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Abstraat ,.

This is the third and terminal report on the isotopio comp~”$i=

tion of plutonium’ Data are reported on three samplis of Plutonium irr-

adiated at Hanforda The last and most highly irradiated of those eon=

f
Wined almost 7!8PUZ40= The existence of

and its abundanca maasured~ Evidence is

the isotope PU241

presented for the

i6 established

existenms of’

the i,$GtOpe9S2419 A final table of data obtained with tho mass speotro.

meter and the correlation with the spontaneous fission oount on these

samples is presented~
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Seoond Examination of CW.lB

In tho last report of this series (LL327’)9 data on a sample of

plutonium irradiatedat Hani’ordsdesignated as CWIB, were reportoda The

value obtained at that time (March 139 1945) for tiieabundanae ratio

i%240/~23gwSS (6.51 +0,>20)

been oontamitlattiWith ~C120

ions of’the typos Pb+g PbCl+g

x lG-Q !Chesample was reported to have

This was established by identifd.oationof

I%C12% The chlorida ions rapidly disappeared~

presumably due to reduction of PbC12 to .I%by molten plu%oniuine However.

an extraneous peak remained at mflssposition 2410 The ratio of%his peak

height to that at 239 increasedrapidly with increase of temperature of’

the iniorofurnaoefrom which the sample was being distilled. The 241 p@c

parsisted throughout the run until the plutonium sample was exhausted

Sinoe that reports a seoond examination of CW-lB has been

made (November 1.2~1945)Y The furnace with the sample in it ;=s outgassed

“forabout an hour at 1000° C before the first run was madoa No peaks

dutnto ions of the form of PbOl+or l?bC12+wero observed~ but the lead

speotrlun(due to 1%+) was f~undo A small peak was observed at mass position

2410 The sample was allowed to stand in the tube (continuously evaouated]

for about two weeks while instrumental difficulties were solvedo On

reexasnina-tionsa number of small extraneous peaks of unknown origin appaa.red~

‘fhesopeaks had not been observed in the first examinations The heights

of these peaks deoreased rapidly with time of distillation and disappeared=
.1
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~241/~239 yielded the value (8.1~ 0.5)x UY’50 This quantity sh~~erj

a slight tendenoy

imposed psak~ one

Thuss this latter

to deoreaso with distillation as though all the super.=

‘tdistil~edawayo!$of those mentioned above, had not

value must be regarded as an upper limit only,

The behavior of the peak at mass position 241 was entirely

difi%rent during the seooud examination ‘thanduring the first. No complete.. . . .

rrxplzmationof the appwmmco and persistence (in the first examination)

of a large peak at mass 241 has been found and this behavior has never

been observed in any other sample.

Possible oompound ions whiah oou3d have been responsible for

this behavior wela discussed in LL=327. Only one of these ions remains

as a possible oause of the 241 peak in the first examination of CW=JBO

SinoQ the phenomnon did not repeat itself on the Eeoond examination,

aotual oonixuninationof’the sample by extraneous oompounds or metals is

ruled outo .Ouringthe first examination of CIY.lJ3,the pressure in the

speotornetertube was about ten tfuneshigher than is normally the ease

10”6 mmofI& instead of 1 x 10°7 mm), It was subsequently found

there was a pinhole in the plats lead of the ion gauge whioh oausad

increase in preseure~ Thus, there exists the possibility that the

behavior of the 241 peak in this case’ooald have been aaused bya vapor.

phase reaetion of water vapor and plutbnium vapor to

have a long enou~h lifetime to be ionized’mnd travel

tube to the collector.
\

This time iso of oourtl~’very

about 25 nicroseoonds for a 2000 volt singly charged

●e* 9*
80000 ● oe

form PuH2 whioh might

up the spectrometer

short= 1% requiree

plutorziurnion to

_...

/
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conditions to see if this 241 peak behavior aan lieduplioated~

Sample CW2

-SampleCW-2 is the second of?t~jasamples irradiated at Hanfodd

This was a sample of clinton plutonium wnich was plaoed in a Hanford pile

on $eptcmber 27s 1944* and was removed on April

an irradiation, nvt~ of approximately 8 x 1019.

contamhatcd and reduced to metal by Seaborg at

Los Alainosfor mass spectrometrioexamination

The first run across the 235.245 mass

12, 19450 It had reoeived

This sample -wasde-

Chicago, then sh2p~ed to

region, made immediately

after turning on the miorofirnaoe, showed a peak at mass position 241

which was only slightly smaller than that at 2400 After a set of Pu240/fi23g

abundance ratios had been deter~mined~another ourva of this region showod

4
that the peak at 241 was less thnn 10 Oas high as that at 240~ Twenty

determinations of.’the abundance ratiO h241/Pu23g were madeo The temperature

of tho miorofhrnaoe was varied for eaoh set of five determinations. ‘l!hiS

ratio stayed uonstant

mentioned above, gava

wtthin the limits of error of the

10= was obtained. The abundanoe

a value of (4~64~ 0~05) x 10=0

were made on August 25n 29450

Seven days later, on September 10 1945, twelve

ratio Pu241/?u239 vmre run, the spectrometer tube having

measiurement~ The

ratio Fia240/fi239a

‘l!hessdetemaimations

more sets Oftle

remained aacuatod

for ttis periodo The result was a value of (2~09jO~06) x lW3b
..
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Peaks were observed a% mass ‘@si.tion~,255S256s and 2570 ‘Y&

