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E.misaion iipectrcscol":l of Radioactive :&lementr;;* 
====-==-~-=--~==~--~=-~--==~DR~==~~~ 

.Toh."l G. Cqnway 

L«wrence Radiation Laboratory 
Unive:raitJ of California, Derkeley, C';.uli:f(lrnia 

Radio<ilcti'le' materials, which are available in limit.~d qua.ntit.:l.ea 

becaus.e ot scarcity or ra.diatiom ,safety haze .. :td:J,. aa:•e E?G:pt,~c:ially suitt1:d t-o 

acti.nide g.roup, a:t·e very c~plex. $e\l'\2ral eye have been used to (:r,ercan~ 

tb;is difficulty~ among these are hiB,hei' resolution, phys:l.ca.l separation 

a.nd excite.t:t.on can b<: easily made be.::ause of the W.g;h ~!:tait:i.vity of 

cow1ting met.hods. 

*· ~s, work vra.s r..erfomed under the auspice a of the U. B. Ato;nJ.c E.ner~$:V 
c~asion • 
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Spectroscop1e d 'J!:miseion des el.enents radio-actifs 

aohn G. Conway 
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S01.trtou~ ce::ux G.e3 .';ctini'ies, sont tr?.:s COi1:l}::J \,1\.L~a. P].usieurs moyer.iB 

d'echantillon pendant la :pr6paro.tion et l't;'1xcitatic;n pcuvcnt 9tre tmivies 
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John (J. Col.tway 

re.dioa.!:t:ive'i'l oofahl" nur ip begrenzter· Mange zur Verfuegung steh~n~ eignen 

s1.ch 'bi!~!S6nders gut fuel'. ~pe1r.tra4."'!e.lytisclw Mctnoden. Di~ lt:mi.ss1.00$Spel;;tra 

vi.eler, radiQaktiver !Slcme.nte 81nd seh:r kooplizi.~;l."t. "11m diese Sch\/1er1~ei t . ,. 

zu l.'lf.;ben.-1nd.en1 wu..."""<len verscn:tedene bchritte untet'norm:.-rer.., wie E.B. hoellere 

Re$olut.;ion, pl'J.J:Si$ch~ 1'rennQng Wid r,;hemisehe l.'cref'.lllln8 der t1nrainh.;11t.en 1.md 

der ~tri,oo. Stud.:i;en der Pl;'obemr.ut~ilung und ·de'S> P:r:·cib(<'jiiverlua1;elil '-ra.eb.rend 

der ~~i"tung und t)..er ~~r~gung ~OOU1t.m. li:-1cht germ:a.c:llt vre1"<len 1 dank ®r 

~ss~u Se.nsi ti'!litaet der Zaehl:metilod!:in. 
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John G, Conway 

Le.w .. cence H.n.c1ie.ti.on J...e.boratr.;;ry 
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L~w~ry element of the 102 that has been discovered has at l..;aat one 

ra(lioa.cthe isotope. So any diseuesion of the handl:Ln2~ of rc.J.dioacti·,re mat~lria.ls 

The &elution to the probb1ns of ho;-;- to l1andle these various m.a.t~rials 

handled. S11l.fely with rubber elovec:. Of c.:n.trse t!1.e usuD..l cnse is that you s;el;ib:n 
0: 

have a pw:ej emitter; hmrever there are: sevel'ctl el.~:®ents that. may be safely 

hs.ndl(;d wj tb :r.ubber .;loves. The o: emitter is considered to more de.n,;erous 

biolor:;ically b£~cause when depos:1 tE.:d. in thoe human body t~he j_nt::msB ioniz.."''.tion 

is con-::entrR.ted in a r>~lat:i:·reJ..y tm1all volv.me. The ion:1.z.aUc,n produced from 

f3, Y emitters is distributed ov·er a g;reG.ter volurae of t.tssue. Abot.rt 1 microgram 

be reduced .::ither by medical tre:~:t:ir.Jemt or na....,.ural ;·:n;c;rction. A no~ap11.cn.ting 
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Th~ principle point in .the approach to the solution. of the b.a.ndlint; 

of radioo.ctive ma.terialn at the Lu.'!itren'.:~ Radiation Laboratory has been to ·:.:on~ 

centrate and confine the- mater:j..a.l in M anw.ll <:1 'lol:u:me as pussibl~ e_"ld to '_;hen 

