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The abundance ratio Pu'g,"o/l’u‘?39 has been measured for four samples

of plutonium which were made at different levels of neutron irradiation.

Re-irradiated at Clinton (1018 +'0008) x 10”7
(C16 or Cx24)

Re-irradiated at Hanford . (651 :;0020) x 10"'3
(cwiB) .

L (2496 + 0.06) x 10

LIE (1511 + 0002) x 1072

A high bvackground appeared at every mass position between 235 and 290 in the sample
re-irradiated at Clinton but this background became negligible after a period of

distillation of the sample. The source of this extraneous material has been shown
to be in the sample rather than in the spectrometer. A mass 241, the main portion

of which is not isotopie with plutonium, has been observed (in CW1B) ; and a peak

corresponding to (1)2bl°16 has beon observed, The mass number of the main isotope

of plutonium has been identified as 239 by superimposing the scoond-order plutoniumn
speatyun over the first-order tin speetrume The chemical atomis welght of plutonium

0 :
conteining 1 percent Puah has been caloulated to be 239,05 using an experimentally

determined packing fraction of +(Lo2 + 2.0) x 10°hb
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ISOTOPIC CONSTITUTION OF PLUTONIUM: II

Changes in the Spectrometer 8ince ghe iast Report

Since the first réport of this series was written (1LA-168) several changes
have been made in the plutonium mass speotrometer. A ceaxial system of nichroms
shields (shown in Figo 1) has been devised to prevent the distillation of plutonium
metal onto the pyrex insulators of the sourceo This change has extended the operation
time between cleanings of the insulators from about 1 hour to approximately 15 hourse.

Two plates of the source, the case between them, the electron collector
and the filament slit, formerly made of copper to resist corrosion by UF6 in the
uranium hexafluoride analysis fgr'whioh‘;he instrument was designed, were replaced
by nichrome parts. This was doﬁe t? permit outgassing of all the metal parts of
the source by heating them inductivély to ~900° € in a separate vacuum system. In
one of the copper plates which was r§p1aced, the plutonium atoms entered the ionizing
region through a circular hecle in the center of the plates The new nichrome plate
has a reotangular hole (1/2" x 3/16") whose shape 1s approximately the same as that

of the ionlzing eleotron beam, thus presenting a larger area of the elestron beam

to the stream of plutonium atoms from the furnace (Figo 1)o The tungsten filament
in the microfurnace was replaced by a tantalum filament, thus making the furnascoes

easier to fabricateo
Molten plutonium wets tantalum, so that during a run, the plutonium

will tend to oreep up over the mouth of the tentalum crucible and down the outside
PR

and it will then evaporate in all directions from aii the outside surface of the
orucibles Since this evaporation from the outside of the crucible does not con-

tribute te the beam of atoms whiclh, are ippized, e large share of the sample is

C*REFEASE
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wastedo In spite of the system of shields, this added evaporation csuts down the
1life of the.insulators between cleanings, so 1t was considered desirable to prepare
crucibles that were not wet by molten plutoniumo
; Lipkin, Perlman, Spindel, and Weissman have shown that a tantelum orucible

can be lined with zircopnium nitride; and that this lining is not wet by molten
plutoniume. Accordingly, using their technique, tantalum orueibles were prepared
with linings of ZrN. 'The steps in the preparation of these linings are:
lo &Zirconium metal is melted in the crucible in a vacuum of about 10“6 mmo
20 The crucible is then heated to 1700 to 1725o C in an atmosphere of about 5 to 10
on of purified nitrogeno This nitrogen is circuleted over the heated crucible until
the rate of change of nitrogen pressure becomes very slow, indicating thet the re-
action has been nearly completedo (The final reaction with tantalum is very slowo)
30 The crucible is then outgassed at 1700 to 1725’o C until the pressure in the
system is pumped down to ~5 x 10‘6 mmo Under these oconditions the tantalum nitride
is decomposed whereas the girconium nitride is noto

To test a crucible prepared im this way, 309 mg of plutonium were placed
in a crucible and were evaporated into the spectrometer at a rate whish gave the
same beam intensity as is normally usede. In tantalum cruciblea, a rate of evaporation
of h.mg/hr had been observ;do This sample pgave the same beam intemsity for 10 hourso
It is interesting to note that the ratio between theo outside area of the crucible
and the area of the open end is 12,7

