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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



-UNIVERSITY OF CALIFORNIA
Radiation Laboratory

GCover Sheet o ) INDE X NO. Lo/l —/ 2 /__'_3
Do not remove _ This document contains _7>__ pages
' ' This is copy —2=_ of g _series

Is‘sued to_é?&ww_;_
OFFiCiaL uoe ONLY | |

" Glassification

Each person who receives this document uiust sign the cover sheet in the space below.

Route to Noted by Date Route to ' Noted by Date

2

- 5(M)



»omcm_ b‘m ONLY

UCRL-1213
o MASS smcmocwmc m Lmls «’JE‘ mwmxm EmTS

, Bl G. Kar*aker :
“MAR 1951 ‘

Intro&uction

‘;.

‘Tha inatrument used in[mass apectrographic analysis of

f}transnranium elemeﬁta a* Berkeley ia 8. 60° eector—magnetio field,

’

. ﬁier-type nRss apectrograph, with a 20 en radius of curvature, uhich.

© Mwms Bullt.under the supSrvislon of . L. Reynolds. A schsmat;o diagram

'gfof the instrumsnb ia ahoﬁn in Fig. 1. Tha ioms gre pro&uced in the
‘i'aource asserbly py tharmal iouization‘tha* is, positive ions are

E produced by heating the aample tc a high temperature on & wolfrom,
| f tantalum or platinum fil&msnt. The Soris are accelerated through &

| voltage drop of 8 kilovolts, and bent by the magnstie 4613 so that when
: 1§ foous they go thraugh a slit and strlke the collector plate, _Théq

o charga from these ions is measured by & D C. Voltmeter connected to

‘.Qa L& N»reccrder. To measure & different iaotqpe on the collector,

“;:‘fa\ the magnetic fleld 48 adjustad to bring successive isotopes into

foeus. The high vcltaga may bauadjusted instead, bnt because of tha
‘difflculty of control anﬁ effact created by potential dhanges, the .

. -

magnetic field aweep is nore sauisfaotory.ﬁ,

| .:thuum System |

A schematic 6£ the vacunn éyétem is shown iﬁ‘Fig 2, Thére '
;are no’ valves in the mass spectrograph prOper, and all aonnections
sre made through a8 pnmping manifold. In operation, the air inlet—valve :
and the valve to the diffusion pump are cloged and tha valve to the

rough pump 0pened.' The rough pump (HI VAC mechanical Pump)_pumps_the
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-éystem down to about ¢0 mm Hg pressure (~30 m‘nutes), at which
pressure the rough pump valve is shut and the valve to. the o1l dif—
fusion pump opamﬁd In about 2 hours, tha system is down to a vacuum
of abcut 5x 10‘5 5@ Hg, which is congidered sufficientlv low for
Operaﬁion. The vacuum‘gystem is-gll copper anﬁ braes tubing except
st the steel magnet pole faces {}hich! forn part of the vacuum system,
The’uée of & manifold'is to pfovi@e aniform pumpiﬁg“on>the beam tubes,
'avoiding the necessi;y fos pumping oﬁt.ona beam tube through the 1/4"
magnet gap, The vacuum is Iimited by a number of factors,'not the
least of which is the difflcu¢ty of preventing leaks in & metal system
uherg two orzfices.are opened often. It should be noted thet there is
no necessity for an"extremely good vhcuum except for high resoluiion
OpratiOﬁ.&t mass 200 or above., GCas. _seattering wi&ené the mass pesks
end lovers the resolutioﬂ in. 180 Opic determinationa in the heavy
région;: The ‘extent of th° pressure depardence of the resclutlcn is

not known, but pressure broadening.is suSpected of being a major f&utcr
in the resolution obtained.

The frequeﬁcjfgffége of'tﬁé machipe is dependent on the timé
nacéééarf to pump tg‘an eﬁéreting vacuum. The Berkeley inStrmment _o&an
be used perhaps'QJEZ;La'da§ dua to th@ time - neceSSmryfbr pumping aftar
) Vevery sampla change. .The two or.three hourgpumping-period ¢an be cut. )
%o 30 to 45 minutes by isglating the sourcé éssembly fram,thé rest of
the'vaeuuﬁ system with samé sort of a'Qalve, which would not necessitate
breaking the vacuum on the whole system_ié:dhanée samples. In thiﬁ v,
gort of:arrangemsnt, the source could be Jowered to atmospheric pressure

for changing samples. The msjority of the vacuum system would bs ieft

.
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at high vacuum. It uould be heceesary only to oump out the source

before the next. rua, instead of the uhole maohina.

