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Part One: A mass Speetrmter Investigation of the :
' Equilibration of Deuterium with Desuterium Gxide.

INTRODGCTION
During the past esveral years, a great deal of work has besn
done ab WeMaster ’ﬁnivérsity in confiection with the Canadian atomic

énergy pro ject, ~ One phase of this work was the mass spectrometrie

, detemination (1} of the demmmum enmemt of deuwrmm oxide {heavy

water) Whiah ia naeﬂ as a neutron moderator m the a‘homie enerw pile
a‘t Chalk Riv*ar. The ﬁaezmique af aquilibration of smplea of deutarimn "

ox.'me mth dauberinm gas priar %sa anﬁlysis with the ﬁentarmm mss

e

i spectmmeter conatitutatz ah importsmﬁ gart oi‘ thta prosect.

The hmmo;gﬂnmus re:acmon bmwwn deuteriwn and viaﬁer vayar

L

aceurs abova 6000¢, mth an activateian energy of about 65 kilccalors.es,

and is com::«i&cat;ed by- a hetemggaﬂenua rea'ctio;n catalyzed by the wan'a
of the eem;aining vossel (9) In % he presence of suiteble cai:«xlym;s, -

the reaction oceurs mz much lowsr temperaturea.. Horjuti and Palanyx {10)

rshc:wed that it occurs at room tmperaturas in the . gremmce of plamnum

hlaak. They aw;ggest an ionic e chani sm for the c;m‘mgg," hydrogen being

,splix; into dons on the camyst.A surt‘,ac_e‘, these passing into se‘mti’o'h

: and being replseced by an aquiﬁélen‘b nmﬁbé’r of ions from the aol"\itién,ﬁ

leading to the exchange reactiom. On unpoisoned catalysts in seid’

selution, they conclude that the rate is determined by the diffusion of

hydrogen to “‘éhﬁ eatalyst}.“ That the ionic mechanism is not esseﬁﬁjal is
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' f:ime in thm lauax'atory hy hawk.ings (3).

106 mn, Hg), end & shaker with a constant temperature bath (25%¢.).

indicated by thfa ciata of ‘raylar‘ anci Dianond. (11) in whiah deutertum

Was shown to interact rapidly wi th the water earment of ehmmium

oxida ael, zine ox:icie, zinc eshmmite, alumina, and platinizeé asbesﬁas

“eatalyst at temperaturss from 100° to 400°C. ' What the mechaniam of

"these gas-phase catalyses is renaing to be elucidated. It may involve

specific actimticm of hydrogeﬂ :i::r‘ mt&r Vapor" or of both..

. “‘he mathod af nmpara’aiou af samples in the Ga:mdian prb;}ect

3 emnaista& assenﬁially of ﬁhe equﬂibmtmn a'b 25"6. ar the hea\ry ‘water
h by ah&king far tiwea haurs with uauwrium @as in tm pmaenc& of piatlnum

~ oxide as a eaﬁaly% and maleie anhydride a8 8 spantizing agent.. *rhia v

m@thod :s*as ﬂ.ewlﬂp@d in the maite& Statea (2) and has been usaé i’or some

1

t

s

: e purgsaaa of ‘the presema work was to dewmine the ex‘zsnt to

which ’olw prm.eﬁur@ for the mepamtien ef ~.amples walﬂ he s}zortenaﬁ

‘and simp}.iﬂed witfwu’s making tha preeision af the preparation lesa than

th& pwecisicm car tha analyses with t,he aeuterium miss spaetmmater. The

swdies ks eper"bed haw invalved an iavastigation af the naeessi.ty of E

: shaking t;he aamples, tha use of a psptizing agemt for tha catslysts » and

»the Mme requireﬁ for the eqailibmtien of amplesa

- APPARATUS

'i?he apparatus uﬂsed in the prapamticn of 3amples consisted
esseatiall;y cf 8 dry box, aqtzilibration and gas smple flasks. (ﬁ’igura I)s

tranafer pirettes, a drying oven (»15000. ), & hxgh vamzmz line {pmssure-

.t
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all @lassware which came in contact with heavy water wiis. first cl@aneﬁ
am a aatur&taa trawsodium phoapnate bath, ringed in »agﬁwaaer, distilled
water and heavy water (approx&m&taly 904 n),:dried for four haurs.at
150°G., anﬂ cooled xn the dxy box. Stopceeks and ground glaes jjtnts

‘ were greaeed with &p&ezon ¥ greass.\ Vare WQs taken t@ avoid éantaet of
| the waber with the grease 88 mueh as passible. The mass speotrometer

A used in ehis investiaation was a ﬁier 600 - éefleetioa aactur-type 3-&

,,,,,,

:am&mm S

'ﬁéégx %ater - ot high aeuterium eantenx Waa vaduum distilled iato a
- sample tubé with a ﬁlass break seal. o

E&atinum Oxi&e - Adam's Piatinﬂm Oxide Catalyat’ (Eaker & Couy Ine¢.‘

Kewark, W szas ﬁreateé thh 99% Da0 and dried a% 15008. bafore use.

yalaic Anngdride - The B.D.H, reapent was dried ia vacuo befare uso.

ﬂ%ut@rinm &aa - mf over 99 +0% D waé preparzs by the reacticn in v&cuo
af very pnre calckﬂm matal (abtained from H.R.C, Menﬁreal Laboxatory)

wms 99 5?% D0 -

‘ Eﬁfﬁﬁi@ﬁﬁ?ﬁ&aﬁﬁﬁcﬁﬁﬁﬂﬁ

Tb éeﬁarmine the effect of peptizing agent on the eqnillb?&tion

i

ahalysis of heavy waber, experxmanta were perfqrme& as outlined’ below,
: on three different samplea of heavy watar obtained fron’ the ﬁontreal L
Labaratory. o

The sample tube containing 10 ml. of heavy water was epened

in th@ dry box und ml. pottiona ware transferred by means of & pip@tte
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to each of two equilibmtibn flaske (A of Flgure I) which eont-ameﬁ;.
10 mg. of platinun oxide catalyst. To: one flask, 2 mg. of malele
anbydride were acded as a pepbizing agemt For the catalyst. Ho. '
peptizing agent was added mvt‘m other flask, The gas semple. flasks
(B of Picure 1) wers  then connected to the squilibration flasks and
the umits placed on the vecuum line. Faeh sanpls was thé'n treated’. -
1demiea11y aﬂ followss

‘“hea water in Mxe flask vae fmzen by meuns oi’ a’ my iee am*i
: methaml bath, and the f‘lask emcuated to a pressure of 107 -5 mm. Hg.
‘.??hea wamr wag allowed o malt 50 that uiseol ved gases could ese&pe
from: the wa&ar. ﬁ*h@:wa‘ber was fmzan grain and- the f'laakfsmcuatea %0
R 8. pxassure of 3.0”6 .r;mn Egg,. ﬁauwrium gas wes then admitted to the
&@nlibmtion flazak {30 ml. wlube) to a pressurs of 10 ém. Hg. and
‘ closed off aftser which thex sample was: smken in 'tm cemmm tempsrmure
baw (25"0;) for &% least 5 houPe. Ab the end of the shaking period, gas
was x*aleaseﬁ from t.he squil ihmtion rlaak to the POV ously evacuawd
,mzr*ple bulb, apd the HD/BD ratio ia th@ gas was measureﬁ by means of a
mar-typa By éeuterium nass sﬁectmmter (5) '

