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ABSTRACT

The ecapture cross section of gold, rhenium and urenium for

240 Kev neutrons is measured, .tle obtain r:i'Auz0.'710"‘24 cmz s O Rel85 =
1,2102¢ om2, o _jp7 = 1.3102% on? and O (28) = 0,166207%* a?, on

the basis of G p(25) = 2,51072% cm®,
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CAPTURE (0SS SRCTIONS FOR 240 KLV ITTRONS OF GOLD, RELIIUNM AUD TIRAMITHS

The eapture cross sections of soveral eolements for 240 Kev
neutrons have been messured by using Y+ Be photoneutirons and detecting the
3 radiocactivity formed in tho samples irradiated.

E\PERI: ENTAL 1TTHOD

The preneral sxperimental procedure is a ‘rery simple one:
the yhtrium source is eombedded in e cubo of beryllivm heving a £ cn
side. This cube is put in conbtact with an enriched urenium sample of
Inown 25 content and the ficsions produced are measured in an jonization
chenbnr connected with a linear smplifier. In this wey, knowing the
eross scction of 25, one can calculste the ncutron flux through a sample
having the geometry of the 25 sample.

The 25 sumple is then replaced by the substience to be studied,
care being teken that no changes are introduced in the gewelry, and the new

substance is irradiated to seturation. Aftorverds its bet. activity is

measured. Obviously wo have

- R U
G- - - -‘ﬂn--mgé“
e AV Rp N

in which ¢, is the capturc oross section of the substanc. under investigation,
("p5 3is Tho [ission c¢ross section of 25, R is the number ¢ disintepgrations
per unit time in our sempls, which contains M atoms and Rp 5 the fission

rete in the 25 sample which contains llog atonse

COSDRECTIONS APPLIED

In calculating R from the comting rate in a Ceipi--lMaller
counter meny corrections are nceded. Ve shall not describo all the obviocus

ones, like the correction for a finite Hime of irrediation. A ‘ew words are

ey LT e
L e T T
e e T
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in order, howevor, on some other corrections, such as the estimete of the
counter effisiency, and the self-absorption of the semple and the counter-
window absorption. Our counters have a flat miea window of about 3 mg/cma
thiclmess and 2 cm diemeter. Tho sample is located at a fixed position &
fow millineters under the window and a weighed sample of UzOg is cccagionelly
locoted in the seme position. The UgOg, which weighs about 16 mg, is
spread on a thin mica foil as a disc having the same dlameter as our sanples,
fixed with & trace of Duco cement and covered with another thin mica window.
tie assume that such & sample emits 734 betas per minute per milligram. These
botas are ciue to UXg; we have neglocted ths bebas of WL, and of UY because
they are so soft thet they do not pess the various windows, This is shown
also by investipation of the absorption of the bete rays of our uraniuvm
standards,

Using such a stapdard we £ind the efficiency of our counters
for UXg bota rays; it turns out o be a'proximately 0,3,

The correction for sell-absorption is maede by using the formule

A= A -"i&:-t;::'zt’c ’

in which A is the corrected counbing rate, A® the observed counting rate,
K Ytho absoyption coefficient” of the bets rays end t the thickness of the
samples.

In the Re experiment 4/° was measured for Al and then calculated

from the empirical rclation

) S 150+ Z3a
Yl dna= (el I -1RER)

This procsdure wes tested in the case of gold by hemmering into a thin foil
a portion of the sample =nd measuring /A//J directly. The results are con~

sistent within the expsrimental errors.
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The window absorptica is calculatsd from the absorption coefficient
of the beta rays.

Finally it is important to ascertain whether nore then one clectron
is cmitted rer disintegration. This last point, as is well knowm, is especially

irportant for 93239, In the cece of gold, deta are found in the literature*

* Jo Do Pichardson, Phys. Zev. 55, 609 (1939)
A1so A. F. Clark, Phys. Rov. GBI, 232 (1942).

showing that there is only a weal line of conversion electrons occuring
at about 400 Fov. of such an intonsiby as to indicate less than 0.1 internal
enversion electron per disintecration.