}&igh VoLtage

¢

The high voltaga is applied to the ions in the soarce over’

a distance nf 2 cm'an&.is c;ntrolled to 8 parts in 105 The usual
aecalarating vnltage 18 8 kilovolts, but ether voltages in this r&nge
of 3 to 10 kv can be used when isotopic analysie is, made by receiver
current The careful control of the ahcalerating vnltage is. qﬁite

critical to the resolution at hlgh nads values, ginee the separation

betveen-masses isvonly'ZO volts at nass 250 A small rlpple in the

' voxtage will® canue appreciable widening ef the lmage and conaequﬂnt

lawering of resolving power of the instrument The dlatance over

P

wbich the vnltage 18 aprlied to the ioms is not partianlarly ariticalu-

dlstance suffzeient to avoid arcing is all that is neeessary.

b ’Magnst .
Geometrically, the meganet ig a sector of & 609 are, with

 plene pole facee, debigned on;y for firat order focusing The coila

are woundqon eliptical uores, “but the pole faces are trapezoida.A,'

- The magnet is capable of a field of 14 kilqgaus» with a magnmt cnrrent
of 958 ma but is limited to a maximum field of 14 kg by the saturatien 5
of the iron. magnet yoke. Th; magmet gep is approximately 1/40 wide
and’ 2" hign, but is collimeted 80 that the jcn beam sees only an area
1/8" wide anu;B/A“ high. The bean aree is diminished to avoid ishomo-
geneities in the magret fisld. The pole faces are'separstéd by'b}aes

[

spacers, end the specérs and poie faces are hard-soldered in one rigid
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piece whidﬁ forms part of the vacuum system. This design bas the ’
;ﬁifficulty Lhat4thé beaﬁ tubas capnct be adjusted until the kest focus
for the beam is obteired. Happily, the Berkeley instrument seems to
focus well enough tha§ forther adjuspﬁents were not necessary.

s Control of:thg megnet éurreét supply is not too ceritical,
although ihe.Furrent supply‘éhouid be stable over a Reriod of 1C minutes
,OT 80, Cc#trél‘té 1 p&rt‘in;aﬁcut 13;006 s used at Berkelay'and hes |
séeﬁ §uite saﬁiéfactory when the magné; current is of the crder of

100 ma. Since the magnet current is veried during isotopic snelysis,
-it”is'youVeﬁient fc have a motor-driven magnet sweep ergAamall Tanges
in magnet current whicﬁ_willlgive & uwniform variéfion of magnet eurrent

with‘time.

Source -

A schém&ticAdiagram.cf “the Séurce is sh&wh in Fig. 3. The
principle of the thermsl ionization sdurce is quite siwple. The ions
aré preduced by heatiﬁg thé'filament and then accelersted Ey the potential
drop between tﬁ& platéé;fpassiﬁg through_thé 5efining'sli§s. The slit
size maylbe varieﬁ;‘dapfnding ;n‘&heVgéémetry snd resolution desired;)
An electrometer connectbéyto 8lit pldie serves to indicste the presence
of an ion beam. To 'oblain hiéh reeoiuéion? a smell slit is desirabla,
vhile 1o get & high geometry, a largé'slit~is desirstle. The slits |
used- 6n the Bérkeley-iﬁsﬁrument are 1.1 em in thofhorizontal dimehsion:
-,and G.OiC.inches in the verticeal dimension. Theée,‘together with the
slfﬁ on the source side of the magnet, detsrmine the helf-sngle of the.

- incident beam on which the resclution depends o
' l
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‘produce ions are materisls on the filament, so ihe us§ of~a néwailamént

Insuiation of the metsl parts at’tﬁé?éoﬁrce»in high potential

" is accomplished by Mkrcy studs, which have been quite satisfactory.

