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Two large samples (many ouriea) of @h La140 were W“adiated with

8Nx neutrons at the Los Ahmos homogeneous pNe for ~ hours. The mall .

amount of ~.?h DA1@ formed was allowed to deoay to 28d Cow uhich WWJ then

radioohemioally extraoted and counted. FrorII the aotivitymeamred, tho

neutron flux, and the known iyalf.lives, a value of ~.lz 1.0 barns was oal.

culated for the oross seotion of 40h La140. An upper limit of’about 400

barns was found for the cross seation of

The thermal-neutronabsorption

Cel~ were also measured and found to be

12.8d Ba140.

oross sections of stable Ce140 and

0.272 ~06barnsund 0.105~ .018

bnrns,roapeotivelyO per atom of the naturally Ooaurripg 6\3mezlt0
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Of Radioaotiv$La4° Ba14 nd Two Stable Ce Xaotoyz&L

Introduction

The

determirmtion

several aaaes

activation m&?~od, which ha6 been used extensive y for the

of oross oeotions of 6table nuo2ei, has also been a~plied in

to the measurement of neutron absorption cross seotions of

()). %e method of attaok is to irradiate in a highradioactive isotopes

neutron flux a stable isotope, S, whioh by u 8ingle neutron oapture gives

ri8e to aotive isoto?e

cwaptureof neutrons by

an aotive daughter, C:

J, whose oro8s seotion is to be measured. Further

J yiglds radioaotivo isotope B which frequently has

stable S (n.y) active J (n,y)

U

active B

P-

;1

$-

K (n.Y) aotive C

The saturatim number of atoms of J is given

NJ = N$

whore Ns is the number

oroee seotion of S, Ad

(Z@ Us (1/AJ)

of

is

the neutron flux. If,the

S atoms, as is the

the di8iAkegrati~

by

(1)

thermal neutron activation

constant of J, and (nv) ia

ha3f-life of J is short oompared to

bombardment and aloo to the half-life of B, then the aotivity

of bombardment time, t, is given by

*Prwrinuftrmnflrsh this series on the oross 8euti
are 3i8ted Ln refcnwmoes 1 *“$.”!”: ●:0 9**..

(1) S. ~atooff, Flutonium I&oj~t @x&d~. V~l~IX
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the time of

of B at the end

(2)

on8 of unstable nuclei
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By memnaring ~, (nv), Ns, tiadt, the aroaa scotion of J, ~J, oan be calculated

from this equation. The arosa seotion aS is kno:m

In oases where the time of irradiation is aot long

of J, the above equations must bc replaoed by more

bo noted that the activity of B is proportional to

or oan easily be measured~

oompared to the half-life

general ones(l). It should

the square of the neutron

flux. %oa it ia usually core advdxupous to analyze radioohemically for

C rather than for i~s parent B, account must be taken of the amount of C.

whioh is formedby the alternate prooesa involving neukronoapture by K, the

daughter of J(l).

is short compared

interfere because

However, in the favorable eases where the half-life of C

to that of its parent B, this alternate prooese does not

C oan be separated radiochemically fromE at periodio inter.

vals. OrIlythe first extraction oan oon~in C whioh originated from neutron

capture by K. All s~eeeding extrao%8 oan oontain only that C ackivi~ which

aomos from ~.deoay

T~ above

The thermal.neutron

3.8 ~1.0barns(2)j

barns(’), have been

Wjd sr~.

of ita parent BO

method has been a~plied to several radioactive isotopeso

capture oross 8eotion of 85m Ba139 was determined to be

‘3), 200 barns,upper limits of ~70 barns W and 106

set for the aross seotions of 751sKr~, 17.fjmRb~0 and

.

