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neral lntroduc~ion 

h phen no of th rual dlffusion in g o eon ists in the fact 

that a t~ turu of two gas s or i otopic forms 

of the sam gas iv s ri to a coneentr tion ra.d· nt of th t o ga s . 

Th eftoot in n ra.l ls to cone ntr te the lighter 1 culo in tho hot 

reservoir and th he vi or molecule in the cold r s rvoir. Th ph· non non 

w s pr die d by o (l) in 1911 n (2) in 

1917 . It a nd Dootso (.3) . 

In th ea e ot iaotop a t.h s para.tion w a s 11 com: · red to other s p­

"r tlon thalds and d.i.d not ap nr i.o be o£ ~~ny pr ctioaJ. use (4) . In 

19.3 Cl~o.ai nd Die 1 ( 5) de-v loped ethod. of gro tly e •hanoil1 th 

the 1 diffusion tt ot . Th lr ppa tus consist d ot ; long vartio 1 

tu clo t both e s 

preooure; long t e · tube 

at npproximat ly at oapheric 

nd d. f platinum ld.r which 

chould leo~ric, lly at d to a ·· t por tur • 1he li ht r 1 cul s 

b ine co ntr L near the hot 

currents, whilv th h vl r mol cul 

Equilibrl ta.bliah d when tn t e ul siphonl elf ct 1 al.nnc d 

y elf diffus·on . 

Th s tabl isotopes of o· bon, nitro ·e oxy en and sulphur 

r of eo t1 tr· c r OrK. The 

m thod ot chomio~l chanse is particularily suited to th prod ction of 

relat~v ly ru · q ntit.i a of tor o.f di , nr1c nt. '· h r hi h 

ilutlon of th e nee s ry~ or nt dooi n d 

t~ asur th physic·l d eh c·l properties of the enrich d isotope , 

hi h r cone ntr tion is d ir ble. Thermal dlff'usion pro d s a 

conv ni nt thod for th production of 1 quantiti of hi hly nrich d 

t ri 1, Conaid ra le lU ntiti s of s phur OY.J, en urich d in 
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olS reopecti ly ·ere produc d t .. o ster o rs a o ~·nd it 

se cure further nric t. or th sa soto by th 

th n · d'ff ion ethod . 

h r. 1 diffusio col ,. . t up pr v.iously (38) b n t t d d. 

oed in t s par- tion o the iootopas of n trot.. n, oxy n and lphur oing 

S02 sea respecti~ ly. itro l iPS was used in the oe r tion 

of the nitro n i oto s du 'to it tlV il bllity nd its the ~1 st.abillty. 

as ou sulphur co~pound hie ls th ~Y stable in th 

t mp rature r ..;e n o~esary i S02• C culationo t v sco ity d t (7 ,10) 

indicat th t S02 ould be .a. . M:.icu.larly poor gas to use. Howe r , since 

s r; 1 factors influ nc th 0 par t.l.on it $ d cld d to try so2 hefor 

d sea.rdi ·' th ·de • ln th ep.! ration of the oxy er isotopes th otarting 

ter 1 w; s t r who cl. conttlnt was 7. 5 no 1. Of th~ co: ,,on gaaeous 

compounds of oxyg n: 02, CO d C02 the .;a p diet d to give. th larg ot 

epar tion is CO with 02 n n s us d duo to l ts ease of prepar• 

t t of co. 

The fund ntal eq tlon o t erttAl dif'ueio iw : 

- D r e + D l d T ••• . • (1) 

r 
e
1 

1 t ir ctior lar cone ntr t i on of th lighter i oto • 

c2 ie; t."l<~ f:- 1l-~ion 1 molar cone ntra.t on or t ho he. vi r iootop • 

v is th conv ction v loci;y of th s whole . 

v1 i the conv ction volocity of th eles 1 . 

0 is th co f fici nt of self dit t usion. 