To de‘bemim *Lne neeeasity for :shalz:iw the sumple durlng the
: @qu:tnbratmn pema&, ‘3 ml. anquet portions of a swek heavy mtar
esaz‘rple {(whieh hdd besn yurifif;d by one vacuum disti 1lation) were
;tmm«femed f.o eaeh of ten equilibmtzon flasks and JO ng. of‘ catalyst~
were a&ided to each. ﬁa.peptizmg ageny was added to these ﬁfﬂﬂpl?%q"v
| The :.amples Were ceé;assed as above ani deuterium g,w admitwd. ‘%ﬁéﬁ’the
“ samples were allowed to equxlibmw without sheking for O, 1, l 5. 2. FA

6, 8 10, 12 end 19 boure respectiveély in th@ eonstent tamparature bath (2500 Yo
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| _
»ml,ﬂm wag dene as before with M@e dedterium rass s;mctrmt@r. As

a--6hetk , another sample was: m@mré& and. a&la%& o équili%}rate with -
.mza}:inv for 20 hcmrs in the constant tempamtwe ‘bath, and. analyaea on
the mass :s?ectmmeter. T oo

w.‘etim@m%: op RESULTS

- . A - s

: Afmr eqnilibmum haﬁ besn reached in the- watar-gas reactian,

,i;iw gas atsmra mz&z «amr was o ‘ha& m thé 6eutei~,.um mzass spactxmamr. -
and the. m:/m& ra‘bio in this 'gas waa wleulatad from the mass s;mﬁt ’mzxster
-re&ding, ﬂtakin@ izﬂ;@ a-eeount Hhe aimaiu eonstants of the-~ mstr_ument
Ieéﬁaérnéﬁ.. “”rom the HB/DD ratie the @ereem deu ortim in the —ha;‘avy wator :
usample was caiaummd ag: i‘alloms., . |

For tho-watem e | :

o Tm}g-b— HOg = ‘FI“} 4 *3138
the equilibrmm constant. (l;) iz K} and

.z 3,11 at 25%

Aleo far the systsm HDOy = EDOg the equilibrium constant &8s the. vaper ,

TN
z,%

presswre of HDO. Therefore K= LD..‘?&!. - 1
o (mpor) Pzno,

stnilarly for nnol = DDo_ the equilibriun ®nstant 1s K = %%g.a%. = Ppor
. % .

’,‘Ey extrapelation ot the dam of %!ahl and Urey (4}. we £ind that, o

xa/m = pa;m/pm = 1.067 at 25%. S
Fo%ver, sinee the mtia HB/DD za & mea.mra of the deuterium conwnt. of
vtha ggaa whick is in equil:brium with DDG, Vwe are comerncd wmn the syetom
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Now for the eysten DD+ HH = ZD the Ky ° (gg :gj?) "= 3.26 et 25% (u),

s -@a]m atiam peroent déﬁtoﬁﬁﬁ}'? c2ep) v mD) xloe
o AT T ' "2(pp) + Q{KD) +. 2(8&)

If wa divida numsratar ‘and danaminatmr by HD aad put rm/am a, we obtain

m 3/3 + 1 :
atam 0 RT3 T /3.5 f" 100

) Kcmevar, 16 may be seen from ths value of Kg that the gas in equnibritm with
| tha mter ia ught by a facter of 3 316 when the water and the- gas are ef |
hi@;h deuterium aon‘tent.‘ 'l’hus ba subatitutxng ‘Por R the eom'esponding value
- _for the liquid syatem, (1.9. R/B 318) we get t‘or the huavy water sample

,_666+VR 33190

x 100 - =

‘Por samples of high deuteriun content, 1.e. for valuss of R 0.02, bhe

ifai‘ue‘ of R /5.&68 is very small and may be. neglected; then for the liquid

e dn = 6636 ¢ R 00
Aton %n E‘é:«‘%f’zﬁ x 100
4180 if R is less than 0.02, then B may be subtracted from both ehe numerator

‘and the ﬁeaomina%r of the aﬁam—fmctmn of doutorium in the liqnid am

«030 T
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RESULTS

’ma dat.a from the ex;mriment on the. ef‘fect of popti:

R 1) | the equilibration analyais of heavy water is m'esentad in ‘l’ab«

Tabe 1

ﬁoﬁzréal #1é5’. | .peptSzing agent used L
Hontreal #1035 no peptizing agent used

Eénér’eal #153 . . peptizing agent usaa. o
Mont real #153 nc -peptiaing agent used

mom;raal 158 peptizing agent used
Mentreal #1584 -  no peptizing agent uged

it 7N - ! . ! lr.. _ . . ./'7 Lo

. Table II

_Deuterius

'g le E‘a. ' Remarke . Eguilibration time (hre.) ~Atom

No. ahaking '

T*!lBSﬂQ-'~‘
18502
 185EL

-850

18501

... 18581

.185m

e 185(%1
18831

333333382
3 T 2 3 32 8% 4

43
8
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agen was eesemml. Earlier aoncluaions as ta ns necess;by e baseé

'me axcent at least upon experimemal evidenca, It is qtﬂ.t_

of aevaral reaaons. mow reactlnna when pepttzat:lcm did v mr my ‘have

zing agant 1s used thain if 1*.: s.a usad. 'rhe eatalyet. ‘48 'm

Rg° mspended tcr more theo thres hours, ' If no peptizing»‘

c@n@m&ﬂaﬁ ion.

It may be of signiﬁ cance tlmt two of the samp t@which

whichrm pepﬂimng azent was. aéded.' It nust be remmbered howavev"’_.'!?- 6t

préexsion of the results lies wlthin the precigion of the mase spectmmetar.
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B an& thsre may not actually have been any protium contamination from the

peptizmg agent. Kevertheleas. ‘Since eaeh nnnecessary etep in t; gmaedure

use 13 xwt recommanded. Similar experments by Vealmyl (7)
seme canclusien. ‘

E‘mm the data af ‘rabln II end rram a censidaratwn 'cs_

’ppafent that ahaking bas ne effeeb whatavnx' on the tim

ibr:l.um w ba attaimd. or on tha :ﬁnal eqailibrium vame o
nt deaterzum in the w:azer samp,w. T ‘

» | Mcwdﬁ.ag to cbaervations ‘mde m the ﬂnited states

: Ha ngs (3) in thia hbomﬁwy, equilibrium ia reackea in thie

h,ws wiﬁh abaking and with pepti z&ng agent. E‘mm Figm',

: ﬁhat eqnilibrihm 15 alao reacheﬁ in tmree Lmurs withou”
"peptm:;g ageat. The. final equmbmum Valae or tha

eana rea@tinn. The% resalts are m accord with thaae ebtax od ‘y‘

ert‘och of tempemture variatian on the equilibration proeeas 1n the analysis

[N
i
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éf"'iséavy water. This was done- both theoretically:and exparimentally *i‘hes*

: :fmmﬂ, tbat the error. im;raduced by & temperature..change of up t.o' ix degrees

ater samplea with éeuterium gas. From the eqnations us

ther hand, an_ ineresse m temz;erature causes. a &ecraasa 1?