(2) S. Kateoff, !?anhattanDistrict Report CO-@@, (7 Apri3 1945); Plutonium
Projeot Reoord, Vol. IXB, 7,59.4 (194@0

(3) ~e %garman and A. Turkevioh, Manhattan Distriot~ePort CYML!&
(1$ Dooember 1944)8 plut~ni~ proj~t Reoord, VO~● ~ B, 7*~902 (1946)o

(~ S* Katooff, ***tan Distriot Report ~c-*39 (23 ~ebru=y 1945)?
Plutonium Project Reoord, ’01 SXB, ?*V$)03 (19k6)0

(5) $C fitooff, ~a~tt= @@~c}o R~”%~”C~~3W9 (15 ‘April1945): plutonium
!44)Projeot Ftocord,Vol. IX?&.?05&5. ~..l~$+.” ~ —. ..=.-...— _ . .-.=
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A slightly different method for measuring cross seotiod of unstable

nuol ei involves tho isolation of atsmuoh radioactive J as possible from it8

souroe of supply and then irradiating it in a high neutron

of neutron oapture, B, (or its daughter C) oan be measur@

ease the aotivity of B at the end of bombardment time t is

flux. Tha produot

as above. & this

given by(’)

(3

where

tione

N: is tha number of atoms of,J”pre8ent at the beginning of the irradla-

and TJ and TB are the klf-UV@S Of J a@ BS respectively” The aoti~itY

of C arising f’romneutron capture by stab3e ~ (the daughter of J) is &iven

by the following equatlonz

where ~ is the neutron absorption oross seotion of

used to caloulate the orosg seotion of JO Siowever,

K. Equation (~)oan be

when the aotivity of C

is ~eaaure~ iustead of the activi~ of B and when the half-life of C i6 long

oompared to that of its parent B, then the aotivity of O, wnioh is formed by

neutron activation of He must be subtracted from the teal aotivity of 0.

This amount is ca3cu3ated by use of eqtition (4)0

This method has been applied in experiments with the heavy isotopes~

in setting limits ontho aross eeotion of long-lived 11~ (0.8 barns to 80

barns)(6), end in measuring tt~emoss seotion of @hLa
3110as reported hereo

● om ..OO ●:0 :00 . .

: :.O

(6) S. Katooff, &nhtian ;~;*;2u~2e~.$;*;JL .s@ (2g Mayl%@:

Phw. Rev. (in press)... ●OS ●** ● ●
● O*
● 0. .’* ● ● ● .O.
● 0.. ●: ●*O .
● ** ●0: ●

●9 ::0
●** ● . ● ●a

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



me 96* ● O
● ee ●Os : *** ●

● ***O ● ● *O

00s00 060 ●
:.m9 *em*. ● mm

8*9 ● mOO*O

,00 ● -* :*C •:~@O go.
s : ● O ● ***

● o :ID: :
● ●:0 :

::●ia ● e. .*

The nuolear prooesse8 involved in tho latter were:

1P- 1P-

stable Cc)140
(n,y) > 28d ce141

A quantity of @h hl”, corresponding to a number of ouries, wa8 irradiated

at the Los Alamos %ater boilerllfor a period of 2& hours. Several daye

Iator radioohemioal analysia wa6 made for the 29d Ce~ resulting from the

irzwdiation.

Experimental Prooedur6 and Reeults

Two experiments were perfornwdi a preliminary one and a final one.

A determinationwas also mide of the neutron absorption oross seotiomof the

danoe), bemuse the forms% .&d not been measured previously and the latter

had been meosured only roughly(?). For this determination 2.Og of Co, a8

MNQ$306~% me irradiated for one hour at a point in the graphite 6U from

the edge of the ‘water boilern sphere. A pieoe of uranium waighing 17CMW

was u8ed as a monitor for the neutron flux, Threo weeks of oooling wag allowed

i’orthe 33h Ceti3 to&oay to a negligible value. Then the oori.umwa8

di8solved and aliquota were withdrawn for radioohe~bioalanalyee8. SO samples

w and two others for 13.8d Pr143, the daughter ofwere analymxi for 2!3dCo

3JhCeU3. The deoayof the 8amples was followed for several weeks by means

of a mioa.window bell.8haped Geiger oounter. Aluminum absorption ourve8 were

fA180taken of’the aotivitie8 in order to oheok their purity and also for making

● ☛ ● o@
● ** boa ● ●●** ●
● **
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geometry ( by means of a standard), to 100% chemical yield~ and for deaay.