DT is the co ttieient of th rmal dif sion. 

fflhe co lfici nt or th l diffusion is proportio~ to c1 c2 so we 

mu t introduc th co t~UJt ot.. , th thernJE l diff' ion which is ind pendent 
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of pr sau ,(20) nd 1n 

lt is def.! d 

r l ~drie with te per tur • 

..... .... (2) 

is kt, tho th 1 diffusion 

r tio 

t =-~ ::. "' cl c2 
D 

In d ling with t theory of th r 1 diffusion, d alin ith 

int rc.etlons 

important to kno 

t th int 

cul s involving t ~nd it is 

ture of these inte ol eular fore a. 

repr sented by n inver vth po r 

r puls i on 1 F~ -kr· v . it is inte. sting to note th·t in th special c sa 

of th 1: lli uol c le wh r v = 5, tho co offici nt of ther dif ion 

vanishes . The us of the •. ll1· n 1 cu1e in o rly cnlc ·latlono undoub 

ely pre th pho o non of t 1 diffusion f being pred ct d a.t 

n e rller 

Th theory of Th r Dif uslon has been dev lo d y Furry, Jones nd 

n . ger (6,t7) and Lr.uch of th ·r not t.ion is us d h • h th ory ot 

tr n port pheno ena in s is somewhat involved. A sirn ifie treat nt 

by r 1 ( 9) i useful in ahowing the direction o thermal. diff si.on n 

its depend nc on the nitud a.nd size of ol.. • 

Th l d ffu ·on ta ds to a t up partial preasur grudi nt of the 

li .ht r constituent h ch is p 11 l or nti- ra.llel to tb t 

n o t ' to do thi there ust be som. fore cting on the 

11 ht r 1 cul ·hich p vente th r diffusi fro the hot wall ok 

to th cold 

colllsiono 

o only p ca thi s fore c com from is fro 

lighter molec les (spec e ) and the heavi r 

molecules (species 2) . There mu t b eontin~~ n t tr: nsfer of mo ntum 

fro t n~l cul of on s oies to thos or the other. 

Consider t h l cules nd the light r mol cule 

s eonsisti of t ~tr ~ ch of unifo velocity comin from the h"~t 



nd cold lis re pcct v ly. Th tNa.z;t co ru" from the hot W< ll will 

hav so what ~: .reat r a vel ocity th n th etr am co . !'ro tho cold will ~ 

Each 11 ht ~lee le ith v~looity V los s i ts o ent~ to th heavy mol -

cules t a rat of va- wh r ~ is th cross s ction tor oompl t dissipation 

or .o "entw. • inco ench st.r ac at cvry the sa 

th not particle f l ux zero}, th ~entum transfer /seo of the str is 

proportion 1 to V u • In order to dete · n t h dependenc of V a on vo1ooi ty, 

let th .molocul s int •rr· ct "With foro ' 

'l'h n cr nv.t.y de nd or k 1 on the sa of th light mol culc 1 on V u.nd on v. 

ion of th se quanti ties which will . · ve the dim msions of 

a cross section is 

=lt 
Co eq nt1y a 

. v- 1 
proport~o 1 to V . 

J.:.1 
v-1 m vq- v: ri s s v • 

Thus we see tb t. V(J is d.tructly proportlo 1 to th str velocity 

lf v > 5 nd inv raely pro rtiona f v < 5. or v > 5 th r su1ting fore 

is net mo nt tranot r fror species 2 peoies l, upportin& a re ter 

partial pressur of th light 1 culoe at the hot 11; ie o. io positive . 

I-' or s behave aa hard ela~tic shperes 

{v -=- oo ), Furr;, Jones rd <mst er {6) hav eho tht\t to a flrst approx-

l t.ion 
1)5 
118 

and .12 u.r the l atlve mus&cs of tho light d 

reap cti vely. 

vy molecule 

In pr ctice however, :molecules do not behave as pert ct el stic 

ph ros. ln ·en ral v va.ri s tx-o 3 to 15. A se.tul co stant is ~ which 

measureo th departur .of the molecule fro th la tic spher odel. It 

is efi d as 

• •• •• (5) 



