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THE SPECIFIC ACTIVITY AND RALF-LIFE
OF VARIOUS ISOTOPES OF PLUTONIIM
T Jdnes*caswell Wallmann -~
Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California

ABSTRACT

Accurate specific alpha activity measurements have been carried

. out on several samples of plutonium containing various proportions _

ofwPu238,‘Pu239, Pu240, Pu?Al;,and Pu242. The last two isotopes
were present to a significant extenf in only one-of fhe samples

examined The spe01fic activity figures have been combined with mass

: analys1s and alpha pulse analysis data on the same materials to

obtain values for the specific activities of the isotopes_Pn239 and
Pu240. Based}on thehwork'reported.here, the specific activities_of
these isotopes (in terms of\ceunts per ninute per microgram at

52 percent counting yield) are 70,880 and 255,400 respectively.

These figures correspond to half-lives of 24,360 years and 6,760 years,}

It is believed that the error in these values cannot exceed 0.4 percent.



~ of the pu40 half-life if the specific activity of Pu

THE SPECIFIC ACTIVITY ARD HALF-LIFE
OF VARIOUS ISOTOPES OF PLUTONIUM

James Caswell Wallmann
Radiatlon Laboratory and Department of Ghemlstry
University of Callfornla, Berkeley, Callfornla

INTRODUCTION

‘Eleven isotopes of element 94, plutonium, are known: they

are all radicactive with half-lives varying from 26 minutes up

to 5x 105 years. The nuclides'normally avaiiable ih gfeétest
quantity are those of mass 239 and mass 240, both alpha particle
emitters. 'Plutonium 239 is prodﬁéed in uranium chain reactors by

the reactlon sequence: U238(n Y)UQ39__E:__> Np239__if;5?-Pu239
23.5m - .33

further neutron jrradiation of Pu?39 results in an n,Y reaction
creating_Pu24°.' Deteétable quantities of the masses 241-243 are
prcduced by additional'néutron céptﬁreéiﬁhen neutroﬁ irradiation'
is continued for a sufficiently long time, |

The half-life of Pu239 éan be determined most accurately by
means of a specific'activity measufement; the nmumber of alpha parti-
cle disintegfatibns per unit time gnd unit mass of material is de~

termined and this figure utilized for calculating the half-life.

Measurement of the speéific activity for Pﬁ240 is complicated by

the fact that the nuclide does not exist 1sotoplcally'pure, as does
Pv239' in addltlon to the number of dlSlntegratlons per unlt time

and mags for the sample, the relative isotopic abundances of all the
plutonium 1sotopes present must be known. These data alloﬁ calculation

239 is known.,
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‘The first accurate value for the half-life of Pu39 was obtained
by Qunningham and Werngrllwho weighed microgram guantities of pure
plutonium dioxide andvcounted the alpha particles from the material,

obtaining a half-life of 24,300 years, The limiting factor in these

iné,_but rather the unéertaihty in the alpha counting yield ef the
éounting instrﬁmentso ‘Westrum, Hindman, and _Gree‘nlee‘2 in a redeter-
minatiénvof the PuR39 half-life weighed plutonium metal, plutonium tri-
éhloride, and plutonium tribromide. A specific disintegration rate
of 13@,060 + 400 disintegrations/min/ug, corresponding'to a half-life
of 245400 * 70 Yegrs, was obtained. Farwell, Roberts, Spane, and
Wah1? ‘also determined the half-life to be 24,400 years. The rate of
energy production of a 120 gram sphere of PuR39 meaéured calorimetri~
cally by tﬁe\comparison_of the rate of evaporation of 1iquid nitrogen
by the sphere and by the input of electrical energy was found by
Jones and-spOutﬁ to be 1,923 (ivl percent) abso1ute waj:ts/gm° Combining
this value with fhe disintegrafion enefgy of the alpha decay, 5.23 mev,
tﬁe—half—life with respect to alpha emlssion was calculated to be
24,110 + 240 years. |

The value 6240 t 120 years for the half-life of Pu40 was obtained
in early experimeﬁts by Westrum, et glogz as a result of.the direct

comparison of specific activity and isotopic abundance measurements,

on several samples of plutonium which had received intense neutron

-irradiations. Another value for the Pu40 halfilife has more recently

been_reported by Inghram, Hess, Fields, and Pylé:5 6580 + 40 years.