The neutron fluxuas neasured bya~]yzlng the uranium monitor for the 12.8d

Ba140 fission produot. From

orosa aeo+ion of uranium the

the newtron absorption oross

the lattercs fission yield and thd thermal fission

flux was oaloulated. Then by applying equation (1)

ueotiona whioh are given in Table I were calculated

Table IO Neutron Caplmre Cwsa %otions of Stable CA

1
Natural Atom Isotopio 160topio
Cross Seotion Cross Seotion Abundaxwe

-—= —

@140 0.27 ? .06barns 0.30 t .06 barns I &)44i
~elig 0.10L5~ .02Clbarns 0.95 2 .18 barns 11%

d

Thea% values are for thermal neutrons if the fi8aion cross section of uranium

and the oroas seotions measured here ohange by the same ratio when a purely

thermal n:utron flux is aubatituted for the apprexhatsly t!~ermalflux aotually

used. This asaurnptionis probab3yva3id within the limits of error given. I

The value listed here for Cel@ oh?oku the tentative va).ueof 0.1 barn reported

earlier(7) for the natural atom cross 6eotion.

For the preliminary experiment to determine the cross seotion of

@h Lal@, a solution of 12.8d Ba@ was ueed whioh had been milked of its

40h La daughter several times before. After the last l&i3kingfour days were

allcwmd for more JOh La to grow in. Then lomg of etable La aarrier wae added

and precipitated with NaOHa8 La(OH)y. This was filtered, redissolved, and

preoipitatod twioa more M JA(OH)3 in order to purify it from 12.8d B&. then

●** ●...-—-—. ●:* ●0. .*●’* ● .
●

@ ● 0
● : ●:0 0 :0

● O. ::
●O ●O9 s..c:.:,0,,

. ●** “**,● , ●:00 ● ●°0 ●
● 9*
● *** :
● ** :

● ** ‘::‘; ~::s
●* ●0s ● ●
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a finel precipitationW8 made aa Iantnanum “fluo-oxa3ate”i8) Theee operations

were performed with several hundred curies of taotivity by means of remote

control apparatus which

Most of the xadtoaotive

O.OL%$$wall thickness.

.

was made ava%lable for th$a wrk by 11~W. Spenao.

LalbOwaa contained in a stainless.6tee3container of

It was trana’portedto the %ater boilern in a thiok

lead shield and then transferred quiuklyby meana of two 6Q rods and a 8tring

to a position in the graphite 9“ f’romthe “water boilorf~8phW0. Two srmdl

uraniwn foils were uaad as neutron flux monitors. The sample was irrttdi~tad

for 24 hours at maximum pile power. Uowevor, a portion of the La140 was no%

irradiated and reserved for aompsrison with the irradiated 8ample?0

Aftera two-week oooling period both samples were r~dioctmuically

~~, Loh U1~O, and 12.81jaanalyzed~ in duplicate, for 28d (k 140. The La

analysis indicated *hat ●t tho beginning of the irradiation lq$jouries of @h b

hadboem in the

analyses it was

completely from

pile and 6.s curies had been reserved ms a bUmlC. In the Co

neoosswy to repreoi~itate CO(I03)4 ei~ht times to dooontaminata

the vastly greater arativityof @h La. Aluminum ab80rpti~

0UrV66 Of tiho

28dCc@ and

as small but

radiations from tho GQ samples indicated the prezmnuo of both

m~d Cel~. It beoame obvious that theso isotopes were prese@

inportarltimpurities in the ori@nal ~otive La140 a~wp~eso A

lU however~ waa found in tho irradiated sample.small inorease in the 28d Ce ,

This was used to oaloulate an upper limit of around 2 barns

absorption oross seotion of 40h Lal@.

