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M3STRACT UNCLASSIFIE~
A nlass=speotrographioexamination of’plutonium has revealed ~ peak at the

2kOmass position, presuxmb~ showing presenoo of’~~”. EMdenceas to the rmlitjr

of *Ms peak 5s not yet complete.
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3XAYIOPSCCONSTITUTION OF PLUTONSVM. I

L INTRODUCTION

Fermi has suggested that the anomalously high spontaneous-fission rates

observed in 49 may be due to $@@. Experimental substantiation of thi6 hypothesis

has been obtained by Chamberha3n9 Farwell, and SegreI)c

Heretoi’oreOonly one method was available for estimating the amount of

9!J~~ present in a given samplo of element *S this method was based on knowledge of

the irradiations mt= the sample had received and on the value of cu. 13acherhas

pointed out that a ma6a.spectrographic identification of ~~” would give a desirable

oheclcon the qualitative nature of the fundamental procosses involved; and that in

combination with other obtainable data$ a quantitative mass-spectrographic dotermina.

tic+nof 9@@ could be used to derive the absolute value of the spontaneous-fission

● oonstant >~ and the value of d as a function oi’energy.

‘lhe~mass==speotrometer program was undertaken with the following objectives

1)

2)

3)

Positive identification of the isotope $)l+~o.

Quantitative determination of the amount of 94~0 present in a given

eemple of 94.

Tentatively, the isolation of a small sample (e.g. a fraction of a mioro-
graq)of ~4Q.

11. EX1’ERSMENTAL

A. TM Mass Spectrometer

TheIprevious experience of one of

mass spctctraeter Iod us to believe that it

the authors with the Nier hezafluoride

should be possible,to deteot and measure
,
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i+ d’ ~l:;li;:94a0 to one part in 1 Accordingly one of the standard Nigr instru-

ments was procmuwd and set up with sli,ghtmodifications for this application.. The

principal modifieat%on and the only one to be mentioned in the present preliminary

reports ig thatiof the ion source.

No compounds oi’plutonium are kncwn catthe present time with volatilities

comparable to that of uranium hexafluoride. In fact. chemical knowledge at the time

of this report indicates that the most volatile oompound of which the chezaistryis

known is plutonium trichlorideo whioh, aocording to l%einstoc@)O haB a vapor pressure

of about 4 X 10~ mm at ~oo” C. On thu adtice of Weinstodc and Garner, we did not

undertake to use this compound in an ion souroe as it has been found to be exceedingly

hygroscopio and would, therefore, undoubtedly present a serious vacuum problem in the

mass spectrometer udoss very exacting handling techniques were developed. On the

● other hand$ the results obtained by Perlman8 Lipki.n,and Weissman have shown that

under the proper conditions and with the proper teohni.ques,plutonium metal itself

oan be readily vapori%ed in high vacua. Accordingly$ the ion sourco in the standard

Nier spectrometerwas modified to include a micro+’urnace of tantalum from which the

metal was vaporized. Fig. 1 is a scale drawing of the modified arrangement. The

tantalum cruoible (Fig. M) is heated to 1100 to 1300°C by radiation from a tutxgsten

filament (Fig. lB) which is surrounded by a tantalum radiation shield, (Fig. lC).

The vapor pressures3) of plwtoniumat these temperatures are high enough to give

sufficient ion ourrents to permit aocurate

were found neoetwary to prevent electrical

shown in the figure. Other details of the

measurements. Certain vapor shields which

conduction on the glass insulators are not

spectrometer have alrea~ been published by

●
2] B. Weinstook; LA - 122

●. 900●ea .
3) T. E. Phipps, G. Sears, L. #~p&r&kOO&”~ ~~d. Simpson; CK - 1763, p. 31 ff,
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this application the spectrometer tube was
.

metal frame to facilitate operation8 on the

Adjustment and Tests of the Mass Speotmxaeter with IKerowy

The presence of mercury in the mass spectrometer frornthemeroury diffusion

pumps invariably used in this type of instrument furnishes a useful and aonvenieut

souroe of ions for preliminary adju”sixmntand routine oheoking of the operation of

the insjxument. The.adjustment of the spectrometer to optimuinresolution and i~jtensity

was done through out-and-t~ te6ts on the resolution of the Hg
202 201

and I@ ionsm

Themeraury speotrumwas found to agree with that of the literature). Fig. 2 is a

202ploy of the mass spectrum about the Hg 201and Hg peaks.” The two vertioal dotted

lines at the base of each peak represemt the

by the equation:

‘=*
where

W z width Of p&lk in ~6s UZlitS

R = ratius of ourvature

theoretical width of the peak as given

(1)

=35.25 cm

d :h~f’.~g~e of divergence of ions from souroe =Oe0151 r

al = source-slitwidth :0.0203Om
(1/m)4m = 3/200

C. Tests with Tin

It %s possible to carry ouk the above adjustments without use of the micro-

furnaoe, since mercury vapor, with CO&ahmhol slush on the cold trap, was present to

● h) A.C.C. Nier, M.(3.Inghram, and E.P. Hey; A-203 IJ}{CLAS51FIED
~) lWer, Phys. Rev.,~. $#,&$fi .~”~”:~”
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n pressure of about 10”9 mm. A further ohesk was made on the perfkmnance of!the in=

strument before proceeding to studies on element 1+9. Sevmml metals Rre known to

have vapor pressures comparable with that of plutonium. Of thege, tiuwafj eeleotied

for use as a stand-in and wa8 introduced in a Mu crucible. Fig. 3 is a maas spectrum

showing the i80t0pe8 Sn120 1and Sn 19. This result indicated that modifying the ion=

source did not result in loss of resolution.

t The ratio of the in%naitiea of the two peaks of Fig. 3 d0e8 not give the

abundance ratio Sn~~9/Sn~~= O.M reported by&ston6). This is Oauaed by a shift

in spectrometercurrent during the detailed reoording cf this spectrum. Measurement

of the ratio made in rapid alternation ~onfirmed the ratio given by ABtOn to a few

percontc

The background at the M?O.j mass position Ras found to be less than 1/10,000

● of the current due to Sn120 at tine120.0 mass position. Thi6 is indicative of the

baakgroundto be found at the g!+~” position in the case of49.

In. PRELIMINARY RESULTS ON.49

During the experiment performed on tin, difficulty

the metal did not vaporize freely. presumably beoause of the

film during the process of baking. !l!hiseffect required the

~emperaturee than were antiaipatmd, and ak such temperatures

was encountered in that

formation of a surfaoe

use of higher furnace

it wa8 found that the

glass insulators in the ion source began to give electrical conduction~ which conduo-

Mon disappeared on cqokbg. On the basis of the experience of Lipkin. Perhem~ and

WeissmanO it was believed that the formation of such a film on 49 weuld not cause

difi’icultiesesince, according to their experience, tantalum ia wet readily by molten

●
6) A8tOII..~hre, 137.613 (1936)
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49 at tanperatures of’1100°C. One would expeot, then, that after the solid charge

of h9 melted,surface tension would carry the free metal to adjacen’%clean Wd8 Of

the crucible, wh=oe i% could waporiae freely.

o

The sample of metal used in the first run had the follovd.nghistorys

a) Purification by Wahl

Lo% No. 209-P

.

X~s Lot No.

34-C

*-D
2&A

+A

@x’ Lot No.
1

Date reo9d

1

Grams
from X

204==X I Wa5=ut l.~1

205-X 10-16-44 3.760

206’=X 10”21-44 1.503

=7-R 10-28’44 1.630
puriftreat.

b) Reduotion by Saker. Sample l$os~5@&and5h15.

geduoed from PuF~ with Ca, in MgO-lined cruoible.

b] VacWm-Rane~ting by Litz and Rammel

The sample was remelted in vaouwn at 1200° C for 30 mixuatesin a CeS

oruoible.

Sevmty-one ragof this 49 metal was introduced izrtothe spectrometer. The

mass spectriyuindicating the Mture of the results is givem in Fig. 4. In addition

to the large peak observed, assuwd to be at mass 239, Q small peak was foundat the

po8i%ion IJlen

the 2@ peak$

corresponding to mass 240. As indicated by the spread of the points on

the measuremdz was made near the limit Of ~t6bil~W Of the m-% ~li-
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fier used. It is, nevertheless, rea~onably certain that such an isotope exists; par=

titularly since duriag the course of the short runs the currents were increased until

the 240 perk was six tines more intense in current than illustrated in Fig. 4. From

several ineasurcmentson the ra%io of currents at the 240 and

conclude that ~~o is present to 3.3 ‘$0.5 parts in 104.