R.r y be c.~lculat d fro viscosity de.ta, (10) 3inc the coef 'icient of 

vioco ity va.ri s ao T0 wh re n i related to R.r by the pproxi te r lation-

ship 
~ l. 7(1- n) (7) ••. .• • (61 

The eonsta.nt. ~ consists of two factors. (ll) ono of which dependo oolaly 

on th law of interact on between tho unlik ·;elecul s • This r ctor rld 

henc ~ vanist e wh n th inter ction is acco i to an · verse 5th po er 

repulalo . i n of th r · inin"' t ctor in ~ rna chang lgn one 

th oportion of elt r cons itu nt. lncre s fro 0 to 1. Thi has b n 

Out to b th se with n on• Ol• , onia ~ur s . (12) 

ur d per utally for n r of ea . (13- 17) 

Tho is onclos d in of a hot d cold rea• 

rvolr. ~ n s bliah th cone ntration of th 

h~ :V:f isotope in th cold res rvoir is d tennined and cOiil.pi r d tv.i th th 

initi 1 eoncen r tion . 

1 it may shown that 

0 

0( = C C . rl - . o . :n To (C - ) [ l 
2 l To Tl 

'here T1 o.nd T
0 

a.re th temp raturc of' the hot Md cold reoorvolrs r es­

pectively. c1 an c2 re tb no 1 cone ntration of th light r d 

he.vy isoto s r sp ctlv~. C~ is t cone ntr tion o tha h avy isoto 

in th cold servo ·r. 

o ' t l no •n that d. vari a ith t 

t st t ei 1 d to o(. • Tb1s t 

·or unit th l lf sian colll t 

ie glv e. 

r a ture , (14· l6) nd a s ·oifie 

~ ture 1 · d tined by Brown ( l8) 

qui ibr1 par<tion factor 

' 



L 
1 - c2 

e 2Ad L 

wher ~ and C~ repr sent the equilibrium concentration of th he vy gas 

in the lower t'illd upp r ends o.t the col umn. 

L is the lo~~l of the column. 

nd 

? -:: coe£fici nt or vi cosity . 

D = coeffic ent cf diffu ion. 

p = pr s ure of ~as in the colur~s . 

d = widt h of a.nnuJ...ar spa.oo . 

~ acceleration duo to Qravity. 

co at· nt 

p= 

2 
l ) J( 

1 r ctiv • 

In the c ae of isotopes the t1u ·librium oeparat !on factor rcduc a to 

sine c2 is $ co par d to unity . 

Ni r (l9) bas point out that slnc 0 varies as 1/p and f uries as 

p, the q ili ri cparation factor 
a 

·-:r 
~p. _P_· __ 

l b 
p4 

y b put in th torm 

By obt ini • th quilibri aept r~ tion fact or of a eolunm at t o 

dif fere at pr ssures Le s ble to ev llur.te the conotunts a t nd b and 

ealoulat th preasuro ivin th 

6 



Historical R vldw 

Chap n(20) first s ~st d th use of thor 1 diffusion for the 

separat ion of isotopes. Ho ever previous to the discovery by Cluslu nd 

1 th separ tlon produced w a tOo "!all 

to bu ·Of ll!lY pr actical importo.nQ (4) 
• 

3ev ral att ·pts have boen d to for theory of th iff-

(6 21,22) ch eting dth c rtain amount of s cceas . The th ory-

dvanced by urry . Jones Ons ~ r h a en ~h on moat generally ace 

t d ttnd conolder· ble vi nc has n dv need in support of th th ory. 

C rtain t .. odified types of col ns have on construct d followi~ tho 

pr i nc pl of t Clusi s and Dickel col , narncly the. cone ntri c 

t be type us d by Br nl y re~ r< 23) · nd the etal calrod heater 

t yp d v lopod by I tson. (24) A nun be.r of isotopes of th light l ents 

have b~ n s p~ r t d to r ter or l· s~r xtent using theo differ 11t 

Tho rare •a es haVd een u ed in ny inat U\C s since th ir ·;ol cul s 

· pproxi t t he elastic sph re del . Clu ius t:nd Dick 1 co pl · t ly ae 

e.rat d 20 and N 2 ( 25) nnd leo KrB4 nd h.rB6 {26) . Krypton as part-

1 Uy s r t u by Groth aoo l rtecl (27) \ at on(24) obtain d s par t on 

£actor of ' for N on. ier(28) usin Clusiu.s and Dickel column effected 

300 fold nrichment o£ 1e3 in h ll • It has be n shown that th r -

puls fore 1 cos of the r re gases decrea e with iner asing mo cular 

wei ht, ar on bein~ the . ofteot" {29,30) 

'rh chlori isotop s hav be n se r t d usin 1.~..~1 g s. (31,32) 

Cluslua an Die el obt ined 99. 6; HC135 and 99.4 . ." HC137 . 