This measurement was made by observing the rate of growth of the uranium
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daughters U235 and U23§ from a plutonium sample containing Pu239vandz

Pu24o and used 24 5410 years as the half-life of'Pu.239°
~ While the existing data regarding the half-life of Pu0 show dis-
grepangies greater than the estimated probable errors involved, an even '

more-sighificant fact is noted if the specific acfivity of Pu40 is

.correlated with increasing time of exposure of Pu239 to neutron irradia-

tion,; i.e.y with increasing percentage of Pu?AO_in the material.

‘Gunniﬁgham, Thompson; and Ghiorso® determined the specific alpha

activity of a highly irradiated sample of plutonium which contained
34 gtom percent Puon and concluded on the basis of their measurement
and earliervmeasurements on different material by Westrum? that the

observed specific activities and mass abundance ratios of the samples

were not consistent with a tonstant specific activity for_Pu24Oo The

data are presented in Table 1.

Table 1

Apparent specific activity of Pu0 in various samples of
neutron irradiated plutonium assuming a constant specific
activity of Pu39 = 70,700 c/ﬁyhgo

Pu23§7 puR40 | Pu238 ’ Observed sbo Pu24o sp. act:*
(atom percent) (% by activity) act, e/mfsg# c/m/rg
99.98 0,02 - 70,798 —
98,65 1.30 0,51 40123 . ' 204,,900
98,08  1.82 0,72 75,124 283,300
95,37 | 4ok3 negligible 80,064 285,300
92,76  6.86 0.2 8,634 | 277,700
58.1 . 34,0 83 14,0,000f 254,800

*assumlng a constant specific activity of 70 700 c/m/ug for P’u.239
**at 2 percent counting yield
fPu and Puf4R contrlbute ~300 ¢/m/ug of sample
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The devnatlons shown are con31stent in that the apparent spe01f1c
actlvity cf Pu24® decreases regularly wlth increas1ng abundance of the

nucllde. Any of several possible suggestlons could explain the dls~

,crepancy._ If the value for the speclfic activ1ty of Pu239 is in error

_ and low by 1 percent a more consistent value for the specific aqthnty

of Pu?AO could be assigned. However, such a conclusion would necesai-
tate a831gn1ng what appear to be unreasonably large errors in the deter~
mination of the spec1fic actIV1ty of essentially isotopically pure Pu239
) The apparent speclflc activity of Pu240 in material of relatively
low Pu240 abundance is an extremely sensitive function of both the ob-
served specific activity of the sample and the specific activity of Pu23?

thus if the observed counts/min/ug for any material of low PutO content

‘were in error by only a few tenths of one percent, the supposed increase

of half-life of Pu?40 would be experimentally baseless.
An alternate suggestion is that the effect is a true one and the

specific alpha activity of either or both of the nuclides,Bu239nand

?n240 is not constant but changes with neutrdn irrediation due to the

formation of a excited isomeric state or states. Such a possibility is

- of sufficient importance to warrent further experimentation. The data

onvuhich the preceding discussion is based are the resnlt of the efforts
of_sevaral.teams of workers using different techniques and counting in-
struments and mass spectrographs; a more internally consistent set of
data should be obtained by meking all the necessary_determinations for
several'aanples 6f plutonium at one laboratory. Such a series of speci-
fic activity determinations has been carried out using plutoniumtrifluo-

ride and the compound uaiéhedo
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EXPERIMENTAL PROCEDURE AND APPARATUS