Sevez:al raﬁi cal changes, ’gshim slmrten and simplify the ___rocass.

have beea made in the pracedwa for ﬁhe analya&a mf hsavy water "byiequilibration,." .
\ prior f;o pass apeetmmesr:.c deteminauions. Shakiag the sample has been

almimﬁed aaﬁ the nse of a paptvizing agems haa been discarded. ’i‘ha sharwat

L period uf tim (appmximbely 3 h@urs} re@xired ror the aquinbration wit-hau’e
shaking and wi%hout yepmzing agaat has been determined. Experments wa’ro ‘

‘ ~eondueteﬁ t@ &st@mine tﬂaese facters, and tshe remlts cbtained were fonmi to.

3
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1 be in very close sgreement with resalts obteined elsewhere. The rod

| ‘practical test of thess apparently radical changes in the egil

;“six'_‘o"'éfé&tirai bas been: -mv&déd”’by;'ﬁheir_-aucc',es'sznl usé ia routine s\esf for
) then @ year in both the McWaster laborétory and the Chalk aboratory
(8 the Wﬁ's’e&-meﬁhod i’s“'naw in use. ‘Sﬁme ‘the néwg-i;m'cedi" 'egn;f

eé, en%imly mtiafactewy ‘Tésult s bave been abtamed inn uilidrations,

parent less in reaction tme has rseulisod. ?he ohsemd

éa‘ .eheék am&ysea 18 a8 gcoa as, or in 2&% bettex' than T
vne& em gmvimw aquilibmtions with shaking ané pepzimng :

hes all‘ been aane wﬂh beav;r water, bnt it. 1s anticipated

ure mum be equany advantageeus in afiy ranga. ‘
-3t is wmmaed there*’em, that aquilibmti on. analy
eneml bas% parfarmﬁ mtheut pa;m.zing aaent am‘z withoat sm
s‘ jppaaz*s that tha el.aaning ef’ f‘lasks beﬁmen analysea ami

vmlibrat'ion tangemtum ia nat required.-

i}ean. m.sa. m:ais mswr University, kay 3,91.6. |
anhattan Report A*—'I?S

‘rhéda R ankﬁags an& m:m. Mantreal Re‘part 3&0-10}4.

ehi and Urey, J. Chem. Puys. 3, 411, - (1935) .

ter ot al., Manhattan Reports A<339, A-573,. and Au-?éé.
;E&anhatt&n Report GC-1915. (A»%&B). C

:\?iseher, }?otter and v@skuyz. E@anhat.taa Repwt 0@-29%
;oskuyl, F;aaher, Geren az&‘i Posf.er R E&anhattan Hepert 6=

“"I‘eylor, in "Frentiers in Chemiatry", Vol, III, p. 25, Iﬁta”‘se 08 %bliahers,
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" PART THO

A Hass ap&trbmter Tovestigation of the Isotopes of Normal gmg and Xenon.
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Part II: A Mess Spectmmatax' Investi ﬂatibn of the Isctapaa
L of Hemal Krygton and :{man. ~ 4 i

aggxaﬁi

'. of-zuranim 235 by tharmal nwtwns. ~'i‘hia zmestignon was em 1e f-ont mth

b xemn. xn the emarse of. thia r;reliminary inveaﬁigaﬁion,

t-.j tho 1sampic ahundanee masuremanta for lkrypton . ﬁn“ xenea

ensa of a-ngem maes spectium, - This unit, tiged in- eenjunc'

: mass 's;peetrmeter.

In view mf the exeellent porfomunce ai’ these new »uni

. ca _aiﬁaring the dxaerepancy found. inm the measured abunsiance of krypton @. .
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' it was cieciﬁed te make a statistical stuéy of the wampic abundances of
- poxial krypton and xenon.' The éetails of this inveeﬁ-igaticn ara’:ztﬁporbaé'

here.

- BXPERIMENTAL PROCEDURE

.(;Ra,rs Qas Samplea
» The nermal Xenon sampl@a useﬁ in this mveatigaciou wam abta:lned

i fram Linde Alp Im&ua’es Gompany, ‘ranwanda. N.Yes en& the kryptan "amaples

;were cbtained from Lime mr Products snd from Alr Baduction Sale ;company,

New ‘York, R.X. :

;mass $pee$mmater

’I'ha mge. ayectroxaeter whieh was awd in this inveatig n was a

f%" -éeflectim: seew-»%ype instmmm% a8 ehmm ?.n tm phmgaph 4

"‘_'mgure I, In E’i@xre i1 is a block diegxam vhich gives a general gicmre af

”{T,}Vcontaining an ion . aanrce aystem, & curved eopper analyser tubé ¢ ‘;-Sn'f ',

gullectcr aséeﬂbly. The censtrnetienal de“baila of t.his tube are showzz in
,:‘ Figm'e IXIX. 1In this tube. the gas to be aaalysed was intraduce& dﬁggh a
eapauary leak to the 1onizauon chamber of the scurce, and 10

'aoluaion with an intense beam of electrons gr los-volta emrg z*he positive

icn fomed were collimted zm an fon bemn of’ moe-vols emrgy by, the

aollimating plates of the source. and directed normally int-c a, sq&are«-shaped

‘mgn@tie ﬁeld of 1506 to 4500 gauss. This mgnetie field resa ,the ion

5
I

-
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A{e,»» the' elaetmnic gaunt selsctor and recar&ing unit (5).

baam into its various ma 58 mmponents and refocussed a bean cai‘ ene émss
--aampanant thmugh thy eeuector ali.ta toa ce.ueotar plate. ?he eanectar

: plaﬁe was surramaea by an elsctron ropelling field of -45 volta (fm a
: ’Adry B—battery) on the second exiﬁ plaee, so that seeanﬁary eleetmns i’emed

" ,_vat the eallectm' plata h:,r posi%iva mn bembar&ment eould not le ve fhat plate.

pub Ewhad by Loseing, Shields and Thode (5). In Figure IV is_

: Dismz‘a'sion et’- Absdlnte ﬁeamem;eats

Befum diacuasiag the rasults ebtained in ﬁhis mveati@atwn. -
variaus passihle systamatic ex*rars which af'reet absolute measurements of

(isotopie &bundsncas will be mnsidered.

:a&ass Reseluuan: B‘mzs rumamntal physical principles, the femiliar

' 3aquaﬁion which gives the radms of curvature of an ion in a mgnetic 1814 nay-

be derived. ;w is expresse& as»-;bi_t.lowsz

‘ m/a - a.az x 105 Hzrz/v o B
;‘Ln this aqnatian, n is the m.ass ef the ion in atomic mss unins, a the
mmhar of alect.mnie charges on the ion, H the mgnetic riem in gauss.
r the radius ot curvature of the mn ia the mgnetie field in m., azxé

V the snerg of the ion in velts. v

. New if zé = 4.82 x 10°5 = H2%/V, then'm T kr2,
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By aifrez-entzamon. m = 2 k r dr, end t"n’én‘,' .
o T dm/m s 2K rar/k r2 = 2 ar/r.