Th nitro ~on isotopes hav been p rtinlly parat d , Cl us, Dickel 

and l3eo' erC35) havin produc d pur ( "115 . o furth r onric nt B 

possible as tho plati ire doe not catal~e th equilibrium. 

~14t. 14+ 15wl5 P 2 Nl4f 15 

he c rbon otop c13 ha be n cone ntr.uted sing m than {19,.33, .34) 
• 

1 



Th oxy on i otop e hav been rated by th 1 diffusion. Usi 

oxyc n 'lS, Clu is, Dick 1 a. B ck r (35) ef£octe co pl to !l ration 

of o16 
<J.nd o16 ' showed thAt th isoto c qu L,..bri ro ction 

016016 + tJ 1' 01s ~ 2 01601 

is c· lyz d by th platinum wir . S •• ~ ell s(36) usil'lG lS m tor ot 

col 'n i ln no l cone tratlon or ol8 in the top ecrvoir 

0 ta1n d 0 8 rich d fro l; . ~.. to 14 d o17 enr ieh d fro 0 .04 to 0 . 8, •• 

!. Lauder (37) produc 0 r1en eontaini f.. 19. 5.' lS ~nd 1; ol7 in p r.1od 

of 24 ·ciJk • 



Description of a.peeratua 

h o. (3B) consisto of 4 '. tson t unit th ~ diff s on 

col moult d vertlcu.l y · n series in · light haft. •:- ch unit oonslated of 

w tt C<lro· he tar of 11 dl 

a pend cone ntrlc .. l 7 in cop tube of 11' . D. le v:· 118 ~ n , ula.r 

sp c of ~~~ . The cold w eurx~oun ed by a l id'' . D. cop r jack t. 

Th c rod. h re Wt')r kopt CQ t red alo tho whol 1 th by st nl ss 

st.u 1 pina of 0.055 11 t er which w p ced 1.20° a.part. around t.h cold 

11 interv. la of 2 ' on th len&th of th col • Tho unite re 

connect b.> , s of braa~ conuecti sl ve · u flan ·o joints, pr~vid-

t o over inch at th o r t ' ng teuperaturo of 530°. Tb ca.lrod h aters 

wer support. at th top of ach unit by a r£or t ed br plug h1ch 

allows tho ga to s freely botMeen unit • ctrio l leads were rou ht 

out fro· the top nd botto of acn unit through ovur • Two 

cop r convedtion tubeo on of which a el c . ic . ly h t d, conn eted t 

colun' a wl th th top d bot to re erv irs , A l s r ervolr o£ 5 lit rs 

c po.c ' ty or 

s e.l nd a 

to the top of th colu .u-!5 by · kovar el ss 

res rvoir of pproxiu,a.t ly 100 ml . \<.'B. tt.ached to th 

ottom b hou e eeper ooal . revision ~ s mad or vin:., s mall aa p es 

o£ f: J.O fro. th ... top and botto of thod col :n t tabl t int rva.ls 

for · s speetrott trio a lysis. 

Th proceclu lnvolv ~ d in th oper; tion of the col , s a.s oi dlar 

n y r~s ots ovucuat d th . 

• lch ·uo al oil vacuum pump to a. pr ssure of 100 eron s t ~· sur d 

on Piran au • Follo ing tbls th• copp r surf ce ware de• 8asse by 

tur .in.., on th c::l.lrod for ort riod t a t · s th n 

ad!d.tt d t o th thro h a drying gent to known pressure . 



