Question: If a Cu rod is heated from 0K (actually just above 0K as 0K is unattainable!) to 1250K, what fraction of this increase in length arises due to thermal vacancies?
Answer:

Given: Cu rod heated from 0 
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 1250 K shows increase in length of ~2.0%.

Data (given): 
[image: image2.wmf](

)

120 

f

kJ

HCu

mole

D=

, Cu is FCC (n = 4)

Fractional increase in length = 
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 EMBED Equation.3  [image: image4.wmf] 
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, where subscript 0 refers to the 0K state.

There are two contributions to this increase in length (
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): (i) from thermal expansion (
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) and (ii) from increase in fraction of vacancies due to heating (
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). The vacancies are created by atoms migrating to the surface leading to an increase in volume of the material. The vacancies are incorporated in the crystal due to the entropic stabilization that it provides (which more than offsets the increase in enthalpy caused by broken bonds).
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 or in terms of finite differences: 
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The fraction required to be calculated is ( 
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1 unit cell gives a volume ↑ of a3 ( 4 vacancies give a volume of  a3 

( nv vacancies give a volume of  
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Equation (1) ( 
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. Where V0 is given by: 
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( this effect is about 1 in 104 as compared to thermal expansion due to atomic vibrations!
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