3eforersuccessful épecific activity dete;minations were made with
plutonium trifluoride, plutonium metal had been used for the determina-
tifmso The metal proved unsatisfactbry for the purpose because the
pieqes of metal did not always dissolve completely; veried conditions
of solution were tried but often microgram quantities of material did
th dissolve regardless of the gcids used or speed of solution of the
metal., An additional problem arose when the metal was examined spectro-
graphically for impurities; the percentage of impurity, often béryllium,
was difficult to reﬁuce to less than 0,1 - 0,2 percent, In the light |
of subseéuent impurity difficulﬁies with PuFB'ihis problem does not
séem insurmountable, but at that time the impurity corrections_appeared .
large. Plutonium metal was made Ey‘reducing PuF,, with barium metal in
vacuum at high temperatures. Beryllia crucibles of the type described
by,Fried andvDavidson7 were used with a tungsten coil.furnace for
heating the assembly to aboub 1250°C. Over twice as many specific -
activity determinations were made with the ﬁetal as with the trifluoride
before it was decided to use PuF3s -all these metal results were 1 = 2 pér~
cent below the specific activity figures ultimately determined with
PuFB and this is of course to be expected if not all the weighed
material dissolves.

The specific‘alpha activity of four differentvsamples of plutonium
has been determined using the followihg procedure: the mass of a pluton-

ium(III) compéund ofAknown purity and isotopic composition was measured,

all of the compOund was dissolved in a known weight of solutioﬁ, and

weighed aliquots of this solution were plated on platinum plates and
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counigd in.an alpha particle countgrﬂof known counting yield. For the.

purposes-of'a more detailed discussion this procedure will be separated

into seven units of censideration.

Isotopic Composition of the Material

The reigtive abundances of the masses present in each plutonium
§ample were determined in a singie focﬁssing mass spectrograph utiliz--
ing a thermal sou:ce.v-Inghram and Héss at the Argonne National Labora-
@o:y determined8 the abundance ratios in one Samplé of high puR40 éon—_
tent as avcﬁeck on thé accuracy of the values measured in this labora-
tory. A summary of the mass analyses and estimated errors is presented
in Tablé 3.

"The presence of isotopes other than those found by mass analysis -

wag .detected by_alpha pﬁlse analysis of each sample. Such analysis

~ revealed the percentage of the total plutonium alphas emitted having

the 5.51 mev energy ofPu.z38 alpha particles., The uncertainty in this

determination was of the order of 0.2 percent.

Prepéraﬁion of the Plutonium Compéﬁnd
Sﬁéck solutioné of four samples of plutonium were available in the
laboratory. These solutions were submitted for spectroscopic examina— '
tion and‘féund to contain no impurities wﬁich would not be removed by
precipitation §fvp1utonium peroxide. Gonsequegtly,vin each case a plu-
tdniuﬁ nitrate solution containihg abouﬁ 5 - 10 mg of plutonium was 

treated with 30 percent hydrogen peroxide to precipitate plutonium per-

oxide, Optimum conditions for the precipitation of the olive green

plutonium peroxide were final acidities of 1 - 3 M and 5 percent final



perqxide goneentpation: thege conditions agree with those stated by
gpnpinghamf9_ Tuo washes qf the pfecipitate in 1?5 g,HGl were followed
py dissolution of the precipitate by heating in concentratéd HC1 in

phe presence of a plétinum wire. From this solution, after dilution
and then centrifugafion to remove any insoluble impﬁrities, plutonium
pgroéide was égain precipitated and washed twice with dilute hydrochiorm
ic acid. Diséolution’of the precipitate‘was répeated under the séﬁe

gonditions‘used previcusly., The diluted and centrifuged solution was

. then transferred to an HF resistant lusteroid cone and gaseous nitro-

gen bubbled throughvthe solution to Temove any oxygen gas. This and

all subsequent operations were carried out in a nitrogen atmosphere,

After the solution was treated with nitrégen, gaseous sulfur dioxide

was bubbled through the solution for a minimum of‘20 minutes to inéure
ﬁhe complete reduction of plutonium(IV) to plutonium(III). While sul-
fur diqxide was still bubbling through the plutdnium(III) solutioﬁ,_
several drops of hydrofluoric acid were added to precipitate pluton-
ium trifluorideo A lavender precipitate appeared immediatély upon
adding the hydrofluoric acid; sulfur_dioxide treatment was continued
for an additional period of 15 minutes and then the cone wasiséaledfhkgh}
"p;rafilm"land the solution centrifﬁgedé The plutonium trifluoride was
washed twice with distilled water: sulfur dioxide was bubbled through
each wash solution for 3 - 5 minutes. After the second washing, the
precipitate was slurried with distilled water onto a platinum filter;
Wéshing was continuedeith‘2 - 4 ml each of distilled water, absolute

