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AkX

The Fissiocn of Thorium withs

Anos S, Newton

ALTHORITY
N

CLASSIFIATIO

ORI

. .”’ e e o . OF TS
Rediction Leboratory, University of Califonpig.s Beblke

\

\ ABSTRACT

-

The fission distribution of fission of thorium with alpha

particlc’ of avierags cocrgy 37.5 woy has been measurcd by thoe chemical

- msthod., The distribution found 'shows that thp pharaotaristic aip

in the figsion yisld mass spectrum has buon roiscd to withih e factor

of two of tho poaks compored to a factor of 600 in slow neutron fis-

gion of U255; The reisc in the - dip has causéd a corrcsponding

" lovering in fission yisld of thcesc slements ¢t the pcaks, The

cross section for fission of thorium with 37.5 licy alphas was found

to be sbout 0.6 barn, and the threshold for fission was found to bo

2% to 24 Mev,

'

\

To be published in the Physical Reviewa , . foe
Contract No, W-7405-epg-48., |

University of Celifornia,

Radiation Laboratory
"Backeley, California

3
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The FlSSlOn of horlum with Alph @ﬁﬂol W
B i mm%i

Amos S, Newton

Radiat ion Laboratory, University of California, Berkeley,california

/

.1, Introduction (1)
: K - L
- Soon after the discovery of fission, Meitner and Bretscher

(2)

~and Gook found differences in the decay of various chemical

’

/

FonMIC N

1) Meitner, L., Nature 143, 6)7(1959)
2) Bretscher, K., end L. G, Cook, liature lu é 559 1939)

fractions separated from uranium irradiated with slow neutrons and
thorium irradiated with fast neutrons respectively and suggested

that a difference existed in the distribution of fission(produets
3)

’tnat the dlstflbutlon in various modes of fissicn should be 1nvest1-

- gated. The faOt that elements sueh as tin, oadmlum, palladlum

3)- Turner, L, 4,, Rev, Mod, Phys, 12, 9(1940),

d : v
(@) . R
and silver. were found in fast neutron fission of uranium and

thorium befbre they Werelfound in slow neutron fission suggested
that the mlddle region of the distribution was raised'as the energy

of the 1ncldent partlol was incrcased,

4) Nishina, Y., K. Klmura, T. Yasaki, and M, Ikawa, Nature 146
945%940)3‘ Phys., Rev, 58, 660(1940), Ibid 59, 323(1941); Ibid &5 Qg,
1941). ' A v o S

Sinoe the compound nucleus formed in the fission of thorium

236

Wb alpha purtloles is U , the same compound nucleus formed in the

Y AUTUORITY

in the two €ases, In his reVlew article in 1940, Turner suggeeted
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2, ‘
fission of USP? withﬁheeﬁrone; it is of interest to study the fission
of thorium with alphesyand eompare'the'resultimg,distribgtion of,v 6) »
fissioﬁ prdduoﬁs with that found with uranium withAsloW()) eﬁd fasé |

" 7 Y ¢ .. '
5) "Nuolell formed in flSSlon" Plutonlum.ProJeot - J. Amsr, Chem.
Soc, 68, 2411(1946),

6) Turkevioh A, Prlvate Gommunloatlon.

\

neutrons. any dlfferenoe between the various results where the same
compound nucleus is formed muet be due to dlfferenoes in energy
content and possible dlffercnces in distribution of the nuoleons

in the compound nucleus at the tlme-of fission, .

2. -Experimental Mothods
Of the various methods avallable for studylng the flSSlon

&process, the mebhod of chemlcally isolating the fission products
EER ' :
with added carrier ond determ%ning the fisslon yield of each
7 )
1sotope seemed most sultable, The method of studying the ene rgy

7) Anderson, H. L., E, Fermi, and,A. V. Grosse, Phys; Rev. 59,
52 (1941). . ' e R

-distribution of energy'recoils,in an ionization on?mber is used by
. . (9

Jenschke and Flamiersfeld, Jensen and Gentner 'is not particular-

8) Jenschken, Wi, Zeit, f. Physik, 120, 165(1943).
9) TFlammersfeld, 4., P. Jensen, and W, Gentner, Ibid, 120, 450( 1943)

L

)

ly suited for the present prdb;em due to the diffioultieskinherent-
in using an ionization ohember in the presence of the alpha beam.
The thorium used in the bomberdment‘was speoial purity thorium

: metal proddcedlby the group‘et the Atomic Reuearchllnstitute at
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Iowa State College. In'a long helium ion bombardment de51gnated

as Bombardment A, of 3020 uAh on the Crooker Laboerory Cyolotron,

Ca 5 1/8 inch diameter thorlum backing plate 1/8 inch thick was -

\ used, After bombardment a radloautograph of the disc wes made to

détermine the active area, The actlvlty was then removed by mllllng

‘thln layers from the active area using a milling setup 1n which

the mlllxngs could be quantltatlvely collected, Eleven layers

varying from 1 to 3 mils thlck were removed from thls target so the.

