto rem ove atom from surface ledge and jam itinto the lattice Æ significantelastic m isfitstrain 

Energy= sublim ation energyperatom 
Break6 bonds,and relocation regains3 bonds;Sublim ating sam e atom breaks 3 bonds. 

∆Hfi= 2G b
3 ~ 10 eV forCu (scaleswith G) 

10xgreaterenergyto m ake interstitialthan to m ake vacancy!


This argum entholdsforclose-packed m etals.




1D Defects Key Topics:

• Energybarrierto m otion

• Therm alequilibrium

• Equilibrium concentration

• Lattice sites


Continued on next page.



Why do we care about 1D defects? 


• Determining how vacancies/interstitials are created and 
destroyed in solids is a fundamental issue 

• Determining diffusivity of vacancies is important to electronic 
and structural applications 

• The behavior of vacancies on the surface of a material can be 
directly observed with LEEM and STM 



STM Image of graphite at room temperature


No vacancies at

room


tem perature due

to increased

atom ic m obility


Van Vlietetal.(2004)on M olecularIm aging STM





