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THE RAPI/TICKS FRPK 24,1 HOTfR W187

Paul W„ Levy*
Oak Ridge Notional Laboratory

Oak Ridge, Tennessee

ABSTRACT

The rediations from 24.1 hour W**" htve been invesii-pted with counter

end photographicelly recording bete-rey spectrometers- The continuous beta-

rrv spectrum consists cf et least two components end there is sn indication

that e third is also present* The maximum energies end the intensities rf

these components ares 1.318 i'ev, 2.12 per cent; 0,027 !'«v» 2.65 per cent;

a* 0.3G I-Jev, J£ 23 per cent, Gamma-rays of 0.133, 0.2C4, 0 478, 0„615f O.S80

and 0.767 ¥ev ere present. In addition* a photoelectrcn line is observed

that can bo attributed either to a gamma~rsy of 0,127 and/or 0C061 'f>v, or

to the Re X-roys accomcanyin?; internel conversion electrons-

I, INTR'DUCTION

When tungsten is irrcdiated with neutrons, e radioactive isotope having

a half-life of one dey end emitting both betr porticles end gemma-reys is

produced, This activity was discovered by Analdi et el in 1935 but its

radiations had not been studied in detail -when the investigation reported

here was undertaken. The first eccurate determinetion of the helf-life,

(o)
23 hours, was reported by Kcl.ennan, Grummett, end Reidv • Assignment of

(*\
this emitter to the tungsten isotepp of tjses 187 was made by I'inakewa^"' who,,

*

Present address« Carnegie Institute of Technology* Pittsburgh, Pennsylvania,
Physics Departmento



in addition, gives 24..0 Z 0,1 hours for the half-life end 1.1 t 0 SI li©v

as the maximum energy of the bete-reys. Minakawa'e value for the ;ialf-

life is in good agreement with the 24.1 ♦ 0ol hours reported by Fajans

end Sullivan^4', These authors elso claim that 1,40 t 0,05 Kerr is the

upper limit of the bets-ray energy end find evidence for e gamma-ray of

.67 Fev. Cltrk^0', who used coincidence absorption techniques, *ivea

0.90 Mev for the maximum energy of the gamma-rays. He also concluded

that there ore twt components in the bett-ray spectrum and that no gamme-

( 6)rays accompany the high energy component. Valley* ' investigated the low

energy conversion linos associated with this isotope with a spectrograph
(7)

and found ^emra-rayg cf 0.86, 0,101.- end 0; 135 Mev., Mandeville , by de

termining the distribution cf Compton electrons ejected by the tungsten

gemnies. from an aluminum rediator, concludes that there is only one psaima-

ray more energetic then ,5 Mev end that its energy is o94 * o02 Mev*

On the basis of the results quoted above. Sullivanv deduced that

a games.-ray of ~ .6 should be present and succeeded in finding evidence

for it with a refined absorption technique. Killer and Curtiss^9'* from

results obtained with a lers spectrometer, give 0*6 and 1.3 as the maximum

energies of the beta-rays tnd at 0,48 and 0 69 Mev fcr the energy of the

gcmr.e-rayso Interest in this activity was created by the discovery of

De.^enedetti end L'cOowan^10^ that it was the perent of a netastable level of

*65/*. -sec in Re*87 It was at thoir request that a detailed investigation

of the tungsten radiations was undertaken- .bile this study wes -in progress

Schwartz and Pool disclosed that e large number of unreported gamr.es •

were present. Just recently the work of Peacock end Ydlkinson^12' has
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appeared., These authors, using a 130° spectrometer, determined the max

imum energies of the beta-ray spectra as O.63 and 1.33 ?.»v, In addition,

they find gamma-rays of 0.21, O.48, 0.62 and 0.69 Msv.

The results described below were obtained with two beta-ray spectro=

meters. The first of these employs counter recording, 130° focusing, and

has a 10 cm raaius of curvature (13\ This spectrometer was used for con
tinuous bet&-ray and photoelectron spectra tre&surements. For the photo-

electron measurements an aluminum absorber, thick enough to absorb all of

the conversion lines and betra-rays, surrounds the source, A gold radiator,

of tiie proper size to provide good focusing, i3 cemented to the absorber,

T.'ith this arrangement one hopes to detect the gamma-rays that are so slight

ly converted that they aay not be detected ffith the photographic spectro

graph .