ratio of the height of the peak at 257 to that at 265

be (4010~ 00?28)x 10+0

I’heabove observed fao%s are interpreted in

was determined to

the following manner,

The “large” 241 peak whioh rapidly cieoreasedin height with time of distill.

atiO12 Of the ~mple WSS produced by 95241+0 This ~teria~ had grown fl.om

PU241 (sGe below) by~deoay~ The rapid dsorease in intensity with time

shows that the vapor pressure of this material is much larger than that of

plutonium, This is oonf’irmodby an experiment by Seaborg at Chicago

(CS-3312) in whioh a mixture of 95241 and plutonium was distilled in vauuo

and oondensed on a series of plates at difl?erenttemperatu?’os~Analysis

of the condensates by means of the different range of the alpha particles

from the two e].emontsled to the oonolusion that 95 has a vapor pressure
.

of about 100 times the vapor pressure of plutonium at lloO°C~

The part of the 241 peak whioh remained after the 95241 ~~

distilled away was produoed by the plutonium isotope 241. This is reasonably

certain~ sinoe the ratio of this peak height to that at 239 remained

.

d

constant both

g!!~

. determination

ULcnlths0

~239016+

height Of

The

and

with time and temperature of distillation of the sample.

mm.surement of the ratio FU242/fi23g a week ei%er the first

shows that the half.lifo of Pu241 5.sgreater than 4 . 6

.
peaks at mass position 255 and 256 were oausod by ions

#40016+~ No acourate determinations of tho ratio ofttvs

those kwo peaks was made,, A rough determination gave nearly the
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ion is substraotod from the value 0.00410 recorded aboveo the value
. .

0eO02Jl is otitainedfor the ratio .%241016/~2390~68.Qon~rmi% the direc~. .

determination of the ratio Fu241/..=9a This gives strong support both

to the interpretation that the 241 peak was caused by a plutonium isotope

241and to the above interpretation of the cause of the 257 peak.

On February 19, 19459 a decond sample of CWW2 was ,examinexie

This was 178 days after the first determination of tho Ra241/ku24~

abundsnee ratio on the first sample of C?f-2~

On the first run aaross tho plutonium peaks, the peak at 242 was

about one-third as high at that at 240~ On the seoond run, made immediately

after ths first, approximately 15 minutes of distillation havitg taken

place, tine above ratio had dropp@ to about 1/15, On the third runs

immediately following the seoond, this ratto maasured rotagh3yl/l?~

Not more than ? total of 45 minutes were required for these runs.

Approximately one hour was required to make 10 determinations of

&@ ti240/&39 abundanoa ratioO A value of (4,66: 0005) x 10=2was

Approximately two hours wore required to make 19 determhations

of’the P&l /@3sabundanoeratio. ‘Ms ratio stayed constin% within

the limits of error during this time. The data were taken at three ten.

psV5aturesof distillation of the ser,ploand a value of (2~06~0~08) x 104
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experimlentso

These results confirmed those obtained five months before and .

inoreascs the minimum value of the half-life of Pu241 to at least 4 yearsO

/This value was calculated by adding tho errors to the abundance ratios in

such a way as to give the greatest possiblledifference between these ratios

(obtained 178 days apart)~

A.curve showing peaks at mass positions 241 and 257 is shown in
..

Fig. I.. This curve was dram from data obtained frpm Sample CW020

Sample CW03

Sample CW=3 is the third of the plutonium samples which was

irradiated at Hsnforde This was a sa:r,pleof Clinton plutonium whioh was

placed in a Eanford pile on September 27, 1944$ and was removed on

June 14, 19450 It hRs reaeived an irradiation, nvt, of approximately

1.3x 10200 This sample was decontaminated andreduaed tom+tal by

Seaborg at Chioago, then shipped to Los A3.amosfor mass speotremetrio

examirwtionO

During the first two runs over the plutonium peaks. tho large

peak at mass position 241, which had been observed in Sample VW-2 to

decrease rapidly in height~ was not notioed, This was probably due to the

fact that a relatively

was purified ohemioally

‘Ihus&.}e’t>-,tivGlylittle

short time had elapsed between the time the sample

and the time of the r,assspeotrometrio e=mination~

~242 had decayed into 952410

lJifteendeterminations of the abundance rat%o ti240/fi=9

yielded the valus (7039J 0008) x 10°20

‘00:00 /

Curves of the p].utoniumregion run at much higher intens$t”

showed two new peaks at mass pc&ti~n&24~ 3& ~n~ 241 1/2
●0 ●O* ● ea... ... .*

● *:00 ● ** ● ● .**
● m. ● ●** ●
● *e* :
● a. ● .●0: :.: ●
●0 ●00 ● ● — ----.~ = —_—L=—

