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A Il STlLI CT: '('he' effe'('( of irradi.ltion in tbe self-diffusion process of:--';a

in :--';aCI is considef(,d usin¡: a model for Jiffusion processes

which i,i;:noft's th(' crystallitll' strUC{Uf(' of dll' material. The
('Hen o( inlt.'rslitial clusters presenls in the sample durin¡.; Ihe

..,elf-diffusion procC'ss is t(l reducelhe diffusion panic1('s hy ab-

sorptiofl of 111<.'ions in llIotiOll. \le found Ih,u Ibis dfect can be
explaifll..'d in terms of the numln'r p('r interstitial aggloRlerates,
its cross-s('ction ('apIUf(' ,uni tht, iotls \'elo(.'ity. The experi-
mental d,lIa ar{' cOlIsi.'.¡(('llt .••.ith our modelo

l. I:"THOI1l:CrllJ:-.I

~(:If-diffusiofl coefficicfl[ lTl('aSllH'l1lel1t o(;\Ia in ;\Iael 011 samples which
Wer(' SUhjl'cu ..d lO X-ray irradiation during the diffusiotl process w('re made a

lont: time a¡..:o by .\lapotherl. Iklow [h(, Ll\'l'f in which t1H.' diffusion rare is
rnarded. [he diffusion r.lte for rhe irradiarl'd sample is approximalely [he
sanl(' as for lhe unirradiatcd .•.••lmple. Th(: occurrctlce of [his effl'Cl J(:pends

upon rh(. [Cffi¡)('ratUf(' al which the diffu.sion wke.s place. Data taken at 5~7°C.
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496DC and 462°C showed rhe same ('Hect.
Rccendy Durand ct a12 have found rhar for (cmpcrarures highcr rhan

400°C c!us(crs of F-ccnters arc obsern.d and he concludes rhar intersritia!
agglomcrarcs are produced during (he X-ray irradia(ion under (h<.'same cx-
perimenral condilÍons as those of .\faporher. The order of (he radius for
thesc agglolllera(cs was abour 10 ,~ .

The aim of this paper is (o explain rhe eHec( of irradiation. in (he
diffusion process. using Durand's results.

2. llIF FUSIO;-'¡ EQUATION

In (he sarurared Sla(C alnlOsr all rhe F cenrt'rs are in the form of ag-
gloInefi.ltes. Each agglornerare contains abour 102 F ccn(crs and (he radius
of rhe inrersritial agglomerates is cxpccted2 (O be of (he samc order (lO f\).
Under [hese conJirions U'e ha\'e ignored rhe rhe crystalline structure of
the crystal. In (he diffusion process we assume (har (he Na ions are dis-
pt'rseJ or .lhsorbed by (he inrcrs(iriai clus(crs. The distributions function
/(r. v. t) for the diffusing ion s is the saine as [he one used in connection with
r('chniques of kineric (Ileory. r is tht' po.'>ition \'CClOr, v (he veloci(y of (he
ions and I (ht, time. 1'hc cquation of motion for lhc distribu(ion funcrlOn is3

(1)

assurning rhar rhere are no ex(efll.li forces. flerc ((JI/al) I is rhe codision
eo

(t'fm and (01/01) l. rt'prescnrs rhe absor¡)[ion rum \\'e can write the ab.a )S
sorprion term in rhe following sirnpk \\',1)'

( 2)

\X'hert' !le IS lhe numher uf ag~lomcral(,s and 0"(" lhe cross-seclion colplure.
For lhe collision [crm we can wrire. in rhe usual wal'

- I,,¡,-jl', v.I)CT(a) sen e' de' dep'dl

+ jlli,'./(r,v',t)a(a) sen e'dO'd(p'dl (3)
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wh(Orocl1i lS ehe densiey of che diffuslng ions, and a(a) dw is ehe probabiliey
for one particle [() be scattered ehrough an angle a into che solid angle ele.
mene dw. The rclaeion of a wieh e, e' , (,{J and (,{J' is

cos e' ::;cos e cos a + sen cb sen f3

f3 = 90 - </J' + q, .

The diseribueion funceion is approximaeed by che formula

¡(r,v,I)=_l_p(r,v,I)+ 3 v,},
4TTm 41TmfJ2

\\!here p(r, v, 1) is che partic1e densiey

p(r,l) = mJj(r, v, 1) d'"

and J(r, v, t) is ehe mass £lo\\' veceor

} (r, 1) = mJ vj(r, v, t) d'"

Then from Eqso 3 and 6 we obeain

( 4)

(5 )

(6)

(7)

( 8)

311.J 2"' 11

-'- J d</J'J 0'(0') leos 0- eos O'] sen O' dO'
4TTm o o

(9)
and using Eqso 4 and S dl(>re resules

3";1 /'" dcf,' J cos 0[1 - eos 0'] sen e' dO'
4TTm o (lO)

bl'CilUSe

'"J ens (90 - </J' + q,) d</J' = o .
n

(11 )
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The momenmm transfer cross section am IS defined by

am = JJ [1 - cos aJ dep' sen e' de' .

