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The diffusion coefficlents of sodius txecers in single orystals
ﬁmmmmﬁmumumﬁwmwwa -
mseofzn #1°, The relstion D= D‘,a:p(,ﬂ_)mfam |
vith n 114000 + 170 oal/mole snd D, 0x313 & 0.1 cB/usc, These
values my be oompared vith @=10,450 cal/aole and D 0,242 cs/sec
reported for pelypmmm nodium,
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THore are two main ressons for studying diffusion in sodids, Firet,
the knowledie of diffusion is besic to an wnderstanding of the structursl
changes that oeonr 4n solids at high or low teaperatures, Sscondly, the
study of diffusion sllovs one to learn how atome =ove in solids.
Diffusion 48 intimtely comncoted vith the study of point defects in
Vaozs.dn and their moverents. Foint defects are the simplest type of
defects in & #0114} yet, their concentretions and movemsnts caznnot be
cbaerved directly. Diffusion experimonts dave come to be the most fre-
quently used means of studying point defeotss |

The simplest type of diffusion is self-8iffusion, The ters “self-

 aiffusion” implies diffusion of une isotope into snother isotops of the
some chemical element. Three mechanisms are thought to give rise to
diffosion in erystalline solidss |

1+ Ring Mechanism (atomis interchange between neighboring atons ).

2, Interstitial Mechanism (o.m that ocoupy interstitial positions
4iffoze by moving from one position to another),

3. Vacsnoy Hechanism (if one of tho atoms in an sdjacent site
mmmmw,,mamnmﬁmwmw
waoancy m).i | |

mmwmﬂmwmmuwmmmummwmm

Ge von Havesy (1) and his collaborators using lead into vhich Thorium B,
& rudio-isotope of lead, was diffuseds By smalysing the distribution of
the redio-isotope they vere abdie fo detormine the rate of self-8iffuston,
Today, vith the svailability of radio-isotopes, it is pomsible to in-
voatignts many additional ceses of self-diffwmaion. -
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The problem of the mechaniss of diffusion in metallis copper ves
discussed by BB, Huntington and Fredrick Seits (2) from the stend~
point of the modern theory of solids. The mechanigme of direct intere-
changs of atomm, of interwtitial diffusion, and of vacsnoy diffusion were
considered in dotail, Their results indicated that the interstitisl
mechenisn was strongly preferred and yielded an sctivation crergy in
reasonable gresnent with the theoretical valus. On the other hand,
the cteerved results for solf-diffusion in polyerystallins scdiva (3)
indioated the possibility of the wacancy mechaniss, Self~diffusion
wark has been dous alss on polyorystalline and single-ciyetal stiver
(4)« The obsorved resuite indicated that the interstitial wechanism
was strongly mfm and yielded an aotivetion ensrgy for polye
ocrystalline silver in reasoradle sgreement with the ﬂamtian values
Hovevers for singlo~orystal silver the diffusion constant and sotive~
tion enexgy 4iffered from that for polyorystalline silver &t low

The purpose of this experimental investigation vas to study selfe
diftusion n mgh-mm sodium, using trecer techniques, in order
Ao dotermine the Aiffuaion ccnstant and activation energy. ¥o reports
have bean found in the 1itersture on self-duffusica in single-arystel
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xeummmmmuwwmﬁﬁﬂm@ama
ambx mnlate m sgquilibrive positions. fmwiﬁm’u.yg
m&hﬁmmmvjﬂmﬁ mummuw. xtum
Juepe ihtt give rise to mmm in solide. The interpretation of
wmmwmmgha!ﬂmmwﬂmmmnMw
wuago. znmwmmmmmmmemwm
mrmmwtsimammmm. :
 for ummw sonsider that Cs the concentration gradient of the
mmam,ummwmmmmormmm.
mmmnme:wwm. Furm;wmﬁ:aim
nWmtetWMamiatuefaMfmwmmam
:mmwmmm x,nfmvwmmw
mnmxmrp.mm:ammummu T o Lot C (xyt)
Mmmﬁmmmamntmtmam&mumm
ing through xe mm&tlﬂmsimfarmmOmtafc(s.t)inwa
tine tnterval Gt o vhere St << 7,

