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Part ·One: , A litasa S;ef!lctroms~.!: lnvee.ttigati~n of the 
. Equi,l.ibra~ion of D!.u:terium w:ith Deuterium ()Jf:iclEr• 

During t.he 1&St several years, a g:i:·eat deal of Wt>rk has been 

done at 1!!4.l!aster Univernty in eon·nection With the Canadian atomte 

energy project• -- One phas~ of this ~iork was th.e mass speotrometrl6 " 

de.teminat1on (l), ~t' the deu:;terium content o:r deut~n.•ium. OJtide (hea,.Y
' .. \' 

water) which .is ·~sed 'as. a. ~utron moderator '1n the a~mlc ene~st p~le 
~ . ' 

at ,Chalk filver. The teehtt1flU& of equilibration o:r samp~~lil or d:~n1tarium 
: I ' • . • \ ·~·. • ' ' I ' '. t 

ortcfo ~itn deutenuiu ·gas. prior to aruuysis wi~h tb.e .. tiouterium ~mass 
..... ~ . • ',., . l 

spectrometer oonatituted an important peirt or this ·project., 


The homo~neous rea(jtioli ,.betw~e:n deuterium and. ·water va}X>.t' 

~ . ~ .·. .\ :,,. ' ' 

" J,. ' •• • 

oieurs above 60000 •.with ·an ~ot!vatton' i:?nero of about 65 kilocalo~ies~ 

and ..is eornpllcated. by a heterog~neouci reaction catalyzed 'by the walls 

of the eonte.1n1ag Ves&el ·(9) • . ·In the presence Of suitable oottu;Y'$ts• : . 

,the reaction occurs at mucn lot'ter t·e;:nperatu.rea•. Hor:tuti and .Polanyi '(lO) 

snowed .tmt it occurs at rc>an tsnpe:>a.tui-es in the. ,presence ot pl:atitium 

blacke They siAggest an ionic mechanism tor the cHu.nge, hydrogen beilig 

split into 'ions ·or1 the catalys't surface;, ·these passing in.to solut.ion 

and bein~ replaced by an equivalent nwiber ot ions :t..rom tb.e· solution,. 

solution, they oonclUde tbat tbe rate is detemined by the di fl'Usi. on ot 
. , 



... .2 ..... 


indicated by the.data ot Tqlor and Diamond. (ll} in which deutertilln 

was shown to inte1~act rap1dlj' r;1 th· the water content or chrojttium · 

oxide gel; zinc o:da~. zi~~ obr~1te. alumina, an.a platinized al!ibeetos 

· catalyst at te.mpe.ratw'•as trom. 10<>° to 400°c. ·What the meobe.nism ot 

. ' ' 

S!JSCitic activation of h1drogen Olf v.ater vapor· or ot both• 

. ~he metbOd' :or prapar_ation of l!tamples in 'the O:ana&an pr0jeet 

conaist,ed .esse~tially ot the. equilibration at 2s0 cf•. of: the heavy 'water 
- ' _, 

by anakil1$ for tht.-ee hOurs wtth· d.eutertwia gas_ in t}it) presence of. platinum. 
< ., ; • ' :· : :1!<~ • ~.'· - , ' • ' c"' ,.· .. "°;' •I "/ ·1 '1 :. , , / 

oxide as· e." catalys~ ~·ana, ntaleic aab1dr.14e ·as ·.:,peptizing agent·• tibia 
' 

m&thod was <leveloped in the tJnitecl States (2) and bas been used· for some 

" ' ) 

I ' - ,» 

. , ........ ' ~ - · - . '. -~ •, • . - . . t . 

' Tfia purpose ot ,the 'piresent work was to det:erfiline'. t'n'$' eXtent to 

which tlw proeedUI.·e tor the prepal'ation of samples ootild be shortened 
"i- • 

and simplified, wittaout making the, precision of the 'preparation ,lees than 
1' .,._, 

the precision ot the,aualy.~()s w:tih the (ieuteriUm mass spectrometer. The 

studies \;i:•ep'orted nere irivolved U 1nVe~-t'1~atl~n -Of the nGCeSSl ty of' , . 

The apparatus used, in th.$ ~paration of sWnples conaistri 

·essentially of,~&, dcy box, eq~librati-on and gas sample flasks (Figare' lh· 

'ti•ansfer pipettes, a drYing oven (15o<>o.), a high ttacuur:. line (presSu.re 

10-6, mm. Hg)• and a maker ·with a C:onstant temperature bath ('25°0.) .. 
... 
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i 	 All glas&wa:re Which. eame in contact with heavy water was first oieaned · 

in a s~tureted tri...sodiwa phosphate bath. l'insed in till> v•ater, · M.stilleel 
. . 	 . 

water and hea~ Wa\er (epproxU!ately ~ Dh ,d:ded tor tour ·nou!-s. a:t 

15oetc., mid cooled in tb.e d.17 box.. Stopcoelis ~d· ~round glaes ,j.<>.t~ts 

were @reseed Wjth Apiezon !,!. srea!lle.- ~e wa.s -'t~ken to avoid c~ntact of 

the ·water with. the grease as much as possible. '?he mes "Sp~otrOnieter 
• ~ 	 ~ f • • - ~ ,,; :. - ,. • ' ' • • "lO • • 

used 	in~ this inves:tigat~~n ~s ;-J11er· 60o .:..aetlecti~n seotor~type. ~4 

deuterium.n~s~~:s~ctr6mate~ -viht~:h. ha~ been' d~acrl~d· ~~~ou~l.1 ('i~s) .~ . 
,_,· 

Hea!f 	Water ... of h~gh ·deuterium... oont9nt was vaduum distilled into a 
. . • I • • I 

sample tube with a ~as break seial.. 
'.' 	 ' \' . ~ ' '· . 

.Plai;in~ OXid.e ... Adam's Platinum .Oxide Catalyst.· (Baker bi eo. 11 tnc.~, 
' \ ;f ','·."~:": .: . ·' ' .;::,, 	 . ' 

Newark, N.J°'•.i){ . was. treated 'with •'/flfo n2o and dried at lSOOa. be.tore use., 

:Maleic An!ldride - The :a.n.a. reagent was drled 1ti vacuo before u.se.~ 
. 	 ' . . 


:~uteri.um a.as - ot ove:r 99•'G%- D was prepa.r'lcl by the reaction. in vacuo 


· of vW:y ll~- .oal.cbam 1ltetal. (Gbtai:ned from liT.R~G • .Montreal. i.aoo.mtory) 

. wit~ 	99·.- D20• · . 

. .. 
on three different samples ot -:!1eavy water obteined from. ~he Montreal 

laboratory. 

'lhti> sample tube· cont a1ning l()c trJ.. of heavy wate:r was opened 

·1.n tbe dry bQx and ; ml. p<)rt.i.ola,s were transferred by means ot a pipette 
' 	 ' -'.\.·· 
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'. 
to e.aoh ot two equilibration flasks (A ot !l'1gure I.) which contained 

I 

anhydride were added .eu:1 a. pe,pti?J:ng agent fQr ths catalyst. l\1G · 

pept:I.zj.ng agent was .added to t.he other f~ak.o Tho gas sample flasks 

(B of .Fif,1ir.e !) were· then connocted to the aquilibraM.on ti.asks and 

the uait.ei plaoe-d on the vacuum line• l!lacn sample was then treated . 

identically as follows•· 

Tb.a water tn the tiask. was frozen by mtilans ot a ux>y ice em; 

methanol bath,: and the flask evacUA:lted tQ a pressure ot 10...; •~. Hg! 

ThfD water was .allowed· to melt ~ that disaol·1red ~ases could esciu:pe 

tl'gm. t.ti.e water.< The water was 6:o~en again and the flaSk ·evacuated 'to 

eqtiilib1;at100. flask (JO ml. volume) to a iire~aw.·e of lO 011 .. "Hg~ anci 

' ClO~H'tci ,otf: '.after -Which'". tha 'sa111pi,7 >Vas- shaken~ in ·t_'~ ~coutant: :l;empe?'at~re 
. ~ . ' ' 
' .. • ,... . .. . 't . ' 

bath·' (2!$00,.<) :f:Ql~·:e-t lea.st 5 hours. ti.:t the end Of the $hak1tig pttiOd.; gf:l.e. ~- . . . ; . 


. ' 


was r•el.eased trom the equiJ,U.'JJ:oation rle.sk to the pllaVi ously eva<!uated. 

;;ample bulb, and the HD/DD ·rattci·•in the gas .\~s ,measured by meaiu11: of a 

Nie;r-type J•4 4eu:te:r.·1W11 maee speet1·ometer ·(_5). 


'i'o ·deterruine·t'h.e necessity tor shalttng tbe Stil.mple during the 

- !..._' 

equilibnition pe~iod 0 5· t1). •. ·aii.Q.uot po~ions of a stock heavy t;iatar 
' 

sa.rfrpl.e (which had been purified. by one vacuum distillation) were-'. 

;tranetex'red. to each ot tan equ.i'l.ibration flasks and lO mg~ ot eatal;yst}; 
' 

111ers ad.ttSd to each. No-·peptizing agent v-1a.s added to these samples,.· 
' !' . ' , ' I 

The vamples we1~e degassed ae above and deuter1Wll gas admitted. · 'then the 

samples were allowed t.<> equilibrate without. shatdng for O~ l, 1~5 .. 2, 4. 

6, S, lOt 12 and l 9 hours rear.aetivel.y in the constant tem1rerature bath .( 2~00. ) •. 

http:aquilibraM.on
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a· check~ anothex• sample .was }i!t'eIJarad an.cl.allowed, to eqW.ilorat-e ~1th ' 

shald.ng ·for 20 hours in the ootHl~ant te.mpe1~tut•e bath, and .analy~etl on 
'• . . ' .. , . 

' 
~ ~ 

.. '~U"ter equilibrium he.d been reached' in t1t$ water..ga~ 'l-eaction,
' 1: - .l! 

and. the. IID/DD, 1•atio in thi's gas was"'..o&J:culated .from the mass epeC:it:i•omatet> 

·reading~ taking i~to a"!IDunt the··oi~ctt1t constar~ts of• the· instrument 

c~naern~d. ' From the 1ID/I)l) ratio the poi-cent deutert\im tn the heavy water 
~ " ., . 

sam;ple was cale~tt>ed 1 ~ 'tol~WSo 


f:qr tbe s.vate:n , 


, . · . lYDg .._ tIDOg :: HPg ·+- D00

6 

the equilibr1um· constant (4) is Kl and 

Ki ~ .~::J ~=:t-= 3.11 at as0 o 


Alt.'O· tor the .system aoo1 :. KOOg the equilibrium constant ts. the .vapor 


px·essure ot HOO.: Ther~fon Ka -:: J!110sl ::: ~0 · 

. . . . (H.001) . · 

· ·similar,.~ for DD01 =.DOO ..the equil:LbriWit eonstant is le . : .{DD03l .- . 
"'J ' g .. . b (.0001) 

·::ay erlrapolation ot the data ot ~'iab.l and tr1·ey (4), t•e tind that 

' ,, 

1!owEl~er, since the ratio HD/DD is a meaaure of the deuterium .cont&nt ot 
'', 
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:it_.·.. a , . p1n1 ) }DDOl.i
)~. . DD8 ) B001 

3.318. 

(RD) (SD) . : j •.·26 at 25oc (4),
(00) (HH} 

. -~2(J)J)) T (Jttl). 
, 2(DD) +- 2~HD) t, 2(HiJ 

It· we ·4.iVid~...nume.;ator··and denominatQr by HD ·~d }>ut w/uii=··a, • ~btei'! 