methanol, and diethyl ether in that order, the platinum filter béing

held in & suctionvflask.
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Only in the case of the plutonium sample designated "12B" did the
ppeéaration of plutonium triflvoride differ from that outlined above,
There was less_than 500 pg of sample ®12B%" available and instead éf
being transferred to the plétinum filter, the trifluoride was washed
with alcohol and ether in a pyrex centrifuge cone,

| The plutonium trifluoride which‘was prepared by the method outlined
proved ideal for specific écfivity measurements, It dissolved within
15.minutesbin dilute nitric acid with oﬁly gentle‘heating necéssaryo

Every portion before weighing and disselution was heated in vacuum,

L1l x 10‘§ mm Hg, (as detected by an RCA 1949 ion gauge tube) at 200°C

or 300°C for 30 minutes in a vacuum apparatus of the type described by
Lohr:10 that this‘treatment completelyvremoved easily volatilized im-
purities is shown by the fact that a 1.2 mg sample of plutonium tri-
fluoride lost only an addition 0,19 pg in weight upon beiﬁg heatéd at
3000C éfter an original treatment at 2009C, Fach of the four sepafate
blutonium'trifluoride preparations lost weight upon heating in vacuum,
The loss in weight of representative samples of each.preparation is

shown in Table‘2.

Table 2

Loss in Weight of PuF; Samples

Freparation " Loss in weight on heéting
R in vacuum (%)

T 3

c 2,21

HC 3.65

12B : 3.22
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| It is not toibe expected that the loss in weight in each prem.
paration would be the same since the quantity_qf material prepared -
was not equal in each case,Fthe‘amount of washing on the platinum
sﬁction filter was not the same, and in the preparation of "iZB"_the
actual method of washing was different.

In additipn to the precaﬁtionsvtaken to prevent oxidation of
plutonium(III) to plutonium(IV), e.g., exclusion of oxygen from the
plutonium solutioﬁsg there is other evidence to indicate that plu«:
tonium trifluoride was the precipitated c_ompoundo A sample of "C"
preparation of plutonium trifluoride was submitted for x-ray iden~
tification after heating the material in vacuums fhé erystal struc-
ture was hexagonal and the lattice constants were_fouﬁd to be in
agreement wifh the published data of Zachariasen. t*12 The color
of the plutonium trifiuqride was lavender, and showed no traces of
any inhomogéziity°

A1l four plutonivm trifluoride preparations were submitted for

spectrographic analysis for impurities after having been heated in

,bvacuﬁmo The analyses were made with a Baird Eagle Mount Spectro-

~ graph: results of the spectrégraphic analyses are presented later

in this paper.
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The Mass of Material Dissolved

The mass of plutonium trifluoride dissolved for each indepen-

dent specific activity measurement was determined by weighing the PuFé

;n a cqne on a quartz torsion fiber micropglance, The balance used~
was designed by the Ryerson Instrﬁment Shqp, University of Chicago,
and is a moaification of the tyﬁe described by Kirk, Craig, Gullberg,
and Boyer,13 The essential features of the balance may be seen in
Figure 1, The beam is éonstructed of fine quartz fibers and is"
fused to a torsion fiber perpendicular to the beam. The rear of the
torsion fiber (to the right in Figure 1) is fused to a quartz bow.

The front of the torsion fiber is mounted on the axis of the torsion .

