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INTRODUCT ION 

The u.sa ot eol1d so11rces 1n mnss speo1irometer work 1o tie·oomlng 

1noreas1ngly lmportant. In n~ola~r physics and ch9m1atry thare a.re m&n;y 

problgms ot 1aotop1o separation, ldent1t1oat1on and abu.ndanoe mirasl.U'l!rnante 

which often involve the honvy olemants. Ot partlc:ilsr lnteree' are thosa 

above uranlwn 1n the psrlodic tabla and nl.l!IO th'l elam,~nta 1n the t1e11on 

pi·odttot ra.nse. It le otten var1 c11tf1cu.lt, lt not lmpoeel'blrt ~o obtftln 

e.u.000111 111\mplcan ot euah l111\hr1all'I m,na henoa sntbtnotor,y mothode ot bMdl lna 

probl<lmn arhlng 1n thlcs lQl>oratory, th(~ oonotruot.1on ot a t)OUd eo1uoe mAH 

There are aaveraJ. wo.:;;s 1n whloh tone can ba produoad trom solid sampl••• 

One of thasa lnvolVGS thG tharm1on1o ~mission fr.:>m a hot ru~ent impregnated. 

"11th thG snmpl<i. 'l'his typo of' .1on ooa.:r.·ca has beEui u.sed utLooos.of141.ly to 

at'tld.Y tba 1ao~.;opee ot a lGrgs nw:n!rnr of olamanta. ~nothsr .msthod 1o the 

a11urk aoc.rca "1h.Gra ona eleotroda ou.rryiXIG ths sa.mplG 1e SI>o'~rked against a 

•·,a.i.. 
ot the S8t.1plG ara l1baratad 1n S.ontzGd. s·~atea • .A third prooedlll'G involves 

. . 	tha ~sQ o: a oaall ft4rnac:J 1n which tho sample oan be vapol.lrbsd and trom 

which th11 11apoiuoo can . pa:Ja into thG ale~t•~n boam or tha so~rce. Here they 

.~ <Jonnln":io Ucb or ro!<.lronoou on th.O:Jll ·tb:.·ao typoa or OOIU'Oi18 hao bl'l•ll 


. 001qp1lad· ·oy l1lr• .n . H. =..aus1• '.<.1hc proson~ thQa1a deals •1th the doalgn, 


l Mllla, B. u •• M.so. Theals, MoMaater Un1Tarslt~. 1949 
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construction and oporatlon ot the third type ot sol.ll"ca. 

In a eatiataotory furnace eou.rco, two tundnmantal cond1t1ons mu.st be 

tuU'Uled. Flrst, then must be an acCUl'e.ta control ot the f11rns.oa tamp

ernttU't to create a u..n1form. vapolll" flow. Unless thls ta poselble, the ion 

beam wou.ld va.ry ln intensity, which woiild make laotoplc &'blUldance meaau.rements 

iinreUabl•• Secondl,y, the lon solU'ce ZllQ.&t operate ef~1clen1117 ao that uruised 

vapo11ra are red\lcad to a mlnlmwn. This means that the "f&.pOUl"• trom tbl heated 

9011.rce mat flow lnto ~he 1onlzat1on chamber 80 aa to gbe maxl.mwn ion 

t'orma:Uon over tha el 1t through which they are e.ccaleratad. It the · lon &OIU'CG 

1s no~ ett1o1ont·, higher va.po11r pr9eea.res are reqa.ir~d. to aeciue lon C11rrent• 

ot eatistactory intensity•. This leads to vapour condenaatlon on the 0014 

plates Bild otbe r "ttt'be parts, •blch is var1 undesirable. 
' . 

The problem of tu.be contam1r.At1on ls on.'l ot the ma,Jor dlttlcult11!ta 

eDool.UlterGd, tor it 1s almos~ 1mposs1ble to completely clean the internal 

autaces of t~ maea e~ctrometer ta.be wlthoa.\ dlamantll!l« the apparatus. 

