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FIG. 5. Penetra
tion curves for scl f
difTusion in gold at 

_ 960°C. 
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the dilTusion coelTlcient versus pressure, The error limiLs 
of D shown in the figure correspond to the estima t(,1 
uncertainty in the temperature correction of ±5°C. 

IV. DISCUSSION 

The geometry and initial corditions for the present 
difTusion analysis give the specific activity c(x,t ) at a 
distance x from the initial plated surface a fter a 

difTusion anneal time t as 

c(x,t)= [c (O,O)j (II'Dt)Jl2] exp ( -:\..2j4DI), 

where D is the difTusion coefficient 
The specific activity of each section was cOmpu l( ,. 

from the observed counting rate and the mass oj I I II' 

section . I ~ach was corrected for the radioac tive de! ':l ~ 
of the Au,08 isotope. The midpoint x of cach secl ion 
was c:l(('ul ated in the usual way, and the slope of lit e 
straigh li ne for each penetration plot was del enn illu i 
by a I, ,Ls t-sqUJ.res analysis. The effective t imc l " lf of 
each dlJ,usion :LIlneal was calculated from 

In this expression, the integral was approximated by a 
sum of several terms during warm-up and cooling, 
plus the measured time at the diffusion anneal tem
perature TA • A value of AH was calculated for each 
pressure from the relation 

AH=AHo+PAV(l-Ta) , 

where All 0 was taken as 41.7 kcal/mole,23 A V was 
approximated i 7 cm3jmole, and a, the volume 
coeffici . 'I t of th..:rmal expansion, was approximated as 
6X 10 :, 'C-I fo : tile high tempemtures involved . 

The Lemperalure of each run was determined i;-,,,n 
the calibration procedure described in Part I I. ' I Be 
deterioration which took place during some of I he 

di::' .. .;ion :tllneals was assumed to be approximately 
li li c.lr, and onc-half the magnitude of this deterioration 
was uscd to a rrive at the final temperature. Each value 
of DT \\',LS thcn correc ted for one of the isotherms of 
in terest by 

D ,= Ih· exp(AlI[T,- T ]/ RTT,) , 

where D, is lhe cor rec ted di ffusion coefficient on the 
iso t Ll' rill T, . 

COllsi<ie rillt,; dilTusiOi . ,. ) he an ac tivated process with 
an ac tivation free energy t::.G, the d ilTusion coefficient 
may be written 

D= 'Ya2
" f exp( - t::.Gj RT) , 

where'Y is a constant depending on the crystal s tructure, 
a is the i:lll ice constant, " is a vibrational frequency, 
and f is the correla tion factor. The activation volume is 
then given by 

AV= (aAGjaP )-r 
= -RT[(a InDj aPh·- (a lna2j ap)-r 

- (a lnv, 'ap)-r] 
= -RT[(a lnDj aP)r+ j K-r-'YaK-r], 

where J\. -r is the iso thermal compressibil ity and 'Yo 
is the t ;rli ncisen consta nt. 

, he st ra ight lines shown in Fig. 6 were determined 
by least-squares analyses and are expressed by the 
fol lowing '-, lua tions: 

8<>O°C : loglOD = (O.9215±0.0217) 
- (O.02750±0.003KO)P , 

910°C: 10g loD = (1.2525±0.0127) 
- (0.033 72±0.00221) I) , 

9<>O °C : log loD= (1.5675±0.0234) 
- (0 .025()9± 0.0055Cl) J> , 

where t he p ressure P is expressed in khar n.nd D is in 

FIG. 6. Varia tion 
wilh pressure of the 
d ifTU ~lOn coefiicicnt 
a t 860, 910, and 
960°C. 
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