. wheel which is calibrated in arbitrary units, Just visible in Figure 1

are the hangdown flbers which hang from the ends of the beam down
into the pan wells and which are prov1ded with small hooks on the ends
from whlch a cone or counterweights can be suspended. Addition of |
weight to onelside of the balance is compensated for by rotation\of
the torsion wheel, An optical system similar to that of a compari-
son micréscope fécuses,on portions of a fine index fiber; which is
above and parallel to the beam, and projects the images oh a ground
glass screen oﬁ the two éideS'of a split field, The nuli point is
found by bringing the two index fiber images into apposition,

The inner balance case is enclosed by two additional covers, the
outermost of which is visible in FigureIZ. At the left in Figure 2
are the ground glass screen with a telescoﬁe'mounted in the cenﬁer for

reading the scale and vernier on the torsion wheel, The three controls
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apdrgaplgg pperate the torsion wheel,'opfical‘system and be,am_arree;t°
éhown fitted to the side port of the outer céée is ﬁhe lucite trans-
fer box used.for loading and unloading radioactive s'amplés° Figure 3
is a closeup of the lucité’transfer box showiﬁg one of the loader
fittings on the end of the probe. The loadér fitting actually used
for the PuEB-weighings was_a‘length of copper tubing bent vertically
at the end,fand of propér size to accbmédate the sample cone.

‘The.sample.cones themselves were méde of thin-walled quartz tubes,
sealed at one-end and with a small quaitz hook fused to thexepposite
end, A typlcdl tube we1ghed 2=~5 ng, was 7 mm-in length and had an
inside diameter of ~1 mm,

Two methods were used to calibrate the balancéé Twov2,mg weights
Standardized by'the_National Bureau of Standards were weighed airectly
on the microbé.lanceo The true mass of these weights was known to
0.05 percent and the factors obtained were 0.3536 and 0.3535ug/division -
Qf the torsion wheel scale. A second calibration was made by weighing
five platinum wires together on an Ainsworth knife-edge microbalance;
‘and then ‘weighing each wire separately on the torsion mlcrobalance, the

- factor obtalned also with an accuracy of 0.05 percent, was 0,3534 ug/di-
vis@oﬁ, ‘The balance factor used for all weighings was 0.3535 pg/divi-

. sion, an average of the three calibrations.

-

Dissolution of the PuF3
After the plutonium trifluoride was weighed on the microbalance in
a quartz cone, it was removed with the transfer box manipulator pictured

in,Figure‘B, placed in a 10 ml flask and the fl&sk plué contents were
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Veighédo Then by turning the flask on its side all of the pieces of
triflﬁoride could be made to‘fall gut of the_widemmouthedjweighing cone;
enough 4 M Hp80;, = 2Jg‘HN03 solution was then added so.that the pluton-
um when‘disgélveg had a concentration of about 17 pg/lOO}'of solutign
(qne lambda - 10”6 liter). Dissolution of the material_occurred in
IQSS'ﬁhan 20 minutes time when the flask was placed}under a heat lémp°
After the plutonium triflﬁoride had dissolved and the flask had cooled

the solution was thoroughly shaken, care being taken to prevent liquid

 from wetting the ground glass.sﬁopper and thus exposing the solution

to evaporation losses., The flask and selution werevthen_Weighed, A1l
weighings of the‘empty flask or flask plus contents were performed on
an American Balancé CGorporation éhainomatic_analytical balance with a

load capacity of 200 g and sensitivity of about 0.03 mg.- This pair of

. weighings determined the weight of solution containing a known quantity

of plutonium.,

Gomplete dissolution of the plutonium trifluoride appeared to take
place, for centrifugation of the solution showed no residue. AAfter
several flasks had remained undistufbed for about five ﬁeeks they weré
empties of theif contents and ehequd for absorbed radioaciivity:

none was detected,

:Plating of Sbluﬁion Aligquots
The solution added to the plutonium trifluoride was 4 M H2804 -
2 M HNO3. A 100 X aliquot of this solution'after dissoiution of the
PuF'z, gzgo, was delivered by micrépipette to a platinum plate cohtained