C(x, b+8E) = C(x,6) = 6t [_C Cx-A,E)=2C (% b) +C(xeh, e)] Q)

The ineresss §C of the mmber of atoms an the plana located st x s
,gimwﬁomoftwmgfr&(x~ A ) into 2, plus the
mersmmagm(ux)mwx.mmmonm |
mmmm:(a«m.a). Ifsaumummecmm
w&aﬂymamﬂ)\ mwremmﬁan(i)mmmm
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shere D= 1p) s the Aiffusion ovefriclent, In the expression
n-r,A“,m«rummmmmmmmo:m

1attios and A\ ummmmermwmm.mm
n&nndqp&ﬁmm:ﬁ!&eeuﬁwﬂm¢mm?ﬂwMMsWN4muwu&;ﬁ»jw@
probabilitys. The equation (2) is ea&ie&,Fiok'a seoond 1aw of diffusion
'ﬁﬁxmmnwnaammmmmthamarmmm
mﬁﬁhu-T&;mﬂwum:m:ﬁmﬁﬁﬁw&mwnﬁqwnﬂm(z)iaghmnuw

- 2 }
C=Co_ exp(-2) (3)
~2\TDt AP |
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maﬁzmmwmmmm

e:mafim).mmtmﬁm

D = the giffusion coeffiotent

% = the diffuning distance

& < the tipe in ssconds
A sinple nodel et can be nsed to deternine the termerature
dapondonoe of p 48 to seneider 8 garticle moving in & fixed
potential anergy curve of the type illustmicd in Fig 2, let
mmmxwwmmumwasm
mm&mmm«rmiwmvemmmmummw
mmmiﬁm The tarrier B of helght €, inamnltaf%
mmtaammmamfmmmﬂmwmn
mst bo W betveen the atons constituting the host lattioee
ammm@mwmmmm'mammamuua
harmonie oscillator, mmwmma(mwmmm
wmmwammwmmwm;mwmsm
barriers anfmmmﬂyifﬂmwarmammze

Energy —»

- e - - = - - - e ®ww oww owm we

Potential

Position of Atom —
Fig. 2 ‘
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The frection of timo mpent by the atom in encopy stntes > € in given
bywp(;f_-,); mmnmmmtmwmmmmm
ﬁm,w;mmmtyamm;mmmfma ha* par second
“ﬁmbm

. _Gi
Fie 0y enp C5) (@
Vhen the junping problem is considered in terms of the entive latilcs (¢)
one obtains & forwmis of the sems fmm mﬂm (4)s Wt og; 1s

wx:lmwmmw; Aa. AH.~TAS‘, and equation (4)
mmmm *’it

PO en(4h) ewCH) (5)
Yhere AS uﬂwmmméiffmafwmamthhmtw

B {(Figave 2), - .
‘Subgtituting eguation (5) s:m b- fp)\a’ » oo obm

D- fX"'-o GXP(AS) exp(‘ ) (6

Eguation (6) is the fundamental squation for the 8iffusion coofficimmt
D and can bo written in the form,

D= Do exp( ) ()
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with  Do=TND exp (A%R) and A4=Q ,

where £ and )\ are determined by the geometry of the lattice and O
is the avernge frequency of the viltrating atoms The thormoe
dyrsedonl quantities AS and AN are called the entropy of activation
and the aosocisted enthalyy,

It how boon shown by Zenar (7) that equation (3) is appliceble for
poall concentrations of the diffusion atome The muthed of xedice
sotive tracers is 1deally suited for measuring diffusion retes at very
sl comentrations, A very scourate and systematic study in this
ronpect has, in recent yeure, besn carried out by Slifkin, et al (8)s
They meagured, beoidon soll-Aiffunion of silvar, Uw diffusion of Cd,
In, S and Pb into silvers Sinne redio-sctive traser techniguos
wore miployed, the trection of diffusing atoms was kept very low
(30~4-30°5),