' When operating as & thermal source, some aréing is encountsred in the -

firét_ﬁew mimutes of filament heatiné. This is pe?baps due to the large

_ amount of gas freed in the source’aSsQﬁbly by iqitial bheating of the.
“wolfrem filament, and the consequent rise in pressure. Under*éubh SR
_conditions, srcing is sometimes enmcountersd. After the initial surge’

_ﬂdf,gés, the-iﬁsglation and the pressure should be sufficient to maintain

thé potential withouti arcing. .

The filements used in the thermal production of ions are made

of woifrém,'tgnt&lum, or plaﬁihum ribbon 30 mils wide and 1 mil thickhégs ‘

bent into a U-shape and spot-welded rigidly to a freme. OSamples for

‘analysis are evaporsted on the filament from sciuticn. Précipitates

. are placed on the filament as & slurry and then dried, The emount of

éamplé necessary to provide a sufficient guuntity of ions for isotopic

. analysis Variea;with the element, and depends further on the impurities
5;present'oh'%be-filament. The usual sample size for plutonium and higher
‘transuranium ‘lehénts is approximately 10 pg. The ionizatién of the

.sample from a filament hes the advantage thai the baékground of the

mass spectrometer is not a problem. . The only substaﬁces)that can

. -y ’ . '
for each determimation avoids completely the possibility that semples
from previous runs of the machipe might influence the results.

The chemicel form of the sémple-is responsible in some degfee

for the efficiency. The transurenium elements show the bést éfficienéy'

]
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when run as the flucorides, either by 2 slurry of the fluoride on the

filament, or by preciciteting the fluoride directly on the filement.

The explenaiion of this effect mey be found by considering the Langmuir C

Ssha equation for ionizetion frem a filement

$-D. |
N+ - Cet KT ' C is-an empirical constent

-~

N is tétal No. of atoﬁs
Nt is No. of p‘qsitivé.,ioné |
¢ is the vork furiction of the filament
I:i;‘thb ionizaiidn'pot;ntial
§f the metal
‘K gas constant -
Cone idering the exponential term, 1t may be seen that for a Lﬂy37>* ~roducticn
fof ions we wish for a high work functiﬁ; on' the fil&megt, and & low
ionization potenti&l for the sample meterial. |
‘The equatlon has little utility io practice, since there is
virtually no date on the ionizetion potentials of metels from their
' compounds, and the work function of the filament is usuaily not% known,
The work function for“pure wolfram is 4. 82 ev, bgt for the ordinar
‘filament, coated vith ox1des, (or flunrid if the £11 amant 15 treated
wlth HF) tha work functicn is usually higher, 8 or 9 ev, Unforfunztoly,
this is not comrletﬂly‘predlctable, and sm&ll amounts of 1mpur1ties mnay
bave the property of ’ cleaning up the filament .thus lowering the work
function and decreasxng the efficiency of ion production. The usual
experimental prgctice involves dryi @ few dropé of Hﬁ on the f:lamant

to create a fluoride surface..




Lacgs amovnle of serple do noi usuelly leel a gve to2r nraduciicn
of itons, since the excess sarple epp rently falle off Uhe filanoni when
the tenperainrs is ineressad, and no pore ieng are oreduced than when
g seallsr wasunt of sciple ie uzed. The prosence of messes of foreign

salty, such a5 NH, .l decrs

Lo

les falling off

300 san
afficiercy s

rodtetdng
p CAIC LN

CH LS

the aunber of long preduced,

1y

restlled

the filament, and by dwcveasad ienizaticn

Hiament le quite femperature

depende:t, and seems (o he govarned melnly by voistility considerwtions,
keoh wetal spocars bo prodice doms of a charzcteristic uuppersture,
Ledow whick ne detertsnla lons aépe T noreossing the - temperature '
inoreases ube lom cwirent firsff but then the current slowly decrenszes
ag the lew, ereiure is fur?hﬂ; inereasei. The souple Is erpended wore
gquickiy s« kigh filamenl wropsratursa thsn at lowuer temperaiures, and
vith a decresss in slliclauncy. Yozt afficiont icm vreduction is
abtained from the seapla i; thg'fiiawﬁxu Lewperaturs 17 ralsed e s

