


OUNT - =y L TR &
LA-UR -81-2886

TITLE: ISOTOPE-DTILUTION MASS SPECTROMETRY IN TIE MEASUREMENT OF

PLUTOLNIUM 1SOTOPE HALP-LIVES

AUTHOR(S)I Rohert M. Abernathey and S, Fredrie Marsh

SUBMITTED TO: 25th Conference on Analyvical Chemistry in Energy

Technolopy, Gatlinburg, TN, Ociober 6-8, 1981,

(v Ye publiched in Conference Procecdings)

N L TTY IV TP Y 1P PV I PR PR L U
[ IR TTIREICT I ORY B PO (PR R LITO T PRI [EPRU TN
g O T preen s e LT g Bt e e
L [CTRL I IS ALY R RCRE R TI PYT BN WU R LR N
"

[ T TR RN B L LT TINY 'Y I B PV B LACLER N L

ELTS I | BERRRT PR cue gwreheane o LI L |

' PECECTUNE WL & YRR B B BN TTEY I

University of Caiifornia

LOS ALAMOS SCIENTIFIC LABORATORY

Pust Othce Box 1663 Lou Alamos, New Maxico 87545
An Attrmative Action - Equal Opportumty Employer

e

[ L l
e S AL "L TR TR O Y

form No, Bln R
St Na 2600 DL PAN TR 1 L G Y

VMYt Al Y


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


THOTOPE-DILITTION MASS SPECTROMETRY 1N TIE MEASURE-
MIUT OF PLUTONTUM T1SOTOPE HALF=-1TVES

I*. ¥, Abcernathey and §. F. Mar:}, Analytical and
lTnstrnnental Chemistry Group, Los Alamos National
Liboaratory, Los Alamos, N w Mexlco, USA

Feotope-diint fon mass spectrometry has been used at Los
Alaza .t deastre the half- Vives of 7 'u, ?"ol'u, and “*lpu,
The lTatier was determined by wpeasuring the rate of decrease
of b, tal o oratlo in oan appropriate Isotople mlxture
over o, crfod ot several years, The half-1lves of the two
T ser baoton s are too 1oy to be determined in this manner,
Thew wes < doteritlned by peasering the rate of productlon of
the v tnng dasahter relatlve to a known added 7' splke,
Lapor tontal procedures were deafpned to control souvees of
error 1 to pernlt a dotalbed atat lat leal treatment which
facte! P all Bnogn sources of error amd accounted for all
cov.ra e, The uneertalnt fes) at the 9952 conf ldence toved,
asee Lol wlth the mea ared half-dives were less than 0,47
tor 7 and Teas than 0,272 for ¥ Mo and 2" "ra.

Praen oy

e T e values of the plutonium fsotopen are nee-
ot ot many nuelear neasurementys and caleulat fons naeh as
calori. crrie g, alplucpart lele count Ing measuroment
W ded s conree lons of plutondnm inventorles and refervace
mater b, Substant lal ditrerences have extsted fn published
valnes tor plutontum fsotopes. o resolve some of these dig-
crepancies, the Divislon of Safcpuards and Security, DOk,
convened o Halt Llte Pvad'satlon Commlittee conslat tng of six
pember Taboratorfes. The Comafttee aeeod Lo recmeanure gev-
cral platontum fsotope half-Tlves by as wide a varlety of
techulgues as poustble to reduee the ¢ffect of techonlque de-
pendent systemat e errors, The poal wan halt--1ife valuen



wizh a relative standard devi-tion of 0.1%Z. Initially, tlhree
techniques were to be used to measure the half-life of py.
Zach technique (alpha-particle counting, calorimetry, and nass
spectronetry) was to be usced by at least two 1aborator1?iJ

The results of that initial effort have been published. It
15 the intent of this paper to describe the evaluation of the
1sotope-dilut lon mass spectroretry procoedures used at los
Alazas as a part of that effort and for the ?*‘Pu measurcaent,
and the different procedure used for the 24 1py measureaent.
Isotope dilution maus spectrometry can he a very useful quan-
titative analytical tool when it is properly applied. This
problen furnishes a classical appl leation and illustrates botk
the unique advantages and many of the critical operatlons.

LXPERIMENTAL PLAN FOR 7" %pu HALF-LIFE MEASUREMENT

The same basic experlmental L)l.'m was usced for the half-
Hiw seasvrenents of 2?20 aad **Ppu. This plan was estab-
115327 wfrter a atatistical evaluat lon of all st.pe davelved,
to oincire an approprlate distribution of effore.

