Lawrence Berkeley National Laboratory
Recent Work

Title
EMISSION SPECTROSCOPY OF RADIOACTIVE ELEMENTS

Permalink
https://escholarship.org/uc/item/4kx4m754

Author
Conway, John G.

Publication Date
1960-02-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/4kx4m754
https://escholarship.org
http://www.cdlib.org/

UCRL -

{
k]
}

UNIVERSITY OF
'CALIFORNIA

Ernest QLawronce .
"Radiation
Laborator

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545

BERKELEY, CALIFORNIA

Cy. 2



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document 1s believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
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.



B

* UCRL-8752
, UNIVERSITY OF CALIFQRNM

Lawrence Radiation Laboratory.
Berkeley, California

Contract No. W-7405-eng-48

EMISSION SPECTROSCOPY OF RADIOACTIVE ELEMENTS
John G. Conway

February 1960



UCRL~ST52

P

Emfssion dpectrescopy of Redioactive ilements™®

John G, Comray

- Lawrence Radiation Leboratory :
University of Cslifornia, Berkeley, Californie

Redioactive materiels, which are availaeble in limited guantiides
because of scarcity or raﬁiatiom»aafety-hazards,.aravesp@cially guited to -
spectro-enalyticel methods,

tvih& emission spectra of many radicactive wlements, espsceially the
é@%iﬁid@ group, are very cowplex, 3everal whys have been used to overeane
thié difficulty; smong these are higher resolution, physical separation
&nd chemical separstion of the iﬁyurity ond the wmatriz.

Studies of the &iapributiua and loss of sample during prepuration
vaud excitetion cen be casily uade because of the high sensitivity of

sownting methods,
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This work vas performed under {the ausplcec of the U, &, Atomiec Energy
Commigsion, ' ‘
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3pectroscopie d'V¥misslion des €1fments radio-actife

Jolm G, Conway

Des metdrieux radio-actifs disponibles en quenticeds limitvdes &
cause de lewr raretd at de leur denger redic-potif sont sydeialement
convenebles aux méthodes spsetroesnalytlyues, ILes gpectres 4'mission,
sourtout ceux Ges Actinides, sont trie congpligués., Piusicurs moyens
ont #t€ employfs pour surmonter cette dilfficultd; parmi lesguels une

résolution plus grande, ume sdparation physigue et une sdparation chimigue

ot

des impureids st des parente, Des études de disiribution et de perte
d'échantillon pendant la prdparetion =t i'excitation peuveni 8tre suivies

facilement & cause de l'extr@me sensidilité des wdthodes de comptage.
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“missionespeltrogkopie radioa¥iiver F;iiemme'
o e s 2 S

John G, Cowway

Raﬁioaﬂﬁw Haterisle, velche wogen ihrer Bzltenheit und ihvey

taﬁiwa&ﬁ.veﬁ Gefalr nur 1n'begrenzter'Mengé zZur Vérfuegwmg ‘s'tehen, eignen

| sich besonders gut fuer spelitralsnelytische Methofen, Dis Emissionzspelktra
vi&el@rb, ra&ioﬂki}imr Eleménm gin& sehr komglizig%vt. ¥ dlese Schwierigkeit
24 11;3}3@3:%1:1&@1: , wurden verschiedsne Schritte wnternommern, wie =,B, hoehere
Regolution N physiacha Trennung wad ::hemigehe Prennung der Unreinhelten upd
der Matrize, Studien der ?xobemr‘@rtmluhg md - des Pmbséxi%ferlust;ea wachrend
- der 'Eubeafﬁi“mug wnd der Irrspumg Roennen leicht gemecht werden, dank der

g?as—sm:"émsitivitaat der Zeehlmeihodsn.



24

JCRL-0752

EMISSICH SPECTROSCOPY OF RADIOACTIVE ELEMIN
doan @, Conway
Lawrence Radietion Leboratory
University of Califcornia
Berxzley, California
Lvary elsment of the 102 that has been discovered has ab least one
radicactive isctopa. &So eny dimscussion of the handlling of radicactive . materiale
that attempted to cover all elements would be as varied as the propertles of all
the elaements, Ther still sre seven e .events, however, whose eumlssion spectra

3
A

have not been observyed -- franciwa, berkeliwm, californium, einsteinium, formium,
mendelevium, end 102, vhen one speaks of radioactive elements, one usually means
the group of slements beyond zenon includivg the rare ssrthe, thoriuwm, uraniun,
and the elements beyond uraniuwm, My remarks will be more gpecifically sbout the
éeﬁiaide group, the ¢lemonts beyond thorium,

