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Inorganic Materials Research Division

Lawrence Radiation Laboratory,
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'I‘he series of approx:.matlons and sanewhat tedious analyses generally
undertaken to evaluate the non-equll:.brwm factor ar foa:' mucleation

of phase transfonnatlons is eas:.ly replaced by a direct and more accurate

' evaluation. : Present analysis is based on the Bedcer—-DoerJ’.ng( ) approach

and w111 be consmered for mzcleat:ron of a solid phase g frcm a one-
canponent llquld a. 3) | _‘ _ |

The Glbbs free energy for the formatlon uf an embryo B oontamlng
i molecules is | . L o
86, = 4n (%9—)2/ MEC AR T a 12/ 34+ Bi .

where y is the free energy per unit mterfac1al area, AG is the change

in free ene.rgy upon fonnatlon of a um.t volume of the embryo and is the

volume per molecule of the embryo. AG exh:.b:.ts a maximm value of
G,

'G*dlcatedby a—-————l—.*=o. formlcl'xl(l*growbya
. i /i

1 * 61+l and nucleatlon occurs
j*41 Tuclei are withdrawn at the -_rate N ‘f
per unit v_olume per second a steady state flux, Ji L g lbf the 'prai\otidh_
of i to the i +1 nuclei takes 'pl.ace. A dlagram of the free energles
mvolved 1n ‘the addltlon of one molecule of the liquid phase to the

sohd embryo is gn.ven in Fig. 1 where 9 is the free energy of actlvatn.on

for dlffuswenotlonofanatanatthesurfaceofanembryo Atthe

steady state therefore ' S ' '
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L . . ) - . . . AG G ' :
i - - 1 itl + -

- ; 5 4G, + 4G, \
: _ : - 1 o i+l Ui
L ,[4« (%‘;-)2/3 (i+l)2/é-%] [v e W ]:efkr (AGiﬂ 2 )

- (2)
where )\ is the ‘molecular dJ.ameter, v is the Jump atterpt frequency, n,
is the steady state number of embryos per unit volume conta:.m.ng i
molecules, and the first temm in square brackets gives the number of
liquid molecules adjacem: to the i th enbryo: Under equ.x.llbrlwn
i comiltlonsthenetfluxwouldbezeroandlnvokmgtheoonceptof |
tmlc:robalance, we fJ.nd .

- AG; ' 4G, 2y
ny 2/3—11¢r{ l% 1}‘ 0,y G+ 123 ! } &

Introduci.ng Eq 3 on the right hand term of Eq 2, rearrangmg the tems
and multa.plymg both sides of the equallty by n® ) glves

o1 (%4 T AGi) s : v
N e n, n, +1

n
4 '(39)2/ 3423, g% /KT e < -
T LS n.
" \4n Q - 1

. (@)

 where .nei = n, & 6y/kT - Because critical nuclei are being removed,

1 €
—é—il—zo and also since —é =1 we find that
D jxyy n
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> f}_ - Nit1 ~ 1
i=1|n® n< = )
P Mia) o
| i*
F‘urt:.hemore Smce p n, < nl, it follows that
i=2 .

e fan2/3 o e |
. \J - . 39 e 2/3 . _A_ -g‘*- - AG' -
.N—41r(74?)_ .1*_ n.ln\’eﬂ We'ﬁ}_*.¢=Ne¢
where the mn-equlllbrlmn factor is ' o | |
. -1

' 1; -1 AG. + AG.
I i+l 1\)

i=1 | ( i/i*) 2/3 i T (5)
By dlrect evaluat.xon of the sun we obtaJ.n /
f2.22 a6, )1/2 ( Lie a6, \¥2
¢ = - = - ——— . (6)
37kT i*l +92 . 3nkr i#0-92
whereas the usual value reported by approximate mtegratlon ;Ls(l). |
- G, , \2 | o o
3r KT i* - _ S .

The nominal agreenent of the present results as depicted in Fig. 2

| attests to the accuracy of the prev:.ously made apprmumat.x.ons

' Although the differences in the present and earlier results as shown
by equatlons (6) and (7) are trivial in terms of the other more mlportant

issues regard.mg mucleation, the direct surmlatlon has substantial pedagoglc

' advantages.

'I'hls work was supported by the Umted States Atatu.c Energy Cammission
through the Inorgam.c Mate.rlals Research DlVlSlon of the Iawrence Radiation

Laboratory of the Umversxty of Callform.a, Berkeley, Cah.form.a.
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’_2. Plot of 4: vs

Figure Caotidns :

1. Eteemergyre;resentat:.mforthereacuonql+81—s +1

2.22 AG ; : o

—_—1 for various values of i*. Solid line
1. 92 .
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