Lempevatury Liy 2bovs the i "iemperature snd allowed Lo
siny cenctant as lo;g'aﬁ ovn lon beam gppoavs, Thic ﬁrcduces a "‘eeny »
ien m nl with very little fluctuaticwe in inabnsjty, ‘Besgt resqlts
gre obtsined fop rlatopiam oy temperaiure until dons are
jurt wnitied, theu vcing the filsment Lempereture guite = bit below
wind wos necesonry Lo start emission, Pluuangum will zuprly s stesdy,
pvend Lom ourssnt 15 run Su o vhis nenrer,

(e 2fCiciancy of fon preiusticn verys widely from sidert
e caement nd s ugnrddy oxpressed as l ozs faz"Ov, meaning tne rat;io‘;
of lons collewtad -1 ihe receiver o Loe atoms, ol samrle pl&ceé'on
the flss-ot, For trsosuranium el seiis, oo loss feclors aré of tha



magnitude of'lO5 to.ldé; This_factoy-igcludes the geowetry of the
ipstroment -~ ebout 1% = bnﬁ'it-is a,meésuréféf the éfficienéy of
-.ionization of these élemen£s. Amﬁriciﬁﬁ'hagvthe lowest loss faétot,
fo;loﬁed by plutonium and curium in that‘o?derf'ilt should bé Speéified
that these loss fActors apply to the elements only when run as their

' f;uorides.

Receiver

The‘receiver assembly has arrangnnﬂnt for two types of
detection — & photcgraphic plate or a Faraday'cup to col]ect the &
ions, The Faxadpy cup ls,piaced beh;nu a- let arranaed to be pnrallax
to ihe magnei-face at the true focus of the instrumnn ' The nhotographic
plate is placed horizonﬁgl?gngA;? tpe same vgritcal p051tion as the
4 :SOUrcq:glits. Uaerf fhe pﬁofogfgphic plaﬁa is limited in isoto%ic‘
analysis, since 1t involves é£a£ﬁ%rdizati§n9?.&eyelp§iﬁg proceéure and ‘
of plate response to ions, It isnfar‘simp;er to use %he‘Faraday.cﬁpi'
receiver for isotoplc analysis. Théléurrenﬁ from ﬁhe Fafé&af“cup is.i
amplified by 8. DC vo*tmeter connected to an L & N recorder.

The voltmeter is quite crztical for propar measuremgnt of the
intensi*y of mass peaks. The D, C Vo;tmeter used - was designed by Hugh
Parnsmorth of the electroni<s group, and is & 100% inverse feed back(
'type, with llnear amplification over a range of 105 in ion current It“
:18 capabla of measuring electrometer currents of the order of 10"10 |
: O"lS'amps‘ 4 great deal of care is necessery for the preper constructlonl‘-
‘of this voltmeter, but’ “once operating,‘it is quite,rugged and hag few

troubles., y
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;;;_;; Health Precautimns o
Early in the course cf analysis of a large numbcr of p;utvnium {
.samples, it was cbserved that the accunmlated alpha act¢V1ty of plutonium
COﬁotitﬂth a-dangerous-health ha?ard, which might be sprnad uhrougbcﬁt
the instaxlation unless preventative messures uere taken. Aécordfngly,
& Ber?eley box was fitted ebout the sour ce to prevent spread of radio-
activity from that oo lflce of the 1nstrument Investigution of the
receiver apparatus ahowed very little activity in that general area,

and lead to the decisiyn that enclosing the receiver was not neceasary

from a heaith standpetnt, since: almost 'all the sample, after volatil-

-

ization from the filaﬁeni; remains in the source box.
The Berkeley Box Pitted é;&una_the source 1svdesig§ed 30 that
‘all operations are-&arriéd on:uithin'ihe'box from the point;where a
sample is presented fof éﬁél;éis. The sample ia intro&uoed in s sealed
tube thraugh‘a door in‘the box, and the ap,aratus within the boy permits
spotnqe;ding f;;aments,-gvaporating samples, as vall aa gsse@bling
andlﬁiaaésembling the.souice aﬁp&ratus. Erbrance fo‘the séurce caﬁl
be?obtéined only through the Berkeley Box. - ' . j
N The’ Berkeley box is meinteined at & slight negative pressure -
with respect to the room by an exhaust fsn. It is eetimated at the
present time that the source and the Berkeley box together enclosa about
1010 alpha counts per mlnute, with only very'minor cqn@aminations of
the roon. o | *
Operation