L foR nitech&nge igés in mass om/m = 22av/r

Phis last oquation gives the mithemtical edyression £or the t 10al

Iving power of a ness spactrameter. The quantityar m be'svaluated
o the sum of the widths of the exrtrance and oxit suts of b .
spaoﬁrameter tubge .?ﬂr the 90° instrmmnt A mfn = (0.25* 1.00;)“

tmit xn w. ‘rhia in&trument aompletely resolved the kryp

by zﬁa’t the xenon isotopes. In the -180° mas“e apeetrmetar; & 'ﬂ/m-é (0.25 + 0,38)/
ne mas unit in 290. ?heratere, the 1sotapas of krypton ' xénan_ were
pletely refaolvad by the 180° :lnstrumenb. S e '

Eié'ériminaﬁon. : E‘rom equation (1) glvan abm, 1@ my ba that éitheﬁr
wa basio methaﬁﬁ can ‘be ased 'w bring the ion beam at das
 ite svon tha fixsd aol}.ectar, (t.0. with ﬁm *). E;t{hier-ﬁr ,,
‘Fhen ¥ S;a'ehangesi. m@eﬁe ma:ming 1sobtamea.m

ged, h the scanning ig by the- eleatmstatic méthod,
‘i‘he best mdlc&tion thaf. there wae no. s 88 éiaarimi _
ass i 'a?p‘er@tmmeter,’ nsi.ng ma@wc ie amamg' o'f‘ mEes ap‘regt’m tﬁé‘%faeﬁ
sobopic sbumiance messirements far Nz, 00, Er, Xe, ot

gaﬁei'lfey%ﬁu‘bihé results momth after month under widely diff

:‘éti-ztgf Gonditions. With electrostatic scenning, éﬁui‘x&aﬁéé Bea s

wmm show variations of about - l% for & 1@% aiffarenae in ms

 ;7$' ,‘Producﬁble results were obbained, they aﬂrﬂﬁﬂ with those for ma nstio
o ",seannmg. This suggeets that there was no mass discrimination wi\ h"m-gnat'ié

AN f'saaming, but' that this effect was preaent at times with alsetrostatic soanning.
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"Simuarly for the 180° mss apectramtér, eansi stent results wers ebtaim&

With eleotrostatic scarming wmeh agreed with 90° magnstic aeamnng. This -

'mald indicate no mass disermmatuon, vihers 180° magnet:l.c sea:m’ ng gave .

B abuaﬁsnce neasurenents varying by about 2% for a 10% mass asse: T m:e.

.‘Z'heém‘fore, for. absolute abundance neasuranents, 90° mgmﬁie seming and

2186 eleetmstatie scannlng mrea usad, .wimre; 2R 88 diserimiaatian ,s-at &

. Ion Current Dis'ciimimtian' ~ 'i‘he direet current ampliﬂ.ar (3) was of the

"i_tetai feaclback ty;:e to gmavide for haadling as laz'ge an inpnt current a8

> possible with a g.ven grid laak and was of neeessity a 11near aapnﬁer.

;N_In ddiﬁz.m, the linearity of the mewding of: the iom cments by tha
.’_Speeaamx maor&ing system was proven (5} by appwmg 1o it knewn voltagee.
A 1inear relatian tatween iaput voltage and raec&'der daflectian Was é:btained.
4 L o The ma jor 'quegtwn rsraammg ;,ip the 11neari,ty of 'the, meaa;um:ng
E “;vf—c'ifi?‘auits was then t'hé non-ohmic response of the input gg!igi;‘leék lif;é‘ﬁi‘.stei‘.

" :m the first stage of the ,n.s—,v a‘mﬁliﬁ er { 3‘);. The lixiearityref "_t:ﬁ'e},:;i@ hi’gh’-‘

)7-"‘resié'térskf(10i3‘- -ohmé')» in the low wltaéé range may be measu:*e&?i:&yu employing

a. cgrmﬁﬁ emvisa& by Inghram (95 Bsing this cirfmit, :nghram foand that

ﬁws‘e 1. a.c. reamms are ohmi fn the ranga 0,001 to 10 wits withi

| % af theix* v*alua. Tho. grm leak in both the 99° and 189°L'masaf"spectro-
' jﬁéters waa used well wit-hin this wltage renge. That there was. no non- '
" ohmic res;:onse of the input griﬁ -lsak msi s&am in the wltags x‘anga m whieh
‘thay were usea, vias indicated by the fact that with both the 96" ahd 180°
‘mass spectrometera, cansistsnt and aceepted valuws of s,nsr given isotopie

-ratia were obtained mather high or low fon cmem'.s wére masured.
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'&eeaadarsf Bleetron. Entss&en. If there wes no suppresser voltage plied to the

"seeend exit pime ‘of the maaa spectrometer tuis, there was. a 52’6_‘

8o ssndery elsctroh emission from the collector plate cousod” 'by. it bozbardment

R _mth%pqsitive &ana of zoas-.vmss efiorgy, < This’ emissia‘n w&s o

s for' ena-tmrd of the maaswed peak. beight. It was. dafsa d vhat

Woa suppmewr vultage of- -25 'mlw, mﬂ,y a very mall. frac

;‘_.-pe} 'em of the tetal :mn ament; was eauaa& by 59003381‘? 319@@

ersd aa & @o\a'ca ai‘ ayat,mtic emr.

Xn t.his mvesﬁga

o vime (36 »hem'a}. It vas eonczuaea then that any staible tract

}us; neg;igible..

_"twic Eractionatien in Frggaration: 'i’he 9rrm-s resulting from

‘a': gwgaration of the raré gaa s&aples wre aegnaible beeemae m &ifferencea '

e m 'i'mtopic abundanaes of nox-mal gasee from different sourees were‘“‘detacted‘
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“Purity of Sample: There were no residual gsses in the mass spe?ﬁ?émeter
ﬂﬁﬁe’in the muss ranges involved in this investigation. ?he'pﬁfiﬁy.of the

samplea was inﬁicated by the fact that purification of the gas, after

paﬂsing thraumh & liquid alr trap, by rraetiana%ion from charcm#v 3 yliQﬁid

air tamparature, and- by pussage through « calcium furnasa (H) ﬂid nst alter
| ﬁha meaanrad iaatopie abundances us ommsareﬁ with en untrested sam§le. This

v'excluded tha poasibility of maes 80 contaminabian causing &he ebserved

;7discrepancy in tha measured abunaaane of lkrypton 80. _ zw'.ihﬂ* 

RESULTS. TOR RKYPTON.

. As a matter of inter@st, & typleal nmass spechrOgram, obtained by

;'manual elaatrost&tic seanning of the mass spectrum of n— krypton, 1s
‘ ,shqwnvin Pigure V. In %his.cése,,nhe width of ‘the iirst,exit sliﬁ'(see Figure
k IIi)xig-O.z& @mw“ﬁ similhr‘specﬁrcg@am_ébmaine& usiag an exit. slit widﬁﬁ of
one mm. ié‘shown in Figure VI. From thess tWQ‘spécﬁrngams it ﬁill.ba noted
tkg@htha harraﬁér‘the Pirst exit slit is, the greater is the’resélution or
3§§éfétion of adjaceit mosse8. However. for the wide exit sliﬁ;«thé'éyectr@gram
éﬁéws‘a wiﬁe flat portion on the top of the ﬁeak where lom. curféﬁﬁiis constant

ffor a considerable change in acealerating potential (or magnatic field).