The fundarsental decay enation, in the forn most uscful
for 150w ealeatation, i

(1) RN exp - [In(M a0
Shine wovh devar of o 2% Tpy atom produces an aton of 2V,

woU o 0 meamned relative to oan Internal scandard of 70
adicd oa rrnown atom ratlo to the Inliial " 7tu, the ogiene

Lo Yooy

e () () e e

The exp = fental peasurenenic to be controlled are (a)

(% - /% +) to be measured by mas: spoctronet ey () the
fntstal auhor of Y atems () the fnltial pacher of SRR
atvs and () St 1 the Inft bl uranbun cortent of the plu-
tenieean be cade suffielently amall, S (e /0 08) ap-
procetes the final peasared value, For o decay tiaes of a
vear o bonger, the error (o meaaring “t s Insdpalfleant o
the error propgyithone The measnvements requieing sreatest
care then are the sake=up valoes NGy, and Ny 0, and the ratlo
V.o N, o measurved by mass spectromet ry.,

Niwo_takeup Measurement. S1x solut fonn were prepared
from one bateh of 7 Py oxde uned by all partieipat Dy labo-
raterfes with chenfeal and Taotople charactertzation done by



fo$r oI the laboratories. Threc weighed portions were dis- 2)
s0lved in UF-i3r and separated from uranium by ion exchange.
Wedzhed aliquots of a calibrated 2%y solution were added to
two wiighed portions of each of the threc purified plutonium
solu:icns._provldig§ six mixtures cunLnlnin§ measured quanti-
tics 5% " Pu and “*°C. The quantlitics of 13y added werc
approxizately equal to the arount of 2%y expected to be pro-
duced by "7 Pu decay In one year.

S MaRemp Measurement. A solution was preparced by
dis=clving 99.996/ enriched 211U30& in nltric acld and cali-

brazir Hv nass spectrometry. Calibration solutions were pre-
pared irom weighed portlons of NBS SKM 960 natural uranium
neta! Wl of a high-purlty enriched uranium metal that had
bovs: cxtensively characterized at Los Alamos. Six welghed
alic -ats af each solutlon were combined with weighed aliquots
o .- 0T selation, and the twelve ro.:;ul.lim,-, mixtures were
anc st he s spectroaetry to provide the * VU concentra-
Lio, oo T Tactors enter ing Into the caleulat lon of the

coten ctratien ¢f the SUM-900 ¢allbrat{fon solution are;

Ve i Computed Coacentrat ton of SBM 960 Callbratlon
ettt P and Sasoc fated Uneertalnty

Leril Value 7ZRSDh
Y Coonrteet) el Do 0.015
v “ractional purity 0.999+ 0.009
v ot enrlehraent 0.9927% nepl.
U L P N S H 022 E23 0.000"
A owel et 278.0N1 nepl.
Y - oanitial solatton 120 0.000%
v coriest dEatbon al fgquot 2, 0.030
Yoooe tirat dhatbon selat fon 120 0. 0004
vooe el dilut foa aliguot 2 g 0.0730
Yo ol d It fon solat T 120y, 0.000%

oo ool tingl solat Ton 1.4 K10 atoms/y 0,040

The cont ralling crror bs oansociated with the dellivery
Satog of the ?-p aliquota for dilution, with a smaller
corponest In the dnloiad welghing. The factors eatering Iato
the caloalat ton of the make-up rvatlo No o /NSy are pleen In
Table 11,
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Table TI. Varlables and Assigned Errors Aifecting the
N:z1:/N3. 4 ratio.

Variable Value Z RSD
N2u: (typical) ~ 1.9 E21 atoms 0.023
“18; cone (SR 960) ~ 1.4 E16 atoms/g 0.046
2%351 cone (LA nmetal) ~ 1.2 E16 atoma/g 0.052
‘7 cone (vs 238) 1.31473 E16 0.062
233 Cone (vs 235) 1.31495 El16 0.063
“*'L cone (avgy) 1.31484 E16 0.044
N N -~ 9.6 E=5 0.049

The aveor assocltated wieh 5%, 5 results froom abeut equal con-
tribut bous from the uncertainty In the assipned purlity of the
starclng, !_'..'_:tc:rial and the woelghing crror.  That associated
with t%e * U ealllbrating solutlon is similar to the illustra-
tlon for the S®Y 9600 solution except for a larger uncertalnty
in e ¢ aigned purity.  The propagated values for the A
solurton inelade the assiared PSD of the two calibrating solu-
tlons sad the randen error of the wass spectronetrle neasure-
nent. The agreetaent between the two values in aratfiying in
that =t of the mass spectros etry blas would be expected to
by apss=dependent and brought out by the 3-mass difference In
the saithratlon standard .

