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, ,./ Introducit1~n' 
," , ," )"" ' Ij 

.' t,''l~.:-~t~nt use~ illrMSS 'a~e'ctX'ogra.phic e.nal7Sisof 

'tra~aniua·'elemen:t.a tl.tSerkeleY is a,,~ eeotor-mAgnetio field, 
~ Jo~' 

-N+6r-t1P~ mass :s~ctrograp'h, . Wi th f 20 em radius of" curva tur'e, "'bieh ' 
~ " • '.o', • 

. ';~;:, vas~l t .und~~i.h:g·,~~rvlaion :of F. L. R~ynoldS. '. A se~tiQ~lagfam 

'. ," 

:'\', of 1.ha~t~t. ls. 'Sh~ in Fig. 1. ,''l'h.6 ,iO~8 ar~ 'p~ced in the 
~ • '. , • ' ''' .. - f . , 

80utce assembly 'l;t thermal ionize. tion,; tt-..a't is.t pooi t1 va ions are 

", produced by beating'the sample to a high temperature on avolfrom, 
. '. ' 

.. tantAlum or platinum ~1~nt. The ions ~e accelerated, througb e. 
, t'~ ." .' • , , 

, vol ta«~ drop of 8 'kilovo1:t~, and bent· by the IMgD'3tlc 't'ield. so that ''When 

, :'U1.!o'cuS tbey,gothrO\lgi) as11t ,antietrik~ the collectorplat,e. The" 
~ , '< 

; ~b~ge .from tbese iQnf:l1s measured by a D. C. Voltmeter conneoted 'w 

, /. a L & N recorde~., . To .~a9Ure a different ~.sOtOp6' on th1!)collec,tor,' " 
, • ~' ,'. ' 10.," 

the ~netic fialqis.adjusted to bri~ sucoe~si~ isotopee into 

foc~s.' The high ~oltagEt: JDSy be ,6d.su8~d" iDBtead ,~ut;beca\UJe of the . 
". -: ,..." , .... ~, '~. "'", -, ~,'. ',I· . 

'diffiCU3;tY of ,:~~trol ~nd: efr~~' 'c~ea~"~ potBntj,aichi9.pges'~ the. 

magnetic field sweep 1s more aa:t~sfaotot7;.-

• " 

:Vi!cuum System 
, ' 

A schematic ot the ,va~ .syStem is s~oWn 1n Fig. 2. Thbl'e 

-are nO'vlll,-es in the mass spe~trograph proper, and all conneet,iollS :,., 

are made throtlgJia pumping ~fo1d. I~ operation, the air inlet;.v~ve 
~ , . 

-ltnd the valve to the diffUSion pump are olo.sed and the valve ~'the 

.rough PWRP operied. 'rbg rough pump (HI VAC meebB.nic81 .Pu.mi:» pumps the 
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. sy~tem ,down to about 20 mm Hg pressure (""30 minutes), at which 

pressure the rough p~ valve i~ shut and the valve to. the oil dif':' 

fusion pump OpElIll.6d:,. In about 2 hours, the system is dOw"Il to a vacu:um 

of about 5 x lO-5~ Hg" w'fdch ·iscon:sidered suffioiently low for 

operation. \ ~he vacuum slst~ 1s all copper arid brass tubing. e;c~,pt . .'" . ". . . . 
at the steel magnet"· ·pola faeces which form part of the vacuum system. 

The use of' a manifold' is to provide uniform pumping on the beam tubes I 

aVOiding the necessity fo» puro.ping out one beam tube through the' 1/4" 

tnagnet gape The vacuum is limited. by a number of factors, not the 

least of \Vhich is the difficulty of preventing leaks in a met1).l systeM 

\1herfll two orif;ioes, 'are openeli often. It should be noted that there 18 

no necessity for an·· extremely g~od vacuum except for high resoluaon 

operation a.t mass 200 or ,above. Cas, scattering widens the InllSd peaks 

and ~9'Wers the resolution in isotopic determinations in the heavy 

region. The extent of the pressUre dependenoe of the resolut.ion io 

not known, but pressure broadening. is suspected of being 1,], major factGr 

in the resolution obt~ned. 