●*—-~ ...----~. _._.——-—- . - -——.—....-
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about ten times as intense as the latter. The ra

to one of’the plutonium isotope peak helghtE was not constant, but increased

rapidly with the temperature of the miorofurnaoeo At the distillation

temperature at w-ich the Pu240/Ra239 r~tio was determined these peaks

were of negligible height. The souroe of those peaks has never been

de-termined~ Ions of masses 481 end 483 could, as doubly oharged ions have,.. ,. ..

produced the p@ak6 at 240 1/2 and 241 l/2. A search of the region around. . .,

mass number 480 showed no peaks.

&i?ifteendeterminations of the abundanoe ratio Pu243@u239, mh at

three different temperatures of’di$tille,tim of the swcple, ~abe 8 value

Of’(4.12 + 0.08) X 20=0 This value showed a slight tendencyto increase

with increasing temperature of the microfurnaoee This effect is probably

due to background from the extraneous 240 1/2 and 241 1/2 peaks and is

almost within the limits of error of the measurement~ ThusS the above

Wlue of the Pu241/AaUg z~.tioiS prohbly high rather than lcw~

Curves of the oxide region run ak the distillation temperat~es

at which the 240 1/2 and 241 1/2 peaks showed ups showed no evidenoe of

peeks at the comparable positions, i.e., at mass ~..iitions256 1/2 and 257 l/2~

All the above inv=.ti,gationswere made from November 28 to
+

Deceaiber6, 19459 About one-third of the sample had been d.istilledaway
d

to 03tain these results.

The sample furnaoe was removed i’romthe spectrometer tube and

sealed off in en evaouated tubes preserving it for a later investigation.

On February 28, 1946$ this same sample (furnaae and all) was sealed baak=-Al-

:: /

into the spectrometer tube and a second serio~c.oJO&rkerminations
● 9-

● :::
● : ●0 ● ●0 ::

●
●0 ●:* :00 .:* :00 ● 0

. . ..-

6.. ●

● ** ● 8
● ***8
● 9*.*

● 0:
;: :’~-s

● em
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Twek determinations of *he abundance ratio Pu24fI/h23$ gave ~ vtiluc3

of (7.41 + 0.15) alo=z. Ten determina-tionsof the ra-tioPu241/Pu239
I

yidded the value (4~13~0~08) x 1~.

Mmediatelyafter the I@,stset of’ratios were determined, a

curve was run without changing the furnace temperature~ This ourve did

not chow the 240 1/2 and %41 1/2 peaks in appreciable tanoun%se A% higher

temperatures, howevar, they were again Seene

In the lask report of tinisserieci(M-327)0 an investigationof

a long series of extraneous peaks$ which ocourred in a sample of plutonium

reduced.to xetal a+ Loa Alsmosg was roported~ A series of izvzestigati.ons~

reported in IA-327, showed that these peaks were oausod by SOIIWnmterial

in the mample and not by Emmafaultymass speotrometrictoohniqueo Since

thi~ subsixuwx produoed peake at every wass position over tho mass range

235 to 260, it was oonoluded that this sulAxvzu9 must be h@rogenous~
.

Sinoo that report was written, one further e.xperitnentwas per.

formed to attsmpt to shed firther light on tho character.ofthis material.

It semnad sensible to thi@ that this inaterialcould be high.vaouuu

$Aopcookgreaseo the groqse used by those people who hadtma%ecl the sample

after reduction was Cel~soene grease manufactured by the Distillation

Products Coo in Rochester, l% York.

Aooordingly, the following experiment was performad~ A oloan

mir$ro.furnaoev,nsslightly contaminated wi’% Colvasocuxjand sealed into tlm

spectrometer tuba. A spectrum of the 235 0 260m&ss region was run with \
*e

the temperature of the miorofurnace very low (probably about 700 = 80~il@
●9* ●*

● ☛

✚ ✚ ✚ &A spqctrum was obtained showi~&&s#% &et~&~s position over %
●* ●** ● *e9*9 ● e* ●m *%@

rmgf3Q ---sHowwer, the quantitati~q ga).~~~won:~;.%h:the.spectru~ , ined
● 9* ● ●**99** : 9**● 0.*0: ● **

. ..- —. —-

● * ● Oa*evm ●
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plutonium sample was not good, as was to be expeotmd,

were far

Tho conolusions”tobe

f’romidentical in the two oa6es0

drawn are (1) thatg sinoe a grease Mkca

Celvesoene does produce peaks at every mass position in the range in whioh

the unlmown material falls~ a grease of.some kind could possibly bethe

unknown material~ and (2) that the precise identity of this material is still

no% known.
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