The sclution to the problems of hov to handle these vardious materials
depends to a jgreat extent on the nature of the rediation emitted. Ilsments such
as the réra earthe, which are primariiy B, v emitters,recire lead shlelding
and remote handling te probecty the coperstor, whereas purs O @mitt&fﬁ can ha
handled safely with rubber gloves., Of course the usual case 1s that you selddu

_ o
have & pure/emitier; however there are eeveral elsments that may be safely
hendled with rubber gloves, The o enitter is considered to more dangerous
biologically because whpn deposited in ths human body the intense ionizstion
is concentrated in a relatively small volume. The lonizaticn produced from

B, v emitters is distributed over a greater volume of tissue, sbout 1 microgranm

of an & endtter such ag plutonium deposited or fixed in the body ls congidered

Cthe level nt which a worker should be taken off the Job until this smount cau

be reduced 2ither by medical trestment or natural axerciion, A couplicsting



factdr in the zonsideration of 81l this is that the ¥ enitters tend we lodge
in the bone aress and are slowly sxoreted,

The priﬁciple point in the epproach to the sclution of the handling
of redicoctive naterials at the Lawrence Redistion Laboratory has been %o zon-
centrate and confine the material in as small a volume as vussible andéd to then
filter the alr before dizcherge lute the atavsphere,

Figure 1 is a general view of a gloved‘bo' pogitioned at the end of
the opbical bench of & spscirograph, Flawre 2 1lg 2 front view of this box in
‘which semple preparation and ezcitation is cayried oub.

Figure 3 is =& closer view of the interior of ihe box, The arc-spark
chanhber is on the left. To the rigat of it 1s the line-up 1lizht for positloning
the electrodes, DBehind the line-up light 1s a "Millipore® filter. The right
hen& side of the box is used for sampls preparstion, In thise case the copper-
spark method is used extensively., The nichrome wire gvaporater is positicned
unée: an exhaust hood, |

In the operation of the chamber, the air is &rawn threouwgh the chamber
intc the Millipore filter, then outeide the box to the two Chemicsl Warfare
Servics filters located on the shelf belew the box. A& vacuum gunp is used to
gove the gir. The exhaust le ventsd on the roof outside the building, The
flow rete is aboub 2.5 cubic feet of air a minute,

Figure & is a close-up of @ similer chawber. The chewber is made
v&cuum;ﬁight so that dwdng sxnitabtion maﬁerial& do not escaprce and coptaminate
the Loy more ihen nec2esary. The 1id is fastened to the baze by & guerter-turn
bresch threed. & rubber "0° ging is used to secure a good vecuum connection,
Yertical motion of the electrode holfers is through hress bellows iﬁ the base.

Bxyperiments with the filter train have shown thet when & sample of

10 ‘ . i o . ;
107 ecownts por minute (cmm) is sparksd, some 5% is caught on the first
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filter, Five to seven p&fﬁ&ﬂi‘ﬂ@@tléﬁ on tﬁe wall of the chawber and the
© tubing %0 £§& filt@r. A wonitor filter located after the second filier snd bafore
Vthﬁ puEp bﬁﬁ:no ééteetdbl® sctivily, whick was 0.1 counts per minute,

The greal sensitivity of coumtimgvméﬁhoﬁs permits one Yo study the
iia&ribution of materdials during the various steps of the eperatiﬁn. Pigure %
i6 8 gk¢§cki0f'sunh a system. Filter peper ic drewn over en air intake then
moved un&@r>aAB¢iatill&tian countar and the éeu&tﬁ recorded, In thie cess
there Qéfa o channels, Figure 6 is a plot of'the-gnunta_pmr minute versus
time. In this eéperimént t£6'kcrk was extended over =2 long period of time to
élioW'tha 5ox background. to retuwrn to a low level after an operastion, One
v:éampler'ﬁas & hood that cowld be pl&éeé over an'operation;'the othar samplér
waE general &ir in the bex, Thé‘firat pealt was due to work in the box and
wtirrigg:ap'aﬂtivity wirdoh hmd setﬁle& on gloves and in the work area, When
this haﬁ,aﬂbsiéé&, evapora%isﬁ of 9 micrograms (ug) of élutomium w&sic&rri@d
bﬂi, followed by the cleaning of pipets énd ﬁvggoration of another sample. ALY
thees oﬁerémiéna warse ﬁndﬁx the hood, In t&asa caseé the peak count ;ata‘was
on the order of iO to 20 cpr.  The -~y éam;la représahﬁé on the order of
6 x 107 @gm In fact, 1t ic guestionsble if sny sample is lost, because the
eva@craiicn af Lhe Qe-ug gempla is on the desliniﬂg yart of the pesk, The last
.peék sgain is the Burst of amtivity due to the manipulation of the spark chamber,
Figure 7 is & plot similer to Pig. 6. Again large burets of activity are
releaped when the eguipment or gluves are handled, Tha evaporation of &
lOG;gg &amyle ghows 1o increase in activity, Apparectly evagoration of the
‘ﬁaméle_ﬂnés‘noﬁ eontribute to the contaminaticn éf ﬁhﬁ box., The activity is
seatiered by handling of the dhember, which 18 very asctive fram the settiing