140
appreciable quantity of 12.8d Ba ma

The barium analyses

a180 preaento

on the neutron

indioated that an

isotope can also

+., Mmhattan Diatriot

● ☛ ● oo ● ** b b
● ** ●*9 ●
● ** ● ● ●oo

● ●
● 9**.

● 00 ●
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* which d eaays to 3.’?hLal~ and then to- absorb neutrone to give 1?3mBa

28d Ce~. ‘#NM an upper 1imit on the cross motion of 12.8d BaM could

be aaloulahd too. Thi6 wa6 about TOO harm.

h the final experiment an attempt was made to remove a8 muuh radio-

W“ 8olution prior to extractionaotivo oerium aa possible from the 12.8d %

of tns final

the one used

i%(OH)~ four

@h La140 daughter aotivity. A Bal~O solytion very similar to

before was 8cavonged three additional times by prwipitating

dayfs before finallymi3Mng the h140. For this, lthg of stable

La carrier WW3again u~ed but this time the two La{O@J repreoipitationswere

done in the presence of about ~OQag of stable Ba carrier. This was designed
I

to further reduoe.the amount of 12.8d Ba140

tion6 were oesentially identical with those

Although mea8Wt3ment With a radiation meter

indicated the presenoe of about 2Z0 ourle8,

carried alongc Subsequent opzra-

of the previous experiment.

at t!!oend’of the milkl.ngop’erat20n

a similar measurement mado about

two weeks later indicated that only about 1/’10of this had been irradiated

at the water boiler. The radioohemioal analyses ehowed that aotually anly

22.6 ouries of@h hl~O was present at the beginning of the irradiation.

The most probable explanation is that most of the aotive Lall+owas s;.nkenout

of the stainless-steeloontainer into the lead shield during the nine mile

journeyomr rough roads from the ramote control equipment to the%ater boiler”.

Fortunately, howvtm, the remining 22.6 curies was auffioient for measuring

the oroes aootion.

Tho radiochemical analyses for active Ce in both the irradiated and

un.irradiated samples indioated a considerable 5.mprovetiwtover the previous
,

experiment. Although aativ~”$u:m$ nc~~tim~tely e3irninatedfrom the La~O
● : :0 :000

samples before irradiation,-“1*}&&Oi&~aad.fn the amount of 28d Ce~ was

●a ●** ●** b ●99* ●’* ●
● 9* ● ● ●*.
●0..: ● ●9* .
● ** ●.: ●

●O ::0
●*e 9 ● ● ●*

.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● ☛ ● *b ● 0
● 00 ●** : ●’0 ●
.OOe *O* ● 9

aaoob 000 0
. ..000 .0
● *.*****. ::0

observed in the irradiated sample. This is olear~y seen from the deoay

ourves and aluminun absorption ourves shewn in FigsId and 20 Zho 8oft

part of the radiation is from 28d Ue~ and ~~d Cel~j the hard beta ray

is from l?05m PrM+ daughter produot of 27fjdGet. In Table If the data are

presfnted. The time of irradiationwas 2&0 hours, starting ‘7.9houru after

the La14° was aeparuted from the Ba40*

Table II

I<bserved aotiv.ity:(orreoted to 100?’o
Xhemioal yield

bad =trapolated

5zYjoo/k

jo end of bombard=

Fwreotion to

I

lW!+2
tro ab6orber

orreotion for
1 tquot (and tou’

2050
qual amounts of #

I&l)

I 1orrected aotivity 968 da

“1 dorreoted number o‘
toma at kleginnin
f bonbar&mmt *.

28d Ce fro
Unirradiat
La Sample

113 OA

1ol@

3.12

26.5

221 ()./8

—. —

O% X 106 o/m

I.@

. 1X106

.53 x MN &’B

—.. —

.-
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9*.