. bec__a-use the exit slit is wider thap the ion beam. This condition is
” ‘§$2€§éu1ar1y desirable when precisionkmasgaraments of the 1sotopic-abuhdaﬁbsa
are to be made, since the top of the lon current peak is then easily located.’
‘ :¥9¢ this reasou, the wmae (l mm.) exit slit was used 1n the present 1nvestigatian¢
o After these Dreliminary investigationa, a statibtieal study‘waa
made of the isotopic abundance of normal krypton, using aﬁtbmﬁtic-magnetié
‘séaﬁhing of the maas spectrum, and automatic recording of ion c&b&éﬁts. »A‘

|
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ty pieal recorded spectrogram is shwwn in Figure Vii; the exper;mental data

or thia atudy are. preaanbed in Table I. anh, measurament of t,he 10:: current

. Zreyartea in Table I 13 the average of the maasurm:ms from a p{ :

: E) by seanning in the reverse direction. ’fhus tha resal en in

KN

B lowing tables i#tems of recorder deflection in eanﬁimatferé_.f""z-vi{" o

;}Zf;?;‘ o - Table I ”
: ﬁfm&ﬁé?Uhit W@ B0 B3 83 @8 _ Total
- Spectrograms Ion Ion - Jon Ion Ion Ton Ion
... paivred __ Current Current Current Current Current Current Current

_1990.5
19579
1937.9
‘ 19142.&
g 1917 0
R 53 ¥ 'y |
190344
W8 1902.7

6,79  Lheb3  208.2  227.8 1138
6.61 - 43.29  223.5 224,00 1120
6.65  43.20 223.0 222.8 1105
6.58 . 42.96 221.3  220.8 1095
S 6.60  42.90 221.3 221.0 1091
6.61 42,87 221.0  220.3 1090
6.63 K278 2A9.9  29.3 1083
© 6464 - 42,57 220.6 2A9.7 1082

)

In Table II are the percent abmamea of the hyptma 1setapes

ealeulated from the data of Table I. -
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TABIE II
¥ass Unit 78 80 @2 838, 8
Spectrograns Atom % Atom % Atom% Atom % Atom %  Atom %
. paired , I 5 ‘ _ , o
. 1A - 1B 0.350 2.232  1l.46 1lkh 57.15 17.37
24~ 2B 0.337 . 2.211  11.42. - 1llebkh  57.20  17.39
S 3A =3B ©0.343  2.229  1l.51  11.50  57.02  17.40
LA - 4B C0.340  2.22%  11.47  11.46 0 57.05  17.45 .
6A . 68 "0.3hk T 2,237 11.54 0 11.53 56,91 17443 ¢
7A & 7B 0.341  2.238 - 11.53 1150 57.00 17 1‘.,0=;<= ,

94 - 9B C0.34B 2.2k7  11.55  11.52 . 56,90  17.43
10A -10B . 0,348 . 2.237  11.56 1155 56.87  17.44

Average Atom % .33 TEE3s L1 IS 5700 Tz
A’O‘a. :

' Deviation 1 0.003 % 0,007 £ 0.05 £ 0.03 £0.09 003"

" A Aave. Devin. 0.82 0.3 0.3 0.3 075 0.6

Another ‘i'nVastigaﬁion ci; the iso%.c‘;pic abun&-anees of "no‘fmai 4
‘krypton was made using automatic electmsta‘aie (rather than mgnetic
' as vefore) seanning and automatic reearding. A typical spectregram is
; stiown -in Figure VIIX, and the exmrimental data obtained in this study .

are gr_ésented i Table 111,

TABIE III

Mess Unit 78 80 B2 83 8, 86  fotal
Spectrograms  lon Ion Ion Ion Ion - Jon . Ion
B paired ~ Current Current Current Current Current Current Current
LA < 4B 6.32 z;z.xs 211.8  210.5 1049 = 318.6 - 1838.4
64 - 6B 6.34 4L1.55 210.4 208.9 loyé - 3i4.4 1827.6
. 921 - 9B 4692’1} R [ge 65 : 20703 20600 102&& o 30900 1?9302
10A -10B . - 6.20 L0.65 207.4 206.2 1624 309.9 1794 .4

" 1A -11B 6.23 41.16 208.0  26.5 1030 309.0 1800.9
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In Table IV are the percam; abundances of the krypton isotopes caleulated

fmm the data of I’able i1z,

V (’ ) ’ . \]‘ - : .>v~|. ‘ .o P ) . f P PR . ,A ) - g
Wess Unit 98 8O B2 B3 8 86

,Spectrograms Jxﬁ@m % . Atom % . Atom % . Atom %.  Atom z - Atom ‘?a?'
paired, e . N .

e 4B - o, 3&4 Coo2:293 . %52 0 15 0 57.06. 00 17.33
- 5k 5B . -0.346 . 2.280 - 1l.54 . 11.50 . . 56.990 - 17.34

6A - 6B . 0.347 . 2273 . 11,51 . 1143 . 57,23 17.20
©O9RT-9B . .0.348 . 2,267 . 11356 . 11.49 .. -57:10. ¢ 17.23
L 108--10B . © .0.346.. . 2.265 . 11:56 .. 1.9 0 57.07.  17.27
114 «11B 7. . 0U3k6 2,276 . 11.55 . 1147 . 57,19 17.26
‘Average Atam %  0.346 . 2.276 . . 1l.5h. . 11.47 .- 57.11. - - 17 27
" Ave, Deviation %.0.001 0.007 +0.01 0,02 0,07 TO0.04
ﬁ&veoﬁeV'nl 0.29 C . 0.31 s 0.09 Ao 0-17 3 001-2 ) 0 2}

vyt

"

-In %ble v isa summary of the matapie abunﬁancas of norml
‘krypton obtained with the ?OQ mass s;:s ccromet.er using automatio magnetie
: and eleatrestatic scanning and recording (data tahen from Table II and
Table IV) Fer purpases of cmparison, similar da‘t.a abtained (5) with
the 180° mass spectremter using . automatie elsctrcsta‘oie seanning and
‘recarding is included along with the aarly abiindance mee:am'emnts of

Aston (7) and the later measuresents of Nier (4).

msm v o
Tiass Gt G00 Electrostatie 90" z&éénetzc 1807 medﬁréataué ~Sor—xsten
—— Awm% o atom % . atomP - atom % Atom %
78 0.346 't 0,001 0.343 £ 0.003 0.341 % 0.0003 ~ 0.35 0.2
g0 - 2. 276 o, 907 2.233 £ 0.009 2.223 £ 0,002, o201 iz‘,z,s

4'1‘4

@2 L 11,51 -

0.00 - 11.51 & 0,04 . 11.49 2 0.01 . 11.53° 11.79
83 . ,1_1-1&?