The second spectrometer records photographically and is similar to

those used by Ellis(U) and Valley and ..cCreary (15)„ This photographic
spectrograph possesses the dual advantage, over the photoelectron .nethod,

that it will detect lower intensity :'arma-rays, even if they are only slight

ly converted, and is more accurate. Consequently, the values given for the

gamma-ray energies are obtained from the conversion electron pictures and

the other deterninations are regared merely as checks. The error, in both

gamma-ray and beta-ray energies, is one precent for values greater than .1

Kiev and two per cent for values between .05 and ,1 'ev0

All of the sources U3ed were prepared from metallic tungsten that was

spectrochemically found to be free from bothersome impurities. For continu
ous spectrum measurements and conversion electron pictures it is essential

to taaks the source as thin as pos ible and still nrovide sufficient intensity
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Commercially avciltble tungsten ribbon could not be cbtained thin enough

to use without reducing its thickness. Attempts tc nccomjjlish this by

hot and cold rolling, dissolving it in vrrions solvents, etc. were not

successful- However, ribbons -^10 rag/cnr were eventually made by "al3Ctro=

polishing"; Sources were made from these ribbons by irradiation in the

laboratory pile* They were mounted on 7.apon film -*-;.-, OS mg/cm and as such

should be free from all scattering from the mounting but it is iepartant

to remember that the back scattering from the tungsten itself is not negligible

II, THE BSTA-RAY SP3CTRTIM

To determine the number of components and maximum energies of the

beta-ray spectra the momentum distribution was studied with the 180 count

er recording spectrometer, A13 parts of the spectrum were found to decay

with the same haIf-life end consequently the amount of 78 daj' ?> ^ ectivity

present is negligible.. To ascertain the effect of source thickness on this

distributions nans were made with two different sources* One of these was

-si 10 ng/cm end the ether <&30 mg/cm , The momentum distribution from the

thinnest source tnd its subsequent decomposition ere shewn in Fig. 1. A

Kurie analysis of the data from both sources is shown in Fig, 2 where the

open circles refer to the thinner source erd the solid circles to the thick

er one , The feet that there is no apparent difference in the Kurie plots

obtained with the two sources indicates that the back scattering is the seme

in the two ceseso However* this does not necessarily mean thtt ths buck

scettering hes been eliminate
*

From the Kurie plot it is apparent that there ere at least two com

ponents in the beta-ray spectrum* The end point of the highest energy e

ponent is 1.318 * 0,013 Mev* Abcve 0,63 Mev the Kurie plot is linear"*
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we assumed that it could be linearly extrapolated crr'^r the region whe»-e

the other component is superimposed on it, Using this assumption> the

1.318 Mev component was subtracted off. The result is Curve II of Pig, 2

from which the end point -f the second spectrum, 0,627 * 0.010, is ob-

teined. Since this curve is not linear it is feasible to consider thtt it

represents two spectra. Proceeding on the assumption.thet the 0«C3 spect

rum else has e linear Kurie [lot, it wes subtreeted frrm Curve II. In

this way Curve III is obtained which indicates thtt the end point of the

possible third component is 35 H.3S Mev.

The twc high energy spectre have beer. shown tr exist bet! by Ch

and by Peacock and ilkinson* Since it was necessary to use thick sources*

the entire third component eruld be due to back scattering, Also, it is

conceivable thet the second spsctrua could devirte so merkedly from hav

the shepfl Of en "allowed type" spectrum thtt Curve II represents its true

pe. j'rwever, as we will discuss below, considerations pertinent tc con

structing e decay scheme lend support tc the existence cf this low energy

component.