The use of these lined crucibles has two advantageso .Firsto an analysis
can be made on as little as 2 mg of sample, and second, the time of operation of

the tube between aleanings of the insulators has been further increased Lo about

100 hours, - In the case of Severaliapnsgoqtin svas, between which the insulators
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and source are not cleaned, there is evidence to indicate a small "memory effect”s
Metal from one sample whioh did not réach the ionizing electron beam but which was
deposited on some of the nishrome parts, may later re-evaporate because of heat
radiated from the micrefurnace, and thus eontribute to a later sample. Even though
the magnitude of this effect is thought to be quite small the eource was cleaned

.previously to running the following samples.

Clinton Re-irradiated Sample (designated by Segrefs group as C-16; by Dodson as CX24)
A sample of plutonium, re-irradiated at Clinton with a flux, nvt, of
2,8 x 1018 (LA-256, Deutsch) was examinedo It had been purified and reduced at
Los Alanmoseo
Curve A, Figso 2 and 3, 1s a record of an early run on this.sample and 1t
is remarkable in several respects. -Peaks may be §ounted.at every mass position from
239 to above 290 with the high-mmss peaks being less pronounced, and with the
exsoption of the peaks explained below, all are of nearly the same helghto On
several runs a few peaks appeared below mess position 239. The peak at mass 255

259 O16+ persisted throughout the entire runj the 265 pesk re-

sorresponding to Pu
mained even after the main 239 peak had disappeared because of tho sample®s running

outs This peak has been further confirmed as the oxide, by the observation, in the

2 o+
59 O18 o This was done afiey

eorrect ratio, of a peak at 257 corresponding teo Pu
the lowobasckground peaks had disappeared with oontinued distillation (see below)o
The peak heights at the 274~ and 276-mass positions bear a 3.to-1 ratio to each
other and are respectively 35 and 37 units above the 239 position, identifying them

as due to Pu-2? 1707 and Puo2? c137%,
The remaining peaks, which are unaccounted for, have the following

propertieso They are all of nearly the same height, and the ratio of this height

' APPROVED POR*
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t0 the height of the 239 peak decreases rapidly with time of distillation. Curve B,
Figso 2 and 3 shows a run after most of theso peaks had disappeared. During this
distillation, the PuE)"!'o/Pue3.9 abundanse ratio d;creased from 30,000 x 10"6 toa
constant velue of 1180 x 10°6o The average deviation from the mean of a series of
20 measurements of this ratio after the bickground peaks had disappeared, was

only + 15 x 10°. The indicated error of + 80 x 10~8 represents the uncertain
background due to the tail of the 239 peak contributing at the 2,0 position and the
possible residual background related to the extraneous peak;o

The resolution of the two peaks that was atteined is showan in Figs. L
end 5, these being runs which were made after the extraneous peaks had disappeared
with continued distillation. The collector slit was opened about 1/3 the wldth of
the beam in Figo L and it was open about 1/10 the width in Figo 5o In order teo
improve the presision of the measurements of the Puehg/fu239 abundance ratio, it
is nesessery to eliminate the background due to this extraneous materialo An
extensive investigation, desoribed belgw, has been carried out to ascertain the
source of these peaks.

It seems olear, from the fact that over a wide range every mass position
shows a peak, that this extraneous material muet be hydrogensouss The messes of
thesa ions suggest hydrocarbons or other organis material, but it seoms unlikely
that dny such substance oould persist for any length of time in ocontact with molten
plutonium in & crucible at 1200000 To explain this persistence, one must assume
that, if the material comes from the sample, it is distilled out during the first
few seconds that the furnace is heated and that it then condenses on adjacent plates

of the sourceo Radiation of heat from the furnace heats these plates to some

cxtent 50 that the material tha¢ qqs’?nit?d@ly}hpndensed may then distill into the
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ionizing region, giving rise to the observed peakso

The results of a series of investigations of these peaks are summarized

hereo The following facts have been demonstrated experimentallys

1o

2o

30

Lo

50

The furnace and.souroo plates have been sompletely outgassedo

Material producing the extraneous peaks has not been distilled from the

spectrometer tubs onto the sourace plates during the outgassing of the system.