of:ﬁaterial_én the walls anﬁvsu@pﬂrt pleces of the elechtrodss,
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Imieseich spectroscopy can be uzed to determins meny interesting
preperties of atoms and nuclei, but the largest use is in snelytical spectroscoypy.
The very complex spectra of the sctinides apd roare earths make ths

drtexmination of trace impuritiss Gifficuli. A& an exaaple, boih thorium and

uraniys epectre have been messured, and ecch element has on the order of
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20,000 lines, The need for excéedingly ware wmaterials is
to the nuclesr aprlicetions of thess eleawnts, and thls has placed s burder on
the gpectroscoplete L;‘se&rch cut new msthods,

3y increasing qhe resclubticn and dispersion of the specivograpns,
certain gelns may be realized, but thesu are definitely limited, While those
geins Obtaipﬁd by using specially bullt large spscbrogrephs may be seversl
times what is normelly achioved, this approezh slone does not satisfy the needs.
One of the first succsssiul attompis to increase the sensi ti vity of

dstection of impurities was perfected by Scribmer and Mullin, Ta their method,

alled the carrier~-digtillation method, a fow rercent of szallium ovxide is added
to & 1G0-mg charge of wraniws oxide. The effect as the are is struck is to
warie up the clectrode system to the sublimsiicn temperaturs of the gellium
axide. Thie temperature remains the seme until all the galllum ig gone, and
then the 'i;aa:ﬁpemiure rises Lo thasm zzqrmal arc temperature., During the time of
‘the distillation of the gellima, some thirty elemspte wiich heve siumilsr
volatilizstion témperatures are aisc nrought Iinto the discharge, There is

very lit%l'* uranium in the src at this lover temperatwrs, whercas st the normal
arc tempersbture the gystem is rich dn wraniun lines., 4ot 21l of $hs Ilmparities
ara distilled, but a reproducible amownt does come oub, 80 thay ithe wethod is
very satiaf&ctory. This methed has beon extended {o other natrix elements,

and & variety of carvier neve been used. This physical means of sopareting

the impurities and metriy allowe one o anadyzs for partz ver million of

impuritlies in a semple with very idttle handling of taw s&rpb‘:.
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.Chgmibal mathods are now betoming of interest., Jatraction of
impurities and matrix and the cubsaquent snelysis c¢f the impurity froction
allovs for concentration galns which are only limited by distrivutica
éoeffiqi@nﬁs, énd thesevmﬂg bg very large. Cupferron end thenoyl trifluoco~
‘acstons (FTA) lave been used fdrvyeérs in the snclysis of actinides, Recently
at%eﬁtion h&s‘beém directed to th& use of ilon-exchenge colwme to anelyze rare
: a&;ths aﬁd aaﬁinid@s. This additionel hondling of samples requires rigid
sontrol over the, impurities in the reégents and takes a lénger time %S¢ analyze
"%he 5&@?1@; howevey, the gain in sensitivity is very striki%g. Degection of

fmpurities in the range of perts per miilicn 1s readily acnicved,

Pigure captions

Fig.&l. Glov&ﬁ.bcx pasitiéncd at the end of the eptical bench of a spectrograpi.
Fig. 2. Front vﬁewl of glovéa box.

e, 3. 5.terior viow of box,

Fig; k, Clbse-up'vi&w af afcmspar: chamber ,

Fiz., 5. Diggrmm of continucus air menitor system,

Pig. 6. Plot of counts per minute versus time for a series of experiments

involviag operations In = gloved box,

Pig, 7. Additionel operstions chowing contamination of air in = gloved box,
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s~AIR SAMPLE DIRECTLY OVER
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~-92.5 pug Pu ON ELECTRODES
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