The only wn.y to oomrol this aS.ta.ation la to design the runace eo1U'ca so 

that a mlulmum quant1ty of vapour 1• necaesar.Y to giva ion beams of good 

intensity, and 1to •h1el4 oold parta ot the tuba from the yapo1U' atreom aa mch 

aa possible~ In th~ case ot cartatn sabst~nca~ that vapo~r1ze at temperature• 

bolow 300° o. 111 b often pooo1blo to 01> rate wlth the whole aoiiroo end of 

the tu.be a>.t eJ.evato4 t~mpnratttroa. Th1a procadtu'I ohoQld oUrn1nate conden• 

antlon ot vapolU"a ln the eooxcs and or the tu.be wra the preasu.ra• are thl 

highest. 

rrev1o~ work done by ur. R. H. u111s oona1ated ot an inyestlgatlon ot 

turnacea fo.shlonad trom nlckel aleovea. Theae furnaces had. the ad.,a.atagG 

ot being simple and ea.s7 to mo~t. PUrther, a whole new asaemblJ' cou.ld ba 

quickly 1nstallt4 tor each new aamplo. 'l'ha tlr•' t)'pe ( Ii'lgure No.l) haa tha 

aleeve held ln a vertical position. The e&mpl• le pack 4 1nto tho •l•eve 

http:f11rns.oa
http:acCUl'e.ta


nftcr which the lower end 1s plugged. Th1e plQg aonta1no & am~ll notch 

to allow the .hot vnpo~ra to escape. Tho V9r1i1cal nlckel sleeve la aligned 

abova tho top plate of tho 80\ll"O.'l a.ssembly, am 1s hentod by paeelng a 

ci.trrant through tha ·sleovs. C~prous chloride wo.a ~oed a.a a ~:p1oe.l so11d 

srunpla, and the abu.ndancee ot the copper isotopes wera dete:rm1nod. ~lthough 

tho oleave .. hen.ts 1n the rag1on ot the e~pla, the plug at the bottom 

creates a cold spot, so thnt tho vapours ·tttnd. to condense and block the 

open1!l6• When thio happens. the prass~re lncroaaea to a polnt whore the sleeve 
... 

e%plodea or tha opening 19 oa.ddenly cleared. In •Uher co.ee • the whole •ampl• 

rwountlnfr to Hveral m111181"BmB mAY bo loat. For th1• reuon the alean type 

soii.rcs are not voey eatistactory. It this d1tt1c:a.lt1 co11ld be onrcoms, 

howcva~, they might bG extremly uoo:tu.l. 

A second nickel sleevs source used by Milla wa.e mo1'8 perme.n~ntlly mounted 

in a cloeGd box (P16'1U"8 No.2). The aleave cont&1nod a small hole to &llow the 

vapo11r to oscape • while th.G box vm.s ller.d to etab111H 1fh11 temparnture e..nd to 

roatrlct the flow ot the vapo~rs, pr&Vdnt1llg them :trom depoa1t1ns on the 

s1do uralla ot the i:iaea spaotromatar t11ba. Arter trial. nulD proved uno~ooaaatu\, 

rui oxnmlnAt lon ot tho plates HGmed to ind10&.tG th.at moe1t ot th9 aM>ple epr~od 

0111 and ~ondenead alon£ the e1dee of tho soarCG •1118. It 1• d.ltt10Ql~ to 

A companion p~oblGm to that ot the tu.rnn.01 demlgn lo the proper choice ot 

the oompoande .1.Utder etll<\7• S8ll1plG8 a1m1la.r to c11proa.s chloride reQaire 

tamporat a.res i.n excess of 300° c. The g.aa ot ea.oh hlgh temperatures praaente 

8C3\'Gr&l d1tt1Ctilt1ea. One ls tha oa.tgasalng Of tho heated furnace 'll7h1oh JrJAy 

ba ouftiolent to raise thB preasare nboYG the opsrat1ng level ot the tube • 

.Another ta.otor le that hlgh tem$raturee require large . ourrenta whleh in t1.1rn 

set up lnrgo elootr1o field.a. ~1u.ch f'1el4o ~uld. up••~ ~ha path ot the ion 

http:tu.rnn.01
http:ind10&.tG
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o <1 r..?n. ':lh.irdly, u~e oo.nntru.ct1on of a. fur.naca capnole · ot wltnstandlng hish 

tora.pa~.turas for n long p~r1od of tima 1a difii~ll to nchiGva. Altho~ 

nickel ~ l ae veo ~nn ba ~aisad \o hit;h to~perLtlU'ce, ~ho1 are 111 WA.ngGr ot 

li:-slng thi1r sh~p~ &l4d &lign.nGnt. On th1 otMr hAn:1, ~ arnac. ·du. ·a lc.rge 

rt~!J ot nlSta.l re~uire~ very lar8(i @Uctrict..l CUl'rents ~o ll&l\i 1t. Obv1.oiltilJ 

th~st ctollptu.nd.s \¥h1ch e>h'·S .O.;>p1·~ci tt.'blG 'V~po:ir pram!iU'I• &i low '\3mpe.r6 ~Na 

ts.rt tc bl i?rd\sttGd. In th1s CC..'lll(lct1011, cc1111>oiuid1 ot 'the haaq •lemanto wh1ol 

s.rs vola.til• &rG a.lw.t.yl! or 1nttir$S'\. 