1he top scrvoir con i t d of a 5 liter fla k for tb nitrogen and phur 

run • .A.n tho nitro n run or nary tank nitrogen dried by pass e throu ·h 

lee tr p s u ulphur dio ide a pr pared by the ction of 

H "0 4 on pure ia.z>6; . ' t r v por w s remov d by passi the gt>s throu h 

"Dri rlt 11 r ent. so2 ples w re reu~vad fro the top nnd bott~~ 

r vervoirs of th thorma.l dif'.f aion coltmlllS at a itable t .lnt rv l s during 

the cour e of th rtul for ··ss sp etrom tr1c analysis of sees 64 and 66. 

t ia · portant to note t t · s 66 which is eoncentra t d in the bottom 

.res rvoir con i t of two moh:cular pcci s ..,3~ 16ol6 · 32ol6oJ.S. since 

w ~r int reoted prir.:.aril."" in cone nt.r t · g34 it bee e n e saary to 

aseur a no l o19 cont nt in the s ples befor analysls . In or r to 

do this ch sa pl of so2 wa e 'librate with di tille w: t r . The as 

a rieo by pa. sag t rou 'h CaCl2 ad p. 5 o.nd subs qu .. t y oolyz d for 

, sa s 64 nd 66. 

Tht.:: ox:y n was obt ined by the ol ctrolysls of wattlr, tor va: r and 

hydrogen b ing r moved by pa sing the o throuGh dry ice trnps and a 

pl t niz d a~ atoo furnac • Th oocy-gen as collect d as llq id in a copper 

trap , rs in d w r of liquid oxygen. Th copper trap w. conn ct d 

to t g1 so sy tem by ean of kovrsr 1 S3 Fi • I I sho s the 

l ctrolysis c 11. Thew t r a 0.075 N. in N<OH ·nd w s cooled by mean 

ot n. • tor condena r exte 1d.i.n.e part a..y up t.h centro of th.,. c 1 . Tho 

node a pl :. tinum wi%'6 wo in a apir 

e~ thode ~ a. he t of platin ;; nt ln th 

und th cond n.s r •milo tho 

of a cyli r aroUlld the 

cond nser an a hort distance fro11~ it. A ' ss t e connect d to the top 

of tho c ll by rin£ s al :t.encted rt y into the cell bet · en th ode 

and th C' thod • cylin r of fibar gl ea r s lip d up insloo this 

d to th botto . of t.h ... cell ># rv:· t.o pr vent ny n.ixine 

of tt~ hydro ~en and oxyg n . 

Fi~ . J.II sho· th co pl te . PJXU" tus . A rcury bubbl r on the 

hydroGen side of tho cell co· l d be ad ~u t d to maintain e::rual pr aaures 

on th h ro~ n ' o.x.yg n sides. 

J.O 



In th~ ct. tiun of th., oxy an th s flu had horo -

hly to r .:10v.e nitr · n by eloctrolyzi for .~ ho r at atmosph ric pressure . 

Stopcock T 2 ~· th n closed and th oxy n llo in tr pH 

' which was i mrnersed in a <i w._r of liqui oxycl n. e th o:Jcyt; n a p uc d 

r . t r t . n it co o cona nsed, causing n incr as ot pr sur in th 

o~ n side of th cell, it to tim to lo r 

the t p rature o t · cooli bath s ·rro ndl tr p , causi th oxygen 

re r p'dly wit r ~ltaot d er o of pre sur • This , s 

ceo pJ~ had y pas ina str of co pr suod r ov. r the c ol·ng th 

of liq i · oJcy0en in th dewar surroundinc trap H. 

·'hen it a calculat that suffici nt oxy, on had een produc d, to 

th tr p from th 1· · • Th trap 

as then conn ct t o th sion columns and the oxyg n 

l low d to por t , t~lling the columns ~~ the 5 liter r servoir to a 

preasur of 32 em. Thi pressure of o gen was found to produo a ma.ximum 

separation in col s imllL.r to our • (37) run: lea, 4 fro the top and 

4 fro th bottom w r· re ved a.t s it bl interv ls ov r period or 106 

our .(Tabl Ill) t thi t loctroly i procedur 

t h columns f i lle to · 't •• ao pberic pros sura wi tbout stoppir · t run. 4 sets 
I 

o sru ples \ere r ov d in the en~uing $ day or th... run. 

