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Diffusion inDiffusion in nanomaterials nanomaterials

Two important featuresTwo important features

••  High numbers of grain- or High numbers of grain- or
phase boundaries (GB or PB) andphase boundaries (GB or PB) and
dislocationsdislocations
- fast diffusion and solid - fast diffusion and solid stst. reactions, segregation, etc.. reactions, segregation, etc.

b) Principal problems (very shortb) Principal problems (very short
distances and preferably no structuraldistances and preferably no structural
defects)defects)



Principal difficultiesPrincipal difficulties::

--Short diffusion distances LShort diffusion distances L  ≅≅  d d
(continuum description fails)(continuum description fails)

-- Gradient energy corrections Gradient energy corrections

-- Stress effects Stress effects



Discrete (MartinDiscrete (Martin‘‘s) models) model
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  „„ClassicalClassical””  Fick Fick I.-I.-II.II.
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Ei,i +1=Eo - α i + εi  and Ei+1,i= Eo - α i - εi,

V=VAB-(VAA+VBB)/2

α i= [zv(ci-1+ci+1+ci+ci+2) + zl(ci+ci+1)](VAA-VBB)/2

εi ∝ V. 

Input parametersInput parameters: : zzvv, , zzll,,VVAAAA-V-VBBBB,,VV,T,T (Z= 2zv+zl)



 -validity limit -validity limit

m= Z(Vm= Z(VAA AA –V–VBBBB)/)/kTkT  

DDii
hh=D(0)exp(mc)=D(0)exp(mc)



Effect of the strong concentration dependence of DEffect of the strong concentration dependence of D
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Dissolution in ideal systemsDissolution in ideal systems:      :      NiNi into Cu into Cu
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Linear kineticsLinear kinetics  !!!!!!

Monte CarloMonte Carlo

Ni side

Interface
Cu side



Experiment: AES from the top of Ni on CuExperiment: AES from the top of Ni on Cu(111)(111)

TT=679K=679K
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Sharpening of a wide interface Sharpening of a wide interface (T=1000K, m(T=1000K, m’’=9)=9)
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Growth of Growth of intermetallid intermetallid layer:layer:
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e.g. e.g. αααααααα ii= (V= (VAAAA-V-VBBBB){cZ +(z){cZ +(zvv+Z/4)d+Z/4)d22∂∂∂∂∂∂∂∂22c/c/∂∂∂∂∂∂∂∂xx2 2 +...} = cZ(V+...} = cZ(VAAAA-V-VBBBB)+)+αααααααα ii
’’  +...+...

  Introducing Γ i,=νexp[-(Eo-α i)/kT]=Γ i
hexp[α i

’/kT].

 and if     εi/kT«1 (i.e. exp[εi/kT]≅ 1+ εi/kT

jji,i+1i,i+1==  JJi,i+1i,i+1/q=/q=  JJi,i+1i,i+1d/d/ΩΩΩΩΩΩΩΩ==  -D-Dii((∂∂∂∂∂∂∂∂c/c/∂∂∂∂∂∂∂∂x)/x)/ΩΩΩΩΩΩΩΩ + +
+ D+ Dii[2[2κκκκκκκκ /f/foo’’’’ - d - d22/24](/24](∂∂∂∂∂∂∂∂33c/c/∂∂∂∂∂∂∂∂xx33)/)/ΩΩΩΩΩΩΩΩ  +...+...

DDii=z=zvvdd22ΓΓ iiθθ   κκκκκκκκ ~V~V FickFick I. I.

Amorphous systems?,  Stress effects…Amorphous systems?,  Stress effects…
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Constant concentration at the surface:Constant concentration at the surface:



Conclusions (ideal systems):Conclusions (ideal systems):

--At short distances the continuum descriptions fails At short distances the continuum descriptions fails 
and this strongly depends on the concentration and this strongly depends on the concentration 
dependence of D (non-linearity)dependence of D (non-linearity)

- Non-linearity leads to - Non-linearity leads to shift of a sharpshift of a sharp interface interface
--The non-linearity leads to The non-linearity leads to 

a lineara linear shift of a sharp interface shift of a sharp interface
sharpening sharpening of an originally wide interfaceof an originally wide interface

--Gradient energy corrections are important not only in Gradient energy corrections are important not only in 
the currents but also in the the currents but also in the mobilitiesmobilities
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