In this etudy, & lov eomoentration of radfo-potive podivm was diffused

into singdle-orystel) soddun and the 41fTusion constent and sotivation
enorgy were determingd hy making use of equations (3) andt (7).
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Introduction

For this experiment sodium single cxystaly of 99,99 m‘h puarity,
were grown by the Czochraluid mothod &nd supplied by the Virginia
Institate for Scientific Fescarch. The crystals wore grown in cylindric
ammmmrmmﬁmm:.mmm; In all of these
diffuaion experiments it vas found that prereration of the orystals swch
83 exdbedding, cutting; and polishing woa of groat WMW
'm! roquired coreful sttentions For exmmple; a high degree of pecisdrn
polishing wea required before sn attaupt wis msde to deposit the tracdr
atoms, After proparstion of the orystals the tracor atoms were doposite
od alootrolyiically and the epocimens were subjected to s &iffusing
armeal at 8 constant tamperature for & known length of time. TFollowing
‘the 44ffusion anneal, the specimens were seotioned on 8 microtoms inte
ﬂmﬁﬁaaﬁm hdciness for redictctive asoay.

Erogedures

Etching vas parformed to sce vhother the spacimen was & single
oryotal, One surface of the sodium specimen was cloarsed with methanol
and fsopropyl slochol and then placed in & otching bath eonsisting
of xylene with sbout one yart in fifty of isopropyl slechols After
8hout 20-3) mdoutes &t room temperatures the single orystal mature of
the epasimon bootme clesrly visible by reflection from & directionnd
white 11ght cource,

The otched srystals were suspended by thin wires in the canter of
moulds gnd molten yrarafiin at 409C wae poured in sach moulds The
exbodded orypisls were removed from the moulds after five howwe, while
enbedding precautions vere taken to exclude any air tubblos adhering



to the crystal surface, Eubedding was necessary 0 keep the crystal from
being strained during the cutting grocess, Further, it vas fownd essentiel
to provent atstortion during miorotons sectiontng.
nmmﬁhmuaﬁmﬂppoofmc:wmnmofmuaw
m%atim@)mhh&taxﬁm&itmmmhmtm:&tﬂlm
Mmﬁnumm. 3mwmmmuwfﬁ:mﬁlﬂmmtbe
hrmincutﬁnslmshemﬂ (9). Amoemmm:mw
mmny vith & sharp resor will uhibit a me ctmawre which
ummmp. hmwmpﬁmtminmem@ttonam
acbmimimtﬁngmmuﬁ(mﬂg.}). mmbfﬂ-strmgm
mmeawsso;éwmwmmm Annbolermmrm
mamwmmmﬁngmm. mmmwmm
mﬂda poats, ssrons the spocimen vhich rested on the nicrptome groove, and
ulummmmoi After the entire threed wos revouslt 1t vas exchabed
withﬂammmwtmnnﬁmathomuremmtaammm The
thread would 1ast for sbout three passos through the sodinm before 4% be-
mmmwwﬁnmmmmmmtm.
mmorwmmmuﬂmmmsmmm
mxullymahmt@ﬁmmwmﬂmmwtnnem It 18 o
mMewsmmwwmmmmummumma.
lMﬁQ&tWVﬂlM&ﬁMfMiﬁm&nﬁmﬁmm
mtﬂnghmmd. mmtmm, ﬁum@elmmmr,ua
ameomtal.
'afm“ttingwmarmmﬁmo:ﬁwcmm“ammsm
syeiea for the following two rensons:

1. 7o prevent oxidation of the polished surface of the crystal specimen
during the period of eleotropolishing and electrodeposition,
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2, To prevent absorption of CUp by ethyleneldismine, used in the proe
paration of the erymtal, from atmospheris air,
mmwummwamzmmmmmmusmmmm
(see Pig, 4)s Mounted upright at tha center of the base plate of the bell
Jar vas 8 copper oylindrical tubo § inches in longth end 1} inches in
diamater, mm,mﬁmoﬁquﬁomeﬂwﬁoaem~
eylindary mm@lmmmtmﬂwlmmﬂafm@cﬁmw
uiwpyw tube, dlametrically apart. Through the center of the tube ran
& fins threaded sorew vhich wns comected at the top-to-a reversitle
wmmi;or.‘imleamiz,mum,mwtzmmmd
horisontally and vertioslly through the grooves in the copper tubes This
arrengement facilitated the horizontal and vertical motions of the &rm,
Reating on the tase plate of the Bell jJar was & glass dish "I* sad & steine
mamm%muhmmtmmrmmmemm The glass
&sh "I and the stainless stoel oup E" held nineral ofl and ethylens-
disnine, Two separate polyethylens tubes, each 1/8 ineh in diesater end
6 feet in longth, vere mssed throush the base plate (see Fige 4).
tube somected bottle "A" mﬁxinit:g mineral oil with the minemal ofl
bath "D, The sscond tude comnooted Dottle "B containing sthylenoe
fdauine with the wtainless stecl cup E". mmmmmm
vhole arrangoment vas made vaouum tight and was evacuated sufficiently
by & mechanical pump linked with an oil diffusion pump, A Pirani Veoums
Gauge was used $o rocond the vacwum produced in the bell jars,

An electrolytis method of polishing vas idoally suited for the final
preparations of the sodium single oryatal, %The suitable elaotrolyte
Wﬁ%mﬁ%&m%.ﬁmreﬁntmmhmmethm—
diantine (10)y an idsal jonieing solvant of ’a highly basio type, which
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wag found to dissolve the alkeli salts, Commercial ethylenedianine
contained about 0,57 of moisture. & dehy@rating method ves used in order
t0 elinirate the modstuve contents Compercisl ethylencdisnine vas &i-
mtedk for about tdres houre sri.th sodionm abaw and refluxed for three
hours and firally vacum distilled in istilling bottles, The pressure
in the wmma syatem wvas about 700 microns. linaty per cent of the
materinl was distilled over a boiling renge of less than t 0,5% €+ The
first end the last fractions vers discarded while the middle Iraction
wns collested and estimtod to be of 99,99 per cent guritys Precautions
were talten to exslude atmospherie C0p and vaters

The electropolishing of sodiun single cryatals required detornination
of ﬁn post suitable operating conditions for & given concentration and
elegtrode arrangements The results for some comcentrations and eleotrods
atrangement bave boan tabulated in Table I The most smportant factor
vpon vhich suscessful polishing dopended vas of the control and initisl
#djustment of the m‘b density for a given concentmation, Too lov &
current density introduced etching on the surface of the opeciment whares
68 for 00 high & current density, excessive gmaping was found to ooour
6t the ancde causing sn uneven polia!ﬂng;' The ourrent density vas |
considersd to be properly sdjusted when no change was obssrved in the
qurrent when the spplied woltage was sltsreds The relation betweon the
eurrent and the yoltege nay be altered either by the conseatraticn of
the electrulyte or by chenges in the rosition of the electrodew.
Voltsge ve Current for given eoncentration and clectrode arrengement
sre shown in figure S, It was found desfrable to @mm e
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Tabla Ia ewﬁtﬁtmﬁ salts in othylencdianine end the .
~ éurrent in willismperes 4t the poliching regiom.

Selte concentration electredes volts in  current in
gmafon apart DeCa williampores
\ o - por 8g. inch
I’utmium Todide 0404 1/2 dneh 17 160
Fotassium Iodide  0.019 32 tnch 17 120

Sodium Byomide 04018 1/2 inch 17 60




n vMﬂ\iqmpveres -

]
£
'3
v

Conc Q-O4gmsfic Nal + K1
o 00137 gms/ec K1
o  0-0187 gms/cc NaBr

m—

Volts —
- 40 - , 15

1 4 1 i 1 1 [ 1

T«

s Volts Vs Cuvrent



Page 17.

Variows ethylenedisnine solutions were propared by dissolving woighed
saounts of pulveriged salts in kmown weights of the purified solventn.