in a light dish with removable cover. This system was weighed both
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pgfqre and aftervdelivering the aliguot on the: American Balance_Gor~
- poration gnﬁlyt;cal baignce used for weighing the f}ask and'cgntehts{
Care was taken to pipette the_solutiqn quickly so that the time of ex-
pésure to aif was only about 20 seconds. Under these conditionS'the
need of corrections for evaporation losses was elimiﬂated since presence
of the_éulfuric acid reduced the partial pressure of the water: e.g.,
one huhdred lambdas of a typical‘solution exposed to the air for 5 min-
utes showed a gain'in‘weight of 50 ug,v A similar technique has Been
- described by Westrumol4 |

Aliquots delivered in this way were évaporated to dryﬁess in an
induction heater and flamed to eiiminate any volatile residues. Un~
flamed plates had a counting rate 1 -~ 5 percent below the rate observed

after flaming.

Low Geometry Counter
A vacuum low geometry chamber, of the type discussed by Jaffey,l5
and a Higinbotham scaling circuit were used to count the alpha parti-

cles emitted from the known quantity of plutonium on the platinum plate.

The equation used for calculating the geometry factor of the chamber was

2 Gal
the following: 497 4 3 + 32; - a + gﬂéw:;ﬁg = geom, factor to give
h? h*  4hRd? 4d 52% counting yield

where>a .radius of the sample

.h = radiué of the collimator

d distance from sample to collimator. ‘
The geometry factor of the chamber actually used wes ~686, i.e., the
geometry féctor_times the observed counting rate equals 52 percent of

the total disintegrations.
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A»low geometfy_chamber was chosen for the measurementvof the alpha-
particle activity on‘tﬁeAplates because backscattering and coincidence
1osées become negligible, ;,g; the alphé counting yield (ratio of counts
to disintegrations) is known accurately. This quantity is peeded to
kgonVert‘thé observed alpha particle counting rate of the plates to
.the absolute alpha disintegration rate..‘Cuhningham, Ghiorso, and Hind-
gaplé noted that in a parallel-plate ionization chamber the alpha par-
tiélé counting yield may bé greater than 50 percent dueito backscatter--
ing of Some of the ﬁarticleé from the sample hount, Thé caléulations
' vof'Crawférdl7 indicate that normal to the surface of the plate there
‘ are virtually,no backscattered particles and with the collimating

aperture in a low geometry chamber normal to ﬁhg plane of the sample
mount, ﬁhe counting yield is identiéal to the geometry and can be
caleulated by geometrical measurements, _

The dimensions of the chamber were determined by the Raaiation |
Laboratory machine shop when the chamber was constructed and were sub-
éeguently checked in the laboratory by the use of é Gaertner cathéto—

‘meter. - The prébable error in the geometry measurement of the chamber

is <0.1l pércent.

Gounting of the Plates
In‘the agtual couﬁting of the plutonium alpha_particies several
factors must be considered: statistical aécuracy of the counts taken,
self-absorption of the‘samplé, backscattering, coincidence corrections,
béckground correction, and detefminaﬁién of the plateau; Jaffey, Kohman,

- and Crawfordl8 offer a discussion of most of these facto;s.
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) Determingtionvof the plateau of the counter was accémplished‘byr-
cogntingva’very radicactive sample for short periods. The proper gain
| setting to use ﬁo‘minimize_any effects due to line voltage fluctuations
was ﬁhus made evident.,

The coﬁnting_of an unknown number of backscatteredvalpha.parti—
cles was avoided by using a low geometry chamber,.as mentioned in the
preceding section. Determination of thé coincidence correction by.
counting paired plates showed it to be <0.1 percent at the counting
rates used. | |

,Selfnabsorption‘was avoided by.plating small enough quantities of
pluténium so that even if some pile-up of the materiai did occur, self-
absorption would be <<Q,l percent, In several cases piates were made
with twice as much»material on them as other plates from the same soiup
tion haa been given: no discrepancy in the counting rates was obsérved
which indicates that self-absorption waé-absent. In additioen, the pulse
heights of ﬁhe alpha particles frém each plate were observed iﬁ antoscilu
loscope and.always found to be of equal height;