e " In operat on«of the mess spectrometer the accalera ihg VOltége

is set at & conetant value and the maonetic field set gt approximatély :

s
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the correct fieid;‘ The filament current is incressed until the
electreméter at the scﬁrce detects a aizeable ion curreﬁt. Minor
ad;ustments of the magnetic field are made until the deflection of

the L&N recorder connected teo the reyeiver electrometer Andicates

' that ions are observed The field is then varied»slowly‘and unlformly_

10 or 12 timeg cver thﬂ mess range covered by the elament to be

. analyzed. The ion aurrents are , recorded on the L & N recorder. The

i':height of the def lection of ‘the recorder is directly nroportional
the aumber of jons collscted for each isotope. From-the reoorder
data the isotopic composit¢on of the element is easi;y determined.
During each dlfferert sweep, care must be taken‘to assure a constant
ion’ besm, OthGTklse the iom currents will reflect changes in ion
: production as well as differences in isotopic ‘abundance, ‘This limité
the length of time that can be allowed for determinaticn of the ion . .
current of each 5nd1vjdual isotope. The isotop:c ratios obtained
at qukeley are ex@ected to be orrect to bettar than 1%, in.samples
‘where the isotopic ratios are approximﬂtely equal Hhen the s&mple
contazna two *sotopes in & ratio of about 20 tq. i, the accuracy~o£
“the isotopzc abundance of. the less abundant isotope is only about 5
or 10%. -In the h*gh mass regicn, the indlvidual mass peaks ars not
'p;rfectly regolved, so thanfeach peak carries'over inte the neighboring
mass numbera. o , | : ' B

This is a 5erious 1¢m1tation on the accuracy of the resu]ts,r
and en instrument d631gned to cbta*n uhe isdtopic ratios of transnrsnﬁum

elements with high accuracy shouid be designed with suff*cient resolving

.power to obtain cléar definition of the m&aa‘a.

L .



&'ie‘disperﬁion g
_ is the néd;ua of cuxva%nre of tbe
. . o aarmal be&m

Y.aﬁ jf?&lf_f=jigg§§width at ontimum operatiag éonditzom,iapproanhes the calcm;atad :ﬂfff““gt

: "Vaiue wihh;n 8. faator of 2y aﬁd hitb efforts uada te reduae other '

t'/‘lfact@rn might ba improvedifurther.v .

B
P

.  '*§,' ‘ 5 ? ﬁg insﬁrument embodying auiarger radiua of curvature, a-higher

.“aperating vaaunm, and an adjustabla b&am tube for best focuqing wouid a??

T ‘be axpected to have better rescxufian thaﬁ the *nstrament &es*ribed

4
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’ Ihtconciusion, fofiisotopic‘analysis of plutonium, this -

' 4instrument is not the best attainable,vand,ccnld be considerably improved.

’Howevef, it has the virtues of operating simplicify,=and sdaptability

" for a vériety of uses., It has been used with considerable sueéeﬁs in

. . A 4 . .
‘isotopic analysis, photographic detection of redioactive isotopes and:

i
v
i
T4
%

L

' isotopic seperetion. It ia felt that the thermal fonizetion metbods

uged iz thlis instrument msy be relied on for ipﬁization of trensvraniwm
elemenﬁé. For ap instrument designod eolely for plﬁtonium enslysig,

suggested imérbveﬁeﬁtsfdre (1) vgéuum‘lock that perﬁits éample changing

| without cempletely 6pening the system to the atmosphere, (2) 8 larger
% radivs éf curvature'for iﬁcreased resolution and (3) s beam tube whiéh

. N X & .
tis free from the pole faces of the fmagnet, and cepable of adjustiment

for the best focusirg. . o

[ P
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