In view of the conductivity of various salis in othylenodismine solutions
only one mixturo, 20% by weight sodlun lodide and 807 by weight potmssium
m,mmm in the known weight of the solvent gavae satisfacte
ory resultss The palisy sodiwm iodids and potassium 104ids, were
palverized overnight and the amount required for & concentratian of «04
BTens par 0«os of Qﬁwlmamim vore added to the sianinless steel cup
%+ (Refer to Table I for concontrations of salts and the slegtrode
W&)‘g‘

The sodium single orystal was attachod to tho movable am end vas
yertially subserged in the minerel oil bath "'s The bell jar wes
evacuated to 20 miorms with the mechanical snd oil diffusion pumpss
Thie. prengure droppod €0 20 microns n about 3 hourse A% the and of 3
hours the veowum vas out off and & purified heliua Jot was slovly
introfuced into the boll jars. The arystsl ves then transforred to the
othey lmrof the bell Jar and ves kept suspended in the electrolyte
vessel g (the stainless stobl cup), ‘ready for electropoliching, (see
Figs 4Jo

" Etiylenedinmine, which had already beon solleoted in the distilling
bottle "By was then slovly :lntm&med inw'ﬁn vessel "E" for each 1un
of the mrimt. Elmtmpolishins was carried out under holium pressure,
since ethylensdiamine wvas found to eveporste at lov preseurcs, fees 20
slorons. During pelishing, the sodium specinen wes kept 8t a positive
potential and the eleatrolytio vessl “E' &t & nogativo potential, 17-18
volts d40. were applied marvss the electrodes, 1/2 inch apart, sod the
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ourrent density was observed to be 180 m/sqe dnche Compercisl holdium
was found to oontain traves of hydrogen and oxygen and was yurified by
passing through potassimn shavings nd dubbling through an slloy of
sodium and potaseiom, The quality of the polished surface produned by
this method wven puperbs | |
. After eleetropolishing, the movable am was euplogaﬂ o transfer the
eodive single ocxystal to minersl oil bath "If's The total o taken
Mngmmrarmmrm.mm. Bnriwthisinmm
polished surface of the crystal remained bright sad wntarnisheds

ven A{ )\ = 10°D nl) of Ne201%, supplicd in & mMom
gcid, was tronoforred with the Nzlp of & misrapipetts and a pipatte
sentrol onte & thin glass plate,  The pipette eontrol consisted oi"ys
vmmmmemwmaﬂmwmermmm. To
obiain tbe ontire vonteonts it vas found necessary to thoroughly rinse
the pipatts. he 10\ 12201 tracer saaple; togethor vAth the vesh-
m@mmmmu.wmmmm«rmmmamfwamtso
‘minmtes. Fraporstion of the zu??cz solution vaa found to be the most
.emvmtmmwfmamlm mi&aemmmmmhmn 1o be
depositeds %cmmwommmmhmamm
into m&«mm,mmus% m‘ﬂ:ﬁhmtaamm«aﬁbam
balljarmﬁmmhawzomm; &fmmehingioﬂicmm
Wmmﬁm&offanaamuwjﬁwﬂwlyuw. The
eryntal was then tronsferred from the ail'hath up tu ﬁeelectmlyﬁo
oup YEN . ?:Lfty oo of m@m&m wore introdueed inta the eimtm-
1mamammmmmm. mrmsﬁ:eprmuf

2?21 vas mpplm by the Fuclear Sclence mdmimm Corporation,
Pitteburgh 36, PR, o | o
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slostrodeponition the polished crystal surface was kept at 8 nogative
potential with respect o the eleotrolytic wessels The clectrodes were
Mi&iu%&l/a" amrte mmaﬁ&mtamwmeow/
qe inoh and steadily decroased vith time. After obout 2-3 hours the
ousrent Sensity dropped to were, indicating complete depoaition of the
MWMMNWNMMW»MQR%&WWQ
m. mﬁnmfwmmwmm&omtaﬂm;ﬁam
mrM¢ mmtmmmm.wmma,awamorng
Wmmmmmquwmmmmmm
LW The tesperature of the bath wes controlled by & thermo-
m@!&mwﬁﬁmtwwerﬂw“mﬁm
taining teuparatures o vithin ¥ (05%, The water in the beth was kept
mwmammmme. The readings on four
thermmmoters surrounding the sonple were taken mriodiaany during the
aiffurton amneal vhich on the avarnge wee 106ssconds. Over this period
ofmmmmammmmmmmiﬁmm
al1 teth temperatures useds "
| ummmmmmmemmrmmmm
for ssetioning on & band microtomes Uniform slicos of 50 misruns were
mmﬁxmm_mmamaumwmmmmmmz
mmem&zam*m'mwmmmmm
mmmﬁwmmwmmmam. The wephings
mmwmmummmﬂwwm
Seotionisg of e cxystal vas contimed until the Tedicsctivity of the |
_mwmwmxﬂwm