Fib"ti.I'e 1 is a general view of a gloved. box :;:osi tioned at the end of 

the opti.<::al bench of a s:;;ectro£ra.ph. I<~:tgur•.:: ?. is a f'ront, view of ti1is hox in 

which sample preparation and excitation is car-.ried out. 

Figur-a 3 is a close;::· vievr of t~b.e interior of th.; box. The a:t'c-srar·k 

chamber is on tlw left. To the rigb. t. c· f it is the line ·U£> li;;ht fc;;r :posft:I.oning 

1..he eJ.ectrodea. Behind the li.ne -UJ) lig,ht is a. '1[1tlllipore 11 filter. 1'i'1t: r:i. ght 

In this case the cop],"'er-

a ,park method is used extensively. The nichrome wire evaporat.or is J.'OSiticned 

In the oper~.tion of the ch.ambcr, th.~ ai.r. ls drawn ·th.rcug,.~ thr::t charaber 

into the Hillipore filter, then outGid<t the box t.o the two Chemical We.rfa.r-::: 

Ser-vice filters locate<l on the shalf below the bo:x. .A vacuum pti.El:p iB u~ed to 

move tha air. Tlle exhsu.st is ·;entfjd on the roof outside the building. 'i"'l";~.e 

f'l.o"1 rate is ~bout 2. 5 cubic feet of air a minuta. 

Figure 4 :i.e a clvsG-up of a similar (.:herub~r. The chamber is mnde 

-n:.cum-tight so that during ;;:·xci1A;:.tion materials do not escav•.; ~:.d conta.liiina.te 

breed:t thr~e,d. A rubber "Ou ring iB used to secuxe a good. vacuum connection. 

Vertical mot,1on of th~ electrode holders is thri...,U(!;h hr-e.se bE.:llows irl the base. 

BJ.'}?erments ui th the :t'il ter ·train b.a7e sho~·rn. tha.t when a sam:ple of 

10
10 

co\mts por minute ( cJ.E) ~-s SJX'll'k~(i, so~ 1"57~ is ca\\;?,ht on the first 
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~. $ree.t sitlnsitivity or (;ount:tng methods permits one to atudy the 

d.1u.t:d .. ~utlon of ml!i.t~:r-ials during the va:riou£ at.e1~s o:f thfi:t operatic,n. F'ig\lr8 5 

stirr:t?z· ~» act:i vity wiUch had settled <"m gloves and in th.e tYoxk are.a.. Wher1 

tlliS had .subsi~d; evar;ora:tion of 90 m!crogxmr.s (r;~.g) of :plutonium was GOO.~iaa 

out, fGllowed by tlie 'C.:lesnir1g • of pi :pets and evaporation of anothe:r sootplE~. All 

on. thf: ·ot>d~r of 10 to 2@ epn. ~ 904Jg samvle rer.tl'esents or1 tb.e order of 

·6 6 x lQ· ~p:u. In fact., it is qua.stionel>l~ lf' &Ay :l!ample is lost, wca'W$e t.f1G 

lOO;.<g sup~ $hows no increase: :tn ecti vi ty. Appar<clntly evar;9r'Rtion of t.he 

. Gomple does not cont.ribut~ to the contam.inzrtion of tb.tt b-:;.,x, Tb.e activity i& 

BCI%tt.ared uy handling Qf' the <Jhamber, w:hlch 18 very active ;from the settling 

of! J'lrlateri~ (;m the walls ·end t»Upport pie.::es of the electrcX:i.i::s. 
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1\miu.~:!.cll sp~ctros.:::o~'Y can bl.~ u.s€ld tc det;~:rndntS flatly intercstin2, 

prcpertit)s of atoms e..nd nuclei, but the largest u~w is in ~na.lyti•.::a.1 n:peet-x·oscO:f'Y. 

u.:r.-ani-~W s-pectra have bGt:n m.·;:}&SUJ:'ti!d, and acch e.lement has on thr: orde::r c!' 