... '2/R-+; l · .·- "': . .. x 100
. 2/R +,, 2 + · a./3.26 

However. it' ~Y be seen frOIA t-- ..,alue ot ·x2 that the gas ·1n &q\d'librlwn with 
. ,.. ',: 

~he ~t-~ is ligbt b;v. a· factor ot ) • .318 when the water ·and 'the ·gas are ot 

hi.sh deuter.l.WJ4 oontiJnt~ Thus_ by .trubetitUting. 'tot: R the· cor.tesi)oniHng value 

for the li;q11id sy.atem., (i.e •..R/3.j1S) we get tor the hea'f'T water sam;ple 
' 

AW.~·=· i:~~=: i+---fV5.40J xlOO·a· ·f:%~~·:.;__,_ R~S~408 JClOO 

'1J'or O'm];')les ot high deuterium content, 1.e. tor :Values <>t B ( 0.02, the 

value- ot R /5.408 is ve'i;'y small ~- may 'be neglected; then tor ttie liquid 

Atom ~D = 

.. 
·alld the denom1llatol" of the atom-fraction of deuterium 1~ the liquid' and 

x 100 

... 
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Montreal #lOS ;peptizing agent ued . . . _ 

Mttntreal /JlO'J no peptizUlg agent used 


. ,;·<,':':;,.'~:.:.:·, 


< : l.80.A. . 
 MOl\treal #153 peptizing qeaii used 

'· lSoB Hol\t real, #153 no ~ptizing -.eat used 


.•..:181A Jlo~real lh54 pept1ztng agent used 

-<llu. Mont 'real #lS4 ao peptid. ng e«ent Wiled 


. ' 
I, •· ·:~··.( :,;.;~·-; :·.. ::~ . : ' . .. ' 

'-<~ ~:'.;_;..;:. :t : 

The ·~unll~s ~t the. experilrlent 111 'Miioh tSJM studies \v~~:'.~cliif. · 

. , ~\~~~ •;~Uillb~'1~a p~eS. W1 td.Ou~ peptUi~ ~ID\~ .&• W1ttlY\~ 0# 
<>:th.4i/($Waplesr a~e given in 'fable1 lt and. are pfeaent.e'd paphic~1f.·J~~-~<f!'1gUi"e J:t·. 

:;,;,; 
' -:',,.'. ,' ,._ 

'. ::~·.·.'.~·~;;~~·:.; ,, ·. 

,-· .. :' i ~:~~~~:~:~,;~· .. ~ :·.< ·.;·: •', . 

'~pl•.··-_ lfo_. m·i!ll1b:rat1011 time.·(hre.) . A~~~<-%· neut ertwn 
II J . , . ' . . '·~·'.'·:\·~,:..·>·.<;lasa mo Shaking 0 · · 

: , ie,U l.." ft 
ft tf''' 18'»2 i .•s. 
" n1s,-p2 2 

·ff ff:1$511 . 4 

.. 1S5Pl 6
" " ft itl8Sdl 8 

It ..." i8$81 10 
" ft.18SJU 12 

'lS:>Gl 19ft " 20 .,·1as11 .Shaking 
-.: , 

:.,,.·. 
, ' 
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DISOOSSION 
' ':·--~·-· .:;-·:: ..:. 

.• '_! . 	
.'-. ~' 'I 

:r.tom the data or' 'fable_ ·x. two eonol\lai oils &re' at onoe:;:~;tdent ••~ 
~ ' . /. ·).''·· .'. -·':~,--~·: . . , r - , 

:r~i~~ ot all, peptiziii& agent aeeu to se~ no enent'ial puiP~~~:~;;,'. ~is 

re~~' is ~ite tntereating in :~t~fl ot ~•rtous statements tilai:'~~-~iziag 
,.,~~~~- was e-ssentiaJ. •.. Earlier. c0noluaions as to"its necess~~J' :~~>~sed . 

-·t~;:~m~ e~ent at .. lea~t upon exper~uta1 €Jviienca~. It. is q\lit~}'.~rbbable\~ 
.. 	 :' >>··::·· ::~ '. . ~ .,' \ •, ' ·.. ·'.· .•' ...· . . \: 
h~~V.er,. that the ~arli4'r evidence ·was 1ttcorrectly lnterprat~ct:i;;t"§~>()~e or·. 

: ~ ' \'i? . . ' .. '. ' . . . . :. ,, ·.:.. ·,. ·• . . ' ,' . . , .·. ' . ' . '." '.\'.;:,:\ .·· . . . ·. . 
,more ot several reasons•. ·Slow reactions when peptization did mt :oe~ .mar ba•• 

I ' 	 .•: \-.,_:, 

, })een due to the· presence ot catalytic poison.a, 1.e. the Peptizing agent and 
·.~...:.,<r.:~... :.' ... · .'.. : } :. . · :: · ..:~ · · . .. :.. ~~1~\/:·t:·:~·.\:::.-·_ 

·. 	 th&;,oatalyst mta1 have been l>o180tJ&d bt sueh a thing as low pH.-·i''.':)f~: .•.. 

·:, :: ;;· :-·/ 'it as been n~·tce4 in tbis ~rk that actually th& c:ai~~~~-~- ~lll· 
...·.·· ....•.· ,. -....· , . . .· , .. .. . , ·.. _ · .. _· .~'.'.~?~~:r:L, · 
: : r~a ·sU.spettded .iJ'l the water s8111ple tor· a greater leagth ot t!"1'&:·1t 11()

''· .· , ' ' 	 . < .. ::·~-~:"~·i·_:· 
'1·. 

•. :"· p.pt,~~ng agent is ~ed t!Wl it it ta used. '!'he catalyst ·111 ·~l>~s \Uth 

·· ·· {-~~~~i·~ibg ~ant' often ·pr~oip1tatea 15 m1nutes attar pre:Plratio~.-~~<r+rarely 
· . . ~~~i~a·_~pende~ tor WJre th• three tloure. ·lt no- pept~Zi~g··a~~~~~~~ used 

· ·.. ·. ~~·i,~atralJ~t. l\&V•r preclpitat•• betore three Ao~~ of equil.ll>~~~~~~·~. and.-h&s 

··: tn··r'•et r8Qi~ine4 :suape~ded tor a Per1o4 ~t tour 'mouths. Thus J~i~-t~·~·~b~·:'. 
: ··.·..•. ~~~le tlia• ~uritl\>J ill ~he peptid~ aii•t "111 pois... t~:~~r•i ~ 

...· .•...• ! ~a\liifi ~ta precl'p1~attorh , . . ,, .<· . 

· . ···. -'lh~seoond c·oncl:usion tromc Table l hi that pept1~11lg .a~~t,·~ · 

a~tQl;!y do l)am in-that it me.y 3la\roduce a s1·gnU1cant .source;:·.:~~~;-~tiW11~. 
' 	 •... ' , - • - - J- '·,·'·· ..:.,;··. ~ ..~ • J ·, ' • 

. contam1aation. It.may be Of sigmfioance that two ot the ~ampDf1~t6:wl\tch 

·· .. p~pttzta6 agent was added s~~ a lower ate>• perce».t ·deu,teria th•n thbse_ to 

'wbicb· no pept~ztng agent was. adde4. It; must, be r~mbe~cl, howe'9~-•.thflt. the 

l)re'c181on ot 'the rewlte lies withia the preoision ot the maae spectrometer. 
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. J 

. 1 qd thSJ:• may .not actually ·have been or prot1u oontamuiatton. fl'Qm th• 
. 

' • • ·: . .'j: ··:~ 

.. .introttuces bn.eoessery sources of !>rotiWll t",tontemination, an4 s:i~·e 'pErpti~1ng 

·.~~tt~ appeai"s-to se~ ao essantia.1 purpose -1~· the equtitbra~i.b;:·~~bc~~ure, 
' ~~'~••is ~t .,-.....,~. Simll01" exper~ell~s by Vo~kllyl (?f,[l~'~ W. 

•1;ij$ same conoluSiGa~. · <'.?~ <,·: 

.. '' ,..·.·~ fl'Om the.data Of Table ll entl trom ·~ COD,~clera\ion. ~i:~1~.• ·xi{; ' 
.{r<;?·.) ·.. . . . . .. . . · · . . . 1. .. . ·. . . . . · .. >i?",:.;U\'i.· · .: f 
''t•Yl~~·~pparent that shaldng baa no ett&ct whatever on. the t1ine.'.r..-q\iired\tC1r

:r/ ..., .... ,.,, ·..,. < •• - '. ~" 

< t ·' ' 

: -~~ttil.tbrium to be .attailled;- q.r on the titial equilibrium valJ,~·· of.'~ne>atcni 

~6~ht deuttr~um ia tbe wate.r sap).e.:. . · :-y\>} ;: " · 
• • _:(<'.':·.x:.:<·, ; • ~ ~ : • ·~· • ; ~ ~::·,~.:.~~'': < ··" .'. 't I ' • , 

;,.:'.;::';'.'.· · .AccQJ!tdU:ig to :ob:ser.vatious made ia the tr11ite4 Statel1 t/?'i~tyt··fid l>y 
~··.,: ' - ' /.-. -.'•.'..'".;,;/;·· . 

'':.~~Ilg. o> ia ·utie 1a\1ol'6\tey, ,eqUtlibri• is reached in thi~,~~$~$~ 1~·: ·'.>..:>~ .. · · . · . ·.. · .·.· .· · . . ·· . . . . . ..· .· ·.· '{ ··<ti~~;':~:H':·:·> << . 
· .t~~ hours witll .ebakiJig 8Jld -wtt~ peptiz1~g agent. Fro~ F1gur~;~1*J· :1·t.;1s·.:· 
• ", >>::~:::::..::._. •. •: 

0 

;, • • : .. •. ~ ••••• ':' \.•:'" ~. •' i j ; ·~ '• '.• ' ' • r •• ..:;:, :~:::·:'~::~:;~.{~)},'".·j~}_;_··~,·, ;~.-<·>·: ',:,:~~-
' i.tV!d:em~ t•t eq1Uli'brta .1$ al.so 'reaOhed in ~hree hours •itnou:t;rs.li~ing ·$Dl 

n~I~~ pepuztils &ce11t•. ·Ti. .tih.i •quill!>~..; Yalu•. ot. t~· ~~·i~~t 
· · · · · ·-dti~1.cari• in th• water eampi• is the same wttb or w1 thotlt. ·atiaki~it:iL 'lt c»W.d 

' ~ ' - ' . " ' ' ·:·--:~:_~-~:f:k~:~::y· ·', \ 
. ~ll: be expected that shald.ng should_ have no attect since the .ctda,lyzed · 

,, \;'-' ,,- ·, - !,7' ~' 

·".; ·. . ~$jt>iioa is a· SfilSEIOU OJ,;e, and shaking eho'11,d not· be eir:peoted t.<i'\~jf)t,. ~i 

. . . . . ~~u~ reao\ioll. TMn ~a.ult& ve i~ 6c~rd t.i~h thoa~ ~~f'~t .•.•. 
· ·•· :Vcisku;vl ('f) an'1 his co ...'\tQrkGrs 'i~ .the Metallurgical l.aboratory 'taf::cli~c&i;C>~ 

' ' "' • ',- I•' ';:-'c,\ • • • > 

,,t' 

· $:tteot ot t•perature •riattoa on the equilibration process in the analyst a 
). . ~,: ~ . . . 