No 0il or other material which might produce the peaks has been introduced with
»

the helium which was used to break the veouumo Helium was used to provent

oxidation of the thin film of plutonium which had been evaporated onto the

sourco plates.

0il from the mechanical fore pump has not diffused back into the Schtrometar

tubeo

-

No oil has beoen swept into the tube from tho glass<wool-spindle oil ‘trap whieh

wags used a8 a safety precaution during'glass blowingo

The following experiments have Indisated that tho source of the extraneous material

is in the handling of the samples before they are placed in the tubes

1o

'treatment was run firsto The extraneous peaka appearedo

One of the final treatments in the preparation of tho metal from which this
sample (CX24) was taken, vas a pressing under mineral oil at 225°C. This oil

has the proper molecular weight range (225 to 300) and some of it may have been

ocoluded in the sample; Arrangements were made whereby a sample of normel

Clinten metal was split, one half to be pressed in oil and electrolytically
oleaned (the usual procedurs), and the other hulf was not to have this treatmento

The samples were delivered in vials, and the samplo that had not had the oil

Ty
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20 Sample CW1B which was not reduced at Los Alamos, but rather by Seaborg at
Chicago, showed none of these extraneous peakso
3o Sample LW was reduced here, but was delivered in the crucible in which the
vecuum remelt was carried outo. It was transferred from the remelt crucible
to the spectrometer orucible without being touched with tweezers or any other
tools. It showed none of these peakso
Lis Likewise sample L1H was reduced end remelted at Los Alamoso It was transferred
into the source crucible using tweezers that had been vashed in carbon tetra;
shlorideo This sample did not show these extraneous peaks elthers
5o A small nondescript piece of plutonium that had not been remelted, which was
delivered in a glass vial, and which was handled with unwashed tweezers,
showed some (but not all) of these extraneous peaksa
Conclusions drawn from these experiments are:
lc The material producing the peaks did not originate from faulty instrumeﬁtal
teohniques.
20 The material was present in the sampleso
3o The specific identity of the material is not ocleara
lj> The material may be elimineted by proper sample-handling techniqueo
Sample CW1B
This sample of plutonium was# produced at Clinton and then re-irradiated
in the Hanford pile with a flux, nvt, of 2.1 x 1019(LA-256° Deutsch) o This sample
wa8 purified here, then sent to Seaborg at Chicago for reduction, and then returned
here to be examinecd mass spectrometrically.
The first run on this sample is shown in Fige 6o The peak at 255 is

239016+

due to Pu and the peak at 258 is due to Pu2’F'0'. Except for the peaks

at 239 and 240, the rest of *th¥ pi%ks dche produced by PbCly in the sample, the
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y +
peaks at 21, 242, 243, 2LL, and 2,5 being produced by ioms of the form PbCl ,

and the peaks at 276, 277, 278, 279, and 280 being formed by ions of the form
o+
2 o
£3t the distribution of mmsses that one may caloulate from the known distribution

PbCl The relative heights of these peaks qualitatively and gquantitatively

of the lead and chlorine isotopes. Fortunately, no ion of the form PbC1” has a
mass of 240, Caloulations show some Pb012 ions should have masses of 274, 281,
and 282, but the expested abundance of each of these masses is so smll that )
these peaks would not show up at this intensity. Meses 277 1s higher than the
calculated Pb012 values would lead one to expecto This is presumed to be due teo
superpositibn of a Pu23 9F219+ lono. From these observations, it was predicted
that the normal lead spesctrum should appear in the mass8 region above mersury,

and an examination of this region showed the normal lead spectrum (Figo 7)o The
first run of this region showed small unexplained peaks at 203, 205, and 209,
which rapidly disappearedo

u2h0/ Pu239

abundance ratlo wore

5

made at different furnace temperatures, giving a value of 6.51 x 10 < The average

A series of 15 measurements of the P

deviation of the mean was 00,08 x 10~ or 1.2 percent, but considering the small
and unknown oorrection for the fact that some of the tail of the 239 peak may
contribute to the measured height of the 20 peak, this value is reported as
(6+51 + 0520) x 1077,

On increasing the furnace temperature, a peak was observed at masa
position 2l. Curves in Figso 8 to 9 show hew the relative heights of 240 and
2l1 varied with furnace temperature. This variation with temperature irildicated
that the main portion of the mass giving this peak is not isotopic with plutonium

