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EXPERD-IE_\lTAL evidence indicates that noble-metal solute 
atoms (Cu, Ag, Au) migrate interstitially in 1'b. I - 3 Because 

it was expected that the cffects of pressure on di/Tusion would be 
greater for a vacancy than for an in terstitially controlled mecha­
nism, several investigators measured thc diffusion constant of Ag1 

and Au5 in Pb under pressure. Thc rcsults of these experiments 
wcre intcrpreted by supposing that the mechanism for diffusion 
changcd from a vacancy to a predominantly interstitial mecha­
nism \\ ith increasing prcssure. Earlier, a model for isoba ric 
diffusion in which the solute is distributcd between interstit ial 
and substitutional sites was developed and used to interpret the 
dilTusion of copper ill germanillOl. 6 The objective of this note is 
to extcnd this thcory to take account of pressure variations. 

Below the solubility limit of the noblc mctals in Pb, \\-c suppose 
that the concentrations of \-acancies, and substitutional and 
interstitial noblc-metal atoms are maintained in a dynamic 
equilibrium as follows: 

[substi tutional]<=[interstitial]+ [vacancy ] <=sink (dislocat ions) . 

We may cxprcss this equilibrium in terms of a thermodynamic 
equilibrium constant K' (P,T) : 

K'(P,T) = C,/C;C.=exp( -:,.C/ RT), :,.C= :,.Gi. -:,.G,' , 

where Ci and C, are, rcspcctively, the interstitial and subsl itutional 
concentrations of noblc-mctal a toms, C. is concentration of 
vacancics, :,.Gi• is the increase in standard molar Gibbs free encrgy 
for the tran sfcr of solute atoms from interslitial to substitut ional 
positions. and :,.G,· is the standard molar Gibbs frec energy for 
form ing vacancies. If it is supposed that the acti\-atinn energy for 
migration of a vacancy in Pb is half the acti\-al ion energy neces­
sary for ciilTusion (2-1, kcaljgm atom), then randnll1-\\'alk calcula­
tions indicate that with a dislocation dcnsity of 10' disloca tions/ 
cm!, the vacancies can equilibratc with sinks in timcs much shorter 
than the duration of a typical experiment. This supposition is 
supported by thc observation'- 3 that the dilTusion constant of P b 
is not measurably increascd by dissolution of noblc metals, whjch 
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implies that the vacancy conccntration in the alloy is thc same 
as for pure Pb. 

When there is an cquilibrium distribution of solute betwccn 
interst itial and substitutional sitcs, its effcct ive di/Tusion constant 
Deff may be exprcssed as: 

Derr=[Ci/(c.+C.) ]D.+[C./(C+C,) ]D" 

wherc D, is the dilTusion constant of a n intcrstitial atolll, and D, 
is the dilIusion constan t of a subSlitutional atom. Howc\'c r, our 
measurements sho\\' that the experimentally ohscn-cd dilTusion 
constant is many orders of magnitudc grcaler than the suhstitu­
tional di/Iusion coefficient. Con,equcntl~'. to a vcry good approxi­
mation, wc may write the cITecti,-c difiusion constant as 

Dcrr= [C;J(Co+C.) ]D.= [l /(K+l)]Di , 

where 

K=C,/Ci=K'C, =exp(-.:1Gi./RT). 

Taking the dcrivative of the natu ral log of the diffusion constant 
with respect to pressurc, ignoring any explici t pressure dependence 
of the prc-exponential frequency factor in Di, wc have 

a InDcff= 
ap 

a In (K + 1) + a InD. 
ap ap 

where /!,. Vi. is thc change in volume occurring when a mole of 
noble-metal solute atoms passes from interstitial to substitutional 
positions and is equal to (..l l', -.!l I'l) , .!l V. is the molar formation 
volumc for substitutional noble-mctal atoms, .!ll'/ is the molar 
formation volume for interstitial noble-metal atoms, and .!l II mi is 
the activation volume for interstitial migration. 

Taking the second derivative of 10gD vs P and assuming that 
the activation volumes are indepcndent of pressure, we find 

This equation implics that a plot of logD vs P should hu\'c 
negative or 7.ero cun-aturc_ for Ag difiusing ill 1'b,4,7 a graph of 
10gD vs P cxhibits to within experimcn tal error a constant ncga­
tive slope (see Fig_ 1). The zero curvature implies that X -} 0 