Yivan Spectrometry. For the mans spectronet rilc measire-
peat o TU T ratioy the uraniom fractlon wie separated by
fon vrelimge from portions of each of the slx riktures.  jour
portica: of cacn were analyaed soon after mislny to provide
the £ waluess At four elapsed times froa 0,95 to 1.1 yr,

two jporction. of each of the six solut fony were analveed for
e v 0" rat toe Thedr averayes provided % separate ealeula-
tior: of the half=11fe.  The pana spectrometers used vere

AVC T on Tt rusment s wsing o electron sunltiplfer detector as
aocurrens el fer and operated under conputer contrel. The
progras seans cach peak mappet feally and baps to the next
prate The peak center Is located and measuresents troe the
conty - oof the peak top are aversped. A neasuresent seguence
coandats of nine aveeps through the spectrum, Aton fractlons
arc caleulated froa cach consceut ive pale of sweops, glvoing
elpht caleulationa and an averapge and tnternal atanmdard deyis-
tion.  Mins discrimiunat fon of the system wan establ fshed by
multiple analysen of NBS SRM U=500.  The uncertainty asuaoce |-
ated with the correction factor of 1.0024 pepr AMU wan estina-
ted to be 0.064A7 ) resulting about cqually from the pandon



nea jurcsent error and the stated uncertainty in the NBS
certified value. It should be noted that this error should
be largely nulliflied through the ude of this factor for the
callbration of the 2% solutions as well as the grow-in
neasureaents.

R=SULTS OF ?*%Pu and ??7Pu HALF-LIFE MEASUREMENT

The value of Hl.;,9 and its assoclated standard deviatlon
were cstimated by a computation whlch included covariances.,
The resulting value of Hlpuy 1s 6574 yr, with a standard
devist lon (mean) of 6.2 yr. The 957 confidence limits are
6374 + 12.8 yr. Values from the other memver laboratories
ar' not yel available for comparison.

This experfmental plan Is baslcally the same as that
it far the earlier B3y measurement. Our value of HLpyq
wan S, 1AL vr, with a standard deviatlon (mean) of 14 yr,
calouioted by the variinme-covarfance procedure. Im comparl-
sott, 30 onle averaging yielded 24,162 yr, with a standard
doint Laoof the mean of 2.6 yr.  The resules of the Inter-

Tabepstor~ offort are glven 1n Table 11T,
. 1)

Pl TIT. Values of tine Half=L1fe of ?7'"u Measured

he v by Laboratorles of the Halr-1Le Evaluat lon Com-
il

i etare Tochalque Measured HIL (yr)
Mo Calori-otry 24,101
1L Calorimetry 24,102
N cepartiele count ing 26,112
ce-partlele count Ing 24,124
1.s- Misn spectrometry 24, 164
1! Miass spoectrometry 24,081
Wi M npectromet ey 24,1710

Averapge 20,119 1 26

HALU=L IV MEASERIRENT OF " '

This very direet uxu:-ll'lun-nl fuvolved the |||u.'|mn'(-|'m'|;}t of
e deereased amonnt of 7 P rclat ve to long=1lved “* 7 Pu,
Fron the fandamental deeay equat fon, - dN .y i Aoy Nong,
the conpetat fonal relat fonstidp s 1L - (|||Z')(.".l)/lu(R._/Ru)



in which R; and R, are the 2%1py/2%2py atom ratios at tines

= and t,. A single mixture of enriched 2*'Pu and 2“?Pu iso-
copes 11 strong hydrochloric acid was used in which the 2*lpu/
“**?u ratio approached unity in 3 yaars. The 2“‘Pu/?"2pu
aton ratlos were nmeasured on two portions of the nixture at
ts and 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
separated gortion within 2 days following lon-exchange sepa-
raticzn ¢f ““'Am. The measured half-life value is 14.379 years
with a 95% 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 illustrates the atrength of the isotope-
dilv-ion nass spectromeiric technique. The uranlua daughter
12 deternined accurately in 10° times as much plutonfum fol-
lowing a chemical scparation that nced not provide its quan-
titaric recovery. Various factors must be considered to
atti:'n ilzh reliability., These include cheirleal treatment chat
guarahtves isotopie exchange of sample and added (spike) iso-
topes, use of splkes that are callbrated accurately prefer-
abiy velative to primary reference nmaterials, and nass spec-
trenciric neasurcaents that are blas-frec.  Fven the saall
wneertdany adsociated with the certificed value of priaary
radcrese materlala ean be signifleant .

»aflect ing ¢n our evperlaents, several changes would
Lave fuproved neasurement rellability,  These include more
Telscrohents at the ty tines, use of more accurate NN
duve aped technlques for delivering welphit aligquats of solu-
tlon .. and greater rveplicat lon of measurements for thode fac-
tors ot contrlbuted the larger uncertaint fes.

“or the “"'pu half=11fe neasurement, both ¥~ pu and ?*?py
would he added [sotopes,  This would virtually ellnlnate iso-
topis Tractionatlon and nass digeriminat lon un-ertaiat les,

1. W. we Strolim, internat fonal Journal of Appl "ed Radlation
and laotopes 29, 481-487 (Aupgnst 1978).

S. ®. Marsh, los Alamos Nat lonal Laboratory Report LA-8799
(anst 1980) .,