13

0,02 11.49 2 0,03  1L.47% 0.02 - 11.53 11.79.

C K

8l 57.11 £ 0.07  57.00 ¥ 0.09 | 57.04 % 0.04  57.10 56.85
86 17.27 £ 0.04 17.42 £ 0.03 - 17.44 £ 0.03 17.47 16.70
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‘In Table VI the data for krypton is summarized in a different
msnner in which the isotopic abundances are calculated as & psresnt
relative to the most abundant isotope, k_ry'ptonl&_;. "

TABLE VI

f . RS

Tass Unib . 90° Elsegtrostatic 900 Mapms tio 1so°'ﬁleéﬁrostatzcbf”wiéf ~Aston

S C0.605 . 0.60L - cou98 0608 0.7
B0 o 3 98;. s, 917 o - ) 3‘39§ f-\;f; 3 52 43
L 'f{83 o 20 A 20.19 - zo.la }zfﬁlf: zo,z:v 20,75

e omes  mas ma C mae oas
B o '~1ee 00 © 000 - % o000 0 . o 1000 100.0

8 303 %0.56 . 0.8 ¢j3@6 29.37

| RESULTS FOR XENON -

A similar é%camizmtibn of thé is‘atcheé o‘f‘ xenc;n. e x_madé by
'éximﬁl:‘atie scanizmé émé recording of the mass spectrmn. The determination of
t;he xenon abundances was somewhat more dif ficult than that for krypton
bacause for reasons outlined abave, t he isotopes of xénon are diffieult te
'resolve uaing &n exit slit (#1) which was 1 mm. wide. ‘fhis difriculty was
leusened by reducing the ion curreut (by zeducmg, the presmre of xenon
bemnd the eapillary 1eak) g0 that the ion eurreut peaks weére recaxﬁed
using the nost semsi*z‘m azmnt of t;he emt.omatic shunt select;or. ‘I‘he gas ‘
pressnre wWas adgusted 86 that xenon 132, the most abumiant isoto;pe, gave full

deale deflection on tho niost sonsitive shunt. Under tneae conditions, the
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- least abundant 1sota§es,_ xenon 12, and 12;6 daid not evéia appear in éhe ,
récorded spect_x-ogram:i Twonty such émctrograms,were recorded ,aindv the
poak aeighﬁs of mnoh 126, 129, 130, 131, 132, 131, and 136 were neasired.
Then the &as pressura behipd. the leak wds mcreased to the ‘point where the

4,

ion currents for masbes 124 and 196 gavs a suitable deflection on the

" most gsensitive shuut ‘and the xenon 136 ion current ms measured on’ tha
:‘1.’}:)1;1*1;;3~ vshunt. 'it‘ea sueh Spectﬁograms wem racorded and the peak heig;hts
for imsa_és 124, 126 gnd 136 were me‘a_suregi. From ’qhem '@aaéﬂr@&;@nﬁs, ‘the
I-f'éﬁexiagé value of the paakhei ghts for these f;hrée ngsses were calculated.
o From the ra‘tio of the peak height for mass 136 '(ob'taihéd& f-min'
;réach of the ten &e;t;a ai‘ paired sﬁactrograms recordsd at high senmtivity)
,vtzo the averaga ;peak heirsmr. of mass 3.36 cbtained with high ion currants, ,
‘set of conversion factors was ebtaimda The ave,raga paak height of mase
'121* m&ltiplied by the appﬁmpriate gonversion factor gave the psak hexgiﬂ;
‘that. :ﬁaes 124 weuld zmve had if its height had been measurable when lew | ,
"ion c_urmnfbs weye reeorde& (at high sanvsitiviw). The sage proeedure gave
‘éézfx;ésgpénding ,valuaa of the rass 126 ion eiurre:nt'-., The follom-ng,;is an

example of the method of calculation:

.27 ex’n_é o«

H

iﬁe{e,é 136 ion current (from 34 ~ 3B of tﬁame' 'VI‘ILi)‘

Averasge mass 136 ion curfent (from ‘Pable VII)

KL

Comversion Factor = 7.27/312.8 = 0.,02323 | |

R . ' T s
Mess 124 ion current to correspond with 3A ~ 3B (Table VIII) = 3.3.&;2 x 0.02323 =
. ~ : . , - 0.07307 ems, |

Hass 126 ion current to correspond W th 34 - 3B (Table VIII) = 2 9% x 0. 023::3 @

3

The eorresponding conversion faetor must be caleulated for each of 'che ten

. sets of paired &peewagrams of Pable VIII.
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A& typical spectrogram for the ion currents {(with high"gé'é

1

% 130w

pressure) moasured 4t different sensitivity levels is shown m E‘igure Ix.

!

‘fhe data oa the xan currents of masses 121,, 126, and 136 measured from L

i’ive such sets of paired spectrograms are presénted in Table VII. _v P .

|
3

. TAELE. VII

. .

" Vinss Unit

-

Spectrograns
- paired

E

Ion

Qurrent

) Jon

_Current - -

Ion.

._Curreént

308 - 308
314 ~ 318
320 - 328

33+ 33B
34 - 3B

'%'4p~

'._]
I

 3.15

3.4 .

T 3.3
- 3.6 -
313 -

2,95,

2589k.;

2.97
'3.01
..2.90.

311.1°
20.8
311.7

e 3162

- 31keb

Average Ton Current
g Average Deviation

. 3 1&;“;' o
001‘ '

2.9,

I'O Ol

—312.8
196

In Wigure X is a typical spectrogrmr in wthieh all er the ion

surrents were reeordezd at ‘the high sensitivity level.

The experimental

data for ion curmnt measnramnta ars recorded in Table VIII.

‘ t

. PABLE vitz

Iﬁéaéé Uﬁit .

13,

T

128

125

130

131

132

A

136

Total

E§pectregram
pai red

Ion

U ‘Guf.‘ﬂ

Ion
Sur..

Ion

QthM,

Ton
Cur.

Ion

“. Jon

Iony
_Sur, -

_ Xon

Ton
fur. -

~Ion

cur.,

‘ BA‘-’- 38
LA = 4B
5A -« 5B

bA - 6B

- 78
8A - 8B
94 - 9B

104 <108,

ila -11B

12A -12B

959731

‘073l>
0.0737.
k 00729‘

’ 0672?

0.0731

. 0.0731
70.@727‘

0@0733

0,073k

0.0685

0.0685
0.0691 .
0.0683

0.0681
0.0685

0&6635'
0.0681
0.0687 .
G * 96&8 .

1.55
1056‘
1.51
1.54
1.5}
1.53
1.55
1.51

154

1.50 24

L 21.50

‘21..‘56

2143

3434
3.30.

3

.AO »ﬂfj

,21 39

2140

2140,

21.59
21 .46

ohly

3

3.24
326
3.20
3.21
3.27
3.28
3.28

Gur .

17.48
17.33

2, 17.35

"17.25

A7.3 A

17.19
17.27

VA  17'37
28 17.26
Py r"l702§

22.15
22,03
21.95

2.8k
97

121~33

21..94

21.99
22.00

2%.98

8.57 .
8.5k
;63-'
8452
8.50
85k 7
8.53" 7
8.47 7
BaL9

‘7;27

..