:, . .• .... 

http:shald.ng


- 10 

of heavy water. This was. clone· both theol'ett·caJ.17· and experil11.ent~ •. lfbe1 
'. 

f()~ t.hat. the ,rro:r introdt;l()ed by a tanperatUt'a ..,change of up:t;i:(:s1.~ deGl'ees 
_-: _,. ; ' 	 . : .- -:: -~·~~ '..,' 

... r!i~~ll .Within the precision ot the.a~yses ot waters .'11th. ia(;)~'ic ei:)mposition 

~tng tr<.>m: 98.o to 99,,<)1b· d~utar1um,. and is therefore negligii~~·.r~,t.;aen"e•
:-.'.~-:·.~:_ - · · · 	 ·r/·~'··r',:";~· _

,,',, .·.;r ·, '. 

.. , .;an a.'ccurately cont.roiled ~m:perature bath is .wuiecassary tor e~~iiib:rat:ing. 
,, ;. - - ' . 	 ' . ~"' _,. ; ·~:;. '.:; ,, ': . . :' . -

.~~· percent d&UtertWti in the eampie t .~e giv~ above. it is. se$~;-~~rt. tbe ~-0 


.'· t~ct01"& subJeot .to temperature variat~~a .. 11 and thf!! vapo~ ~~$1~: ..ratio 

·-. " - ,- ' 	 -· ' · .. _. - ' . 

~/.Kb• .. A>i lno~ase in the temperature ~uses·· a deerease, in lt1 ~•+,ih. in•turn 
,~.. . 	 ,' -~ .::_ 

· :c!(l.tses a. decrease in tb,si analyais obt~ined for atom percent 4eut~ltlm• · On 
.- ''· '. ·' . : i . " ' - - . . ·' 	 . -' ):. .• -" ..... ~- ~- . - .. 


! : . ; ~. ,. . 


·t~e::'other hAml, ma 1nere&$e in te,perat.ur&, causes. a _decr~ase. ·1~l~~~j~ V~pf)r, 
~ ---~~--. ,';' 	 : . - - . ... - -,~ ·;_"'f~~i '.~- ..~·:·: ~ - '. 

· ,: ~.~~ure :ratio, m1ch.,.in turn c~mes an inQl'ease ln atom. pa'l"ee~t~'~eutft'l'bm. 


·, ~~s.:·t.-.e two :ft;tot~& al"$ oppcs~tel:r .atteoted by a. temperature ~~~~·.,. 

·..··a;~;~r. the ·~~*·:th: X,.' i.• m~e etgtiitioa~t. t•n tbe. · o-nge 1:~:·:~~ltb . 


· • ;f())Q:~ ·gtven ~empGt-atur• .aite:ration, · ao that the: net r·e$ul·t i.t;:·~H~~;~~aae .: in · 

·i·k~!:~~t,6m .percen~ deuterium analysis tor iarser temperatw-e t11A~~~~~e t~ 
. ··;-·,1 ·"'~- 
.;'., .~.~:->··,; :-;~~- :-~. 

-.:+·.· 

Seyel'ai rEicd~l ~h~es, 'f'hiah:: sli~rte~- ~a simplify the.p±-9cesa• 

have ·been made i:n the procedure fgr the e.iualym.e of '.beaity w..tar.~·,equ1iibrat1on
. . : 

~' l -· 	 .... 

~llmin&:ted and ·me us~' ct a p~pti.Zing a sent bis b~e~ discard~. ·~~ ehOrtl!Sst 

period ot time (a,PPliod.mtel:V 3. ho\ira) required tor tn'.e aquillo~t:ton tdthout 
-' ~,' - ' 	 , - ' 

.t;_ - _.h \. 

Sh,aid.ng and ~1thoot peptid.ns agent ms been determined. ,.E:irper:imente were 

oon4uct~d to d~termine t.hese' ta~~ors, .and. the. rew~ts obta1ne<l wEJr~ tound to,1 

http:peptid.ns
http:Sh,aid.ng
http:m1ch.,.in
http:te,perat.ur
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-· ll ::... 

. ' . ' . ' ' 	 . ·;.-··· .. ' 

· ~ !prac~·:tcal testi ot the sf) ·al)parelltly l"&dical changes in· the· e~1l.tll,ra.t·1ea .. , 
! : ,_c ,.· • 	 ;--•,.·.:,,• ·,.···' 

proo{t.dure las 'been: providGCl"by' t.helr suecesfJtul use itf rout:1ne·'~balyses tor 

·······:1~:· :::1:::··:~:~~=~~b:::h:::::~~il;i:::~torr 

..\:~~#~£94, entitel.t $ai1stactor·r resu~ta ·m~ been oti'tafiled i~:·~1:;·~4t111:1brat1oaa. 

, ·.·.·. ~I~t llltJ~. !.11, roao~10li ."""' l>l·s l'ei!lll~. .."!'" ob--~~~'JOA( :, 
. be~!'•~n. ch~1''8.1.l4~Y;ses·i~$. as good as, ;~r Uf taot better tlvUlj ·:tl\ijip,reciSiu · 

'··-~·~. ,· - . ,_':;);_·~?;.~·/,-~-~ ·: .-~· 

.t)~,~itned o~ 'pt•vtous equ.111bl.-a.t1ons. with·shatd.ng c.d. pep~tzlng':~g~iit'~ '!'his·. 

tiew 

·' -· ~ -~-' - ,.- - ,,-. 
:.:_ ...-:_'·.. __,,- - . 

· · .· <)geneftl. bes-t pel'i'Ol"mad wtth:out:"pePt1z.il1tJ agent and without· ·~~Jl,(i';/ad. tt· 
- . " ' 	 - .. •' ' . . ' ..- ·~- "•" ' ' . ' 

-i<' ' I , , 	 ', l 

." eleio a~pe&rs tha:t the el.e&nitU! of tlaskS:bet'iee.en ana.tyses and 	Clos~.. regrdatiOll' 
,.,;·,/;~'.·;-~~--, 	 . .. ' '·>.·.:,,\·.:~k'-'· 

- ·,.·.',.··':~~'.'!:illbratiolf tan~oraiurif h: re~: . 	 ·<0\}t~}l' •. · .. 
·<;> ·.. .USf·OF.•~E~..:. ,· 	 .'.,:•>i.:·.. 

: •}·, I., •· • .' \., ·"-i "," i: ,. ' 

, '.' " ',. . ·: .:;''·;:";.: . ( ' 
·:.. _; •::'.·~ ...;~~- J 	 • ~. • t 

::~.'._,·;~{; ::· - ,." 

· ~1,l;t·;Dean,, .l\h.SO. '.?hesie., ~stsr um.versi.t1 • Ma.1 1946~ .. -. /:;'.:\\~:-\: "· 
.,• ·.-	 ¥ • • ' • 

·1~:>.' ·--. ; 
.··, '," 

.;... , - ' \• .cp;~ 

. ·2• , . Mahhattan Bepo;>t A•77'·· . ,._._ :': 

, ... ·<,: ·r-- --~· 


3:;.. ~;lfltede, ·irawltbicas· :an~ '.µean, ifontreal QelX>'l'i i«0-104~ -· 
,.·.• ;. /·.-·-~' - ' _; • • - 1 . ' • - : • 

. . .. 4:~' .·:cwah1 a:aa ttrey¥ J,. Ohe!tf• Ph:VS··~!t 411,". (193$) 


_5~;/,•i:'liier et :al·.~· ~ttan RepoI'~S 1\•339; ·A.;.;73•. ~t\ A.-.?66. · 
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. 	 . . 

'_, '\". 

''-,.•·.·· :·r· 
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·\ 
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·1 

~ II: A Mass. §J!eqtmuier Investi e,tton ~ the Isotoe.,t 
. . .· et .NQJ!'.Dtal< Rl"ll!!on ~.nd XGAO!· . '• . •... ; .· .... : . 

t '.• -:··. >' 

•.,·._., :A mass s~etran9 ter invest! gat1o~ lias '.been made (lJ ~1; --~'c].!$.stf)r . . 
' ' I • • __'·.-··l::I• •_:,.,' 

t1i\i~rsity _of.. the .. 1sotoprilla of. ~tOD. -~d xeno~ re~it1bs i'X'O~--t~~. :rtsst.on 
' ' - ~ . , . : ··'. - . ,. . .. •1. ···_:/•:_.; ·. ·s...:·:· 

ot;\U'aniuni .235 by 'tfiermal. · neutn>l'lih ~ta 1nvest18'it1on iias ea11f1e·d· Ol.lt with · 
• d 

-· ¥,·'-': f ' • ..- ' ' ' ' • ' ,: ' - ·.·' ._. 

*J.60° ..tfefleetion ·Nier-type m~ss S~Ctl')meter, .(2). .It -~UL (btf~icl'.ere<i'. thi.\t . 
r. '·. . /~:: • • '. . •. . . d ,· • ' ' •• • • - ' • \ ' ; • /f(lr :·\ ·. 

a..:Patal~el, 1:nv~st1pt1cm, uing_a new 900. -detlect1en'se~r~t.y~· ..uttaas 
.,,·'. .. ' . -· ' ,, ·-·- .. _., .. ·' ' 

·iPf)etromet; ~~i~ had tieen bul.lt (J) Ut tl:d.$ laborat~:v. ~uld·.:b~;~~t 
. -~' {.-.: - ' -.:. _:_:(-;..:·: ..·:·~,,... .' ' .. ·. 

. -c6~s!derable intere-s~ Qd'. v~.tUG ~ ' · ~ <f r 
; .. /·, ..: 1 ; .,.._.._,. 

··· <~>,, ..It-w~sc first ~c€u;,®17 -to <iet•rnd.n$-the per.totmanee ot}~~ ..new 

:90~.·mas~ swci~te~.·1~ meas\tl'i~ '~e i'sotoPt~ ati«~a~~es '>t ~9J~i~·)kl-~p~on . 
. . ~nd Xenon'~ I~ t)ie COlUWG o.f.. this. prel;lmt~ary U1va:~igation, 1£'~~·~ •toWi~ . 

. ·, . . .'. ' - . - ' . . . .. .-~: . ,: ' 

' .. •" 

1 tll<.i t the 1sotop1C abt$"dt'UidfiViifUt$Ul'~tltS for krypt·on ·flnd XOflOD. we:r~.:; in. 
. ·\. ,--~·<>~:;~--:· ' . . ' : -: . '.!. ;; . . .. : . .· ..:~-:<:;:~:~_} ~-;::;·:~~~.-~-, ~ 

: ~eement, Wi~h, those );ii'aviously obtained· "l>Y P;l1er (4).• with the'-~eii'.()~pt1011 ot. 
.:. ~~- -:_ '?__ · · • · -- - - _ ··.:~;--.~~~3t?~:i~rt:-::/:·:1 • 

t~t tor trtpt·ozi so. which was -greater by ten- percent ;;tbtau t.hG' ~:_ue sivett 
, ;_·...,1.::~/;._-~ ' . . . ,··-~ \:·~;,~--~.,- . 

. h)-:';•er~ ·. ".' ,, 
_", ,,:-- --.. .-. ~. 

i ( . ~ - - • 

<:~-~·, <-,,-'~;/·' 

·u:ri~t v.tlieb made ;poeei'ble the rapid mid accurate -recwd1ug ot· ·t~''~()a · 
·'·,;'":;·~;:,__ 

. · 1 .oiilf.~ e o~ a gtven tna·SB $ ~ctt'Um. · 'J:tli$ un1t. used in conj"1ncti'tin ~th a: 
', ·>:: ,; ~~: .' . . . . ··.·.><~~~·:~~;{<-.·)' 

, ·. · l.~ar tee~ba<rk <U.reot .ouiient ampllfier•. consisted of an ~J:ec~~fi~c_.shllnt-

···· :i1:: ::·:-:.:.:::~::P:::x::u:::~i~I~ner 

.'; <..· -.~ ..'.:~:-~.: i~;· "-'~::<· ·_ 

tl1e:.1bn accele)!attng, lX)ten.t;.~ or the ion dei'l~cting ••tt~ t1~ijld ¢ ~lle 
..... ', -·- .. ~ "' . , . - - . . . . ' . ' . -. 
,. ·' 

· ~t'Js/ spectrometer. 
:_·~·.:·· :.;~t -~;-.,.,; ... 