The 241 peak persisted throughout the eptire run, and remained a short while after
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all of the plutonium had been evaporated away. By changing the furnace tempera-
ture, 241 could be made so smill as to be below the 1imit of observation, or it
could be built up to a height greater than that of the Pu 2,0 peak. Examination
of the surrounding mass positions showed nothing, and examination of the oxi(.io
region {Figo 10) showed the followingo Peak 255 is due to Pu239016+ apnd peak
256 1s due to Pu2h0016+ in the correct abundance. Pu239018+ gives a mass 257,
but the observed height of this peak is more than one would expect from the
016/018 abundance ratioo It is assumed that (?) 2&1 16+ cont‘ributes the reminder
of this peake Unknown vapor pressures and unknown ionizatlon cross sestions make
it impossible to say how much of this new material is present.

No organic material would be expected to produce a single peak such as
this, and a study of the literature was made to find known isotopes of the elements,,.
which in combination, would produce ions of mass 2/l as well as smell amounts of
mass 239 and 240. Bydrides, halides, oxides, sulfides, selenides, tellurides, and
nitrides were all consideredo The following is a list of possible compound ions
which might explain the 21 peak as welp.'as the absence of peaks above 2,1 and below

2393 i

9 24 .
o239 H21'+
177 oalé>+

w193 o 16+
3
It should be pointed out thet, in selecting the above list; many compound
ions of mass 241 were not considered as being the source of this single peak, bee

cause one or both of the elements involved ococurred in nature with several isotopes,

so that ions of masses adjacent to the region 239 to 241 should ococur with the
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ossurrence of,én ion of mass 2ll. No ions were observed at these adjacent mass
pesitions.

Elements formed in the pile by neutron irradiation or by other pile
prooeéses would not be expected to occur with the normal isotopies distributiocns
and it is possible that traces of some of these elements might persist through
the chemical purification. In this case, no molecules of mass 211 could be
eliminated from consideration for the reason mentioned above, which is based on
the isotopio distribution in mature. .

The possibility that the hydride of plutonium has caused the 241 peak
cannot be eliminated because the pressure in the spectrometer tube during the
investigatioﬁ of this peak was a factor of 5 to 10 higher than usual
(vl x 10"6 mm) because of a very slow leako A gas phase reaction with water
vapor could have produced hydride. Deuteride from this source could not have
produced a peak at 241 without alsoe producing a large peak at 2400 That this
did not occur is shown by the constancy of the Puaho/@u239 abundance ratio with
changes in furnace temperature. Bismuth oxlde, if present, probably would be
rapidly reduced by molten plutonium and, if sog; it could not cause e persistent

54299, 16+ 209 16+

> iono Also, nmo ion corresponding to Bi has been found at mass

position 225, Iridium forme no oxide higher than IrO2 80 that there is small
probability of the formation of Ir03+o

In connection with the purification of this sample, Seaborg observed a

new alpha activity which he believes is best explained by assuming that p1u1:on.'n.r.n!1.2""o

undergoes the following reactions:

P2 )l £y (9524
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I%t my be the isotope 952141 which has been observed hereo The observation of a
peak at mass 257 which could be 952)"1 16+ is strongly in support of this. Seaborg

has observed that the new alpha activity is due to an isotope which has properties
like a triwvalent rare earth and s0 is easily separable from plutoniumo

Sample CW1B was purified approximately four te six weeks after it was
pushed out of the pile. Sample YW wae purified approximately four months after
4t was pushed out of the pilec In order to explein the difference in apparent
amounts of 241 in LW and CW1B on the above theory, it is necessary to assume a
half life of 9)42)41 of the order of 10 dayso Seaborg thinks that 9'42)41 h-as a
"long" half life (CF 2968), ioec, of the order of a year or longero BExocept for
this discrepancy, this theory seems to be the best one reported to date.

To summarize - the identity of the substance in sample CWIB which
produced an ion of mass 241 is still unknown. A number of possible sources of
this materisl have been pointed out, but none of these possibllities give an
entirely satisfactory explanation, Work has been planned which, it is hoped, will

give more information as to the source of this mmterial.