The frequencr:'ar;rll$e of' th~ m&.chine is dependent on the time 

Moessar;r to' pump t~"'Jn,,~perE<tlng vacuum. The Be:rk:ele"J instrwuent,:can 
" '.' ".,:'1~ p:.~: ~ " :~~~":~) .'. . 

be used perhaps tvice a: day due t~, th~~ tinw, necessary for pwnping efter, 

every sempie change. . 'fhe two or three hour.IWnping. period (~an be cut. 

to 30 to 45 minutes byisQJ,atlng the source aseembly from the rest of , 

the vaeutul sy stem .... 1 th some sort of a valve, which would not necaesl tate 

breaking the vacuum on t.he whole system to' ohange samples$ In this' 

sort of arrangement, tbe source could be lovered to at.mospheric pressure 

tor cbanging saL1ples. The majority of the vacuum system wouldba left 
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at high vacuum; ItwQUld be:, h$O~88aty "only to pump' OU~ the sOtU'ce 

" .... ", 

, )ligh V~1,t.a~E1) 

Th~ Mgh'vo:ttNta is appiied' ~ ,the ions in: tJ:..e souree' over 
'.'..... .". "" .' • ~', ,: .... ~ j- .•.. .:... :j,:" -: .. :~~~' . .. -t •. .,. ..... ".f ' .' f. ~ <: ,,', ;,7.< . '/,' . .';"'~ . .t_ 

"', ,a',(U;'startce o't;i :alii 'a~:;,:i8'controiled 'to 8" parts in ,10; .,:c The ":fis'UAl " 
,:~ :~':I.:';. ;", __ ', ; ;: .~~ ", ':,~' .... :: " . ">~.'," ':.' .~~;; ._' ':"'., : ,. , . ~ . .' . 
" "'e.o~~lerat;l.Dg :v~~~ge.'?-$8ldlovolts, 001 other, :91~eSiin this ra~' 

• ", • I" ,t. ; ~/", 

":"Qf'3 to 10 kv oanbe used \.Jhen i'Sotop.ie linalYfil1e is,wide b1:rec~iver 
" . . f, .• ' 

current. The ear~ful' e<;>I1t~ol ;0£ the 8,ocelerati'rig v:olt~ge is., quite 
,,> ~ . 

crit1calto'the.reso;lut1onat nigh mass '~lues, E!inee. thes~parat:i.on 

betveen' masse.s i~ 'only 20 volts at mass ~50. ' A emall ripple 111 the 

voltage wilI"·ci~se,. B.p:p~e¢iahle \{1d~UiDg af tbe image aDd consequent. 
~ . , . . . 

.. 'J,.wering of res£llying power of the instrument " The distance ever 
. / 

. .~.. . . 
Which the voltage'"18 appl:i,ed to the ien:! is not partiCUlarly ad tical--

II, . 

" di'Stanc,e 5ufri~eJ1t :to .ayo1d.arcing is' a~ that' is ll~eessary • 
. ~~ . .' #. '., ,-

.. 
, ". 

" , 

Geometrically~' tpe lMgnet i~.a seatOrof a 600 arc , with . .. ,~: ~ " .' , 

. • ! • ~. '::', ," '\:' " -. . • ..' 

: pJ.a:ne pole .facEts, designed only fer first .order focu.s'ing. The oel1e 
~. .~. :" ','. , . 

, • "to. I'" ."- ".' ' ; 

are wound on ~lipt.ical~~re6, 'but ~he. pole faces ·are trape.?;oid~: •. 