P bdee
RREY

S
:,§3¥g£g%g£g

A

82.002

- 8l.752

8).625

81,161
81.381
f81.082
8 81.302
81,661 -
'“31.@32
- 8L.392
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" In Teble IX are the, calculated percent abundances of the xenon'fisé);;té%eé'.

o
i

Mase Unit . 12, 126 128 129 330 13T 132 T3 136
. Dpectrogram Atom & Atom % Atom % Abom & Atom % Atom & Atan '% Atom % Atom 4

3 0.089 0.08, 1.890 26.22 4,073 21,32 27.01 10.45 8.7

L 0.089 « 0.084 1.908 26,37 - 4.037 z:. .20 - 26 95 10.45 8.92

b 0.090 0.084 1.860 26.37 ‘3.992. zl 25 26.91~ - 10.50 8. .95

7 0,089 ' 0.08, 1.892 26.28 4.006. 21.31 27.0010.44 8.90

8 L 04090 0.084 - 1.862 26,39  3.947 21.20 26,92 10.53 8.97

9 0.090 ~ 0.084 ~.1.882 26,32 3.948 21.24 26.99. - 10.49 8.95

10 0,089  0.083 1.900 26,33 4.004. 21.27 26,93 . 10.53 8.87

11 0.090 0,084 1.854 26.35 4.028. 21.20 27.02 -10.40 8.97

1»,2 ‘ 0.090, 0,085 1.843 26,34 4.030. 21.19 27.01 10, 43 8.98

ive. Atom % 0.050 0.08, 1.878  28.32  5.003 1.8, 26:96  10.1 B B9k

. Aves/Devn, % 0.0003 £0,001 £0,018 10.04 10.032. £0.04 L0.04 *0.04 0,04
% ave, Dov, 0.32° 1435  0.95 0.1:5 0,79 . 0.18 0,15  0.42 0.43

i

~in 'I’able X is & swmry ef the isotapic abunéam.es ar normal xenon measure&

'wit.h the 90 MASS spectrameter (u&in? mtamatic magnetie scannxng end

recorﬁing) and with ﬁhe 180° mass spaa%remeeer {using autamtic electrostatic

scénni-ng and. récardi n‘g)

of Aston (7) and mex' {i)s

In the table are also ineluded the samlier daeta

TABLE X.
‘Hass Unit 90° uS. . 1800 M8, . ~Fier.  Aston ..
- ‘ . : : somics , .
24 0.090 £ 0.0003 0.095 = 0,001 . 0. 094, .08
126 0.084 * 0,001 0.088 £ 0.001 . 0,088 - 0,08
128 1.878 £ 0,018 1.917 & 0,006 . 1.90, . 2.30
, 1129 . 26.32 % 0.04. . 26.24 4 0,08 - 26023 27.13 .
t.L 130 .- 4,003 £ 0,032 - 44053 ¥ 0.005 407 - 418 L
I & 2.2k * 0.04. . 21.24 % 0.03 L2117 20467
CoooA32 26.96  0.04. 26.93 % 0.02 26,96 7 BbSS .

|



~

In Table XI, the date for xemon is gsummarized in the form of abﬁn@‘aneas_

relative to thé most abundent isotope, Xemon 132.

TABLE XI R
" Hess GRit 900 WS 1800 WS Wier . Keton
L 12h 04333 - - 0J%B2 - 0.7 - 0.302
- 126 0.312 0.326 - 0.327 o 04302
128 G L ' 720 0 7006 o0 BJO
19 e 975 ’ 973 i 102.6.
130 1,85 15.05 15,1 S1548
131 - 8.8 © 789 S 8.5 . 8.2
o132 ©oagoyo o 1000 - 10040 10640
234 Co3esy o 39506 o ®a L 3.0
136 3336 S Bas o 332 332
msmssmm*@ﬁ ﬁmsrms, e =

~

. ﬁgxgton‘ < Exypbon was the first element shown o have a hig,hly complex

‘ xsotopic consﬁitntien. Asten in 1930 first measnred the relative me‘hcpio

abunﬁames cf k:ryp*con by photmnetry of its sxx-fola group of’ spectral

1iaes obtained with his first mass spectwgrapn {8), iore 'aocura’ae-‘ data

was thained by Hier {4} in 193’! uaing hig 180° masse spectrometer, and

the abseme of oth@r mssea was ;mcved ’se a very‘ high degres L

'

. In the presenﬁ investigatmn, theé ‘relative abundance data of ‘

' v,mer foxr krypton isotopes of masses 76 82, 83, 8& ana 86 was verii‘zed by
‘*the data obtained mth cmt new 90" mass spec rometer {with- magnetic
' scanning,) and with oﬁr 1800 mass expa»trc)meter (with electmstatic scanning)
,'Yioeze:ver, the masured L&’KWOPiC abundance mf kryp‘ban 80 was greatar by 1

,ﬁhan the value reportéd by err. On the other hema, the pereent averagaa _

S
S



o b -

daviatien from the. mveraga of ‘the valuse measured with our 90° dnd 180°
. instruments is Less then 0.3% Por thzs reason, and from all other
eonsiderations,‘graat eonfidence is placed in the isotopiec abundanée
='méasur®m9nﬁ5‘of thé‘present iavestigatione Hende it would appear that '
_:the 1sotopic abunéance of ¥Krypton 80 as ‘Teported: by ﬁiex must have been;
ih error, " |
This- racﬁ was b“oughﬁ o the attantiun of ?vafeaaor Hier, H;
roturned to his original zovords of 1937 ana: raum (10). ‘that he nad made
an error in calculating the abunﬂanca of krypten 80, In computing tha
baekground eorreabion unﬂer krypton 80, he haé nged the: wrong shunt faetar,
; The" cerrec;ion of ﬁhia arror by Professor Hmer gives tha relatlve abunéance
of kry*ptmn 86 as. 34 9‘7 mther than 3. 52 as previouely rspcrted. His Value
of 3. 97 eompares mare ravorably with the value of 3.92 from the 90°

instrument apd 3.90 trom the 180° inatvumant.

Xenont. &s'ﬁéﬂ in 1920 investigated (11) the et sPécﬁmin of kenon with
;his first nass speetﬁovraph ané founa five 1sobapes. fha speetral lines
wére feeble and indisﬁinet and tnezr mass numbers wers numbered a unit too
'1QW. Soan afﬁer, he earrected theae numhers to nasses 129, 130, 132, 134
‘and 136 and slso found two more isotepes 128 and 13% Ho noticed faint effocts
at msses 12/ and 106 and confinmed these in 1927 with his second mass
‘apeetrograph. ﬁh\firsﬁ'm@aaurea %hé félative isotopie abundéneéé'of xenén’byij;;
photcmetry in 1930 (12). $eVen years latex,- more aceurate nass, speetrumeter»f
valnes for these nine isaﬁopas were ebtainad hy ﬁzér (b) wﬁa also showed _the
absenea af other mass nnmbers %o & vary high &agree. '

In the present investigation, ﬁhé abunaaﬁ@e meaﬁurements of xenon.

