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T-OTOPE~DILETTO! MASS SPECTROMETRY 1N THE MEASURE-
VOUT aF PRUTONTEM ISNTOPE HALF-LTVES

I'v », Abernathey 1d §. F, Mar:!', Analytical and
Tnetramental Chemlustrey Gronp, Los Alamos National
Liaratory, bos Alaros, N w Mexizo, HSA

Poovtapesdbint jon mass speet rometry has been nsad at Los
Abane s v aeeware the hatl- Fivern ol Y, ?"ol'n. and ¥ P,
The Fatser was dotevedned by wmeasar by the rate of davrecase
of 1. ta/c e rathe e oan appropriate hsotople mixture
aver o, crhod vt seweral yearss The half=livea of the two
Phe!tos Teoton noare too ey to be deterimined In thia maner,
Thew wes o deternhbied by reasaetng the rate of product lon of
Pl e o bai deiebter relatbve to a ko added 7' splka,
Lapos tental procediren were destpned to control sonvees of
errer bt permlt o a e taltel atat intfeal treatment which
Fact=2 U altl bnoan sonrevs af evvor mnl acconmted for all
cov.e e, The aneertabnt Bey at the 99572 cont Edence foved,
asee o with the mea ared halt-tives were tess than 0,472
o 0 and Feas than 0027 for "o oand 7 ",
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e b PRte valiess ot thes pIntonhi Feotopen are noee-
Cooedtrs o ey naetear weasmrements and calentat fomn neh an
vabari o rrie aeeevcy alpha spart Fele commt hag meanmnroment
ait b o conpeee o o platimbam luventortbes and veference
waberba-, Substant tal ditterenees have extatad In pablinhed
vabues tar pihntonhm bnotopes, o resolve some of these dise
crepaine ben, the Bivbston of Safopnarda and Seenrity, DK,
comvasned o Hatl cRbte Bva'aat ton Gammittee constat tupg ol six
tembeyr Taboprakortes,  The Comalttee avvad to re-ameasnre sev-
cral phatonium tsotope hatlb-Pives by as whde a varlety of
techintynen as poastble ta reduee the offect of techubgue ate -
pendent sestemat beoerrorva. The goal wan hali-Tife valnen



wizh a relative standard devintion of 0.1%Z. Initially, _three
techniques were to be used to mea-ure the half-life of Pipy,
Zach technique (alpha-particle counting, calorimetry, and mass
spectronetry) was to he uscd by at least two laboratori?ij

The renults of that initial effort have been published. It
15 the intent of this paper to describe the evalnation of the
1saotope-dilut lon mass spectroretry procoedures nsed at los
Alazos as a part of that effort and for the ?*‘Pu measurcaent,
and the different procedurc used for the 24 1py measurecaent,
laotope dilution mass spectrometry can be a very usaful quan-
tltativae analytical tool when it is properly applied. This
problen furnishes a clanslcal application and illustrates botk
the unlque advantages and many of the critical operations.

EXPERTVENTAL PLAN FOR 7“®pu HALF-LIFE NEASUREMELT

Thie same basile experinental L)I:m wias usoed for the half-
Hie ceasnreramnts of 2% aant #*%pu, This plan was estab-
11k sfcer a atatlstical cvalnat ton of atl step:s {avolved,
Lo i crme an appropr late distribmtiton of effore.

The fawhiozental decay conat bang in the Torn most nsefnd
for s eabealat tea,

(1) T b = enp - IO AU L)
Shao woch deear ol a e aiam proadnce:s an aton of Y,

WwoU 0 reaaned relative tooan Internal rvondard of 70
a2odd A Fovwn atom rat fo to the Inttial " fitn, the oqere-

tien ey
() . '-) :: ERN N BT ST B TTY G T 1 [

The expe ~Fental neasareneni.: to be controtber are (a)

(o 7)) o e peeamnraed by mas: apectroner ee () the
bt 0l auter of 00 ateses (¢) the Inbtbal eacher of 7 pPn
ates st G Sty HE the Inbtialb nranbes cortent of the pin-
tenéee. can be cade subFlebattby amatty 50 Coaa /0 00) ap=
provctes the final peasnred value, For decay thaes of a
verr o bagery the errvor b omeasare by toba syt heant In
tioe crer propagat o, The measnrements veqube by wreateast
care theen are the make=up vabloes NOq, and Ny, and the ratto
Voo N v meanurad by mass spectromet ry.,

Mg darenp Measnrement, STk osolut b were prepared
. T T
Srococene batei of 77 TP oxbde uned by all parthebpat by Tabo-
raterbes 2bth cheateal and Patople charactevizat b done by



fo$r ol the laboratories. Threc welghed portions were dis- 2)
solved in HT-1I3r and separated from uranium by lon exchange.
Welzhed aliguots of a calibrated 2%y solution were added to
two wiighed portlons of each of the threc purified plutonium
solu:jcny,_provldig§ six mixtures contulnin§ measured quanti-
tiex o7 °° Puoand *7°U. The quantltics of ??%U added werc
apprexizately equal to the apount of 236y expected to be pro-
duced bWy " Pn decay In one year.

