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ABSTRACT: The concenuation profil(, of impuriries In alkali halide crys.
lals is calculat<'d from Fick's S(,COIld. la\\" for the case where

the initial dislribution is ¡.:iHn by (he se¡.:r('¡.:a~iOIl codficiem.
Compul('r-obtain<,'d ~raphs aH' preS('tll('d for Ihe COflCt'ntration
profilt. as a funclion nf ~~""ñ"i:

In the study of surfacl' impuri[y diffusion frcqucnrly an ini[ial uniform
distribution is assumed.1 The constan[ \'aha' used, is an ;l\'('ragc value ob~
mined froln the experimental ffi('aSUH'mcnts. Ano[hcr method which is cornmonly
followe<-l consists in t1l('rrnal annl'aling of Ul(' sampl<.'in ordcr [O oh[ain a unifonn
impurity dis[ribution. Afterwards the lliffusion to the surfac(' is invcstiga[ed.2

Th{, aim of [his paper is to giv(' rhe cOllcclltr:uion di.<;,trihution of impurities
as a funcrion of distancc and time foc tl1<.'ca.'H" whl'r(, the ¡lIirial disrribution
is givcn by th(' sl'f!,regation co(,fficicllr.

:\. In order [O es[ablish [h<.' basis of lite procedur(' employed, we attack
first a wdl-known problem: [he solution for a pair of scmi-infini[e cylinders
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oC unir cross section, where dlC boundary condicions aTe given by

C(..-,/)= O for ..-<0, al/=O
(1)

c(..-.t}~ Ca for ..->0, at /=0

whereC(x,t) i5 (he concentration.
The solution ro Fiek',", second law of diffusion

for rhe thin- film case i5 given by3:

C (..-• t) = (a /2 ~17n t) ('X p (-..- '/4D t)

where D i5 (he diffusion coeffici('o(, a i5 che qU;:Ultity oC salute plated as a
thin film and x is (he disrance in cither d¡recrion normal lo rhe initial solute
film,

o x

Figur~ la. The ¡oiti.l condirion lor a pair oC semi-infinite cylinders.

This solution can be uscd in rhe case oC a pair oC semi-infinite eylin.
ders if we imagine chat rhe region of x>O consists ofn slices, cach oC thickness
6a¡" Each slice will contain initially (1=0)0;- = Co6a¡ oC salute, where Co
i5 the initial concentration oC impuritiesa lf Q¡ is [he dis[ance from [he
cenUe of the ¡th slice [() x = O (I;i~.la), [he concen[ra[ion at any given value
of x after a time t will be

C(..-,/) = (C /2J17lU) S: 6a. ("Xp[-(..--a.)'/4lU] •o . 1 1
1= 1

(4 )

In the limit of n goin~ (d infinity, [h(' sum is rt'placcd by the in[egrall

ro
C(..-,/) = (C/2 ~17n/) f exp [-(..--a )'/4Dtl da.

a
(5 )
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Suhstituting

(x - a )/2 -JnI = 7)

\\'e ca~ rewritc the solution

and finally

Thc computer-obtained graphs oí Eq. 6 are given ln Fig. lb.

(6)
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Fip;ure lb. C(x,1) as [he sum oí the exponential curves which repcesents [he

solute diffusing out of each slab 6.0.. thick. (A) for (2JiiI)-l = 2,
(B) (o, (2W)-1 = I and (e) [o, (2,¡t,-)-1 = 0.5.

B. In reality, rhe dimension oC the crysral is finite, and Eq. 5 can (hus be
rewriuen as

h
C(x,t) = (C/2~17Dt) f exp[-(x-a)'/4Dt] da,

o

where h is the thickness of rhe crystal; so (he concentration will rhen be:

(8 )

The concentration profile in tltis case (Eq. 8) has already been plotted 10

Fig.2.
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Fi~ure 2. The concenuation profiJe far a (¡n¡te crystal wirh consranr ¡n¡tial
c{1ncentration. (A) {Ol (2-.J7jj)-1 = 2. (B) {or (2"'1Ji)-1 =-1 and (e)

rm (2-Jñi)-1 = 0.5.

C. In rhe case uf ¡nIefest, rhe inirial condition fm rhe CtlIH'{'llrrarion oí impu.

ritics in rhe bulk of the crysra! is gi\'cn by

C(x.l) - -Ks(t, at lo::::O (9)

where K is the segre"¡Hion coefficient, -4 'Á. is rhe disrance from rhe p¡<lne x = 0,, ~
ano at:..h, wirh h rhe thickness of rhe crysra).

l1ndcr "iuch condi[ions, applying rh{, same proccdure as in A and B we
ha\'c

h
C(x,t)=-(K /2~71[It)f a exp[-(x-a)'/41J¡)da

, o

and
(x-h )/2[¡J;

C(x,tl = (K,hh f (x-2rrfi)/) exp(-1) dr¡
x ¡,-Jn;

so fillally rhe COJllTlHra(lon will be glven by:

(J O)

(JI )

(12)
(12 )

which sarisfi(,s Fi{.k •...•s('cond la\\" (Eq. 2) and rhe boundary condirions

r.(x, U) O fm x <0, i.l[ t = O

e (x • O) := o for x > h • a t /:= O

C(x,O) =-K3x for O~x"::;h. at /=0.

(I 3)
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The computer-obtained graphs for the concentration profile according
to Eq. 12 are shown in Fig. 3.

-H

A

2H x

Figure 3. The soIution of Fick's second Iaw when the initial condition was
glven by the segregation coefficient. (A) for (2..JDi)-1::; 2, (8) for

(2&)-1; 1 and (el lo, (2-JDl)-1; 0.5.

CONCLUSIONS

The solution we llave found is good onIy foc a finite crystaI of thickness
h, with an initial concentration distribudon given by the segregacion coefficient
(8). From it, at sorne time t, we can obtain the amount of impurities diffused
to the surface just integrating C(x, t) (Eq. 13) from h tú infinity_ However, this
is true only for low concentrations of ¡mpurities 00 dle surface, i. e., for small t;
otherwise a sufficiently high concentration of im~rities is built up on me surface,
so that diffLlsion back 10 the volume of the crystal can occur. Such a restriction
is avoided if the surface acts as a drain for'impurities (for example when they
become oxidized). One oí the experimental points of interest, suggested by
this equation is the determination of the limiting time at which there is no ap"
preciable diffusion tú the volume.

Finally, this calculatíon can be useful in experimental srudies of dif-
fusion of impurities to the surface.
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RESUMEN

Se calcula el perfil de concentración de impurezas en cristales de
alogenuros alcalinos a partir de la segunda ley de Fick en (') caso en que la
concentración esté dada por el coeficiente de segregación. Se presentan las
gráficas ohtenidas por computadora del perfil de concentración en fW1Ción del
parámetro !-JDi.