129, 131, 132, 134, 136 agree with- Nier's data to O. 3% or better. The data
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‘f‘c)r' xenon 128 and- IBO‘ agrea with *§1er's data to l end 1 5% respectivaly.
This ag;reement is ta be expected due to the difficulty af measuring backe
gmund correotions i’ar mrtious af much 1arger peaks 1ying under t;hese

, ,small peal*‘s, hecause regolution of these peaks demanded more than the
tizaowtical rewlvixig power of the mase spectrometer. The data for xenon 124

) anﬁ,lgé agres with tha-!} of Hier to -zf’._ ‘I@ier clgaims an g;ccuracy ,oi? ‘only 3% for
nis date on théh‘e‘_ m;b i:,sdtiopes.l Thiz earéement may te 9'onSidered fgieod
fezﬁeﬁzbéfri:ngg the 'aii"ﬁ;cz;lmés with mass ‘rése;alut;i_on. aéﬁ ccifn-sid;arix.z‘g“t;haﬁ.'thes‘e

“two isctopes are jprg_alaeﬁt in xenon only ﬁxo the e:xt'em; of iiapprqii@i?élf 9 parts

{110,000, o o

“I‘m ‘a-’buﬁﬁaﬂea date for xenon isotopeé ob'éaine&- with mir ?.:mo“ mass

apecstro*r:sﬁer, where mass reselution is better, agrees ramarkably well with

" the da\ta obtained by ﬁzer, as. will be noted fmm ’I’ame X. .‘

IR | n shaum ‘be possibla 'ec o’otain very acaurat.e ciata f@r t.he
isotopic e.bunﬁaneas of xenon by mgnetic goanning with the 90 mass-
spectrameter if the width of tzhe firsﬁ exit 8lit of the smetmmeter tube

were ;eeduced. fron its presept w;t.dth of 1.0 . to 0.,75. mm{ "slhe “cwalvs.ng
vpﬂw‘é;a:'»fﬁoqld'théﬂ be l/ 150 ‘and ‘the xenon. isotopes could be. éas?:-f]fy fzjéscl‘ve‘é.' ‘

o swmeRY . . L

[

The performance of a new 90° -deflec’oion sactcr—type mas‘sr
épeotrometer in measuring relaﬁive and absolute isotopic abundance.»
“ha‘s 'baen ﬂem@nstrated.- &T‘he rew instiument performs admirably in these,

‘detemmabicns for kryptan, bat net 8o well fer xenon ibotopes, the
e reselutmn of which mﬁsses x.s beyond tha them'etieal reaolving power of

the maes apect.rbmtem 1t has been' shown that the’ ‘xe;n’on is'otop@s’ could


http:resoluti.on

t‘m"’ciomple‘wlyréaoilﬁed- if the width of the‘ first exip alit. of thé' ﬁ;és‘s--
spectzomstar tube were reduced from 1.0 mm. to O, 75 Hm. ; and very a“curate

ab..olute a“bunda:mea,, obtained.

" The- wsef‘ulness of this mss speetrcmter hes been greatly

enendea by utilizamw 6f & unit which allows automatic szcanning.jef the

,vd timas m |/ vez*y shm't parioﬁ @f time. Tlms ita use with the'mass oo

' hmatopic abundanc@s bf manen with z.ts nineé’ isotc;pes by ‘t;he manual met.h@d
vrequires a: great de&l oL time. during which’ ehangee in tlie gas pressam,

fila"aenz cheracteyistice, source afficiency, and electmnio cireuit

euaracteristios mig,ht cecurs With automatie seanning &nd racopding Of

‘Ttne xenon snec‘brmn p@saible in 1865 than two minutes, the chan@;e inr
- .}these factars is very. mall. s ST ‘
| A diseussicm of the factors affaeting abselut.e meas memss af

-iaotcpie abuwiances has 1ed to. the ‘enelusion thab vrith mangeti:c caxming

rar the 90° seeter-typa HAR 88 swctmmter, ‘the most aceurate meas“ ,emem'.s

are obtained.» Smimrly for absdlute maasuremants ﬁi?}h the lSO° mss

‘A spect;mmeﬁer, electrostatie scdnixing shéuld be useﬁ.

"1t has been proven that the dise.cepanéy discovemd 1:: the '

abundanee of krypton 80 was not due to meg .‘30 contamineti on eithar‘ .’m the

E mass »faﬁpeetsrometar tube or in zhs g,as aample itseh but rapresented &

real difference i’mm the value reported by Nmr in 1937. A caresful


http:caretl.li
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~examipation of the isci:opes of krypton has been made and the messured
isotopic¢ abundahces have been feund to agree wéll with those of __i@ié'r
‘V_'-exéept mass 80 as né‘te‘d. above. It was discovered that Nier ‘had-‘mc"le an
ermr in ealculating the abundanca of krypton 80 and trat by com-ecting
this error, the data of Hier and of the present investigation are in

' V'nloser agreanent.. In Table XIT is presented the average of the 90°

-

180° mags spect.remetar abundanee data for nomal krypmn, along with the

' corrected &ata ai‘ Hier.

TABLE XII

- Isotopie Gomposii;ion of Normal Krypton.

: Més’s Unit = ] "Presant Da‘ba (Average) A Hier’s Correeted Data ’

) Aton % . e htom %

8 032 0.346
82 o "1l.500 7 - ‘ 11.50
8l _ 57 02 ' 56.95

86 ' o 17.43 . 1743

From this table, the good _agreement hetvween Hier's corrected Valne and
:our abdﬁdanx-e dats Por Krypton 82, 83, 64, and 86 is evidant. _ ﬁowever.
in tha case e)f xrypton 78 and €0, a diserapancy of aheut one percent is
"qa_t-ed. ‘

o A c.‘areful _inveéti-gati on of the isotopes kof xenon t;és'~t;é§n mde.
It has 'beeni p_ointad di&‘it that the xenon isotopes éanﬁot be eampléte'iy
'rasalve‘d until the resolving power of the mass apeciromter is ii‘zciégsed
Sy reduci:ng’ the widﬁh}ef the first exit slit of the tubs. In ép-if&';e‘ of

the resolution difficdlty, the abundance measurements for xenon .o“b_ﬁained
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in the present inv eist;iga,tipna&e‘eﬁ remérka‘bly well (exeept _fd§ ‘fh_& -1?@8;3

aban&?ﬁtﬁ passes vmi“ph are most affeétéd by the resclution ‘erroxﬂ):f-v‘%;th the
data obtained with out 180° mass spec%ramﬁe’rﬂaziﬁ by Hiers ~!I‘hi:3""_:£:évfshewn
in the following ta?lec, o |

1

Isa.t;‘oi)i‘c Gomposition of Norzal Xenon.

Wass 00 Data 1807 Data Wier s ata
Unit - - Atom® - Atom% - o - Atom %

b3-7 A ' O.t»OQQ' g.095 = 0.09
128 - l.878 9T © 190
9 . 2632 2642 26.23
130 - 4,003 . ha053 k07
131 A.2, - 2hah. o270
i32 26.96 . . - 26,93 - S 26,96
13k . 1048 : 10.52 - - 0.54
136 | B9 - 893 | 8,95
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