. _..., 

In v$,ew li>.t the excelJ;~nt. parto:rmence ot these new ~it,$~ and . 

http:rtsst.on


.·, . . 
< ... 2 .... 

it was decided to make a statistical study ot the isotopic abundal1cas ot 
. , 

norillal Uypton. and xenoa. The details t:Jt this investigation Ql'e ~eporteli · 

. Rare aas samples 

The ·normal PD.On samples used in. this UiVestlgation wate ()btail!Bd 

tr~ tin4e Air Froduote Company; 'l'onewantla• N.Y•• and the keyptOn ;.9amplee-,-.._ ;:. ' 

, were obtained 'tt'Om L1aie .A1~ l?'l'oducts ·a.nd from.· Air,, Reduction 00~#;.0otnp8lll',
:~ • i• • , i , • • I , ,• ' J • ' ••- I" , > , ~ ' " ·,• .'. •, ' \ 

Nev/"york, N.Y ~ · · · · . ·· .. - , ·' . 

mass. SP!ctromet~. ·" · 

· _ The ma~e spectrc:uueter ~ich ·was used~ ,1 n tht s invest·i~~t;{·a~ was a . ' . " ... . - ' . ' ,'; <· . .·~ 

'Figure x. ln F1su,re lI iS a block cu~ lihlch gives a generai 
1pietwe Of 

• • , ' , - < ' .,.,... I 

·th~.mass s:pectroiwter tube. the electrontc =ts. and t~ -auxi"lii~ a:ppat°atus. 
> • ;::: • ,. 

~ . ' , ; . : '' ' 

'rr11e desi~·· eonetrllOtto~. ope~t-ion ad pertol"Blanoe, of this inSt~nt have 
-. , . . . .·.. •' ·.~~ . ". 

. . . . . 

bAn described in detail ~ a. piper publ.1sbed. by Graham. Bai'kncass ·l!ul'1 Thode ()).
- ~- . . .it·>··?:-:.<::: . 

:: •i>'·•.' 0 ' - ' "· . '.·:.,: '.
· '?he. 90 eus sptlctromater tube was a vacuum-tight gl.aas and copper envelope 

' ., ,· ' ~, • _1 

~t.>llGictor assembly. The c,;onstruetional details of this tube a~ ~h~wn tn 


·Flgure III. ln this tube• the gas to be analysed was introducmi~:~brc>U&h a 

. ~, ; c-.;·~::<~ -'S~ 

Coll~a1on With an U1tense beam. bt electrens ,Qt, lOj...volt s enersr·•':\,,'J:he positive 

1~i:a.·fomed were col.linated ~mwr ~.. ··19n beam of '.20~'.t'Olt on.ers;),.·.·j,. the 
':, ·.·', .. , . I . ·. . . . .. ;' ,. } '\·:·, . ·. ,<• ,,'. . . . .. . :~> :<;' ···... ·· ·.. 

collimatin& plates of the source. ad directed normall$' into a. s~re~Shaped 

iia~tio fie;Ld '.of i;oo to 4500 gauss. This nagnetic field ~sc)l~~~·the .:1.o~'.· " , ·~ .~ 
";: - ,: ·', -~. ,. . 

' ,. 
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beam.< into ltd 'f'ariOUS mass OO~ponents and refocussed. a beam Of cme mass 

cO}n~nent ~brc>uah th.a collector slits to a eoueotor pl.ate. Th~'. <Jollector 

ple.t.e wae surrounded by an eiect~n :re~lling tS;eld ot -4S volte (~tom a 

.dn: .B-battery) on t.he secon4 exit· plate. so that seoo.nd&r, e~~~..Oaa toad 

.,. \he aollector .plate 'by pc;s1\1ve 1Qn bomb~ent Could ·~ ie~~:'tl'iat. plate;,; 
'.- .»<-,~~ .. t·.:~~:· -~ ~.;;°'._' • 

Tli~:·ien c:Nrreat was applied to the grid ot a 954 eleotrom$te~ ~\i.~·i:teed.ins a. 
- ;.l ~· ·, ·' -.: " • - ,- . ' . : ' . :; 

~~billaed UaeU: feedbactt (ltr~et current· aaiplifiei', · ~d recOX"~~d;'·vit.·th ·t.he 
·"·.;: 

.e.t.tiOm&~ic recor41Jag wt, •hi.ch has been disouaaed in tleteil ln:ti· ~wt 

~ -~ 

·aetor• discus~iag the result~ obt.ai.med .1n thi~ inves~i-tion, 
. . 

various poslli1\)le systemat.lc ez't'ors which atteet ab6olute m.ee.suremeii'ts of 
' ·, ~ ' I ':' .' ,- ' ' ' ' ' • 

1- :-·!; " . •. ' 

. isotoP!C abul'Jdancer:fwUl. be. CX>nsidared.. 
-"· . 

Hass Resolutioa: From t'Wldame,:rttal physical pr1naiplcut1 the t'amlliat> 


·G>qi:ation wlltcb. gives the raaS.us· ·of curvature ot ail ton. in a magnet~o tiatd ma1 


be .derived. lt is e:xpresaed as ,follows: 

-·· .. •' 

•. .(ll 
, ·:.·' 

Ia. this equation, m is the .m.9.S$ ot the ioll in at.omo· mass unita,, e the 
' . 

'-'<·.<. 

i- the re.di.us. ot cu.rvat-ure ot the ion in the :magnetic· field in a.:-,_ an4 

-
V the ener@r of the ion ln volts.· 

'' 
t. ' 

., 
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'Ji·ditte~'1)nt1a\ion,_ 4M '= :a kr dr, •4. then~ 
.4ia/m''• ·.= ,·2 k r 4r/k' r2. ~. 2·~/r.'' 

>~if finite· oh~s in tnass b- m/m , : 2.6.r/r ' · -.··~1j(~f 
';.' -.' ~ ~'.·\: '(<<>. .. . .. . ,·. , ,. i- • • • :\ i •· .• . , :. : .;::;,:,~{i:\D~;>.~;~.• • ·. . - 1·. 

;··· /\rb,11:1 last &qU&tion gives the· mtheatical eJ:p.reasion tor ~he Mieo'retical. 
' A' > (.' ·, 0 ' ' ' " 0 '/ ' ' ' ' ' ' ''·'"~'!- ·-··, ",•, - ' 0 

~· ·., ..{·. 

·., ~~~Vinf! pQv,~r oi ·a ~-·.s~c~r(inetezi.' ifhe, ~8:n.t1t1~~ ias.v··1J~:-~~~~ute4 
' ·-. . ' . 

1. r·· -~" , ..<:~).;'.",\~~~-:· ··, r , . . ' : , . . .. , . : .. , ·- " r, ' . ~ ' : . · · ;::<:-:<<:• ~~~-·i.:_·· _·.' · 
t;-Otn the sura ot the widths Of the ant.ranee and exit Slits ot th'E:Fmaas " 


.> ~~otr.Otiieter ·tub.~~: , ~<>r~th~ '9<>0 ins't~t, .(!. m/m ::: (o.2' ~ i~98\)J~~~. :: one 

.·, -,;·.·~<i·~,>: 1~ ··,°',_.- :... :•·" _: 1.~• _ ,·-:: 1 .'1'... \. '.~ ... )~~ ','•''I' , ,··~, ·. ~ ,· '! ·.~::«{:'.~~'.~~/·.-;:. '.. 

·· ·. mise ·wt in 120. IJ.'hi• inatruunt eompletely resolved the 'krypton isotopes 

:' ,• ' I» ~~~~:t th!e :tenon isot~~··. ':ta tie .. iao0 -SS speotrQl!l~ter; ~-~;~-:~ (0.2$ ~ 0,38)/ 1 
'·~ - • . _.. . . .·.. . . ~·· i 

,.'.~:·: :.;_."/:~¥...~ ~. ': ' - t' ' ; · : · ..,,.., .. '!" ··• ' i;; ·· r_.". "· '1-·, ~-... ~· ;, '·_ '·~·.·-~~;y:~·~·· .·
,... ,', " 1.27:'.'~ .on• mass unit U1 200.- ~&ritoiw~. the isotopes or itrt,ptozf0'1aa_ x~non were 

' . .... .. -·~--·' •. . 

: i ·~ " ;"· ·~: ~iil>l.~te1y 1-eooiv-ed l>i the ui0° t11st1'U.ent~ · 
- 0:••• -~...,,<. ' ''" • 

. ~ ', . ' ' ; +'~fi~t"::" ' / ' ' ' ' ; ;; ' 

Wl••~'Diso;riminat1oa: ;&'t'orn,'E;q~atiQ. JlJ gl.Y~n a,b<W&t it •r ~.;~~~~}'tibat ~ither 
: ,: ' -:·.·::; .;,;, '. ; ,.- . . . - . . : . . . '-~ ~.......\·"; ..~ ·-. ' 


.. ~~:~~o basic ·.m.ethode ~- ~e ~ed ·to .\)ring tbe·tQn .b• ot deJ1(~~:*ss t:o . 

·'-1~-~s on the fixed .ooll~otQr. (i.~. ~t.ll .t'i~ r). 1£~ther H·o;.io:~..:~~ be 
<;~ .-··})~. ·' . . ' ' ' . ; . ' ~ . . . . ' . ' 

. ·~ 4h#~d. When H ta e~ed~ :llB.a:ltetic $cannu.s is pb.~:J.neA_; •4,/!:h.,n V 11!1, 

, : ch.~~~d, -the scatming is bi t)l.$··e1.ect..rostatic· metbod. :· ' <·< .. 1:: 0': _:" · · 
..· •" "? ,. . - - . • . ', '7· ;~:<~;~/ ·> ....:-.., 

~e ben 1wllcat1on ,·that ·'here was no· mass dt;scrimtni\t~i:'tn the 
;" .'.. :,:, ;,.~·{~~ \' 

~.: ~~~~-.-~$ ~pe~t:rOmeter~· hsln8.~f.t·1c £HtaU~g ot ma'.S apteetn~j:·:~~1 the\tact 
1 

" '.:- I • t , 1 ! '(" I ' ~ < ', ,"·~:~·-,~~~_!~;-....).:;:;< ''1 1 ! I 

·tna\;.isotopic _abundance measurements tor N2. 002. xr. Xe, etc•. 'd:~tL_aot vary, 
1,' ~~i::~al'e':\~ei}rcd1ictblflt resulta montJ{ after: month uDde~ wide~ d~~~~~t 

~ "'. : ' _:.: . . . - ..., . ' - ., ' ' 

· :~p~1'at1ng 0oild1t:lons. With ~lec~rostat.ic scanning,· abuttd~~e.~~~eniei.ts 
.. -·... 


. ~~14 show 'traHations ot' abo~\ l%· f~r·a :10)£~ dit'f$J:8!l<'G in ·mas·,(,': ivheh· 

: . ,_~ ·"· . . . ......;··:~:.·; .· ,;~.x:,: . 


. 't~proch1ct1>.ie reilttlts were obtaim41 they agreed With those for ~~e~ic 


:~ana1ng. tti1s eugg~lJ1Ha that. t~re was no mass citscr:tmination wi~h.:.magnstio
,.·. 