* Anaricon Ingtrasent co‘g Silver s;;ring,: mzwxnna.
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The instroments used for the radiocsotive sseny wers 8 Model 135 scalar
and & Yodel S10B well %ype sointillation detector made by Baird<itomis,
Inge Bince the tmcor isotope Na22 emits gezsm redistion, the use of
the will type sointillation detector waa found to be more spproprinte
$6 dateot the gamm Tedintion. The optimum opereting voltages 1500vs
fm%mﬁrm&t&&n&@mu&“mubﬁmﬁfm%ﬁ%
Atomioy Inos Thoe toat tubes, comtaining the dissolved 100 miorens of
saterials, vere introdused into the deteotor and the radistion vas
recordsd for ten cne mimite intervala, The sverage mumber of counts per
M% was cbiained from thsses  Precsutions were foken fo avoid cone
tanination of the erystal dotectors Mo porrections were made for the
dechy of the tracer isotops NP2 since its half 1ife was 3 years,

Three arystal semples were prepared by the previcusly dosoribed
Wm for aiffusion amneal at various tomporaturess The wmmg
mm.mmmmm,mmmmmmmm
mmtmwgimm%ﬁe Il, 111, and IV, The section
mmummmmmmmwmmmuu
'ﬁaﬁafﬂwmﬁmmm Hhemmcmtmgmhiaahmmlaaacf
amﬂmwmﬁﬁasﬁnﬁmmxﬂmmmmhaamw

rarements, mmﬁmmwmmcm_mmmmmm
comting rate o5 Gaternined st the boginning of the radicactive measurew
nents of esch oryetals
 The &iffusion cosffisients D ave cbtatned by plotbing 10 va 5 as
gmsamm(?:), %&MWMWM&WQQWQQ;Q
mmtmafmmmmmmmmmm&m
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Table II. cmﬂng rates for the seotions of the sodium orystal

ogt the mpmm of 20,00 + 0,05% for

7054 =z 1 .

Baskgrounds 1076 CPH

Seation FKumber Av, counts Corrected countn

por nimte per minute

 3§§85%5$:$gggm4m&www
o
R’
B
o
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Tadle IXI, Counting rates for ths seotiona of the sodlum orysfal
snnstled at the temperature of 51.00 1 0.05% for
1.8718 = 105 socondne

 Seotion Nosber Ave gounts o tod

BEERREREEEELREEEE T wn e
B
-
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Table IV, cmtﬂ:s maten for the scotions of the sodiwm oryntsl
bgt m %mpemimm 0f 41,00 + 0.05% for

9054 1
Backprounds 1083 CIH
Soction Humbex Av, counts Correctod counts
per mirmte per mim:te
- 96!977 554894
2 724502 719499
3 431133 475105
4 444900 4354833
5 234850 2247711
6 19,592 18,509
T 16,73 154630
8 12,938 11,855
g 11,209 10,126
10 9,556 84453
1 Te135 £4052
12 04163 7080
i3 £4496 By4l3
"4 74662