Samples W and L[1H

A sample of metel (L) produced at Hanford was examined and was found
to contain 0,295 + o006 percent Puahoo Examination of the 241 mass region showed
a very small peak bearing a ratlo tq the 239 peak of about 1 part in 10%. The A
smallness of this quantity made it iimpqs_gible to study the height as a function

of temperatureo

Farwell has counted LW for spontaneous fission and found a rate of
I
5930 fissions/ gram houro From this figure and from the above composition dats,

ono calculates a Spontaneotﬁs .fi%iﬁn rdte f3g' Pueho of 2,01 x 106 f/g hr. This
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is 20 percent higher than the rates previously calculated for this isotope from
measurements on two samples, (CX2A and CW1B), one of which contained less, und
one of vhich contained more Pue)"o than did this samplec The reason for thils
disegreement is not clear. However, the samples (for fission counting and for
mass Spectr;ametry) were obtained from two different sources, several weeks apart,
so thers is some question as to the identity of the samples. This hypothesis is
supported by the fact that data on semples from batch L1H (see below) check the
previously determined value 61‘ this constant.

Measurements of the Pu abundance ratio were made on a sample
of plutonium L1H (reduction noo 7078) to compare with fission cownting by Farwello
Care was taken to see that both samples were taken from the same batcho Mass
spectrometric measurements gave the value:

Puaho/l’u239 = 000111 + 000002 or 1010 percent + 0o02 percent Puaho
Farwell’s count of this sample gaves

18,200 £/g hro + 6 percent
giving (1065 + ooio) x 10° £f/g hr. for (9L.)2L‘°

Comparison with Tin

Doubly ionized plutonium atoms would produce a peak at mass position
119-5, which falls between two of the tin isotope peakso 8ince tin and plutonium
have comparable vapor pressures, it should be possible to mix them, and through
this superposition of the second-order plutonium spectrum on the first-order tin
:~xpe<.>1:m,uu9 make a positive identification of the actual mass of the main plutonium
peaks This large peak has always been assumed to be due to Pu239o

A preliminary run with a 50-50 mixture by weight of plutonium and tin

ctrum between the Sn119+ and Sn12°+ peaks.o

APPROVED FOR ‘PUBLI"E RELEASE
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This is due to doubly charged Pu lons. However, with this mixture, the tin

peaks were many times higher than the second-order plutonium peak. It was
found that mixture of 30 mg of plutonium and 10 mg of tin gave peaks whose

heights were of the same order of magnitudeo A curve of this region is shown

in Figo 1lo A series of measurements of the Sn119+ - Pu239++ peak separation gave

a value of 0061 + 0o02 mass units. From this valus the calculated packing frection
of Pus?? ig (4o2 + 2:0) x 10"’"’. An extrepoletion of Dempster®s curve

(Physo Reve, 53, 869 (1938) gives 5.7 x 1O°L"o This instrument was not designed
for precise mass measurements so a very large error is attached %o the calculated

value of the packing fractiono

It is then possible to compute the atomis weight of plftonium, using

the packing fraction of L.2 x 10““'0 The result is 239,10 + 0,04 + x/lOO, (where

0
x 1is the percent of Puah present) on the physical-weight scales On the chemicale

y 0
weight scale this becomes 239.0L x 0oL + x/lOOo The correction for Puzh is
2,0

very smell and since Hanford material contains about 1 percent Pu” ' ,

239,05 i 0o0L is a good value for the chemical atomie welight of the present

shipmentso

=
é
=2
o
<

:05 .oi 050 E 050 :o
SR S0 % St I F
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Summary of Data

The following table gives a summary to dete of mass spectrometric measure-

ments of the abundance ratlo Pua"o/ Pu239 along with spontaneous fission counting

by Segre?’s group and the corresponding fission rate (9l) 2hO°

Material ol " Percent Puaho Spontaneous Fission £/ hz‘[ﬁ
T Mass Spectrometer Rate of Pu
me S Segre s Grou
) f/g nhro of sample

Normal Clinton Plutonium 00033 + 0.005 .
€linton Re~irradisted 6
Plutonium (£16 or CX2A) 0,118 + 0,008 1910 (+ 10%.) (1:6240.15)x 10
Hanford Re-irradiated 0647 + 0,020 10,900 (+ 51) (1:6740008) x 10°
Plutonium {CW1B)
lan 2010 + 0,02 18,200 (+ 6%) (1:6540.10) = 10°

ave f/g.hr
of Puéﬁé (1065_*_' 0.07)X 106

i
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