ollowi this, th el •otrol si . ·p~r· tua ~as mov ~d adjacent to the 

top r B rvoi r . In o r to inc se the siz of this rosorvoir nother 5 

lit r fla • ,_'a t coupled to th first one by t~ nns, one 

of which s el ctricclly heated to enow= circulation of the g s b t .n 

the wo r s rvo ... r . ( ..i. • Vl) t was th n possible to electrolyze into 

th co r trap allow th OJIY.; n to v· porizo cUr ctly lnto the reser• 

vo.~.r syste . h ne\ 5 lit r fla k w· fill d \ ith rucyg n un th stopcoc ·s 

.flno«:s op n d . y io ln d . r s ... round tr ps C nd 

D to promote co v otiv c rcul tio also to remov ~ true of at r 

VGpor th wo.ter j ck t . 2 sets o£ auples 

·er r >DV d d in· t.ho following w E.ok . The w 5 liter fl< s wa.s t n 

ll 



ev~eu.~ted and filltld ith 7 . ;; normal 01 e b fore . Unfortur. tely, ilorlly 

t r ttis , on of th lad t tho bot.tOiU c lro heater burnt o t a th 

run h d to b diocontiuued. On liter of ' V.i. r novo fro th· botto 

or tru. colu..:.ns s soon this was discov r d . n att .tpt to a v the 

r r.:.nin er of th gas as ns cc ssful . 

The · lyse o nll mpl s de with 9U sector type mass spec-

tre t r . (39) ho r sult ar t.abul, ted a· th isotopic r atio in the top 

and bot~o r servoir • Th pr o ion in all t r tios is b tt r than ~. 

he so ration factor as pr viou$ly efin d a C~ 

7 2 

w er ~ is th cone ntration ... th otto ... 

r .., rnir d 

C~ is th · concentr tion of' t h vy molecul in th top reo r -

voi:- . 

In pl c of act 1 co centrut · ol'ID t.h abun ax1ce ratio or th l .A.eht ~oo th 

h isoto t n as · m · ur of t concentr t.i.on of the heilvy 

for 

ni tl'Ot.. n, · lm.i.l rly forth oth r . asee . 

· Nitro en 15 

ha e s ctro:... tr .lc or the s ,pl removed !rom th top 

and bott om r a rvolr~ ar t 'sa n that ten fold 

Ch6 I iJl thu r · tiO 0 t e nitr 1 l iSOtOp08 h 8 b 0 ff Cted in period 

o 164 ho rs. .;inc th ! 1 l5 cont nt of tht. botto r rvo.tr has en 

i ere cd at th expense of th top r servoir, the t ric ent t ctor r l a.tive 

t.o t· nk nitro ·e is only 4 .97 corr sponding to n to Nl5 of 1.77• 

Fro 1 ' • .1. it can se n ht th fjl4,l~ 1 14 ·15 ratio i the bottom 
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T 

,.. . -

fop 

0 136 

25 . 5 170 

49 202 

75 217 

98 247 

121 264 

164 .. ; 280 

(hours) TO!) 

0 20. 50 

24 20.67 

4' X 20. $6 

72 20 .63 

9.3 XX 

X t of 6 pl lost 
JCC fla.'tiple lo t 

~ 
Ratio 9 

nat ott 

1,36 

53 .9 

)6 .9 

36 .3 

29 

30.1 

2:/.3 

.;o 

19.95 

19.38 

19.78 

19.71 

Separation 'actor 

1 

,3 .16 

5.48 

5.9S 

8.52 

. 7S 

10.) 