20,000 lines. '!'he need for e-xceedint;ly pur:: ~~~teria.Js i& c;:f ~·cat j.n'l)_:-or-tt:1.'·KE! 

·to t,he nuc leer ap}!lictl:t.:l.o:o.a of ti4efii<: ele;::n.:-:nts, f!Jl<:i tb.ls has Elaced s. b'n"Ct·«:r.. on 

the SJ;'1!'!Ct.roseopist:£> tG se8-t'ch ou"~ new nili':~.:,_b.ods. 

ay increasiug 'the resolution and. di:3:r,.~r$iou of the; bPfcc:t.rogrq;~1> 

detectio:a of' inru:rit:ies vras perfected by 6·:.-:r:i.bner an.d ~1ullin. Il1 their methc.ld, 

called the ·~a.:rrier-dlstill:.:ltiun method, a f·:!vJ }-erc:er1t of ::~allium cxJ.d•..: 1<:! aQ.d~d 

to a 100-mt,: cttarse o:f -..u·anium oxide. 'The efft:ct as the arc ii'i :.rtrud: is to 

· t.he d1utillat.ion of th>:~ gal.litn~t J ScJI~ae tl'd1·"~Y ele.m2:.:1ts vr:1id1 n.~~·~~ sio:!.ll>.:r 

V\jls.tiliza,tion temperatures are e.l~ b:r;:rugh~G in·to th4: d.isclv..-u-32. Ther._; h 

very li tt.lc uranium in the arc at this lower t<3tn)?ere.tm:<::, w~rea.~ $.\:. the norma~ 

arc:: t.1::r.1perat-u;~~ "'.ih0 aysteTtt 1s rir;!h :l.n u.raniun1 l:!.nc:s. "iot '.lJ.l of th;:;; .Lrrt~:urit:i.es 

era dist:lll,~d" but a re:_;,roc1ucible amount does con1c out, so th'3.-t th0 ::.1et.:aoo ie 

vary sathfactory. '!'his method hae 1Y~0n e1~tend.t~d. to o·:~~l::r matrix elene-;ntr:, _. 

and a varte1~~, of carriers ha:ve 'be~n uced.. This physical mea:n::-: o:f se:;:arB.tin,-15 

tho :i.mpUl"i tie IS m1d. matri); a..llovm c.n~: t.o a.mliyze f(lr :-'art.~ y<.n· ll'Ji.l1:i.on of 
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Chemical met.hr~ds ari~ ncnr ~e~Qmin.g of inv .. u·est. :.::,ctra.ction of 

im'!;Jl.Wi.ties. and m&trl:\' e.n.d the c;:ub~q~nt analysis of: the iiDpu:cit:t fraction 

all.Gfws ~or concentration gain~ which &re only li)Ul,tec-l by dist.ribution 

coeffici~nts, and these l:'ilAY bit1 very large. Cupferron and. thencr:il t..rii'luo_:<·o­

M~ttme (T"&) 11n.ve: been u'3ed for yeea:s in ttm a.nr:J..ysis of ac~iniGkG. Recently 

at¥ention ha.? beea directed t:,) the u.n~ of ien....:.:xchP..rll?;~ columns 'to O.i'l.Etlyz·c :care 

earth~ ~d a.~t1nidee. ~Ail> additionai hundling of sam:plee rcg;ui:res :tj.gi.d 

Cc(;mtrol O'ter t®, impuri tiet~ in the re-agents and tal<-es a lon(b:el· time to analyze 

the smripla; hO\feWr, the gai~ in sens·i ti vi ty is very strikinG. De tt:ction o:f' 

impurities in th~ · r~S;:e of ;arts per million is readily ~.ci·t:J.e.red.. 