. fission product dlstrlbutlon and the excltatlon curve for flSSlon

could be determlned; The mllllng removed about 95% of the total

)

~ beta and gamma activity from the target. In addition to this, three

~shorter bombardments- of 24 hours, 2 hours, and .4 hburs duration,

designated as bombardments B, C and D respectively, were obtained

on thorium foils of thickness about 30 mg/cm2 using the interCeptor

_setup of the Crocker cyclotron. In these cases it was assumed that

: D : v
all of the 2 cm area of the interceptor received bombardment, o
© The tebhnique used in determining the fissioh yields was the
standard chemloal Lechnlque as used on the Plutonjum Project,

The bombarded sample wasg dlssolved in either hydrochloric or nltrlc

~ ac;d, a small amount of ammonium flu081lloate‘belng added as a ‘ /
catalyst, The solution was diluted to a known volume and stored in
- lusteroid tubes inside a glaés.tube'to prevent loss Ofwactivity by -

adsorption . on glass and evaporation of the solution. Aliquots were

taken for determination of each desired element, In each fraction,

carrier was added for the element to be separcted, and the element

.chemically separated and decontaminated from other activities. The .

element wes then precipitated, in a-suitable form, Weighed and the

chemical yield determinéd,;it being assumed‘that'the chemical yield
. . N //\
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.- was equal to the radiochemical yield, The samples were mounted on

)

2

cardboard, covered with cellophane end counted on the second shelfl

of an inverted countef getup, Corrections were made in the counting ;
rate for 001ncldenoes geometry, ‘and absorptlon to obtain the dlSv
1ntegrut1tn rJte of the sample, Deoay curves were taken to charac-

terize all activities, and absorptlon curves were taken where po%51ble.

~If absorptiocn curves could not be taken, absorber correct:ons were

made on the basis of published absorpticn curves for that activity,

In order to obtain the fission yield the activities were all extra-

polated back to a given time shortly after the end of the bombardment,

Since the oyclotron irradiations were irregular, in order to integrate

the bombardmént and correot'for Saturation of shorter-lived materials

during the bombardment the bomhardment history was. trcated in small

1

time 1ntervals. The mlcroampeie ‘hours of bomburdment in each time

1nterval was then allowed to “deoay“ to some oompurlson tlme with the

~half-life of thc activity being considered, At the compéer ison tlme

“the efféctive irradiations from each time interval were summed to

give a total effective bomberdment at that time, If the increments
were not less than 5% of the half-1life of the loOtODG corrections -
were mede for saturatlon during each increment,

Since nelther tbe absolute filssion yield of a fission product .
produced in the fission of thorium with élpha partioles nor the .
fiésidn cross section are known, the product of the fis ssion yleld and
cross section hés been calculated by the equation: _ |

g x F, Y. = (atoms F.,P)(Area target)
f . “(atoms Th)(uah)(I.13 x 101%),

.where the term (upah) refers to the effective/péh of bombardment at

the time of comperison and the factor i,lBXlOlb converts uah to number

of helium ions striking the'targe$9
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Variations in the cross section for various bombardments have

not been normalized to any given valuo?but plotted as found Since

the Values of Jg X F.Y, hdve beon oaloulpted on an absolute basis

?tnere is no aprlori reaoon for, n01maliz1ng the values to any given

value of the barium, tne lement Witn which oompdrisons are usually .

- made,  Since tnero are 1naocurac1es in esblmuting tne total bombard-

ment and the di%tribution of the bombardment variations can be ex-

‘pectcd when long a short- lived poriods are oomparod in any one b om-

bardment, - In general.tne results are considered corract to Wlthln»

a factor of two when comparisons are made between different bombayrd-

ments,
3, Isotopes studied
‘Four bombardments of variocus lengths were obtained to study
both long and snort~lived fisSion produots. In all bOmbardments the
200 hr Bal4o was ueparoted in order to Offof a rough check on the

bombardmcnt. The . ohomioal metnodu used in the lSOluthﬂ were modi-

. fications of those devolopod for the fission produots by the Ply*onlum

Project, These will be dGSCPlbrd in detail by the indiv1dual

(10)
authors, S0 only the general methods will be described nere.