~ ration Factor 

l 

1.0.36 

1.0'4 

1.04.3 

t . 1.049 

1,3 



r rvo r approach r pidl.Y oor- in..,. 90: · of its equilibrium 

l · in 48 hours . ·rh ... e r s lts compar ve f~1voura.bly t 1 ho e 

ob in d by oth rs uei 

Sulpbur 34 

The us pectrom tric s s of t d rin the 

sulph r run "'iven in T bl • Th 4 . 9~ ch· ~e produc in th 64/66 

r tio of th· s lphur lsotop s ind ·cat s th·t ~ is This 

111 , ve .nd nt valu~ which is 0 1 but pos~tive . This is in 

1. th predictions of" o~. · ood on viocoolty ta. (7,10) 

h re 1.1 t~ .ndl t tru t the sulp ur isoto s ea l ot be epar ted by 

th th rmsl dif"uslon si~ 30 2 a.s • Tbie does ot nee s a.rily 

n n th t sulph r in the fo of eo oth r a.s such s J '6 eo 1 not b 

co. c ntrat ion . o titer 1 dltf lon data s b n 

ecurod ith S 6 nd th re ls no viscosity d ta in the lit rature ~ith 

hiohto · pre letiona . However th re 1 1 ys a disadv: tag in u ing 

ases of hi wol cl.U.o.r 'lei ht in tho . 1 if usion cwlur~ns du to the small 

rua .., · f!er nc iuvolv d and the corr pondingly ll • 

Oxy 11 18 

It i of int r st ~o not that s ol 6olS as cone t t d at the bottom, 

n cr e of 8 8 was 1 o observ d indicating th t the calrodo 

cat lyz tha ~ction 

016u16 + 0l dvl8 

The equilibri constt r t for this 

[01601s) 
2 

·act on is 

if the .format· on of h polar · h t ropolnr n.ol cul a is qually probable . 

ct v· lu of thie qullibr · tm co e t c n e d t r d.n fro" · n 

qullibrium mixturl:) by t auur l · · t.h relati ve ion curr'"' nta J.'or · sses 32, 

l4 
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JA 
Ratio :34 

S par tion 
T {hours) Top aotto:u actor 

0 :32 c • )0. 5 30-5 l 

24 .5 :32 )'1.5 12. ) J .05 

68 .0 32 49 .6 9.36 .5. ,30 

90.0 J2 56.2 8.1.3 6.91 

139 t . 60 . 3 5.71 10.6 

16.3 t . 85 .6 4.64 18.4 

1 ·o At . 121 J .84 Jl.6 

259 At . 2J 2.~ 82. 6 

28.3 At . 67.5 3.06 22 .0 

:379 At . 9,3 .6 ) . 27 28.6 
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J4 and :.r in a mass spectre ter . 
} 

D via.t..lons o.t' the r atio ._jh_"'· f rom 
.3216" 

4 measure he eJI. ent t~.· hlch the syste, ....... s displ·1i!Pd from 'lior'wn, 

Tnble 4 ~lves t e ~ets of .• ~as spectr~. ter io curro ts obt~ine' for the 

259 hour S . ple ret·ovad f nt t.he tiotto... of t} 0 ther..;u.l dl.ff '6' on col S • 

... 
The av ra-u v ue of 3. '~ for the r tio 3l " 1:"1 ~ n t hat e 1 uilibriw:n 

. 32 JL 
b li o n th two kinds of o • Len ato:r..s h s b··en est..- lil .. sh d on t.ho oa lrod 

he.,.ters 1. the t ~er. l di.ffusio col :- :.s . 

Table IV 

• ss ., ctroll ter 
:ion urr nte 

1 2 3 

ss 32 1G2.1+ 206 2:24 

34 56.13 69 .12 75.1 

36 4.72 5.60 6.65 
bJ<.lU ilit,riuru 
'onuti:1J"1t !'\ 4· 2 .) . '{8 .:; .ao 

The to . ~ 01a :: . 2 [011018] + ( 0160:s} ~ . [ 017p12.) 
,_ ~16016 + 0r1 0n + 01S01a + 0161l'L,l601 + 017 01s] 

or 

wh r (.3 ~ • (.:;GJ etc . · ro the co .c.cntrut ion of t~lt''ulse• 34 · td 36 to . \.;hich 

~ proportlona 1 to the i on currents prod ced by the:::e rr.a.ss s in a Ultl.SS 

.. p~ctror;~uter . 

nbl V eivea tl a rel<1 ... v io curr •nts obt:. ined. or ss a .:32•36, in 

t 1e • ,. s spuctro"".atrlc an'i.l!ul~:; of th 259 hour Stt!.:lP • Tb~ . voro.g · olO 

thu. c~l.lcul, tt::d is 14 .6 . A 01.- ll fr · ct~on or t he .~-s 34 o current wi 

be du to 7ul7 ¥~ono . However boca sc of t he lc · eoncontr· t.ion of ol7 

hi c r nt c-.11 bo n glect.<ld . he · to·u of o17 o n b ca.lculnt . d in 

16 



I. 
~r 
I ... .. 

il 

. .. 