... ·.:_. -.. : ·a~b,Bine.,:,W.t' tbB.t tli1s ettect ~a·~ present ~t times with alectrostat:h ·scanmn.g • 

http:t~proch1ct1>.ie
http:eniei.ts
http:lec~rostat.ic


. . 	 . 

.·sim"11aZ.l.1' tor th& iso0 lraes .spetitr,q~tar,· cone·1 steat l"esults ·we~ obtained 

with eleotrostat:t'o seamiing ~tch a'greeci with 9o0.•t1~· scatJJJl1lB! This· 

·wotU:~ indicate liO llldS disOrbninatiOD.a "where if.JOO m8Soe~1c $09.tlnlllg gave , 
. 	 . 

.. ' abundatloisf ln~Gllrements varying, by a.bout 2)£·.· tor a l~ maes ditt~~nce. 
,_, .,· ' 	 . -·· 

~:~tore, for absolute abulldance mea$~$nts, 90° naenei1"0 &~~-~ins ud 

l~O~· ~1$c'trostat1c saannlne were used.. wbe~& mt!s 4ts~r~taatt0ti 1s .. at a 
.. mi~imum~ 

Ion Ctirrent Disorillinatior.u. ·.The. direct ourresi'ti fU)lPl1f1.er (3), wa~. of• the 

tOtill;, ·feetlback tY).)e to Pl'~Y~4e tor handli.D.g _as l,arge an i~pµt c~ent as 
'· '_. . ' ' 	 -·'- ,, . 

possi))le with. a f&iYea g:r14 leak, and.·was f}f nee~ssit.y a li;near e:npli:tier,
. . 

;;" ... 

· Ip ~ddit1~, t~e linea,ritr .ot _the :-ecor'(iing. ot the 1on oUITents··b~ tlil9 

·speedomax-noording ststem: was prt)ven. (S) .·bJ •m>1YiD& t;o i:t. ~.voltages.. - - . . - '. 	 ' . _ ..·· .'. .. ',., ' . 

-.rhe major qu~etie>n re~U>.ing ~Jl the H.nea.rity Or the. measurtns 

· · circuits was then the n<>n•obmio r•spon.se of' 'l;he inplit e:t'i<l!"'l'eiil< l:'E>~ister 

· · iJ:l :t<he .first stage of 'th~ .D.O. amplifier (3) •.The linearity ot tliese high 

ree~~tors. ·(1011. ohm.a) 1~ t,he _low "Valta4e .t'ange may be measui'G<l. ··~·· Gm.pl~tlng 
•· cirout d.eviaed by· ~ngnraoi (<)J. Using this· cu-ou1t1 .ingbram,. tauncr that 

. mo·~' :£.!i.e.··.r~ldst,ar~ are obmi~ in the. ~pge o.ool. tQ 10 '•l.ts.~i~Mb. 
- }"'- • --	 - ,, -,c •· 

.	~eters Was used well within, this 'Voltage raaea. Tl:lat t.here waa'.. no non-
Gbmic responae ot the inpnt grid la~k resistors 1n.tbe '\fi)ltage j•ang~_in whicli 

'they ~1ere wied, was indlc~t.ed by the fact that with both the .90~ f!\~d '1so0 
' . 	 . 

mass· spe-Ot:rameter~·. coristl;tent and accepted values Of any giv~n 'iaotopiO 

.ratid wet.~· obtained Whether· high.or low ion c\'.l!Teats were •asure·d•. 

http:indlc~t.ed
http:r�spon.se
http:fU)lPl1f1.er


... , -.. 

-~- - ·- ,_ :- .· 

~~ottd!!:l; Eleot:toii.Jm$ss.ton: !t there was AO. Rppressor Vol.t~•. ~)lied to the . 
,.. 

. · ~$con4 exit .plate ot tne ·ina;filS ·s·peetrom&ter. t\ib$, tllere ~s ·a 8~~~:-~ai ·ot 
se~ltdill7 e.le.c~rott· sltd.sa:loa f':i'C>m•the. colJ.e.~or plate eau~~·'by. +~~ ~~arimen.t 

.·.wt~~, t»sttt,,.e ~one ot 'aoOO.:vo1ts eJiero! 
.  -: 

·.:wh1&··em1s$1on was -~~.-1~·nt>Ug.b to· 
. . . ·f,: .·:;' :1 :'. - - . ~-- ·, . . ~ 

:i~c;~t to;f'.one~th121'4· ot the ·Zli•sur:e~ ·peak he1~t. : .It ~a. 4e~,~~~a t•t 
' ,:} ;""· { : . - ' ... . ·.' .. . . ·.. . .. . ··. . . : ·-· . ·. '.?'<;?:t . . .. 
l;)e~·ow ·#4 ·suppreefM>r voltage ot?--25 vol~• oaly •e;, :veiJ:y $lalli·J'~~t.1<>l1. of~ a 

- '• --·· , . ! • . •.• ·;· . 
''.;_, .. 

. : 

__ .-,: ~ .. ~:,_·,.··,~:" 1 , .. ' .. - • '· · ~- - -- 0' ". '.· '. .... ~ : : c ·-:-:.,:..~/.:\.:~:~~ ·• .<.:'. :
pe*c•nt .or· th·e total ion cwrent. :waa caused b'y se«.>~ar;v ele'ct~iiS'• &bie& 

. ...·. . .. ·, •... . . . . . ·, • . • . . • • . ,'< . ,(".< ' ... . . •' .' . : .. .• •. -;.· . ' .<:o.·;,, ..· .. • . 
• 4,. tel.ta.. was ue4 as a s•ppressor .voltaee ·an4 the potential on; t~ oolleOtOl" 

. . . "" - . .-..''' ._ ,. ,. . '· 

:~te'~ver ~hangeci,by ~or~ then o.~i'~l.ts ta th~ 'present -·~~n~Elt it"was. 
' ., ..:: ·~.>::>·X.'~::.l·•::·": I . • ., • • I ·;. • .: "' ·' ~ • . : ~ ,• <.' 'r" 'r., ,, •, ~ 

1 
f, _·.·,-~;.:~{~>;·\~.~~:,;:·.·>~~. ' , 

·: oo•bl\ided that the·"eeooadatv· el.e~l'On ~ont.rt\lltlOn''tcS the :meae\lred'.'.';ion ctll'nnt's 
·~· :._ • -: ' • • - ' • • • • • • > ., ·'· ..... ;.' . • - 'J • . '· • • 

·.•. 

., .! 

J. • :.~. .·.;_-~·:.~;,_~~: ~~-/.:'.; 
•'. . ,,_ ; ' ' . 

. ;(i~~;PiO .Jfftct1o1*at;iQl1 .at the. (ktp{l;i,$l"g ~1J 
' :-;·: ~· - '· . . ' ' . 

A eba.~e of i~t~~1~:.~,~~aa,ce .. ·. 

... , : ,, ..... 

. ..· o~emb&r of the ,mss ·spe·ct~-~e~ .tu.~-,. WU U.Other tact9r whi@,·~fp., 
• ; • ~: '• : ' ,, • ·_, < 

. 'c~~tderecf a.~ a .souro& of systeilatic error •.·In thia.. :1nv~stiga~t';:t>;.)t,·t;:·•as 
.. .,=: .,F ., . '• . . . . -:· . ·, ... ' ...::.,, ..>•• 't .• : '; :- "; <.: ,;_ .. ·, . :,:~-~·~;~(i;·~-<·~.~~;:,>.' ·...·', .I 

t~. that thel'!e WEu~"no .change. in, the meaaire<i."1sotop1c ·alnmda~ea ·~~:. .. 
.. -:-~·.::: '. ·,·:,::... .-.· . . . ~ - ~· . .. . . - , .(. . : .,. :.~.~~:x~~~;--!~>:_.·.·~:. ·"~ ..... 
·• att.er the· gas hl'J.4rbeea. paesing tbrol:tl&h th& leak ror a. consid~~~~ .. ,~~i·o4 ot 

- :tl.#'.(36 ·~s}. I~ -~ e~nCl!:a(ied tmn that ·ant: p~ssfbie ~o~~~~~~i~tl:&:t. 
.. ·~~~Jea1t'was •pprrreciably below ~h• Umtt of deteotion of .. the :Wl~::;ipctrotue~~~ •. 

·,'-~~'.~\u. ne&tlsible:~ ,. . . : '.·'.t?k\if':: :· 
;;.:.9:'.:· . ·..· ;'.'f·~-· 

,'_<~'.·~-<~ ..' ·;,; ·. · ' ;,'.'' ; f·_: '\ ~: ' > i I '•' ·, .... -·.~:-'.,'·;_.\:.·, J' .- ..-: ' 

. · · ,IJ·i1C>to;e1c· .ft'actiona1;1oa,,in h:$12!£a~1,01u. The ~rrar& ~~lti.ng fJ"4ll'l1 ,t,h€l. !1¥!thod 
... -. ,..~ 

~f, p:epe.ration ot the ral'S,$4•,~•llles were ·negtigtble tu!1iQQ.U$$,'.O, 4ittei'eaces · 

· 1zi isotopic: •b•anoes of ·~mai gases tr.om, d1f:'fe~nt solll'Ces ~~i; ..·.deteo\ed~ 
• ' ' J ' ' • ' • • ' • I • • . i·:I : . L .. 

•. - . i· 

I-". t 
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·. Pll:dt{ ot Sample: Tb~e were no .residual gases in the .mass speotrcimeter
.. ~ ._ . ' . . ' 

tube in the mass ranges in~olved in this i.n\testigation. The puJ;.ity of the 

samples· was indicated by the fiaet that pUl"ification ot the ga.s •. ~fter 
t .. . ' "' •. . . - . ' . . . 1 .,:.,:· ~>.·- . . 
passtng throue-,h a liquid air trap, by rraotio11ration from chat'COfi'l:;'S:t .liquid 

- f - • ·," • 

;air temp&,rature-, and: by passage th.rough ·a cal<iiwtr tu.rnaoe {'6) d•id ,-;rtot alter 
1.:; - . 

'. ' - . 
:i'(:{:ct 'e:ii;<fluded t.b.e possi~iJ,ity of mas·~ JID oontamina~ion causing the''-ehserved 

·-··:··\ 

d~eere~noy:· 1n. t·he iltea.sured. ab\:l:ndance of krypton ,SO•,,' 
_.,,,.,. - • < 

. : ~ ,' 

. As a mt1tter of interest, .a typical mass spectrogr-di'.11, obtained by 


manual ele<:trostatic S_Canni:tlg Of the masa spectrum 6t l:l0%'ml kr~ptoll, ts. 

I • - . 

. shown in Figure v.. ln tli;is. case,. the width o:f";the first .exit siit. (see Figure 
'' 

!I.lJ is O.J8 mm. A simil'ar S)JSOtrogru ol.rLe.ined usin~ an exit a~~t Width Of 

one mm.. ~s ·shown in Fisure 'I/I. From these two. spectrograms it will be noted 

that the 'narrower the first exit slit is, the g1•eater is the resolution or 

separation ot adjacent mErnses. Row-ever j'or the Wide exit slit,. th~ spectrogram 

shows o. wide t'lat portion on t~e top or the peak, where ion, eu:rrent is constant 
! - ' . . 1'". 

~ fo:r a considerable change 'in· accelerating potential· (or magnetic :rield) • 
'·' 

h'e(;ause the exit slit is Wider than the ion beam. Thi~ oond.i ti.·ota :1s 
•· ..... 