AND
JESULTS TOR Av, Tc et 96

3y using the procedure outlined abowve it was found

T A
-a::ég‘““ - 0028 s 0069
25
o 187
w28 2 0,53 T 0,1,
25
o, 185
a-wag-t- 9 0¢47 t 001.
T2s

The assuuption that @ yge 2.5 x 107%% anf gives

Tpy = 07 = 10724 o

187
e

E4

G g 1.3 x 10‘2407.12,

e 0, 380 2 1.2 x 10724 @,

For the natiral mixbure of the Re isotopes Opg = 0.514° o5 % 1,25 x 107%% o B
these valuc: difler substentially from values found by . v. Falben, Jr. snd
L, Yowarski (Uature, 142, 392~3 (1938)), for neutrons of approximately the
same onorgy- The reason for the discropancy is unc:plained; also for other
substeances {silver, iodine) we found ¢ much ierger than the values reporied

by ve IInlbaxn and Xowersitie
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MEASUREMENT OF @ of 28

Similar experiments were performed to determins G;c of 1ed8 fop
Y+ Be neutrons, The principle of the experiment is the same as deseribed
above, except that instead of measuring the activity of the U239 foimed, it was
allowed to decay to 93239, which was extracted chomically, .

This proqedure is indicated because the period of U239 ( 23 min.)
is inconveniently short to work with, and boecause the sctivities of the fission
products and of the vranium itself maesk the 23 min. periods Alsc by using a
chemical procedure one can opernte with & sizable smount of uranium. In this
case 69 grams of Uglg located in a cylindrical box having 6 en diemetor were
useds The neutron {lux through the Ugzlg box was measured by pubbting e knowm
sample of enriched uranium in a median plane perpendicular to' the axis and
counting tho fissions produced in it by our source.

| Ve describe now the chemical procedures useds before irradiation
the uranium was freed of X, end Wy by waber exbraction of an ether solution
of U0p(U03)o+6Hp0. TUglg was thon preparsd from the ether solﬁtion by further
water extraction, precipitation with ammonium hydroxide, and ignition. The
chomical treatment of the sample afbtor irradistion was designed o give a
reproducible extraction of 93, free of WX, the beta activity of which, if it
were not removed, would grow sufficiently during the irradiation to mask come
pletely the bete ectivity which was o be measured,

The irradiated oxide was dissolved with nitric acids sulphur
dioxide was added to insure' the 93 being in the reduced fluoride-insoluble

oxidation state; and a fluoride procipitate was telten out with ceriuwn, lenthopum

and zirconium present as carrier substanceses The cerium and lanthanun cerry

. the 93 in the precipitete; the zirconiwm keeps element 91 in solution. The

precipitate was dissolved by fuming it with sulphuric acid; Th was addeds and

the 93 in this solution was oxidized with pobassium bromate to the fluoridew
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soluble state. The UX4 was thon precipitated as fluoride vith its Th carrier.
4is the solution at this voint still conbained somo beta besidoé that due to
93, it was fumed with sulphuric ecid, rare carth carrier and potessiwm bronate
were added, and another fluoride procipitate was removed. The solution {rom
this operation was then fimed with sulphuric eecid; a small anount of rare
earth carrier and zirconium were added; and £inally the 93, now in the ree
duced state, was precipitoted as fluoride. This was the sample used in the
measurenents.

I blan: experimont, consisting of treating according to the
abowe scheme 60 grams of Ug0; which had boon purified and thesallowed to
stad a few days, bub which had not beon irredieted, showed that only 90
counts per minube, small conpared with the activity produced in irrsdiation,
appeared in the {inal smmple. This represcnts the amount of UX extracted to=
gethor with 93 in our purification schemc., Two other check experiments were
tried to dclsrmine the efficicrey of extraction of 93 from & 60 prem semple of
Uz0ge These were done b dissolving another lot of Uz0g such as vas used in
the blank exneriment and adding to it & kuowm amount of 93, This mixture was
put through the procedure, and the amount of 93 appearing in the final sample
was measured. The yields from two such cxperiments wore 785 and 827

The more difficult problem of passing from the counts measured
in & Geipger-fller counter to the nwber of disintesrations in the sanple
was solved % using date of Wahl (C=-266 and private cormmmicabion) obtained
with a vory :imilar counter, These oxperiments do not seem absolutoly final
ané it is plamed to repeat them and cheek some possible althouch improbable
loopholes. llowever the fact that Wahl obtained the correct half life of 04239
by using his nmethod of reduction through 93233 counts to disintegration shows

that this mevhod is substantially correct.
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Using the number of disintegratlon in the

e
—_——

= —

93239 sanrle, measured

by the process describved above, and the mumber of fissions produced in ous

standard, we obkains

5 oL88
G"f(zo)

or T, (28) = 0.165 x 10~2¢ om?
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