----------·--------------------------

J'ig. 1. 

Fig. ()!. 

Fig. 3. 

Fig. 4. 

F.ig. 6. 

F1g. "(. 

Inter:Lor Viow of box. 

Close -up viev of arc -spru."l-; chamber. 

Di~;rsm of. continuous air mcni tor ays t~ . 

Plot of counts per minut;e vet-sue ·tirae for a s~:t'ie~ of exr;&rim'5!nts 

involv~g operations in a gloved box. 

Additio.q.a.J. opera.tiona chewing cont.atJlination o'f' air in a glovrtd box. 
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SUSPECT 

AIR 

(ROOM 

OR BOX) 

CONTROL 

AIR 

(OUTSIDE) 

SCINTILLATION 
COUNTERS WITH 
PREAMP UCRL DESIGN 

MOVING FILTER 

PAPER ASSEMBLY 

CHART 

RECORDER 

Fl G. I AIR CONT AM I NAT I ON DETECTOR 



z 30 

::E 

' 20 
ff) 

1-
z 
::l 
0 
(.) 10 '• 

' ' 

~ 

, 

" z .. 
...J 

"' a: .. 
> 

I 
SAMPLE I 

.....--; ~ 
a. 

0: 
<[ 

> 

r 

UJ 
...J ff) 
a. UJ 
::E ...J 
.. a. 
ff) ::E 
"'<[ 
"- ff) 

0 0 
9 UJ 

0: a: UJ 
.. > 
> 0 
uJ (.) I I SAMPLE 2 

/CHEMISTRY AND 
EVAPORATING AREA 

GLOVES ARE LOCATED ALONG 
THE FRONT OF EACH BOX 

NOTE ' EVENTS ARE PLOTTED TO COINCIDE 

WITH PEAK OF ACTIVI TY, I.E . THEY ARE 

MOVED OVER 20 MIN . 

---- - '_- /.- -~.YG~ !;!Ul.li.!'J} JN_T~f!_v~L,_ _________ _ _______ ; 

AVG. DUR ING INTERVAL 

~ 0: 

" 
0: 0: .. :g ~- ~ " <0 ., :r 

~ ·w ., :r ~ g; <0 ., :r 
~ 

.. ill "' N "' " N "' " "' "' " .. N 

FIG. 4 (E X P. I) 

0: 
:r .. ., 

~ :g ~ " N 



• 

• 

' .. 

f· y 

"' 
;;; 
X 

~ 

COUNTS I MIN. 
l> (}I 0'1 -...!CXIID C 
ooooooc 

~----_L __ _L __ Lb~~_Lm_L~LmLwJo~----~--~~~~~~Ll~----~--~_£~~~~~c 

12 

24 

36 

48 

I HR ,' 

12 
I 
I 

2 4 \ 
i 

36 

48 

2 HR 

12 

24 

36 

48 

3 HR 

12 

24 

36 

48 

4 HR 

12 

24 

'36 

48 

5 HR 

12 

24 

36 

48 

/ 
/ 

' / 

I 

I ' 

' ' ' ' 

•- PREPARING TO WORK II 
I BOX . CLEAN PIPEPETTt 

ETC. 

90 1'9 Pu ON ELE CTRODE. 
_______ ___,-AIR SAMPLE DIRECTLY OVER 

SAMPLE I 
SAMPLE 2 

ELECTRODE. 

-CLEANING PIPETTE UNDER FUNNEL. 

_ CLEAN I NG PIPETTE UNDER FUNNEL 
C SAMP L E- 125 pg 

REMOVED FUNNE L . REST OF CHART SHOWS TWO SAMPLES FROM 
L. H. BOX . EVAP. 15 1'9 Pu . MIGHT HAVE SPILLED DROP ON 
BOX 

-~-

: -OPEN ARC CHAMBER, 
--'- CLEAN WINDOWS 