·particularly deeira.blt) when precision .measurements ot the isotopic abundances 

ar.e to be made·. £:fittee the top ot the ion current. ~eak is theii easily loca.t.ed. · 

·· · For. ;this :rims~n, the wid.e (l .1111ll.) exit ali t was used in the 1,.1reaent l :rntesti gati.on.

After these preliminary investi~atlons. a atatistieal study Wa.s 

ma.de of the isotopic a.bun.dance ot normal krypton. using autom.atl'c magnetic 

http:loca.t.ed
http:spectrogr-di'.11
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FIGURE VI 

NORMAL KRYPI'ON 

· lO Kr78 and Kr80 
\ x 10 


84 86 
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• " I ! ·,_,.°'· •.,··' 

re.ported_ in Table I is the average of 't.be meaaurements trom a pal'r3ot' 

the.ten sets below are actually the result of' measurements tram tw$n.ty 
. ," - ~-· . ' . ' " . !,:, 


~ ; -.. , :· "\ 


c0mplete spectrogJ."ams of krypton. ~Ion current is g1Wn in thi•(•d in 

tollOWing tables 1~ tems of .recorder deflection 111 cen:t.imeters•· 

Table I· 

. 

'' 'MUSt.:Unit 7i 80 ti 8}. 84. >r&··. _Total 
· s~etrosrams IQn Ion Ion Ion Ion Ion Ion 

·· · 2atred current current Current OUrl'ent em-rent current. current 
'.
•. 

6it79 1+4•43 228.2 227.8 llj$ -~~-+~- i990.s 
6.61 43~29 22J·> 224.0. 1120 ~<>·:5'- i9;7.9 
6.65 43.20. 223.0. 222.8 1105 )37•2 ' 1937.9 
6.62. 4;>.20 222•8. 222.6 ll.08 339.~'(f 1942.2 
6.sa 42.96 '2Zta) 220.s 1095 1922.6 
6.60 42.90 221.3 aa.o 1091 l9i7~0 
6.s:; 4~.Sl 220.4 219.9 1090 332··'1' 1912.3

;~~f·:.·.:· 
..... 

',.., ;·6.61 42.e7 221.0 220.3 1090 j):f-~f 1914·7 
1()83 '::• 

6.-64 42.57 22.0.0 219.7 1082 ,;31!~.s 
". 

·1~2.7 
6.63 42. ?~l 219.9 :a9·.3 331'-'tr• ·1903.4 

,',
:·-·,_ ·,·,.;.;:.·· 

.~ ( .,.. ',' I .. -"' ~ -~ .; 

~:· :._- ; • _-·,.-. < • c 

·,{··:>-:. 

: 

In Table II .are the percent ab\Uldancea of the Jt;rypton isotopes-. 

caleul& ted from the data or Table I. 
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FIGURE VII 

NORMAL KlcYPTON 


MAGNETIC SCANNING 
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'!'ABLE Il 

,. 
Mass. Unit 78 82 

Sp~otrogram.a Atom Atom % 


-wired .. . ' 
 . . 
'' lA ... lB o.·;M> 2.232 11.46 11.44 57.1; 17.37' 

\ 2A.<- .23 0.337 '2.211 u.42 li.'44 57.20 l.'l •:39 
., 

':)A:·~. :;:a 0~343 2.229 ll.• 51 ll.50 ;7.02 17.40 

4A·~ 4B 0.'.340 2.224 11.47 ll.46 57.0; 17.45 

5A"" SB 0.342 2.234 11.51 ll.48 .... 56,.9S 17.4a· 


-6A • 6.S ·:.O.',J44 2._237 i1.54 lL.53 56.91 17.4l ·' 
' ' 

,,...,:?A, 7B 0•341 2.t!38 ll.53 11.)50 ;f.oo 17.40··· 
SA "" SB 0.345 2.2:.;s ll.54 ll.'51 ;6.93 17~'44.: 

'9A -9B o.:;4a 2.247 11.;; 11.52 56~90 l.7.43' 
lOA -lOB 0.34$ 2.'237 U.$6: ll~$5 56;87 11·'4 

.,-•'· 

j\verage. Atofn %O.J43- 2.2;3 u.5i ll.49 57.00 17.42· 

Ave. 
 ,, 
.Oevia. t ion :t 0.003 i 0.007 ..+ 0.04 t 0.03 .t 0.09 :. 0.63 

~Ave. Dev'n. o.s2 o.~ J 

0.1 .. 0.3 .O/l'j ().ll» 

~-...., ' , 

Anot~r investisation of the isotopic abundances of normal 

kJ.Wpt<>n was made using automatic electrostatic (rather than rta@etlo 
, - - . ' . l - ' . . .• ~. 

' ' 

as before) scanning and automati'e :recording·. A tJ1>1cal sP'eotrog:r:am ·1a 

sho·Wn ·in lfigure VIII. and· the experimental de.ta obtained in this study 
. . . ' 

are presented in Table Ill~ 

'J:.All!E Ill 

-
Mass Unit 7$ so 82 83' 84 86 Total 
Spe otro @:I'a?!IS Ion Ion Ion Ion lon Ioli Ion 

paired ourrent current Current. OUJ."rent Ourrent euttent current.. 
4A .... 413 6.32 42.15 211.8 ao.s 1049 318.6 18,)8.4 
!)1tc:¥,'"9 ;B 6.34 .-· 41.82 211.7 210.9 104; Jl.8.o is13.s 
6A ... 6B 6.34 41.55 210.4 208.9 1046 314.4 1427.6 
9A - 9B -6,24 40.65 2!J7.;3 206.0 1024 309.0· 1193.2 

lOA -lOB 6.20 40.6) 207.4 206.2 1024 309.9 1794.•4 
llA -11:e 6.23 ·u.16 208.0 .006.!) 10·30 309.0 1800.9 

http:2A.<-.23
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NORWU KRYPTON . 


ELECTROSTATI,C SCANNING 
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In Table IV are the percent abundances of the krypton isotopes oalcu.lated 

·r:t'Om the data of Tabla Ill. -- : ' 

. 'fAW IV·:. 

i 
•. 1 .,.,, 

• tO. '. 80 
Atom ~. Atom ~. · Atom ·~ .Atom J ·. 

. paired 
. Spectrograms 

·.·4.A:·• i.a· ... 0.344 2•293 i1.;2 ll.45 57.o6: ;.: 17.33 
·.$A:~ 5B .o.;.346 . ··2.200 ll•.54· ll.50 56.99;... 17.34 

6J\:i,.;6:a .o.j47 2.273 ll'.51 ll.43 57.23,. ·. 17·20 
9A:~,9B . . . . .o.34a 2.267 11.56 '11.49 '·, ·-57.;10 ..· l?.23 

lOA·--l.OB .o.346 .. 2.265 11~56 . . :ii.49 57.07, 17.27 
llA ,..J.lB . .:o.346 · . 2.2r;6 .. ' 11.55 ll.47 ' .. 57.·19 •, i1.26 

Average Atem % ,o.346 2. i/6 " ll.54 u.47 , . 57.11. · .· i7.27 
· Ave. Deviation ~-0.00l ~ 0.907 r 0.01 ~ 0.02 ~ 0.01 -ro.94 
. ~.Ave+ Dev•n. · .0.29 · ..O.~l'" 0.09 · 0.17 0.•12. .. . 0.• 2.3 

· ln Tahle V is .a summaey: ot the isotopic: abundances of. normal 
., 

krypton obtained with the' 900 mass spacia:·om~ter. using automatic magnetic 

. and· electrostatic scanning and i:'eoording (data taken from Table II and 
·. , 

Table IV). For purpdses ot <romparison, ~mllar data obtai~ed ($) W1 th 

the 180° mass spectr~ter using automatic el~ctrost~tic s~anning a~d 

recording is included~, al<ma with tbe early abi•D.Gl1:.u1c~ measurements ot 

Aston (7) and. the iatEir tnEHU1111rement s of Hier (4) • 

. . . . TABL'E .V. 

90° ?ifa~e tic · iao0 Electrostatic .· N1e1' Aston 

A~m~ 

7S o.346~t. 0.001 

80 

82 11.;4 t· 0.01 . i1.51 !. 0.04. ll.49.:.- 0.01 ' 11.53 . 11.79 

83 ll.47 =0.02- , , I .. 11.49 t 0.03 l~.47 t. 0.02 ll._53 ll._79 

84 57.11 Ao.<n 57+00 !; 0e09 I 57.04 ;t 0.04 . 57.10 56.85 

86 .l?.2.7 .t 0.04 17.42 ! 0.03 17.44 -r 0.03 17.47 16.70 

http:lOA�--l.OB
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In '.!'able :VI the data for kry1~ton. is iSUl!Ullarizad in a different 

manner in which the isotopic abundances are caiaulated e.s a percent 

relative to the .most. abunaa.nt isotope, kt·ypton !34• 

> j ; '~. 

I 

0.605 0.601 0~598 

s.9a; 3.917 3~897 

. 20 •. 21 20~1.9 ·20.l.4 
I:. . . ,. . ' 

. 63 .:t> .GS -00.16 a>.l.l '·20.,2 3).75 
I ~ .:84 -100.00 ioo.oo <- :100.0 - -100.0 lOO.O 

···$6 ;;o.;6 , · ·.···· jo.6 · 29.37 
''· .. 
·. ·'·, 

.·1 

'· · A si:milaz> eXW!lination of the isotopes of xenon res made by 

' . 1,. . . .. . • 

auto.ma tie se:ailil1n§ and :reco1'di~ of the na ss spectrum. The detenninati on of 

the :Xenon abundances ~as som.ewllit ?ROJ:'e difficult than that .fo:r krypton 

because for reasons oittlined above, the isotopes of xenon ax:e diff'i~J.t. to 

:resolve us1n$ an ~xit · s11 t- (#1) which ·was l mm. Wide~ This difftcitilty was· 
• I ' , 

le$Sened by reducing t:he ion current (by tedUCillg the r~eSW'.re 'ot xenon 

behi.np, the capilla.."'7 leak} so that the 'ion oilrrent peaks ware recorded . 

using tb.e most sensitiY.e shunt ot the automatic· eb.unt· selector. _;Tlie gas 

pressure was adjusted so that xenon 1J2, the most abundant isotope, gave f'ull 

scale deflection on the nitist aensitive ab.unt. trrrler these conditions, the 

http:r~eSW'.re
http:abunaa.nt
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least abUndant 1soioJ)$s, xenon 124 and 126 .did not even appear in the 

re.corded a'}:iectrogram. Twen~y such sp;ict:rograr11.s were recorded and the 

peak .heights of xenon 12!, l.29, l.30. 131, 132, 134 and l,36 were measlil'ed.' 
' I ' 	 ' 

Then tne ~as pressure behillrd~ the leak was inc~eased to the point Where the 
,, 


ion CUX'tent S .for maS~es 124 and 12.6' gave a SU,itabl.$ deflectipn Ol'l the 


. m6st '~ens1t1Ve sbµ~t, ·and the. :z:enon· 136 1011 c~:rent was r.ieasUre~ <ln·· the 
. . , - , - • •I ' .. • 	 . • • 

' r ', ' 

fourth shunt. Ten such spectrograms were recorded and the peak hEjights
' 	 , ·., . . ' . . ' . ' ' '. ,• 

for m.as~es l.24, i.26 Efrul l.:36 ~re me_asu:r.ed. ~m the~a ~asurern~nts, ·t,~e 

a:verag& value of th~ peak ~eights tor these three nias.ses were c8leula~~d.. 
. 	 . ' 

From ~.!W :ratio ot the peu' heigl\t tor mass 1)6 ·(obtainect rmPi 
"each, ot th~ ·~en se:tS ·of patre~ speo.trogr~s recc1rded .at high Sensitivity) 

,to the. a;verage ~ak· beignt' of·mass _l36 obtained wt th .h:ish ton d~rexrt.s·, a 

:set 
'' 

of conversion faetoi"S was obtained; The avel'a,ge_ peak height_ of mass 
1 

124 multiplied by tha app:t'Opriate o.onvers!on. factor gave the 	peak height 

tlie.t· aiaiJs li4 would ti.ave had i.t' its height bad been mea.B\lrable· :wnen ·1ow 

ion currents were i·ecor·ded {at hlgll sens it 1Vi ty). The satrie proce:dure ga?e 

·¢~rresponding values ~t the nas~ l26 ion cur:r~nt. The f'ollofling is an 

e~ple of the nethod of calculation:: . ,, . '·. ., 

- - • • J 

Mas_s lJ6 ion currant (from )A; "" :)8 of Table Vll!) : 7.27 ctnS•' . 