B MaRemp Measnrement., A solntlon was prepared by
disac!leing 99,9964 entiched 2*'U304 1n nitric acld and cali-
bratic; Y nass spectrametry,  Callhratlon solutions were pre-
pared o welghed portlon: of NBS SRM 960 natural uraninm
meta! ot of a hilgh=-pur ity enriched uraninm metal that had
bowes teatvely characterizad at Ton Alamos,  Six welghed
alic s of each solntlon were combined with welghed aliquots
U U solation, and the twelve reﬂulling mixtures were
At b by i spectrometry to provide the 2 concentra-
tion ~v e Phe Qactors onter hng Into the calenlat fon of the
Coites cirosden ¢ the SRN-900 ealtbbrat fon solut fon are:

Ve iy Commted Goacentrat har of SEM 960 Cal thrat fon
et P ! Lo batedl Uneertalnty

P P Valnue 7RSH
. N CULEE Y e 0.0
. ‘rot bosal purlty 0,99+ 0,00
" ool enr Bebeent 09927 nepl,
PR oS THIY S HT'H h, 022 E2Y 0,000
M webaln 298, hhi ITCIN
A ©anitioay salbat ban 120 0.000%
' virat abbbar b al bpod 21, 0.030
» oo tiret dibnt bt carbat hag B0 0, 0004
", el diEnt Fon albignor 2 p 0.030
Yo crnepl dEEnt Fon solat hm 2oy, 0. 000"

vors ol b sodat fon Fod FTO avome/y 1, 046

Vi et robl o crror ts oansoebated with the delivery
aned welah by of the P-p ablgquota for dilntion, with a mmatter
connp et I the tnb i welghing, The factora enteriay Fato
the voloabal b of the make-np rat to Nooo/NSw are pleen In
Tahle Y,



Table TI. Varlables and Assigned Errors Affecting the
Yi1:/h3.4 ratio.

Variable Value Z RSD
N2.: (typical) ~ 1,9 K21 atoms 0.023
‘18 conc (SKM 960) ~ 1.4 F16 atonms/g 0.046
$*31 Cone (LA metal) ~ 1.2 E16 atoms/g 0.052
P2 cone (vs 238) 1.31473 K16 0.062
233 Cone (vs 235) 1.31495 F16 0.063
"1 cone (avy) 1.31484 K16 0.044
Noa /T ~ 9,6 E-5 0.049

Thie crrer assoclated with 0% 4 roesnlts froe abeat cqual con-
trihut bawi fros the nneertainty In the azssipned purclty of the
st ol vaterial and the welghing error. That ansoclated
with e U callbrating solutlon is skmilar to the 1llustra-
tlon for the S8 900 solutlon exeept for a larger aceertaluty
in £he ¢ Ladgned purity. The propapated values for the At
soluy ton inelade the assboned BAD of the two calibrat ng soln-
thons sl the randen error of the wass spectrosetrie neasure-
mends The szrecaent between the two valnes ia o gratblyling In
that i ol the miss wpectroo etry vlas world be edpected to
be apsc=depeintiont and braapght ont by the demass diVference {n
the saiPFaratton standard .

Mos Spectrometyys For tine mans spectronet rle nensare-
et or U ratie, the urandinm fractlon wiee sepavated by
fon lege from portions of eoach of the six midtures,  f'our
portics s of carn wepe analyied soon after mbxluy to provhle
the t7 wabned, At Fonre elapsed thmes froa 0,95 to 1,1 vr,
two povthbon. of cach of the slx solnt fonn were analesel for
the 17 ¢t oaat ey Thelr avermgpen provideml M sepurat e ealenla-
ttore of the hatb=1i'e. The pann spectermpeters el vere
AVC o hastrmeent s wskny i eheetrvon smbtipther deteetor as
a cmerent b her and operated ander cosapter contrel, The
progras seans cach peak mapoet teally mul Dueps to the next
ot The peal conter s bocated and wesemeesents troe the
centoy of the peak top are averspeds A neasuresen! soguence
conadste of nhee averpsi throngh the apectrim, Aton fractioun
arcv calenlated from carh comncent lve pale of swecps, gl ing
clpht eatentationn and an average ad Intevnal standaed dey i
thon,  Mans discrintuat lon of the syntom wan estald Fahoed by
miltiple analysen of NBS SRM U=500, Ty nncertainty aanoe -
ated whili the corrertion factor of 11,0004 per AWMU owan ent haa-
ted to be (.06A7 ) resnlt tng obont cequalby From the pandon



measuresent error and the stated uncertainty in the NBS
certified value., It should be noted that this error should
be largely nullifled through the use of thls factor for the
calihration of the 2% solutions as well as the grow-in
néanurensnts,