All counts were corrected for the backgréund of the chamber and
”amplifying éircuit, These background corrections were“completely re-
producable except when other laboratory personnel used the éhamber to
count very_radioactive samples; in general eVen this acquired backgroundv
could be cleaned off the‘cham.be,rn |

The statistical error of the counts taken on each plate was
<0,l percent, _Exﬁressed mathematicaily, if p is the fractional errar

and W the probability of making an actual error less than p, then p = K
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where M is the total number of counts taken and K depends on W, The
?gtandérd fractional error" in which K = 1,0 and the percentage proba-
bility of making an actual fractional error less than p = % = 68,3%
was used for computing the number of counts necessary to give statis-

tics better than 0,1 percent,

RESULTS AND DISCUSSION

rThe specific activities of'fdufidifferent sanples of plutonium
have been aetermined by weighing plutoniumtrifluoridé° Table’B
‘summarizes the isotopic abundances for each of the four samples; all‘
the valﬁeé are from mass.spectfographic anaiyses except the figures for
Pu?38 uhich were determined by alpha particle pulse analysis of the
sampleso In general, the probable errér for abundances of 1 - 10 pefeent
is + 5 percent, for abundances <l percent, + 5 - 10 percent.

Table 3

Isotopic abundances of four piutonium samples

:Sample‘ | P38 puR39 PuRk0 - pu%l .\ PuR42

designation (Z by  (coveroerieecneacocoatom percentoccooe ecoosocs)

' activity) :

T ——— . 100,0 — - R

c 0.57 98,55£0.5 1.3740,07 0.098£0,01 =~

HC 1.69 95.6+0,15 4.08£0,20 ‘0,2340,02 <0,02

128 8.8, 58.110.48 34.010.48  6.8:0.32 1,020,

12B% — | 57.600421 340420.2  6,66:0,07  1,2540.02
8

¥gbundances determined by Inghram and Hess
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Each of the fbur plutonium sampleé was precipitated as PuF3 and
before any material from the fouf preparations was weighed it was
heated in vacuum to constant weight, Portions of each of the four
plutonium trifluofide preparations were itreated in this fashion and
submitted for spectrographic analysis. No impurities except aluminum
were detected but the amount of aluminum impurity detected was so .

inconsistent that Table 4 is presented for purposes of discussion.

Table 4

- Spectrographic analysis of plutonium samples
(Aluminum impurity expressed as percentage of total sample)

Sample  Analysis No.: 1 2 3 4 5

T — 0,1 0.8 0,1 0,22
c 0,0 == 07 0.4 1.0
HC R -— 0,3 1 0,23
12B | - — =1 0,00

The irregularities observed in the spectrographic analyses are of
importance because of the necessity of knbwing exactly what impurity
corrections to méke in the observed specific.activities° One possi-
ble conclusion about the material is that each preparation has in it
inhomogeneously distributed aluminum, The stock solution of plutonium
nitrate in each case showed <0,1 percent aluminum impurity, however, and
the hydrogen peroxide and-hydrofluoric acid reagénts and distilled water
were anaiysed spectrographically and found to be free of aluminums