15 72184 6,101
i6 4,265 3,162
7 %4103 44020
18 3,664 2y 763
20 32599 2,516
21 24616 31,733
22 25345 14262
2% 29764 1,682
26 22539 14456
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at o depth x. mmmmwusfm@maﬁnwa
the sversge depth of sach seotion snd ave shown in Plg. 6y 7y 8nd 8
sorresponding to the data in tebles 1T, III, snd IV, mpéatmzy. The
data has been plotted for sections 10 and above 50 thet the vidth of the
mﬁﬁwﬁl&mﬁ_mﬁ&%%&p%fhgmsbmin?m
65 7T¢ 6nd 8 vere cbtained by the method of least squéve fif and the o
‘rresponding diffusion é&fﬁeiwwmgimiin table V. Tho Dest lesst
square £it vas determined by RFC awe; oomputery Scientific cmpmm |
laboretony Medloal College of Virginia, The data vere not corrected
for the fact that sll distances of the sectionsd slices were mesmmwed 8t
room temparature rather than at the diffusion tempersiturc. -
The logarithm of the diffusion coefficients cbiained from figures 6y
7, and 8 are jiotted ngninst the reciprocal of the ebsolute temperdture

in figure 9y mﬁmorthiamﬁm the activation energy and

from the ordinate intarcept st 1/7=0 the diffusion constant de obtained.
The diffusion constant snd the sotivation eneray for sodium Ame oxystal
ves found to be 0,313 + 0,018 ax?/sec and 12,000 + 170 cal/mle, ro-
maotively, Therefore i‘m" podivm single crystal equation (T) becomen,

. Dig = 0,313 m(:l%@)

General Precision Corpes Tarrytown; K.Y¥.
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DISCUSSION
‘The results obtained for sodium single orystals in this stody can be
compared with Ahe Tesults given by N.E. Nachtried and F. Catalsno (3)
for polyerystalline sodium. Their results have boen reproduced in
Pigure 9§ for comparisom and give 10450 cal/mole for the sctivation
energy and 0,242 om 2 faco for the diffusion constant. It is observed that
the values of D for single orystale 1ie consistantly below the walues
| obtainsd for polycrystsls. Similarly, the sotivation energy and the
aiffusion conntent for the single orystals are greater than those for
thes polyorystals, o o
¥hile detajled eamwri.som of tha difforencos for single orystals and
mlyemtah mat bo givm, these mults are consistent vith results
found fux' aingle»mm el polyomtsuim silver {(4)s For silver the
lover mﬁwtim enargy fm for polyomm vae aemmm to the ine
.ﬂnm of gmin m&risa. Bowevery at higher temperatures (sbove
th%)whmﬁminﬁmofthammmmng the
slope of the curvey and heme the sotivation enargy, approsched ﬂut for
single omta:ls. The diffusion constants aro detormined by e:trapolat...
mmmnwxfrm o vhere 1/7=0, timsy & change 4in the slope
ufmmmamaammmmmmmM of the diffusion
canstant with the veeult that the extrapolated valus cbtained from the
polyorystalline curve wanld be less than the extrapolated value from the
.Meemm curve, In Figs 9 the curves for ﬁmpolyommum»-
dfum and the ainsle-cmtal pediun give the appeersnce of omrging at
higher mpmm (mmr than the melting point of sodium, 98°C),
Since the reported diffusion constant for the polyorystalline 0880 vas
obtatned by ldnoar extrapolation of this ourve 1t vould be less then that
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for the single orystal ceses -That this is the onse vould be difficult
to mhow for sodiua since diffunion snneal would have to be made at
temparatures above the melting points Further comparison of the
sctivation energies oannot be made since the kind, mumbor, and offect
of defeots in the singlo-crystal sodiua exe not knowne

.. There exists & relation betvesn the sssocinted entoalyy and the
melting points of aal.idn. According to Van Liempt (11) and Ce Zener
{7) the melation AB/I‘ 2 5& oal/dog nppuod to qudio mms. Using
the melting point of sodius ARy 114840 ol /uole compared to the
ap&rimnm}g peasured value of 11,000 calfmole. |
" o unigue conolusion can be drewn concerning the mechanism of
847 tunten in motals from AAffusion rates end tho sotivation enerey
alone, Such o decieion must depend upoh direct measurement of the
mmmm vhich comot bo dome with precisions The thermoe |
Mﬁﬁl ralsti.ma. associated enthalyy and entropy of astivation,
ewﬂgﬁ.v&m other evidences would permit tentative and suggeative
conclusions to be drewn conceming the mechanism of self-diffusion,
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