spac~:omlt'l:r wo::Jc an.d. whl~l. sa:im ~o hAV:l ~.t:>7d:u Ul ~h~ a~t1l..\C.1\(IM'lh'Uh 

:-·Jhtta a.nd. 04.tllaroil2 ~!l;l•l ml{{n~:>lu::i ~e3t;,la:Jatona.ti 1n a .:na.aa apaotro~~~r and 

factory, howayor, 1n v1ow of OV3rla,p1%16 byjroc~bo~ ion c~r."'en~a 1n tht.l 

rrulge ot th!i Mgnao1tl!ll 1aotopea. .Dr. x. B;arke 1n 1ih1a lnaore.to_..7 we.o p1--apar11 

~oatonn.tos which hava been pra~ared, ~orig with tlle1r va.poiU' pressures. 

I~ w1ll b9 seen that malf/ ot theae compotWds haw o.ppreoia'bla vapo'lr pro&su.ra1 

1n the tsmpsratura range t1•om 120~ to ieo0 o. No detinlta 1ntormatlon 1a 

e.vs.Uebla c.s to how tM COt!lpOll.l~ds spl tt tbrou.gh olGctron 1mp:.ot, b'1t cnii 

po:11f.11"b1l tt;r 1s that 0!3rta1n oomb1r.at1ona oould etil.SU1 ~ve thG snme masaea 

~ the elamant und.Gr 1nveat1g&t1on. Aa an example, copper aoet1lacato11Qto hu 

the fOI'mlM 
CHJ-0 Cli•CO • CH3 

0 
c.u 
0 

CH3•0 en-CO.OH~ 

· 2 

i'hlte, J.R. end O&maron, A.E., Phye1cal. Review, 74, 9.:91, (19~8)-

http:en-CO.OH
http:tbrou.gh
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It can b.s saen that the breaking of oorta1n b¥drooarbon bonds mlght raa11lt 

1n mnas tragmants clone to the copper range. Th1o compo11nd hae baen 

investigated and tha res111ta reported ln thle thaal• e12ggea• thA' 

,lilAD3 other alome~s which are ditflclllti to form aa normal volatile compo1U1da 

miaht bs 1nveat1gatia4 ln a ma•• spacnromater 1A the torm ot aoet7l~ca\onate 

oompoiuid•, 



'J:'A i~X I-
i' c r:·r11 ,1 ~ ;.i.'cn~,~1$ c;:,;,f{>QUIDS 

:.1ema n1I Compou.ntl M. P. 0 o. B.P. oo. Char o.ch rletlo 

J lumbl'iu.m. Al( 00li.,02) 2 198 . •deoomposea at 314-6° 
•	 I -v~ponr preaaQre ot 


10 •• .., 1400 

I 

Bnr1wn De.( 05II70 2) 2 2H20 

l\Geyll lwn· BG(.C5H1'2) 2 108 170 	 ·•~bllml• near ioo0 

Cadmium Cd90( C5ll702) 2 ... 
Calo11¥1 Ca( o5H7oa) a 2H20 

Cel'1Wll Ce( 05H702) 2 171•1 

Chromlam Cr(C5H702)2 214t •deoompoaea at ~o 
-s~l>l lmea 1ll yaflUUll 

Cobi.lt Co(CL)l1702)2 •8\lbllme• 

Co(C5H7o2)3 240 

Copper Ol(CsR102)2 150 -•ii'blim•e 

CGe1Wll Ca( C5H?02) 

Oall1wn Ga( Cc}i.,02) 3 194.-5 	 •sabllmtts at 1400 
•vapou preaaQre ot 10 

=· 
Indium In(C0H702)3 280 	 -a~blilnea a' 140° 

•Y&pour praaau.re 	ot 10 
Jlllh 

Iron 	 Fe ( C5li1'2) a 184 

Lanthanwn La( C5H702) 3 151 186 

L1th1Wll Ll( C6H7o2 ) 

Maenes1u.m Mg(Coff702)2 

)Langaneee Mn(C5l1702)3 172 •au.bl1mt1 ln yaau.am at 
1~0. 

http:praaau.re
http:Charo.ch


Table 1 (oont•d.) 