:\'ow we can writc the Eq. 1 in the following form:

( 12)

.1 7T 111

op +
di

__3_v
.17Tmt,2

eJ +
di

v • \lp
47TflJ

+ 3v' \l(v . j) ~

4íTflJ t.'
2

3v . J }
47TflJt,2.

( 13)

Th{. term al/o, can be neglected whcn we are dealing with the relatively
sto\\' rates of changes in\'olved in diffusion. AdditionalIy we suppose chac
\lp and J ar{' in che same direction. Therefore on the basis of symmetry we
can separate Eq. 13 inw t\\iO equations which serve to determine p and J in
{{'rrns of r. v and ,.

Those terms which change sign when che direction of v is reversed
give us che equation:

v • 'V P 3".J' va 3ncac v • J~ , m (14)
4nm 47Tmt' 41TflJ tJ

Of

J~ - f' \lp (15)
3m (niam + n[,ac)

:\'{'xt wc consider those parts of Eq. 13 which do noC change sign when v is
n:\'('rsed. :\11 buc ooe of th,' terms are iodependent of e and the direction of
v. but the terffi in v. 'V(v. J) is ,1 funccinn of e. This, of cnurse is an indi-
carion rhar rhe assumption for the distribution funcrion was unIy an approxi-
mar e one. The rclation can be approxim<.udy satisfied by avcraging over all
directions of v. The onIy complieated tcrrnean be reduccd by using Eq. 15.
Thar js



187
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\\hcn these cerros are averaged over all directioos of v che cross Cerms con.

caining faceoes of che general typc v u ,etc., all average tú zero, \\-hereas
2 2 2 xy 2

me lcrros in r/x ' vy oc v% ea eh dverage [Q 1/3 v . Therefore (he second.
equation artsing from Eq. 13 is

2
V 9 P _ 71 17 vp

3m(71.a+na) ce
J m e e

3. COMPARISON WIEl THE EXPERI\lENT

(17)

The solutloo of Eq. li with (he boundary conditioos used by Mapothcr
is" given by

and

p = pi! 471 /)/
2

exp ( - _' _ - 71 17 v/)
4/)/ e e

(18)

/)= l'

3m (71.17 + /1 17 )
J m e e

(19)

This solutioo corresponds qualitativcly to (he experimental results or~tapother.
To check [he numerical result we havc extrapolated [he straight line in fig. 1
of reference 1 which corresponds to [he irradiated sample; we have used ch~
dcepesc points in chis figure. If our model is correet we must approximacely
ha ve
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11 a lit = In 800
e e 460
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( 20)

Sinc(' rhe diffusion time t is known froro ~fapother' s data, Uc can be ohtained
from Durand's ('xreriment, for lJ we can use a formula given by S{'itz

5

for /J we use ag;un the value ohtained by ~tapother, we get the following value
for llr

llc """ 3)( 1015•

No\\'. if we suppose rhar in the saturated state aH the interstitials form ag.
glomerates and there are abour 1018 uf them, that is, of the order of magni-
tude of the number of F centers in the saturated sta"te, we obtain frorn O.Hand's
data 2)( 102 of intt'rstirials in each cluster. On the other hand, the volume
of one cluster is expected to be of the order of 4/3 7T 1021 cm 3. Using the
yolume occupied by a chlorine ion, we obtain 1.8 x 10 2 interstitials in each
agglomerare.

To cht'ck rhe value of [) we use the formula

IJ ____ u ...•.....10- 11cm 2/ scc
3(n.a +n a)

J m e e

and we use rhe experimental data. Therefore W{' have the same result as
Mapother.

4. CONCLUSION

\VC hav(' dcvelopeJ a modcl for diffusion proccsses which ignores the
crystalline structure of rhe material; the effect of the intersticial clusters is
to reduce th{' diffusing partic1es by absorption of rhe ions in motion.

A decrease in the conccntration of both the diffusing particles and
rhe diffusion coefficient is prc'dicted in agreement with experiment but [he
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quantitative eomparison with experiment is difficult and unsatisfactory because
of the uncertaintr in the parameters which enter the theoretical equations.

The more-important information for the construction of thi s model was
<he paper by Durand e< al.
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RESUMEN

Se estudió el efecto de la radiación sobre el proceso de auto-difusión
de Na en NaCl usando un modelo que ignora la estructura cristalina de la
muestra. Se obtiene después de algunas simplificaciones la ecuación de di-
fusión modificada por un térmil1 ) que es función del número de conglomerados
de intersticiales en el cristal. su sección de captura r la velocidad de los io-
nes. El resultado obtenido usando este modelo es.consistente con los datos
experimentales.