RESULTS OF ?*°Pu and ??7Pu HALF-LIFE MEASUREMENT

The wvalue of Hl.;,p and Lts assoclated standard deviation
were crtimated by a computation which included covariances.
The resulting value of Hlowsy Is 6574 yr, with a standard
deviat lan (mean) of 6.2 yr. The 957 confidence limits are
6374 + 12.8 yr. Valnes from the other memoer laboratories
arc wot yes available for corparlson,

This experimental plan I bastecally the same as that
et Far the aartler Hlaay measnrement,.  Onr valne of HLy g
wan eyt wr, with a standard deviation (mean) of 14 yr,
caluninred by the variame-=-covarbanee procedure,  Im comparl-
sty i ocnbe averaging yielded 24,162 yr, with a standard
decint b af the mean of 26 yre The resnles of the inter-
atwerrtory ffort arve glvea in Fahvde 1L,

Pt THE, Valnen af tine Hali=Life of 2770 Measnred
e e Naer Baboratorte s of tiee Hali-Liite Bvatonat Llon Com-

SRR

i Tetare Techa e Meamred L (yr)

Mt Galori-otry 24,101

L Calurizntry 24,102

.o ceparrt e be connt bng 24,112

ve=part be beoconnt g 24,124

Loy M spectromnet ry 24, 164

(I Mz spect ronetry 24,084

Y Mzt spectromet ry 24,119
Average 2,119t 20

HALV-LEYT SEANPREYERT OF 7" 'n

This vers direct experiaeat tuvolved the measmnrement of
the decreaad ot ol iy rdtat bve to Tony -1 tved i,
Frose Che Dbagentat decay oquat bony, = dN g /il Avar Niway
the vonpetat fowal retat fanship b HE - - (hll‘)(.".t)/In(k._/l{u)



in which R, and R, are the **!Pu/2*?Pu atom ratios at tines

- and t,. A single mixture of enriched 2*'Pu and 2“2?Pu iso-
sopes 171 strong hydrochloric acid was used in which the 2" lpyu/
**“?Pu ratio approached unity in 3 yaars. The 2“‘Pu/?"2pu
aton ratlos were measured on two portions of the nixture at
5 aad on four portions at each of thrce elapsad times of
2.5, 2.9 and 3.6 years. All mass spectrometric measurements
ware done on at least duplicate filament loadings of each
senmarated gortion within 2 days following lon-exchange sepa-
ratizn ¢f ““!An. The measured half-life value is 14.379 years
with a 95X confidence interval of 14.32 to 14.43 years.

DISCUSSION OF FACTORS AFFECTING ISOTOPE-DILUTION MASS
SPECTROMETRY

The determination of plutonium half lives by measuring
uraniun daughters 1llustrates the strength of the isotope-
dilvsion nass spectrometric technique. The uranlua daughter
iz devernined accurately in 10% times as much plutonium fol-
lowiny a chewnical scparation that nced not provide its quan-
titaric recovery. Various factors must be considered to
att:’n ilzh reliability, These include cheilcal treatment that
giaraiteea isntople exchange of sample and added (spike) iso-
topes, nae of splkes that arce callbrated accurately prefer-
b1y velative to primary referenee mnterials, and nass spec-
trensiric measurcacnts that are blas-lrec,  Fven the saall
wntert iany adsocinted with the certified value of priaary
rotevense materials ean be signifieant

*aflect ing ¢n our evperluents, neveral changes would
Lave tunroved neasurement rellability.  These Inelude more
Telscreneents at the tg tlnes, use ol more accurate M-

et sped technlques for dellivering welght alignats of solu-
tlon ., asud greater replicat ten of measnrements for those fac-
tors iabl contributed the larger uncertalnt bes,

- "~ e h a2
or the ""!pu half=1ifa measurement, both "7 Pn and 4%y

would he added Isotopes.  This would virtually elfnluate iso-

Lot fravtionat fon and wans dineriminat ton ua-ertatat tes,

1. Ww. &, Strohm, internat lonal Jounrnal of Appl "ed Radlation
and [sotopes 29, 481-487 (Aupgn:it 1978).,

2,8, 7, Marsh, lus Alamos Nat lonat Laboratory Report LA-83199
(gt 1980).