' 

Average mass 136 ion cu:rrent (from i?able Vll') : 312.S 	ems. 

Ooav'ersio:n ·Factor = 7~2?/31.2.a = 0..02323 
}.!v·•' 	 ~ 

Mass 124 ion current to correspond with 3A ... ,a .(Table VIII) 	=3•.142 x o.~2,23 = 
• CJ~07307 ems. , 

Mass l.26 	ion current to co~epond W1 tb. .3A - )B ('!'able VIII) ~ ~;9j.4 x p.. 02:i2l • 

=·o·.068;1 c:ms. 
. ·.' , . ' '' 

.The c~rresponetlng q0m,l~u..~on tactor .must be .calculated. for ~ch ot. the, ten 

sets of paired spectrograms of Table VIII. 

http:me_asu:r.ed
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. . 

A .typical s}'..'ectrogtam tor tile i9n currents (Wi:t;h high gas··
". I . ..- ' '· ' 

p:ressure) .m'SasUred at d.ifferent sens:ttivity levels is ~hown in Figt.ll:'e n:. 
I 

The data on the ion. currents ot :mass.as 124~ 126, :and 136 meu:1.sured from ·, 

·fiire such sets ~t p~red sr;ectrograms are presented in Ta'bl& VII. : 
I 

.. 126,.124' .· 
Spectrograms Ion Ion. Ion. 

paired Gurrent. current earr~~t.· 

)OA - 3GJ3 3.J,5 2.9;. 311.1" 
3~ ... ·:;u ,;.14 , 2.acy ... jl0.8 
·32A ~ J2B ).13, ' 2.97 " )li:•.7 
.33A ... 33i .3~16 . , ·j.Ol . - .316.2 
J4A -. 341 . ·, )i.13: .. 2.90. .314,.4•,~ : 1' • 

1Average Xon OU'rren.t 312~1 

·Averagae Deviat,ion ~ ·' :r1.96 


ln Fj,gure X is a ~pica.l spectrogram in vtl.icb. all of the ion 

<turrents were record!ad at .1;he high. seneitivi ty level. The experimental 

data. tor ion c'!lmnt measurements. a~e x-ecorded in. Table VIII. 

I· 
' 

: 
I:Mass un1t 124 
I 

126 i28. 129 ,_l)Q 1.31 .. .132 1)4 _131) Total 

Spectrosram. ton ' Ion Ion Ion :):on Ion Ion. Ion Ion Ion 

,, pai·red ·cur.' Cur. cur •. Our. O\.u:. our. Cur. 'ClJr• cur. our. 


)A "' 1& 0.0731 G.o6s' i.s5 -21.;o 3.34 17.4g 22.1; &.;7 7.27 s~.002 
4A- 4B 0.0733, I 0.0685 1.56 ..21.";6 3.30 17.)3 ~.03 $ .. ;4. 1~~ Si.7$2 
SA ... 5B . C).07'J7' 0.0691' i..54 21·4:3 ~.24 11.35 ai.9; 8.63 7.34 81..62.S 
6A .:.,· 6:S 0.0729' o.o68j· i.51 a.40 J.2!+ 11.2; · 21•.84 .. '~.• ;2: 7.26· a1.161 
7A'' - 7B O.O?'ZJ 0.0681 1.54 2:t.39 3.26 17.JA, .21.97· tk5G 1·~ 8l•J81 
SA• SB 0.0731 o.o6a; 1.;1 21 ..40 3.20 i1._19 ·21.• a;; .£h$4 1.21 · a1.os2 
9A ~ 9B o.073i o.¢6ss. ·1.;3 21·.40. 3.21 17.r;_.7 21.94 .e.;3 · 1.28 a:i..302 

.lOA -10& · 0.0121 o.06s1. i.;5 21.;o 3. ~7. i7.37 a.99 .a-.6c.Y 7•24 s1~6-61 · 
ll.A. -llB <>.073:;' 0.0687- i.s1 21 .. 46 3.as 17.26 22.00 a-.·47 7.30 ,ai.432 
l2A -laB 0.0734·: 0.0688. i.;o 21.44. 3.aa. i1.2s ;aa... 9a s •.49 7..~31 a1.392 

, ' . 

I 
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':FtbURE: iX: . 

' .• . ' ·•!, •. 

:;.i .. NORMAI.<XEN_oN. . , 
···;•MAGNETIC, SCANNING 

... ., ·:r 

·· (High· Ion" c~rr.e.rit) 
.,; ,, 

I I 

129 lJl 1.31 129124 126 128 130 1J2 134 136 1.36 1'34 132 1.30 128 126 124 

MASS NUMBER 



FIGURE X 

NORMAL XENON 


MAGNETIC SCANNING 
(Low Ion Current) 

~·129 131 

131 129
128 lJO 132 
 134 136 . 136 
 134 132. 130 128 


WASS NUMBER• 



I , 

3 0.089 0.084 1.890 26 •.2.2 4 ..¢73 21,.32 27.01 10.45 8~87 
I+ 0.089 0.084 i.908 26.37 4.GJ7 21;20 26.9$ ·10.45 8•.92 
5 0.090 ·o.~s, l.887 .26.25 1•.969 21..26 26.89 io.57 '8 •.99 

.,.'1" 

" 6 Q.090 o.• os4 1.860 26.37 '3.992 2L25 26.91 ~ io.so s.9; 
I

7 0.089 . G.084 1.e<)2 26.28 4.006. .21.Jl 21.00· ,. :,10.44 s.90 
'" s 0.090 o.os4 l.862 26.39, 3.947 :21.20 26•.·92 ' 10.53 tl.91 

9 0.090 0.084 
,,;' 

.l.882 26.;2 '3.94$, 21.,24 26.99; 10.49 S~9S 
10 -o.oa9 0.083 l •.900 26.33 4.004. 21.27 26.9,J .10..53 a.137 
ll o.09Q o.os4 1.a54 26.35 4.028. . a.20 21.02 

' 

·10.40 s.97 
; ··,• ·: 12 0.090' 0.085 .l.84.3 26.34 4.030. 21.l.9 27.01 10 • .43 s.9s 
'" 

" " Ave. Atom % .0.090 : 0.084 l.87ff 26.32 4.003 21.~ 26.96 10~48 ii •.94to ' ..,...
Ave.,.dl)}em~ t. o.oooJ. t.0.001 1:0.018, to-.04 10:.032. to.,04 ~0.04 - ~04 ..(h04 
!.Ave. De'V'. o.. 2a-·.- ,1J35 0.22 0.1~ 0.79 0.18 0.15 .. 0.42 0.43 

·1 · ': ! -- .,. 
. ·Iil Tebl,e JC is a· s'U.l'llmary of the isot'~»pic ahundancei:J' of· normal xenon measured 

" ' 

·with ~ha '9il' ~ss.~~otrometer {using automatic .ma.gnetio ·saann1lig and 

recordin&:l and wttl:i"t;he isoo mass speotromet".r (ust~g automa.~ic electrostatic 

scanni·nB :and reoQl'ding),. In the ta~le are .also included the earlier tiata 
I 

ot Aston (7) and Nier (4J. 

'' 

. 
lSOo MS.' Nier. Aaton .. 

, 'I .. ' . 
.J.24 0.090 t; 0.0003 0.09, ! 0.001. . ·0.09l} ·o.os 
:126 0.084 i 0.001 0.088 ~ (h.OOl ' o.oss ' :\o~oa 

.J.28 l.87S .t 0.018 ' ' i.917 ,t; 0.006 ' 1.90, 2.30 

.·.129 ·· 26.32 ;.. a.04 . 26.24 -~ o·.oa· '' 26.23, •·' '2'7-13 
~' .1·30 4.003 .r 0.032 4.053 :t o.oos ,· 4.. 07;' '4.18 

131' '.21.~.· i;. 0.04' 21·24 ! 0.03 .21.17··. ' 2.0.67 
132 26.96 :!" 0.04 26.93 :t 0.02 .26•.9£,i, , a6.t!~ 
134 .10.418 t 0.04 l0.52 r 0.02 10.54 10.,31
136 s.w. ~ 0.04 ' 8.9.3' :t; 0.03 8.95 8.79 

I • 
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In lfabie XI, Phe date: tor xenon is summarized in the tom, of abundances 

.relative to the most abundant isotope, ·xenon 132. · 

.. · Maas· uru.t 1800 MS ii1f>r . A:eton 

'124. 
126 
.~28: 
12.9 

'130 
lJl 
lj2 

'-1$4 
·1~6 

'. 0.:_33.) 
o.·312 

'6•97: 
97;6 
'14;85. 
'-a~s. 

1~0'~0 
3a·~·a1· 
133•16 

o.-352 
0.J26 
7.-i2 . 

97.·; 
15.05 
78j'J 

lOU.;O 
39.;06 
JJ.:16 

o.·347 
o.·327 
7•06· 

97.J 
lS.-1 
78•5 

l00<10 
~-1 

/:3)•2 

tti~toni · Xry»ton wii.s the t irst eleioont ·shown to have a higb.l.y complex' 

i.sOtop:lo cons~1 tution. Aston in 19,0 t'irst measured the relative ··isotopic 
I·

i 

abunti:a.nces ot lo:'3p~on by photometry ot its six•l'oHI group or· sp&ctral' · 

iin~s obtained wJ. ~h' bis, fii'et mss spa.ctragt'aph ·(S}. More aocWnite aata 

~a obtained by Nie~· ,(4.) in l.937 uEdng bis 180° mass spectrometer, a:nd · 

the absence ot other r.ssses wa_s proved to a very hie;h degree. 
' ., ' 

,,,, ,ln the pres~n.t .investigation-. the l"elative abundance data ot 

.1~~er tor k:rypton isotopes or masses 78; .·a2, 83, 84· and 86 was vert-:t.•ied h;y · 
\ \ , ' 

' ,~ 

' ' .·~, 

· scanning} wrd W'ith cnn• leoo mass $pactromater (wi:th: electrosta:tih ·s~anning}.. . ··: . 

,. 
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deviation £roni tlle~ve,rage ot ·th.a value.s measu17ed with oux» 90° .and.180° 

inst:vWn.ents 1 s l$ss~, than O.J%. For this reason. arrd fl'olll. all other 

conside~tions, gr•eat contidence is: placed in the. isotopi~ abundance 

· measlll"om.ents of the· pt"e.eent investigation. .Hen.de i.t would appeal:' that .· 
} . ~ 

. ;the, isotopic ab~dance Of. kryPton 8o as 1rapo;r:ted\1by Ni Gr must nav~,: been . 
) '.· 	 ', , ' 

'in error. 

retl,tr.ned to his original reoords of i937 cd to·unfei '(10). that ha had m,a.de 
. 	 ' .i 	 . 