>.!olybdsnWll Mo(05H702)2 	 -e~bl1rnae at 900 

-~o4a not malt 


'	 Ng~~lu Nd( C5R7'.12)3 1"4-G 

Uic!tU N1(0£>l-I70,al3 220 2a;..:n; 

r·1 ~·t iml!!l r->t(Oe;R7'12}2 

I>raooo~lw:u Pl'(C5H7D2)3 146 

S!Ur.~.r lum ~mt Oz5102) a 146-7 

~ ~1!1cli:ua so( c5s7o~)3 iea -e~blimto at 1570 

with a-10 m. 

pMHtU'I 


~odla.;~ N~( C-o!.ifJ2) 230 	 -eial)llmea 

strontiwn Sr{ C5U7<.l2l a ati20 


Thalllwri Tl ( C5ll702) 160 


'l'hor1:.un Th{C5H70.z)4 1'11 •aullm.&a 1ll 'Yl\CWU!l 


V~nad1WI V( C5R7o2);s ' 185-90 


Ur!!U11Wfl U(C5R702)4 1'16 

Yttr1wn Y(05H702)~ 131. 

Ztno . b(C5H702 >2 138 124 	 -•11blimls 

Z1raonlu Zr( C5R.,02 )4 193-6 	 -etibllmea 
_.) • t)l ltllh pre ssnre 020 
-1.0 -· preaa~re 120C 

http:l'hor1:.un
http:C5R7'.12


EXP'SRIMf:~NTAL 

INGTROMSN~AT ION 

. A 900 sector type ma.as speotrometar waa emplo1e4, 'belng ot oonven111omJ. 

deslgn3, except that a ground glass Joint la ~ae4 \o olosa ott \ha aouroa 

end ot the ta.be. Th1s Joint 1a aeAled with •lllcona grease when •he •ube l• 

ln oporatlon. :rue to prevloa.s contamlnatlon, the me.a• apaotrom.eter waa 

completely dismantled. The metal tube was 1lhoroughl7 Cleaned and new glaaa 

leads· were installed, alOllB with new presa seal• tor the aouoa and collector 

leads. The source was a1m1l&r1ly racondltlonad, and the whole tube ls now 

mounted on ~ otandard raok. A sample llna ba.llt lnto the m.aaa spectrometer 

represents an addltlon'over the orlglnal 4ee1gn. A 4 mm. la&d la blown onto 

one ot the maln :ta.be •a aldo arms and an external leak la atta.ched 110 th1e. · 

The otbar end ot the leak unit goaa to the sample llne proper, and thla llne 

can be closed by a stopcock. The sample 11.DG haa lta own oil pump and a small 

mar®.ey dlff\lalon pwnp. A fla.sk of xenon la permanently tlad. .onto th1a llns. 

and a mercury toapler la incorporated to vary 1ihe preasure 'behind the ge.a 

·leak. Fo'11' GGneral Bad.lo Varinca a.ra installed on the rack ltaelt to supply 

the necessary ·power to heat the f'u.rnace, and room was made to accomodate the 

4. c. ompl1t1er eo tha.t tha 11nlt la now complete ln 1taelt, excopt tor the 

recording galvanometer ( a Leed.a and Northrup Speedomax Beoorder) and the 

main aleotronlo lllllta. 

A Nier t1I>• so~rce4 1• employed and oan be removed at any tlme by tCl.klng 

411or, A. o., J. so1. Inatrwnenta, 18, 398, (1947)-
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tho hend.ar oft the mass epGatromoter tube. The top plat• ot thla aoiirca 

contains a rectn.ngular opening 10 mn. 'b1 0 mu. ln~o whlch & shallow box 

is tittod. The dapth 1s ouch that tha trn.noyeree eleo1iron beND travele 

irranediatal1 below the bottom ot the box. A i.o mm. ellt on the bottom 

plnta ot tho box l1naa ~P with tho ollta ln the aouroe aaaembl7. »1 ue1ng 

th1o &rrangament, lt la poea1gle to mount the f\irnaoe aa ol•.. ae poas1blt 

to the electron beam. 

The collector system ot the mass speotromatar le ot •llghtl7 dlttarent 

design since lt haa bean built to ut1l1z• the ener&7 t1lt•r •1•t•m 4eaor1be4 

b1 Fox azid H1pple6~ J complete dlscuealon and deacrlptloD ot thl• ooll•otor 

qst1m 1• given ln the aecond por·Uon ot 'thla tbaala. 

ION S'JURCES 

Tha throe type• or so~raas undor lnveati~tlon araa 

1. Horizontal nlokol oloave. · 
11. F.xtern~l turntl.00 with heated 011plllAI')' l•a4• 

111.. Solid mato.l turnr1ca box. 