introduction of aluminum into the sample during preparation of the



20—

R;ﬁfonium trif}uoride is_difficult to explain, In\addition, the agree- \
ment of the(observed specific activities of two sambles from the samé
PﬁFB preparation is strong evidence for homogenity of the PuFj.
| Fo? enalyses 1, 2, and 3, about 200 pg of the desired sample was
dissolved in 200yl of 1 percent hydrochloric acid spectrographic solution,
The so;utioﬁs for analysis No, 3 were allowed to stand undisturbed for
24, hours,'which is about ten times longer than normal: some correla-
tion is noted between highef aluminum content of the solution containing
dissolved PuF3 and longef period 6f contact of this solutioh with the
pyrex cone; To verify this effect golutions of 50pl of 27 M HF in-
50 ml of 1 percent hydrochloric acid solution of known impurity content
were made up 24 énd 2 hours before spectrographic analysis. The oldér
soluﬁion showed an increasé of aluminum content from_z;sg'aluminum/100)»
solution to 3 - 4 pg aluminum/lOO_)~Solution, Oné judges from this
that the fluoride ion present due to dissolution of the PuF3 is reacting
with the pyréx cone to a slight extent. There is also an increase of
the sensitivity for detection of aluminum in the presence of fluoride
ion, beéause a solution 6f known aluminum-concéntration showed an iﬁp
creased aluminum concentration, gréater than could be accounted for
by the previously\determined amount of reaction of the fluoride ion
with the pyrex_c’:oneo

Analyses 4 and 5 indicate that the preparations probably contain
some aluminum. Analysis four was run on material which was handled
only in quartz and thus should not have ?icked up any aluminum from the
sample tube., Analyéis five was obtained by placing a known.quantity of

solid PuFB_on the copper electrodes and dissolving it right on the
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elgct;ode yith dilnte hydrochlori¢ acid, The frequent results indin
cating a low percentage of impurity do, however, cause oné to»éuestiqn
yhether the same material when showing high percentage impurityAmight |
bave become contaminated dﬁring the process of drying the solution on
the electrodes. Forvthe purposes of correcting the specific gctivity
?igures; the impurities found in analysis No, 5 are accepted as most
nearly correct, Preparétion "CH was considered to have a 0,2 pércent
.impurity;vthis 1s not unreasonable sinceAﬁG" did not show any impuritiés
~ in analysis No. 1 and was prepared in the same way and with the same
. reagents as the-other_samplesox |

Table 5 summarizes the specific activity data for each plutonium
ASampleb _The_determinatiOﬂS shown for a given sample represent indepen-.
dent.weighings and vacuum~heal treatments on séparate portions of the
prepared PUFBo. Tw0 p1ates were made for every run with the exception
of one run on sample "Gﬂq The uncertainties indicated are the

standard deviations of a single determination.

Table 5

. Observed specific activity of four plutonium samples

Semple Wt of PuF _Observéd_c/m/pg Average co/m/ug

used ()

T 1119 70720 |

- 7750 ,

, 70730 + 30 (0.05%)
T 1045 70750 |
70680
¢ 429 73640
| 73620 - ‘

c 101 73520 73600 £ 100 (0,14%)

73450
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TheAdata in»Table § indicate tha£ the specific activity of plutonium

does not decrease with increasing isotopic abundance., The two most

reliable déterminations are T and 12B, since the error in the mass

gnalyéis is least in ﬁhese cases and the impurity corrections appéar
valid;vthesé'samples agree close;y with the previous détermination of 7
W?gtrum? _and-Cunninghamo6 The two intermediate saﬁpies show a épecific
activity for Puzéo.of nearly the same value as 12B; this is acceptable
agreement when the sensitivity of the puc40 specific setivity to
changes in the‘values for these samples is noted. The specific
activity of 70,880 c/m/ug for Puf3? corresponds to a half-life of . _
2/,5360 years and theihalf-life of PuO ig caiculated to be 6760 years,
The probéble error for both of these values if & O;& percent.

In Table 7 is presented a summary of all the reported half=-life

»

determinations for{P}uzB9 and Pu2400

| Table 7 :
The half-life of Pul39 and pu40

Nuclide | Half-life Reference
» (years)

PuR39 24300 1

PuR3 24400 )

P39 21,400 3

Pu3? | 24110 Lo
 pu?39 : 2,360 this paper
pué0 6240 2

py2d0 | 6300 3

Pu40 . 6580 5
Cpuh0 6780 6

‘ _Pu?AO _ 6760 this paper

/
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Fig., 1
Quartz Microbalance

(Interior View)



Fig, 2

Quartz bﬁcrobalame

(EXteI‘ioz- View )
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Plg, 3

Lucite Transfer Box
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