' 	.a:n error in calcula~ing the abWldance of kr.y;pton so. In ~.inputing t·b& · 

background correction 1.mder krypton So,. he had ueetl the· wtong shunt taetor • 
I 

T?ie·· corre:c\ie>n of tn\is error by Professor Nier g;ivcs the relative ·atn.mdartcia 

qt krY"Pton .80 as..l .. 917 rathe.%: ~han 3 ·?Z· as preViou'al.y r.epo:rteci~ m.~ value
-'\'. I ' 	 ! 

of ). 91 ct:nnpa1"€UHnQi~ tavQrably' with the val\le ot ,3• 92 trom the 90° 

inatl'umen:t and 3•9.0 trom· the iso0 instrUfn:ent. 
.i ~' ."· 

X:$nont· Asto~,in 192<1}1nv,~s~igat_ed {lll the ma~s spectrum ot·ie~n·witb 
his f::i,rst mass apecrtrt>g:r.aptf; r:trld fowid ~1\l'e .isotopes. 'i'he s;peetra:l lines 

iviare feeble and inai4tinot and their me.$s nwn'bers were nwnbered· a. unit too 

low. soon after; .tte QQrrec:ted these lluni.l}ers to masses 129, 130; i)2, 134 

'and 136, and alt:lo totlnd two ,more isoto;pSs 128' and i3l,• lie noticed· taint a1'tacta 

at masses 124 and. 126 iutci contil'mecl these in 19~7 wttb hie: second mss 
' 	 . . 

.et-actt'ograph. M:e first'. :ooasurea. th~ ralative isotopic ablWd,$.mes of xenoit' by" , . 

phot6metey in 19)0 Ci?>··· s·even' years later, ·more accurate mass,SP$¢tro1nater 
,· 

. absence l)f other mss numbers to a. very hi.gh: degree• 

In the pt!'&$t:mt· .investigation; th~· aburid.ance measurements. ot xenon. 
I 	 • 
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·tor xenon 128 and 10<>: agree with tUer•s data to ·1~ and_ l.;% res;pe~tively. 

'!'his agreement is to bo expected due .to the. d;iffioulty o.1' measurtng back
. ' ' - ~ ' , . . 

• 
groun(l corrections tor portions o~ much larger peaks lying wider th.es~ 

• ' '- ' 1 • ' ' • ~ ·, ' I ·• ' 

$W.a,ll pee.l;;s, beoauaa :resolution. of theee peaks demanded more than t'he , 
·.- - I - .,. • 

· t'beoretic~l resolvi~g· pO\!fer ot the ntase spectrometer. -1'~e, data for, xenon. 124 

. and 126 agree with tJhat ~ Nier to ~%•. Nier Cl.aims an accuracy .ot 9nly 37' for . ' 


hie data on thea-e t\\b isotopes. Thia agreement. nt!iY te considere(i ·gQod

. . • . . I 

•. . • '. .• I ' • . . • . ,' . . '·. '. 

remen1b'ering tlie, difticUlt1es lvi tb mass resoluti.on. and considering ,that these 
• ' Y, '• o , . · • 1 I • , 

two i$C>topes ar.e :Pr.e~ent ln xenon only to the e,xtent .Qf :·appr~x1matel~ 9 part's. 

iXf ·10,000. 
. ' . . . ' 0 

~~ abUl'ldance data tor xeoo~ isotopes ·obtained with our '180 mass 

speot:rorrieter., whe!'e mass resoiiition is better, agrees· remarmhl.y well w~t.ti 
. ," •· I

. .. . It should ~e possible to obte.i:n .veif¥ accurate date. tor the, 
' ' 

· i~otoptc abundances ()f xeno~ 'by .:magn~M:c scanning With. the 90°.mass 
t • ' • • • ' • ' 

. ' ' . 'I ., I ' ... > 

spectrometer. it tb:e w1atJi or th~ :tirst exit. slit ot tb,e spe.otro:tneter tube. 

were .reduced from its p~serit i'fidth o.f 1.0· mm. to 0~75. m.m. .'f~A ... :-c:tplvi~S. 

power :would then b~ 1/150 .'and the xeno~ isot~pes could be. eastfr' resolved~' 
• J I ', ~ • 

;'.. ~ . 

, ,-...·

The per:fo1•nc~ ot a new 90°-_-<iel'l~etion sector-type riiass 


spectrometer.· in meast~dng- relati:ve and absolute isotopic abundances 


.· . :: • ·.I ... 

. . has ·been damonstratect.~· !f.he new lnat~roment perfOl"!ltl!J aQ.mira.bly in these, 


' . 

dete'l'll11:iations for krypton; but not so well for:,x~non- isotopes,- the. 

::/.;"',.,~esolution of Which,Jllliss~S is beyond the theoretiooi reoolVing power Q~ 

lt has been Shown that "the :tenon lsOt~pee could 

·1 

1 ·j 

http:resoluti.on


be -cotnplete!Y resolved. U' t}1e width or :the .ttrst exi:t . sii t. of th.a ~ass 


spect:rOI!l$ter tube w~re reclucsd. tro.m l.O ·m.on. to 0.75 1\lm. ~ .and -very accurate 


ab$ol:u'te abunatb!ces1.:obtained. 

;;-.~~-· 

...' The -t.lSetulne.ss of th1s mss spectrometer bas oeen greatly . 
/ ~ : ;.' I ' );.'. . 

, e~endea by 'u.tilizati~ '~:f a wu..t -\'ih1ch ul.6ws eutomat10- scanni~. o:f' the 
,. -;·· .; ' ' . . ·'- \\' . .. 


l c.. . . . •.. • " •... 


L'i0.Slil·spe·et;ra and ta$'t a~toinatio ~oo:nlin.g ot the~ ion ClllT0nte •. ':'Thia' wrlt. 
.·'.'.;, 

tritJ:~f)s i"b possi"ble .t<.) ·soan ·a:n·a record a .~iven .. rra.ss speot~- a s~.e~ti0.nuinber 
l "1 . ' . . ~·. ., > >. ~' 

..o:r.:J~i~ei{in',t.i vet'Y short :Pe;'riod ·~f :·tirue.• ' Thus ~its·~$~ 1Wi·t.h. tli_~-~;~~;s .; 
... ' ... ·1~- ! 

\ ' • :· ': ' .< d1 ·; '·~ .·

-,a:pSotromoter lend& ·it.selt :t(), tha 'problem of: making a. stati.stio~f~:st~dy · · · 
.~. ~.':.;:;, • ' I '• ' ', - \ 

' of 1$otopic 6-bundances.With a higher d~gr$e ot: 'precision than tii~t:"obtRlnn~le. 

·'·by manual _·scanning ~d recordibg of g~lVeJlOmatar deflections, ;",~j)\)l)tatn 

:.. isotopic .abundanoe.s of ·xenon witll ~ts nine'iaotopes by the manual lilethod · 
'. . ' . ' . . ' . '· ,

• • '<?· h ; 

reqUires a great 'deal 0'£'' tlmo' during which eluinges 'in tl'ie sas '.#~srure. 

-. filament cmracteriot1cs0 source effio1e:rnly; .and electronic circUit · 
. . ' ' · .. ' ··; 

.; 'tht\) xenon spectru.'11 ,pos'Sible 'in lass than two minutes, tha change 1n .. ,; '·- ' 
' .1 ' ' •

1
- • ~·· ~r'. 

';-• .... 
•·_;.' 

l' 

·;;.<·.. ··'/,-: 

. ' A discussion of· th~ faotor\s atf'eeting absalute •.mea;s~~~eri.t~· ot ' 
' I i_ . . . '.•,l .-.;'<: ' 

!. ·.... ; . ,· ' . ' I •J • • .., ' ' ' . ' ' ' o :<~.,~: ··': ' ? . - . ' 


iaotOpic abundances has led to the «1ncluaion that. wi.th.il!a1l3eti:~·so.i;inn1ng 

' ' ~ . . . . 

-,. 

" . ~ .. 
' .~ 

'·a:re 6'btained.. similUirly ro:r absolute measu:rements· With the 1806 mass.. 
. ' . .:""'•', L ; 

·, a~ct.rom.et$r el.ectr~tatic scannins aho.uld 'be used. · ··' 
•. c :- :·.',,:1.·. !·... • . ·' 

lt has beezrprQven that the· discrepancy dH~aovered·· 1n'.:the '' 
' ·, \ .v .. ,·· 

. ma~s 's_peotrometer· tube,' or in ·the gas· sample ttselt; but· represent's4 a
' . . 


"-.: '.,1 


real ;diffG;ence fri>m the value ·reported 'by Nier. in 1937· A caretl.li' ..' 

http:caretl.li
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examination o.f the lsot'Qpes ot krypton baa been mde .and the meaeured . 

~sotopic abu.ndahc.es' have been found to a~ee well with those or Nier 

except mass 8o as .noted above. It was 'discovered that Nier bad made an 

erl'Or in calculatin$ the abund.awe ot krypton 80 and tbat by oor~ecting 
. . . 

" 
this error. th.e data ot Nier and of the present investigation are,ln 

,· 

cioser _agreement... ~n Table XII is presented the average' of the ,90°. and 
;,' 

1ao<> mass spectrometer abundance data for normal kl'Yj;ltQn,' along with tb.e 
j•: 

, •• I 
'• 

eor~ected data or Nier• 

Isotopic Composition ot Mormal Kcy·pton.• 

Mass Unit ·.Present Data (Averagej Nier'$ Corrected Data · · 
}. I 

'Atom %, . Atom ~ . 

0.-:;42 
2.228 

· ll..~O 
ll.48 .' 
.57.02 
17.43 

0.346 
2.~6i 

11.50 
ll.$0 
;6.95 
17·43 

From· this table• the good agreement between Nier' s corrected value and 

. ou:r abtt4ian.:e data .for krypton 82, 8); a4, and 86 is evident~. ·However, 
•. 

"" 'in the <:aae ot ki-ypton ?a and 00, a discrepancy of about one percent is 

noted. 

A C&l~etul investigation o.f the· isotopes ot xenon has ·been made• 

It has been pointed out that_ the xenon isotopes cannot be campletefy
• . I • 

resolved until tbe resolving power or the mass spectrometer fs inoreased 

by reducing the width of the first exit slit of the tube. In spite of 

http:abu.ndahc.es
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'' . 
ill the pr•sent investigation· agreed rem8l'kabl;y well ('6xcept _ts1.,the less 

' . 

abun&ilit masses tlllb.iph are most artected by the reso:lutlon errol'}.with the 
. . 

data obtained \vith out. iso0 mass spect.ro.meter·a.tid by Nier.; This fe·,Shown 

:tJi. the toUowtilg table. 
! 

'l'A:at.E XU'.l ...··.: ,, 

Is~t<>j10 O'om:po$i ti on of N~r~l X'.$110~. 
·r • 

ll~ss 900 Data. isQ0 DatEi - · ~uer•s ..nata 
Unit. Atom! Atom ! A.tom~-.· 

124' 
126 
·128 

..129 
'130 
131 ·· 
i32 
134 
l.36 

':• ..1o.090· 0.095 0.094 
0.1084 0.088· o.osa 
l.;~78 . l·.917 l.90 

26.,2 26.24' 26.2) 
4.903 ' 4.0$.3 ' •4•07· 

;ai.24 21.24' 21.17 ' 
26.96 ' . 26.93 26.96 ' 
l0.4B - . 10.52 - ' 10·.54 
8.94' 8.<Ji.' .. a.95 

I 
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