These tu.maces are deaign14 ao that thay are oompletely auppo~ed by, 

and attached to the removl\ole header. Thlo means that tho whole turnaoa cnn be 

conveniently lU'ted 011t at &.nY time wltho&it having to touch the souroa. Also, 

a1nce .tha tUrn&oaa are laolated, the heating elemeina do not haye "to be noat• 

lng at the blgh potential ot the source. 

In the ·tlr~ source (F1gu.ra No.~). the·nlck•l sleeve la apot wa-ld1d across 

the leado ot • two wlre prcuus eoal • after the aampl• ho.a 'boen paolced wUhln the 

•lG4VO. A cmnll hol• drilled lnttha aloa.o 1• lined up with the •11' 1n the 

~ox so that vapours wlll pass down lnto the electron beam. C11rrent paasea 

http:turntl.00
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throllgh the nickel elaave wh1ch can th~s ba heo.ted to any tempar&tlll"G. 

't'b.a exteruai· fllrnaoa wlth· ~ heated lead 1111be la ohown in Flgwoe No.4. 

The s&mple 10 placed ln thff t~~e S whlah la blown onto tha oapilla17 

load at B. '.L'hlll lead tu.be passes through th& bender R b.Y moo.ha ot a. ring aeal 

at A. Tho lnterAo.l end. ot B 1a drawn down 1io a emali tlp and la dea1ene4 

to slt directly oboye tba ellt a:rra1 ot the eouraa. External hantlng le 

achlevad by winding tube D wlth nichrome wlre · over a layer ot aebaotoo. Tho 

portion or B within the hao.dez• has a tla.t etrlp ot nichrome WOIUld 1n A op1ral 

mAnnGr trom tha ring seal at A to the ttp 'l. The 'wo wire pre11a SG&l l> 

cnrrlos the C11rrent to heat tha lntarnal element. The header le narrowed. at· 

.I ao thn.t the axtorne.l .nnd 1ntGrnal methods or hentlns OYH'lap. 

Fl:lrnace number three, above, ls e1m.1lar to the tlret one except that 

instead. ot a nlck:el aloave, a solid block of ntchroma 6 mza. b7 3.mm. b7 4 mm. 

was used. In block A 'Flgure No.5) there la drilled a cav1t1 B to hold the 

aol1d sample. A~er the sample ls placod 1zl B, A tlght t1tt112g cap C 11 

ol1pped on. Th1a le~vee as the only pat~ ot exl• for the vapolU'I a amall hole 

drilled 'through ~rom tho cs.v1ty D to the bottom ot the furnace. I and 1 are 

two holes eo apaCMd that the box cnn b& t1ttod onto a two wire preaa 1ea1. Th• 

tu.rn~ca le hented directly by passing a o~rront throl.lgh the .whole blocJc, the 

mnximw'a ca.rrent being n.bo1.tt five &'1lperea to 'br1ng the tampsr&tlU'tl over 150° c. 

To tac1lltate th~ paesne;s of. the vapolU'B from ·D lnto the region or thG electro~ 

beam, thB Bllt ln box 0 ls enlarged. b~ dr1lling oentr&llJ a 1/8" hole • .A 

thermocouple ot coppAr-oonstanto.n la tlad 41rectl7 onto the •14• ot the box, 

Md the wlr•• are bro11«h' oa.' throiigh a two wlre pre•• Hal• 

.... 


http:n.bo1.tt
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OB9f:BVA'l' ION!1 

The nlokd eiseve ot thcs flret turnt\CI waa p'lolcr.id wltb cuprous 

c.~lorldo !Uld heated slowly. ThG rea~lte o'btnlned were qulte &Ul&atlatnotor,y. 

copper lona dld not appear unt1l the t~rnaoe hPJ.d. re~ohs4 suoh A tem~ratlll'e 

that the aample blasted o~t ot the omQll oponlng. dapo1ltlng ltselt u.pon 

the aource and walls, .Althou.gh copper peaka weH obialnabl•, 'hi problem 

ot contW11lnat1on wa•qulte aerloua. The one adyanta.e:t ot the •1•tem l• the 

fa.ct that a oiean turnace e&n be q1d0kl1 mounted 1n place tor eaoh mw 

aample. 

several attempt• were made to obtaln lona w1'h the 1o.mple hea,a4 ln the. 

externc.l type ot turnaoe. Howevan, there has not been aut:t1olen• tlma to 
' 

denlop ac.ttsta.otoey operating teohnlqu•• and the reault• 'o date have l»••n 

Tha small nlchrome turnaCG source 4esarll~ed. prtvloualJ' wu cised 'o 

lnvast lgate a oampl• ot C'l( C5li?O2) 2• 'l'ha aampl• was paeked lnto the cav1t7 

and 1nstalla4 on the apparatus. The to.mperatllr& ot \ha tu.rnac; wu ra1aad. 