9 ● .’.
● ...: ● ● 90 .

● *.
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I @h La from

L&ix&
●9W ~ 106 o/m.

%21 X 10IQCI/,

I
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The data in both the wmond ad third columns represent an

average of two aliquot 8w0plu8; Oolm 4 represents an average of four

aliquots and the last

column 3 are based on
~.

but for+nmatelythese

oolumn ana~verage of three aliquots. The data Of

the very poor decay ourve shown at the bottom of Fig.1,

data affeot the find x%sult to only a small extento

‘i’heaotivity of 28d Ce” whioh wae formed by tho neutron irradiation of the

h smuple was (968 - @ or 747 disintegrations/seoond* From *his must be

lU fok”medby neutron acki-aubtracted l15d/s whioh is the activity of 2&l Ce

vation of the stable CO* arising from the beta dooay of Mh La140 before

and during the irradiation. It is assumed that essentially all of the stable

‘0 solution when the latter wa8 8oavenged withoerium was removod from the Ba

F~(O@3 preoipitatims and that the CcalLo whioh grew into the eolution in the

aubaequent four days waa aarried down oomple%ely withthe final 8eparation

of ).+Oh La40. Of the llqd/@, 10ld/s was formed from tho ce~~ whioh grew in

140whioh grew in during the bombard=before the bombardment and I&i/s from the Ce

~nto The latter q~tity=~ oaloulatedbymeane of ~quation (~. Thus the

net aotivity of 23d Cel@ whioh aroso f’romneutron oapthwe by40h La140 -

(74? - llq) or 632d/’s. Then the oross seo%ion of @hLa *O was calculated

from equation (3) after aubetituting the subsuript C for the aubsoript BO

This is pernisslble bemuse the half-life of B (~.? hours) is very short

oomparod to the half-life of C [28 daya). The neutron flux (nv - cj08’7 X

lC$* n/om2seo) was derived from radioohemioal analyses of the uraraiummonitora

for the 12.8d Ba140, the fission yield of the latter (6.@), the weighta of’

the manitor8, and the known tihormalfission arosa seot9.ozaof normal uranium.

l~” i8 then 3.1 barns,The value for the neutron alf+O&i& ~&b~”s&tion of La
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about one barrio

the final experiment indicated that muoh less of it oarried through than in

the preliminary experiment. Using the upper limit of 700 barns for the oroes

8S0~On of Ba140 determined in the preliminary runO the maximum amount Of

28d Ce* which oould have resulted from neutron capture by Ba‘i+Ois only

it!@/u or on3y2% of the amount actua31y observed (@2d/s). Thus it is alear

that the 28d Ce3M formed in both the final and preliminary runs m!:sthave

remlted mostly from neutron capture by40h hlM. Thoref’orethe upper Iiml.j

for the oroas seotion of Ba140 can mfely be lowered to about 400 barns, at

least.

If tho i~ttillm carrier used in the experiments,hd containcd25~.

stable ceriun as an impmity the same amounb of 23d Coh WOUld have bf?~

formsd. A separate neutron bombardment WM therefore carried out onf sample

u’of’the oarrier wi~iohwas then analyzed for 28d Ce . On~y a very SJII

amount was found, indicating that the La carrier wae of 8uff’ioientjnity.

Another possible rsourseof 28d Co
14 which could have interfered r.th the

meauurementa is a ssma31uranium or plutonium impurity~ However, t“;iswould

also yield ~~d Ce~ aa well-as ~%1 CelM. In tinefinal samplf the 275d C8

activity would Are increased by s~after the irradiations l~stead,a

deareaso of about 20$ was obsorved. (This apgaront de~r~se swybe oausbd

by the errors invc)ved in moasurinfl the SOft radj.a~i~a Of +,-e27% Cc.).

It see!nsimprobable, therefore, tht a significant amour~t0? a fissionable

I@isotope oou]d have contamiwot:&:th~La;. :.QE;+-O%. ‘
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