The magne~ is capable of a field 011" 14 kilogau!3s wit.h a magnetclJrrerJ.t 
, , 

': 

of t.he~ron_gn~rf·i?k'~. 'The ~gpet gap is approx1~t~lY 1/4" 'Wide', 
. " .. \" 

. and':2" bigh, but .. ~"Sc(jlli.mp.ted so tha.t the fon b~am ~e~s .only an urea 

1/8" wide end J/4IT high. The be8.lJ areti is dlminiahed to avoid 1.nhoJllo-. 
gelleities in t.he J:lS.e;r.~t ·field. The· pole faces a,reseparated by brass 

spacers, e.nd t.he spacers and pole faf.;es a.r0 hard-sold,ered in one r1eld 

. , 

. . 

, ' 



• 

-4-

piece wbicb forms part of the VG:CUll!D systm::.. This design has the 
. , . 

o,difficul t;y tha tt.be beam tub~a eMmot be adjuflted until the best focus 

for the beam :5 obteir.ed.. Hc1FPj 1y.. the Eerkeley ir4zt;r1Jment seems to 

focus 'oIell enough that :f'urt:her adjustments .... 'ere not necessary. 

Control of 'th~ magnet cune~t supply is not too critical, 

a1'~hough tbe cUI'rent SU!'lply should be stable over e. p'eriod of lC:minutes 
, ' 

,or so. . Control to 1 pert, in, about 1)',000 is used at Berkeley fl.."\d has 

beer. quite satia(actol"Y when the ma.gne~ current is of the crder of 

100 fila. Since the IllfignetcUl'rent is ve.ried during :lsotopic arm.lysis, 

. it isconve11ient to ha.'l~~ a motor-driven magnet sveep over. small ra.ng-es 
.. .' ~ , 

in DJagnet current ;.;hleh .wi.ll' give Ii unifo.rm vur1.ation of magnet curr'ent 

with time. 

Source 

it schema tic diagr6J!l. of the source is sho .... n in Fig. J. The 

principle of the therr..s 1 j oni7.l'lt:i.on source is qu:.te si.tcple. The ions 

are produced by hea.titlg the' filament ar.d then accalerated by tbe potential 

drop between ~hg plates~pa.6sing through the deflr.J.r.r.t; sIlts. The slit 
), 

5j ze may be varied, d.spcnd.ing on the 'geOr.letry and ret:!olutJon desired. 

An electrometer connectP~·,.to aUt plate sel'vas to indics,te the presence 
, , 

of an ion beam. To' obtnirl hi.gh resolu.tion, a sma.II 511 t is desir&b':e., 

o;hile to get a high geometry, a l.a.rge· slit.is desiTs..ble. The slits 

use~f ontbB Berkeley instl"u:m.ent are 1.1 em in the horizontal dlmension. 

,a:nd 0.01(1 inches in ·the vertical dimension. These, together wi tb the 

sl.1.:'t on the S011Tce side of the magnet, detr:.:rmine the hG.lf-~nele of the· 

, incident b~a.m on which the resolution depends.· 

t 
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Insulation of the fCet.s.l parts at' theSource.-in high.potential 

, is accompli,shed by Mkrcy stud.s,which have been quite sa.ti sf,ae tory . 

\oIhsn operatirJg as a thermal source, some al'd.ng iS9ncountered in the 

first tew LU,uutes of filament heat:l,ng. T,bia.i6 perr..aps due to tp.e large 

8lllOUnt of ga.s freed inth~ source'ass~mbl1 by i~ tial hea,ting of the, 

, \oolfre filament, and the consElquent rise in pressure. 

.; 

conditions, arciDg is sometimes encountered.. After ,the, initial' surge' 

orgas, the,.nsqla tion and the pressure' ,should be sufficient to msin~in 

the potential without arcing. 