alow11 unt11 1on ~rrants dll& to the copper laotopea appeared. Temperature 

control was found. to 'ba nr1 crlt1eal. 1n 'h• first attempt• m&da to ca"'11'Q 

1on currants, it waa not poaa1bl• to oon,rol \hi pre••~•• and oce.ss1on&ll1 

the pressure rosca beyond. tho working l•'Hl ot the tuba a:id. thG 1on curenta 

ware blanked Ol:lt. However. 'b3 uulng a thermooo11pl• on th• &ollrOI and a 

gahanometer aa an 1ndle&tlng day1oa, U waa poealol• l»)' oanM control ot 

tha temperat.U-a to obtain ate~ 1on ourrenta ot good 1ntena1tl••• Seyera.l 

McMASIER .U.NIVERSllY LlBRA~ 

http:p'lolcr.id
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repaa.ted. rwus have 1nd1catad. the eta'bllU1 ot such a aotirce. Using electron 

eM r gles or 100 volts. and an a.oc.derfit1rig Yoltaet ot 1600 yolta, tha 

copper spoctrwn ~a recorded.• .t. npactrogram of the copper leo'\ope• 1• ghen 

1n F1S\U'tl No.6. The Cll63/c~65 r&t1o ae 04lou.la,od from an ayerage ot •lx 

speotr:in;s was rou.:id. 'o b6 2.26 .o~. 'l'hle b lza good &grHJMn' •1th the 

TAl~• or ~.24 elven b3 Seaborg and Perlmaa6• 

A chsok -n.o made to 1dent1ty tho hy'\roo•rbon ~&Jc• fl'om 'u aoet7l• 

•cnto~&te compound. The rres~lte are g1ven la !able ll. 

-'r,proxfu!ite Intene[ty S~ggestGd orlgln 
~:~s Fou.nd ot Mns11 

15, 16, 1'1' 10 c·· 11, 0 comb1nat lon• 1 

'l111ter yapou. 
27 Fair OH~·O 

56 Weak CH-CO.CB;s 

6Se~borg, o. ~•• and. Perlman, · 1., R••• Mo4ern Pb.Y•ioa, 20, &88, (1948)-
• 
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DI~CU99ION 

'l'he .moat important result ot thla work la 'he tao'\ that the copper 

aoet7ln.cdonat1 oompound waa aa.ooesatu.117 ana.17ae4 1a Uw ma•• epootromter. 

Th ratio ot the copper 1eotopea o~ta1ned indloatee that there was no 

tmerrorenoe from h,ydrooo.rbon lon ow-ren'• ln th• hlgh•r ma•• rangee. 'l'hl• 

ouueets farther liiv1ut1gaUon ot •lmllar oompoedal, par,lO&ll&rllJ ot the 

hta'f)' elemnte, suoh aa thorlwn And uanlwn acet7l&01tona'•• 

The ma•• epeotroma tar teohnlql.lea tor anal1•1nB ao•t11aoe,ona'• oompolln4• 

1"1q111re a 'H17 ao011rate control on 'h• temporatun ot 'he falrnaoa box, tor 

the yapou preaal.lN• ot th•H oompowica onen go b•1ond 'h• ope:ra,111g lenl 

ot tho t11be with YRQ emn.11 ohMet• 1n temperature • .Al•o, H woul4 'be nr7 

wls• to invoatlgat1 tlrat th• prope~i•• ot th~ Yario1.1• oompound• on a 

••p&r te vaouu~ oyotem, and obtain &OOllr~t• ya.pour preeal.lr• da'•• 
Con•ldorln« the tGmporature l'"J\«8 whloh l• 1.1004 ln an-111lnc ,ta... 

oompollnda, the external tu.rnnoe •••m• the losloe.1 type ot aouroe to emplo7. 

hrther work along thl• llne would be ot lntareet tor the ao&lroa aan, wlth 

thla type ot furnaoe, be modlt1ei 'o 1nol"d.e ae'\al Y&l'9• to oloae ott 'hi 

lllUI speotromter t1l'bt. Thl1S the .malza T&«lWI ooa.14 lJ7 •1A'•iu4 •h11• 

oh.al glng •ampl••. 