.. . 

. 
J . 
I 

.. 
I 

z 
w 
(.9 

>-
X 
0 

I 

P1 
(.9 

LL 

0 
m 

0 ,.... 

u .. ; 
~ 

2 

1-

z 
0 
r 
<t 
a:: 
c::r: 
Q_ 

LJJ 
\/} 

0 

NOll \1 i:1trd3S 



'1\ 1 v 

ia.G S · ctro,.. tor 
· on Current 

1 

32 224 162.4 

33 2.50 1.79 

34 75 .1 ;6.13 

35 .41 . ) 

.36 6 .65 4.72 
I\ to ;.:olS 1.4 ·4 14.8 

A to ,;ol~ .47 .46 

For th 25 hour oxy n s 'J)lo th ol7 c.oneentr tlon turn., ou.t to be 0 .46. 

or · bout 10 t o no • The llt r of oxy en reoovod fro tho bottom 

re rvoir a.t t conclusion of th rl.U' ~as analyzed ·:~.nd c lcul t d to be 

12 4 .4;a 

16• V show the ra ui ibri co centr tion 

d' fuaio 1 

columns durlng th oxy •en s par tion. be br kk in th t 90 hours 

corresponds to t ddltlo o n supply or 0 n bri th pr sa-

uro up to l ntr .. ooph re. Only th vuJ.u s obtained hll uoin one 5 liter 

flab · rc: plott d ; th c:.d ition of th a eond N rvoir i'P r~;:d to dis -

turb the 1ull.brium at th bott i ·. the ch'l. · ··e · n aop· r tion 

factor with t 

17 
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Th the 1 diff sion ool s at ~.c tar h v b en teat d a aa.ti -

factory p.,"irat.ion factors obt ne . A ten fol chant: in the r tio of 

th nltro60· isoto a has be n ffected correspond! t to n atom :~ t 15 

of 1 . 77. r.•ulph r ioxide h· a be prov n to b atis:t ctory .for t 

separation of th sulphur l otop s by th r · dlft' sion. The O'XYi n 

isotopes btt!.rtin wi t.h ater containing 

7.5 fold ric plos of ox:;: 1 conWnln a 72 fold n-

r ·· chr. nt over nor 1 "v b n produced eorronpon ln.:; t o n oJ-8 content 

oi' 14. 6%. Aloo one lit r of oxy • n a.s containi 4. 4,' c1 has b en 

produc d . 

For t.h ar tter.ptin to eoncentrat the heavy nd 

r r• r iao op 1 t dilficulty n pro ·ctio 1 t e d pl t lon in the 

to~ r,s rvoir of the h a 

of tho s paratlon factor 

ol •cul • In order to utll · z th full valu 

This is ff etiv l y what io dou wh 1 t.h cone ntr tion of th top rea rvoir 

is maintain cons · t b;1 continuo~• ly supplyi.n& th as at no · 1 co -

c ntrat.ion r r vi · • t 1 •as pleted in the h 1 otope . The prod-

uct·on of o1a coul b ~r tly increaa d by loctro~inc lnto tho top 

r o~rvoir con+in o ly convrt ne tLe o:xygen d-pleted l.n o18 o t r. 

"'his 'ould ni.Jur n much hi 1h r cone nt.ra.tion of olO in the bot ton r ser-

voir t quill riw.h .J. d d with a • r tion factor of 8.. as here 

obt and s · rtin..., lth o~ n con • · nin..;: a 7 . ; fold nric ent. in ol-8 

th final concentration ot olS in t otto r s rvoir mi ht b expected 

to appro ch 50~· . 
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