During

duct per ton for

to caloulate the

by Fermi6

where

the publication of thie report, data fromX

the components of Lot 209-P were received.

239 mass positions, we

gAving the grams of pro=

These data oan be ueed

amount of &10 in a given batch of 49 by means of a formula provided

q “- grams MO formed in u

P= gi”ams49 formed in u

U e gZYWMl28

The data and calculation are presented in !JMble11:

TABLE Kim

Lgt NO. 209-P
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2301;8 .:;2 “= 282 ppm

The agreement with our figures 330 t 50 ppm$ is good. The agreement within wxi limit

of error is fortuitous.

~he following may be aaidas to the reliability of our observation of o~p~ak

1) Tho electrometerwas operated at a vacuum of the order of 1 x 10”7 mm of

mercury. To attain a vacuum of this order of magnitude in an instrument of this kindP

prolonged baking and pumping at high temperatures are necessary. Ho grease or rubbW-

gasket joints can be used. On the basia of the general behavior of such instruments.

it is very unlikely that heavy molecules present as residual background in the appare.-

tus could have been responsible for this peak. Heavy molecule

found to be present.

2) The peaks at mass positions 239 and ~0 were both

background was not

found to be vezy

● .fismperatur*sensitive.The variation with temperature was of such nature that the

ratio of the intensities of the two lines was independent of temperature and.time

over the period of observation, which wass u@ortunately$ rather brief.

5] It seems unlikely%ha% the peakat *O ts a “ghowtst,Wvseas far ae ean

be ascertained from the data. it is of the anticipated shape and occurs at the anti-

cipated mass position. NO such

although searohea were made for

It should be stressed

‘lghostswappear in either the mercury or tin sp=tra,

than.

that this result ia a preliminary one, particularly

since the following additional checks on the reality of the ~0 peak will be made in

‘&e future:

1) The pressure of water vapor in the system can be drastically reduced

through the use of a Mquld

a hydrideO the ratio of its

● f@Ctde

air on the cold trap. If the

intensity to the intensity of
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peak at 40 were caused by

the 239 peak should be af-
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2) More accurate measurements of tho intensity of’the 40 peak over a

longer period of time and a wider range of temperatures wi11 eliminate the {JNCerts.inty

mentioned in (2) above.

3] Zn principle, perhaps the most exhaustive teBt of the chemicnl identity

of the two peaks observed is that their ‘appearance potentials’1be the same. A8 ‘bhe

Nier spectrometer is not de8igned to make measurements of ‘appearance potentialn~

this test

Bary. ‘

Ea simple

eulted in

will probably

Unfortunately

not

the

be made unless it is pointed out to us that it io nc~c?e=

operation of the apeotrometer in this first run waB not

as desired. The evaporation of 49 from the lips of the miore-furnace re-

production of metallio films on many of

source. For this reason, it will be necessary to

the g~ass insulators in the ion

introduce much more oompleto insula-

0 +W shie2ds. emd although this will be Bimple to do. the deocmtamination of the ion

source prior to maohining of the parts will take soae time. Decau8e of thie leakage,

whioh developed very quickly, it was not possible to make an exhaustive examination @f

the

21@

IV.

surroundingmass poBi.%iont3*We can~ however. set an upper limit on the amowt of

present aO one part in I&O

CONCLUSION

On the basis of the results to date it may be said thatx s

~) A mass spectrometer has been set up which can be used to Btud.ythe ieo-

topio constitution of element 94. For the present, senaikivi.tyfor ~40 As of the

orde~ of two parts in 105’. It is quite possible that *Ms sensitivity can be increased

by subsequent research.

2) Evidence

one particular sample

●

has been obtained for the efistenee of the isotope @#@, and

of .49metal has been given a preliminary analy~ia.
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j) It should now be pos8ib~e to measure & as a function of en9rLT.

b) It is now possibleto get an absolute value of >2.

5) It may beoomo possiblo, by considerable development in the future.to

separQte a fraction of a microgram of relatively pure ~~”. Th~a i8 not pom$ib~%. o-’

COUrI?JeOuntil 49 containing at least several percent of 410 becomes available in qram

quantities.

It should be emphasized that the pr~sent results are exceedingly prellnina~~

and subject to revision at a later date. Subsequent re8ult8 will be announced in sub=

sequent reports in a series under this title.
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