11 
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'1'Jm tJSB OF ll'?ABDING POTEN'l'ULS 

Oil .t. MASS SPBC'l'BOUETER 

11 




. ' 

I NTROOOO'l'ION 

one or the maJor probloma ln maaa apeo\romoter work ha1 been the 

crtatlon ot llharpl7 4et1ne4 lon benma. Although 1o~roe and tlald &dJ~atme~a · 

ue tmportru:it factors ln dete~m1n1ng peak shape• aoa,terlng ln the anal7Hr 

t~b• 'IDA1 at1ll ba 8Qft1c1en\ to give undealrabl• result•• s~oh raaul'• 

consist ot •tQUa' on either aid.e ot '\ha peak at tht baae lln1. Foz and 

Ulpple7 have suggest rd a ma ans ot lmpro•lng thl• oondltloll b7 aa1JJB an energy . 

tilter ayatem. 'l'hls filter ettectlve11 preve~a &Q lou ~loh hate lo•' 

1mra through •e&tterlDB trom rtachlDB thl oolleotor. 

TH:OORY 

Usu.&117, ma.as spectromatera are dea1gne4 Ylth th• whole eouroe aeaembl7 

at the h1gh volt&gG l<nal, the ana11aor ~Qge ibln being at ground potentlt.11 

Ho~vor, lt ls possible to haTe the so11roa at gro1111d potential (or near 

groi:u1d) and the an&}7Hr tu~e at a neea'\1va potan~lal, the coneotor atlll 

'oa1n8 at groUDd. The motion ot tho lons 1m now controlled u1 two factors, lt 

we disregard the 'bend.1DB du.a to the magne~1o 1'1eld. One ls 1the lnUl&l energy 

ot acoaleraUon ln the 11ouca asaombl7, and depend• on ~ha potentlRtl ~adleDt 

between sa.oceedlng plates. The aocom toroe 1• Uw retarding po11an"lal between 

1ihe analyaer tu.be e.nd the collao11or • . It E1 1• tha tor~ ot lnUlal aooeler

nUon • .e.nd E2 the retarding torca • then E1 m•~ exoeed Ra for the lone 110 

B, whore E me~eure• \he enarQ d1ttaranoa 

or the tll11ar and represents the degree of tlUorlag. 'l'h• amaller E la made, 

http:potentlt.11
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'ha core wlll aoa,tored lona be reJocnad. 'l'ha' la, suppose an ion ot 

1D1'1 1 energy E1 loses E1' ener87 ln pasalne through the ana111er t11b1. 'l'hen 

1t the ion la to be roJootod, E1 • Ei' Ea whloh oan be rewritten aa 

E • x B ' \dlioh glyaa E 11'• Renae lf E1• exoetd• E, the ion la ra
1 2 1 
Jo~ed. Therefore, E determines the maximum enara loee permissabla. It 

E ls yery emall, then those 1ona •hlah ha•• loet onl7 a m1n~ta traction of 

their initial energy will be stopped. 'l'hlr• la a llml' 'o R tor practlonl 

maee apootromi1ter wor~, alncs the tlnlt1 wld'h e.t th• exit •lU ln Uia •ouroe 

pnoludes some oprtt.\d.lng ot the 'bar.w. It I "" Hro, thea onh' one path ot 

lone W011ld bt aOOQpted, •hioh WOlll.d glve rbt to & peat Of lDflnl\e•lmal 

width. Suoh woa.ld 'b• 1mpoaa1bl• tor a~nnlng purpoH... 

It ls naaess417 to altar tha design ot ~ha oolleotor when the enara 

t11tar system· 1a employed. Normal colle°'ora conele' of two pl&tea and a 

oollsotor 011p1 the tire\ plate oontalna the datlnlag •lit, and the seoon4 a 

repaller ple.'a to atop sacondaJ'7 electron• from belDC •Jeoted trom the cu.p. 

This preae?t oolleotor aa1embl7 oontaln• ~lve pl•"••• ReterriJig 'o ihe flr-' 

41ngra.m, thsr• la ahown a g~ne:ral plaaa of 'h• a11embl7. a1, s2, &nd s~ art 

thr11 pl 11•• dlreo,l,y taa,enca4 to bho exl' end ot 'h• an&l,yHr '"b•, the lr 

&re held rigidly 1n plaoa b.Y a sleeve ot nlobrome. A weak magnetlo fl•l4 1• 

applied in the region ot these slit•• · 

Above thls la another ntohrome sleeve holding •11' plate• S4 and s5 of 

wld,ha 3.0 .mm; and. 4.0 mm. The la•• t'JIO pla11a• &re 1ns11la1led trorn the tlrat 