The filaments used in the thermal production of ions are made 

of wo3.friuu,tant8:1um, or platin\m! :ribbon JOmils wi,de and 1,mil thickness 
. . . 

bent into a U-ahape and spot-welded rigidly to a frame ~ Samples for 

tUlbl;ys:is are evaporeted on the filament from solut1,on. Precip:ttates 

are placed on t,he filament as ti. slurry and then dried. The amount of 

sample' necessary to provide a SUfficient Qll40ti ty of ions for isotopic 
': 

~alysis varies with lhe e.leaent, and,q.epends further on the impurities 

present on the'filament. Tbe usual sample size for plutonium a.nd higher 

trb.nG~ra.nium:'\efefuent8 is approximately 10 }lg. The "1onizati6n of tbe 

,sample froms., filament has'the advantage that the ba.ckgrou.nq. of the 

mass spectrometer is not a problem. , The o~y sUbstances.that can 

produce'ions are materials on the filament, so the use 'of a new filament 
, , 

for each determination avolds completely the',Ipossibility that 'satnples 

rr~ p:revious runs of themaehi~ migbt influence the results. 

The chemical form of the sample' is responsible in some degree 

for .the eff1.c.1ency. The transuranium elements show the best. efficiency 

~ , , 

" , 

" . 
, " 
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x , 

when run as the fluorides, either by a slurry of the fluoride on. the: 

filament, or :by preci~ite..ting tke fluoride d1recUyon the fi~arnent. 

The explamrtion of this effect me.y be found by considering the LangImll-r-

Saba equation for j,onization from a filament 
'. 

iEi=lL 
N+ - Ct);" KT --- C is·an empirical conste.nt 
N 

N 1s total No. of e. tomn 

N1- is No. of positi,ve ,ions 

'. .' P i.s the \ltork function of th.e filament 

! ,is the ionizationpotenti$l 

of t.he :metal 

K ,gas constant 

Considering' t~e .exponentislb.:tl.t,it may ·be seen that fer a !~:X~:- " :-,'oi!ucticn 
. ". .. 

\ " 
, . 

:0£ ions we \oilsh for a high work functioneD. tbe filament, and a' low 

ionization potential for the sample material. 

The equation bas ~ittle'u.tility in practice, since there is 

Vir'tuelly no data on the ioniz&tion potenUals of'metals from their 
" 

~I!lpoUndSt' and the work)'twc.tioD of the fi~ament is usually not kn('1\om. 
, ..:' 

. , 

The, \c'orkfunction :rorpur~ wolfram .is 4.5.2 (lV', but for the ordina.ry 

fi,lameD:t,,·.,coate~ .... it~'oxides~(or fluoride, if t?e fl1e.m~nt 1s treated 

with iw) 'the wqrk function is usually higher, 8 or 9 ev~' Unf6rt~tely, 
." .. " 

this is not completely' predictable, an:i small amounts of impurities may 

have the property of' cleaning ,,:p~ the fila.ment, .. thus lQW!ering 'che work 

func tion a.r.c. decrea.sing the efficiency of ion product.ioli.. The;usu.e.l 

sxper1mentai practice involves 

to crea.te a fluoride surface •. • 

" 

'j ;.:' , ,~ ... 

few dr~~s of l::{lP on the 'filament 
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,~ 

.icn r:L.l'r",nt with "c::':: IttUfi:I fJ:~ctil!]t:i(~~r "in j,nt.~ne~.ty. 'Best z'esults 

are 

.' s tes.dy", 
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magtrl.:tude of 105 to.106 . This factorl~cludes th,e geometry cf the 
. , 

instrameni, -- abou"t 1% - ~t it is a.ineasure ~of the efficiency of 

ionization of these elements. Am..er-iciurri has the lOVlest lo'ss factor, 

follo,"'ed by plutonium and cm-iwn in that' order.'. It should be spe~ified 
, . 

that these loss fttctors apply to the .elements only 'When run as tbe'ir 

fluorides. 