Ill- T & m'VA-R/Y Mgysrr-rg'TS

A summery rf the dete obtained from conversion electron pictures of

this 24.1 hour tungsten activity is contained in Ttble I- Typical examples

>f t'ese pictures* covorlnr the entire energy renp;e over whir"; the lines

were found, tre shown in ig, 3, T! e energies of the conversion lines tabu

lated are a weigted everrge of ':' •, vtlues obtained fro..-, one, two or tree

different pictures- TT e gamma-rey energies contained ir the column "Be

value of gamma-ray energies" were eversged in the seme way,, after ad. ,he

appropriate binding energy to the energy cf the lines. In cne of the 1
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spectrum measurements points were teVea close enou •' tcgei'er to de

termine the energies of the conversion lines superimposed on t) e

soeotrum. This deta is in cgreement wit'- t'.e "picture" date tt with

a permissable errors

TAB IE I

Conversion Electrons &nd Gamma-rays in 24,1 hr ",".'187

Conversion Estimated Intensity Energy cf eon- Rest value of
Gamma- lines of conversion version Lines gamma=ray
ray observed lines (Mev) energy (M<

K Very strong ,062
1 L Strong .121 .133

V Medium ,130

2
K

L

Medium
Faint

,133

ol91
,204

K Strong .407

3 L .eak 165 .4

K Faint ,477

4 K Med ium 541 ,.615

5
K

L

TSeak

Paint

,609

o670
.,680

6 K

L

Very weak
Vary faint

. 696

,754
:7'7

To photcelectrdn distribution cruve. Pig- 4, is one of four such

curves obtained with different scarce arrangements. Although these eun

differ slightly in the width, erd tc t smaller extent in ti t., of t e

phot (-electron lines* the energies rf the lines obtained frcm the different

curves are veil within the experimental error. T! es«? values ere e

rood agreement wit those obtained from both sets of ccnversion electron

date. The phrtoelectrcn data, red in Tables II

fror: our curves " intensities of the phot*
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determined from their heig'ts, were in agreement wit'- t e intensities

cbtrined fr<m the areas under eac. line.. In order t< obtain the relative

intensities of the gamrae-reys from this dpte tie cross section curve?

given in Heitler ' were used. As t'. e internal conversion coefficients

er» nrt '.TLOwn, the actual number of transitions correspond in" t< eecu

*amma-ray cannot b* computed.

one exception, all of the observed photo linos oar be attribut

ed to jemna-rsys detected by means of t eir interns 1 conversion linns

This one line, at 0.046 Kev, could be either t'-e '. from a 0 ev

la-ray or the I line from a 3,061 Bev gamma-ray. A jemma-rey

0-061 Bev is essential to one of 1 e posaible decay gohemes.

ccnverricn electrons are ''•(served corresponding to gpmma-raye of eitF

of these energies, pnd, since 0.061 ?.*ev is the K-L separation in Re* this

lire could he frcm the He X-rsye.

The 0=133 Mev gamms-rey deserves special mention- Its conversion

lines Ere very much stronger than the others observed ard soP ever

tils famma-ray occurs in ail of tv e disintegrations, it is very highly

ccnverted,

fr.e expects that f<"»r a metastable gamma-ray transition, the spin cr«

assccieted with it should be 2 or larger. It is we t e con

version ooarfioient i? creases stronrlj . ftcressins spin --,<•- forse-

qi ••'».;-', ns as l,een pointed rut by EfcSonedetti i swai thi ,133

r~rey is probebly the one associated i licrosei eve!

tvey observed following beta-decry of the 24.1 hr »«.



• 12 -

TAEU>: II

Photoelectron Lines from 24.1 hr Tr

Snerg;/ of line (Mev) Interpretation

0.046 0,061 L or 0,127 K

;56 0,133 K

0,122 0C133 L and 0„204 K
0-133 0t133 V
0.396 0,478 K
0,467 0=478 L

0,538 0,615 K
0,604 0,615 L and 0,680 K

0.673 0..680 L

0.6Q9 0„767 K

TABLE III

Summary of 24ci hr Tungsten Radiations

Component Energy Intensity

<»i 18318 ♦Qo0l3 2: 12 per cent

ft

C< 627 +0,010 2- 65 per cent
a* 0,38

0006110.002 or 0ol27*c002
< 23 per cent

0.133*0.001
4 0*204 t 0,002 •C 0.05

^3 0.478* 00005 1,00

8
0,615 + 0.006 0 -44

: 680* 0,007 1,43

Sq 0.767 t. 0.008 0,16

The gamma-ray intensities given ere net corrected for
internal conversion. Intensities obtained for tus lrw
energy lines involve such lergs errors that trey ere
meaningless,