three and kept a' gro~nd potantl•l• The apaolng between •~ooeedlng plate• 1•1 

s1-s2, 4.o =·• srs3, 4t.o mm.a srs4, a.o •·• s41-s&, io 1111. trh• u.pper pl t1 



holdor le tAotenod. 'o thG lower hold.er b~ toa.r bol'a which are wall 

tneul•tod. b1 uolng glaa1 elG8YG8 and epacere. '111• flanBQ on th!! ~pper 

holder ls 4oa1gned to ah1old the oolle~or cup (al,\1ng dlreo'l3 aboye S0) 

tro~ th• toa.r bolte whlah are at the full negn.t ln Yolt11ge of ,h.,. a11a11zer 

tu'bo. Tho tlall88 11 7.0 mm. ln wldth trora the outer taos ot the holder• and 

OOT•re the oh.an and 'boU · aaaemb~ <lUlte ettec\h•l7• 

Slncs the S1 - s3 array ls tled dlre°'l7 to \he &nal.YHr '\u'be, '\he7 are 

d tho ano.lyHr potential. SooondaQ' 1ha1lron1 wlll 'be e111Uted from thl 

ana1y11r lid.e ot the s1 •11.' u th~ lon beam paaH1 thro&t«h• 1' l• poHlbl• 

for th• JMln maenetlo fltld ot the 11peotrome,1r to btDd tblae •l•otron• back 

tbroll8h s1 where the7 would be ao01Jl•r~ted to ttw 0011ao,or. Thl• oondltlon 

1a reUnod 'b,y ualns s2, S3 and a emall permanent . JD&gDG" ln 'he reglon of the 

throe plates. n2 aJJd. S~ glye a ahort dlatanoe ln whlah •here 11 no poten,.lal 

gr"41on'\, whll• the mn.gnet aotlng ln thle rtslon, \lend• th• 1tecnro111 111 

•~oh a manner ~hat they become tmpped ln the two el lt a1aom)l7• 

Hipple po1n11• out that the raJooted lone would Aleo g1T• rlse to 

aeoond&ey e leotron emlH1on. Thia la beoau.a• thoee lone whloh an no~ permute 

to rench the oolleotor cu.p are drawn baok towal'da "ha tlrn •llt a1aem'bl.7 

tSi, ".'" S3) ·and a11r1ke 1i with '\hal.r Ml klnetlo energy• .A •llit&bl• materlal 

coated on theaa pldea •111 reduos the emlsalon ett•°'• 

s5 1• alao an ad.dad ollt over the oonventlonal. oollto\or anaem~l1• It• 

ptU"pooe 1• to ah1el4 the coll•~or trom AD)' •l•o,rlo t1el4 pezaetratlng lnto · 

the roglon ot thl• ptrl ot the uee.11Wl7 troa tbl po••n,l&l 011 ~ s1 • Sa 

•Uta. 
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DISCU~~ION 

Th6re are ooveral &dvantRgee ~hen thlo ciathod ot lon dateoilon 1• 

araployed . }1"1rot, 1t means that the var10111 ple.toa ot the nouroe are not 

hald a' the h1~ potential ot the llOoalera~lns '01'fl.69• Th• ln•itlaUon 

probl1:n 18 tharatore cons1derabl1 rGdu.oad. 'l'be 1uuu•lth1'1 ot th1 maaa 

paotrocGt•r lo increa~d. e.nd one le a.bl• to mate aomra.te mu.euremtnt• 

on ,. amnl l peat \'l'h1cll_..l1eo 'Hr'¥ olose 'o a luge peat, whlch othorwlae 

woQld be mnaked ent1roly • . Cons1darable ~~rk has b~eD done b7 Hlppl•• Poz 

A.Di Condone 1181~ ths ener~ t11t(Sr ay8'em 1ao etud:' the appearanoe of non

~ogral. 1?1Aeaea 1n ~drooo.rbona whlah ariee from m.tas~a!)la lona. 

This ooll6o\Ot" wili was bu1U 1ll thb lllboratoey to ~e ued along with 

tho solld. sou.roe masa 1pectromstar, s1noo aoat~erlng problems are lncreased 

cre~tl1 when a.nal,}'d.ag the hGav:f elements. 'l'o date 1' ha.I not been emplo19d• 

b11t it ls mollllttd. on the 11pactromster ae a oonventton&l oolle°'or. Thl• 

me.na that the s1 - s3 •lits are grolllldod, whll• •11'• s4 an4 s6 an aa 

ihl repeller and e&.r-q a negatln potan,1&1 ot 46 YOlta. Ualag the oolleotor 

1D this taah1on haa pronn aa,lata~Ol"J'• 

·8 
Hipple, J.!., Braz, R.I., a.D1 Condon, E. u. Physical Review,-.§!, 347, (1946) 
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