Receiver 

The receiver assembly MEr 8.rrlUlgement. for two. types ot 
.-. ....,. . 

detection -- a photcgrt!.phlc "plate .. or a Faraday cup to collect tbe 
-

ions. The Fax'aday CUp :l.~"plac~d ·,~eb.ind",a.sli t, arranged to be parallel 
,,'.t i' •• _ . 

to the ruagnet' face nt the t~~ foc~s ~~.f ti~t'J il'lstrum~n-:,. 'T~e photographi,c 
~ • t' • 

plate is placed horizol~t8.l.,.~. i.n the same ve.l'i teal posi"tion as the 
'. ~ • '. ~ t.. _. . 

. sO'u.rc~.: ,eli ts. Use of "the pbotogr~ph:S. (; pIc "va is ll1ni ted in isotopic, 
. '. ,,' - . 

analYSiS, since'it lnVoives staDde:rdizatioD of.developing procedure ~nd 
• . 'I .. 

of plate response to'ions. It is fe.r' simpler to"uss tlle, Faraday CUp':;l 
. . . . 

i';eceiver for isotopic analysts. 'fhe" current from the Farada,,;'eup is '. 

amplified by a. ,pC voltmeter connected to an L & N recorder. 
" , 

The voltmeter .is quite cti.t~ca1 £'.01' proper mea6~em~pt ot the' 
, ,- , 

intens~:t.1 of ~ss peaks.. ~he .. D. C" Voltmete.r us~. 'Was desigD.e~ .by, Hugh . . . ' 
Jt'arnswortnot the, electtcinies group, and' is a 100% . inverse .fe~ back, ,: 

. . 
. typ~, ~ith linear ampllfise,tion over. 8 range of 105 in ion current. It 

, i~ capable of measul:ingelectrome1,;er currents of the ord.er of 10-10 - . 

·lO-!5 amps • it great- deal of care is nacesse,ryf'or' the pr~per const:ru.etion 

of this voltmeter t but/once operating" it is quite, rugged and has fe\J ." 

troubles. .J , . 
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", 

HeaJ.,th Pr.ecaut.i.ons·: 
", .. 

Early in~e c~urs~'of'analys1s ·of·a large number' or.: plu:tcnjum 
"~ . 

sampies, it. \Jas observed, that i~e accunlu.1ated alpba activity 9/ plutonium 
. .' 

constituted a'dan&erous'health hazard, which might be spread throughout 
, 

.the installlit.ion unless preventative measures ... ere take]l.Accordf.l?61y) 

a Berkeley box 'Was fitted about the source to' prevent spread of radio-

·a.ctivity from that o:,'ifice of t,he im tl"'UIllent. Investigl"tion of the 
. '.. ! 

receiver ap~atl\6 showed verY little ac'tiinty in, that ~o-?eral'area, 

and lead to the decisic~ that enclosing the receiver was not necessary 

from a heal tb standpo1l].t,· ~1noe·, almost 'all the sample, after volatt.l-
... . . 

iza tion fr-olU the filament., remUns in the Soui'ce bOx. 

The BerkeleY Box fitted aroUnd the source is designed so that. 

all' oI-'era tiollS arecarr1ed on''Withln' the 'box frOm the point were a 

sample is presented for analys~8. The sBlllple is' iptroduoed in 'S, sealed 

tube through a door in. the box, and the a:pj l8.ra'tue within the box permits· 

spot-welding fi,laments ,evaporatlng samples, as vell a.s assembling . .' . . 

and ~ieflssembll:ng the source 6.plJara tua. E t:trance to the source can 
• A 

becbts1nedonly through the Berkel~ box. 