IT. DISCUSSION

1R7The results obtained in the high energy region for the Vv redactions

sre in essential agreement with those of Peacock and 7,1 lkinson^'*, apart

from our observation of a 0,767 Vev gemmaTayo However, the agreement

with other authors is not too good. To begin with,, neither conversion



lines nor photoelectron lines were observed corresponding to 086

and 0,101 Kev gamma-rays reported by Valley, ".hils the 0.133 gen

obviously is the same one torts ee 0,135 Kav, t 'or

0,127 Kev r,amma~rEy is entirely outside of• the possible values he gives

for the other two, Kith regard to the high energy genes-rays, Schwartz

and Pool find one cf 0.860 Kandeville gives 0,-94 Mev ©s •

highest energy one. Should si or both cf theae be present the photo-*

electron dtte would indicate they ere much less in'-.; r,n the 0 767

genma.

e data pertinent to t'e construction sc! e:;>s is

contrii Tcble III. Ir order tc construct s. scheme certaii

siderations should be pointed out: First, the difference between the end

points of (3 and (5 is less than 0,767 I Thus there must bs e level

either above the one into which P, decays, or one below the one in1

which Pj decays-. The first of t'e alternatives is supported by the w

of Clark indicating that no gamma-rays are in coincidence with Pj

means that P-j decays to the ground state, New the sum of the energj

cf ?„, *g,. and Y,* lo35 Mev, rcocimately t. e energy of £., ?;

one arrii scheme A, in Pign 5* from which it parent4

in order thtt Clerk's results b« consistent, with the existence of the

0,767 ?'ev e third beta-ray group must ex •

Indicated above is the possibility that th< are in

reality &c X-rays. A decay scheme net involving the 0.061 gamma-ray and

rets the idee that • coincidence with Pi could

not be iers decay scheme

coincidence with (5 , one obtains B In i W© were not able to con

struct a rec.;.
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CAPTIONS F!H FI3URBS

Fig. 1

Momentum distribution of the V," beta-rays- Curve I is the deta
from which the open circle Kurie plot in '•'Ig, 2 was made. Curve II is
the "allowed type'* spactrum with e maximum energy 1,318 Wav, It is
ncrmelized to fit the data above 0-63 Kev. From Curve III, rbtt.ned by
subtracting Curve II from Curve I. one cbtains the end point of the
second spectrum, 0,627 Kev,. Curve IV is en "allowed type" spectrum nor-
mtlized to fit Curve III t-bove 0,38 Kev. her it is subtracted from
Curve III the c-j 0.38 Kev spectrum remains, The relative intensities of
the various components were obtained from these curves

Fig. 2

Kurie plot showing the decomposition of the continuous spectrum into
its verious ecmron«rts. The open and closed circles represent* respective
deta from soia-ces ^ 10 mg/cm2 and c^j 30 mg/cm2. The tw< sets of data are
not normalized «

Fig. 3

Typical examples cf the isf***' conversion electron Pictures I ,ith
th.e photographic spectrometer. The energy renge crvercd in the ""hree
pictures is approximately Prom ...018 to 1.2 lev. 'tr-, line is lrhal-^d
with its energy, the gamma-ray it is produced hy <nd thti rhel] tn •'•
it is converted. Some of the weaher lireSj^ot discernable in the repro
ductions, fre not indicated *

Fig. 4

Distribution cf photoelectrons ejected -from a gold rediatcr by t
..xc" ^emma-rays. T e Conpton electron background r.as not been subtracted.
The line marked 0,061 I might r,lso arise rrom 8 0.,127 lav gamma-ray or the
Re X-rays produced in the process of internal ccrvprsion cf the r*mma-rays

Fig- 5

,T*c visible decev aChftmea for '# o
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