The:' .Berkeley box is I!1s.inta1.ned at a .slight n~gative pressure 
, . 

with respect to the room by an exhaust fan. It is estimated at the 

present time that the·~·Q~cea.nd the Berkeley box tog~the,r enc'1os~ a.bout 
10 .'. • 

1010 alpha counts per mi~teJ with only very ilior contaminations of 

the room. 
, , 

Opers'tioD. 
" 

" . 10. oPerat1on.;ef.,the:me.as spectr.om~ier the. acceleratiJig volte.ge 
. .. 

is set at !l. COl1f.\tant. W,J.ue and thE;: lllagnetic field set ~t appl"Ox1ma.telY ; 
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the correct field'.' The!ilamont current is increased u.ntil the 

electrOllleter at the source detects a Btzeableion current. Minor 

adjustments of the .magnetic field are made until the deflection of 
" . . 

. ,. . • . I . . 
theL &:.N recorder connected.to the receiver elec~ro"Rleter indicates 

. . 

that ions are observed. The field is then var~edi slowly and uniformly 
., 

10 or 12 times ever the ~ss range covered by the e~em&nt to ,be 
, 

anal,yzec1. The ion currents are r-ecorded on the L & N recorder. The 

. heigh't of the deflection of 'the recorder is directly p~oportion81 to 

the nUmber of ions colle cted, foi' "each isotope.. Fro.D1 ·the reoord~r 
~ .' 

data the isotopic 'compdsi tion .of tlie alemf;!nt is' easily determined.: .' . 

I During each different sweep, care mustoe taken~to ass~e a constant 
;, 

. . . 
ion " be run •. oths1'\.Iise the ion currents ,,1.11 raflectchanges in IGD 

prod.uction as well as differences in i.Sot·dP~C 8.l?undanae. This limits 

the length .of time that can be allowed 'for 'determination of the ion . . . . 

current of each 5.ndi v1.dual isotope ~ The lsotopi c ra tics obtained 

at Be,rkeley are expected to be 'correct to bette!' t~e.n 1%, in.. samples 
.\ '.' ' , . .. . ~ . , . t. ~ ~. 

where the isotopiC ratios are approrl.m.etely equal. When.' th:~' ,~a.mp1S . 

contains two isotopes;: ill a rati,o of ;sb9\lt 20 tq.l, the accUracy ot, 
. ' , 

the isotopic abundtitlce of· the l.ess abundant isot6pe is only about ,5 

or'lO%. In the high mass region, the '1nd.ividuAl mass peaks are n.ot 
1 

'perfectly resolved, so th::::t- each pea.k '~rrie8over into the neighboring 

mass ·r.n.ullbers. 

This 1s a' seriouslimi~tion on, the accuracy of the results,. 

and an instrument designe«(tOi·cbtfl:!.n ,the' isotopic ratios of t.ransur$.n$..~ 
, . 

elements with high accuracy shol.iJ.d ·b.e .des1gne~ with S"lolfficient resolving 
• 1 ~ 

. power to obtain cl.~ar definition of::the ·.i!lQ!iS,s •• 
. y .. : 

" 
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In. 'conclusion, for'. isotopic, analysis ot plutonium, this 

·1nst.I'Wllent is not the best attainable, and. cOUld be considerably im;proved .• 

However, it has the virtues of oPera~1ng simplicltl, and adaptability 

for a verietl of uses. It has been ueed. \oIith~ considerflble suocess in 

'isotopic analyeis t pbotographic detection ot .radioaotive leotoJjes·and.- . 

. isotopic saps.ration. It is Celt that the tb,etmal iOJiiz-atiol'l methods 

used in this inst:rument may be relied on for i?~zl!ltion o£ t.ra.nsuranhun . , 

elements, Fot an 'instru~ent designod solely for plutonium analys~, 

suggested illlprovement~ tire (1) vacuUm lock that permits sample changil!g 

wHhout completel,.- opening the system to the ll~mo8phere, (2) 8 larger 
. . ' 

. "1 radius Cff cu.rvature for inc,res,sed resolution and (:3) a. beam tube which 
\ 

.~ . . 6 

.~ i8 free fran: the pole faces of the magnet, and capahle of a.djustment 
)" , t 
~: £01' the best focush.g. 
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