10) Plutonium ¥Yroject Record; Vol., 9B, Jan, 1946 (in press)

1) 'Zino was separated by precipitation as Zan(CNS)4,<wnioh
was dissolved in dilute nitric acid and mercuric and bismuth sulfide
scavenging precipitatiocns made. Zinc sulfide was precipitated, dis-

solved in hycrobromic acid and fumed twice to dryness. From a sodium

~ hydroxide solution, ferric hydroxide and bar ium- carbonate uoavenging

precipitates were made, Zinc sulfide was preoipitated dissolved and
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6.
.kthe zine finaily precipitated as ZhHg(SCN)é. ’The final yield of
(“5"carfier added was oniy 10 pcroent, and,only a small activitylwés’
| found which could not be identified as the 49 hour Zn72; ‘An initial
observed activity of 250 o/m decayed with‘a 3 hour period followed
,bf.a period longer than 5 days agd éould conceivably be‘silVer cons~
.tgmihafioa, ‘An‘uppef limit of 50 ¢/m of the 49 hour period couid
have biéen present and not resolved, setting an upper limit of

8x107%7 for the value of 7% x F,Y., for mass 72,

f
~2) Arsenic was separated to study the chain
77 . 77 _
Ge 12 h@e, As 40 hrs . 5877(8). The As was separated about
‘ ——— 5 ——— .

24rhoufs after bombardment so most of the’Ge had ‘decayed to As,
Since in uranium fission ﬁherindependent'yield of members of this

. chain is nearly all 40 hour As77, ll' it is believed the result
féund,represents > 95%‘of the chain, As_?nd Ge were separsted by
pfeoipitatiun as the sulfide\from;é‘N HC1. Germénium wés distilled

W from HC1l andg KC10 Then arsenic was distilled as arsenic trichloride

3° , _
from concentrated hydrochloric acid containing cuprous chloridewith
antimony, tellurium, and tin as hold back carriers., 4rsenic sulfide
~ wag precipitated from the distillate and redistilled, The arsenic

~was weighed as ASZS The yield of carrier was 40%, and an observed

30.
activity of 50 ¢/m decayed to less than 5 counts per minute with a

40 hour half~life. It was assumed to be all arsenic, Since no

‘absorption curve could be taken, the activity was extrapolated to zero

absorber(onithe basis of -absorption curves of Steinberg and Engel-

- , ll ‘/ - . \ ]

kemeler, The activity found gives a value of ¢y x F.Y, of 2.8x162?
/

- 11) Steinberg, &, P,, and D, W, Engelkemeier, PPR Vol 9B, No, 7.2.1
. (1946) (In Press), ' T o :
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- 3) Bromine was lSOldtwd by cxtraotlon Wlth carbon tatraohlorlde

,faftor oxidation with pcrmanganatu. The extfact was decontamlnated
from iodine by oxidation with sod;um'nitfite and cxtraction of the
vibdine with carbon tetrachloride, The ﬁromine was then oxidized by
permanganate and QX£racted; ‘Two such daoéntamination cycles were
/run, and the'bromine waslthen pfeoipitated as silver brpﬁide. ‘
The 2,4 hour Br85 waé founa aﬁd idéntifiea,”it-being found with a
\ 6o9x10~27 -27 ' B

\ 'J“f x P.Y., of 5,69x10

o 2 - \
search for the 35 hr Br8 , a shielded isotope, from a larger sample

and 4,83x10 in two determinations. 4
was not succeséful, thne low activity found being resolvable into 22
hour and 8 day curves which were probably iodine odntamination, A
'maXimum of 3/4 of the observed 22 hour periéd might«havé 55 hour

&
aot1v1ty and not resolved, placxng tnc max1mum value of J " x F.Y,

'at l,85xl0"29.

4) _Strontium was isolated by precipitation of strontium and

barium nitraﬁes from fuming nitric aoid :After‘two nitrate‘preci-
vpltdthﬂS a furrlc hydroxide dccontamlnatlon perlpltdtG wags made, |
Barlum was separutcd by pr@clmltatlng as burlum chromntc from an

_aoetatb-buffyred SOlutlUﬂ. The strontlum‘was pruolpltatud from an

ammoniacal solution ‘a’s Sr(020 )*HpO with ammonium oxalate,

89

The 9 hour sr?l, 2.7 hour sr92, 55 day o1’ and 25 yoar Sr?9,

';perlods were studled. The 5% day was ob°erved in both bombardments
A and B. Two values of 0, x F.Y., 3.3x107 ~26 ang 2.25x1072°, o

respectively being fpund.’ The'25 year strontlum,was measured by ex-
tracting the 60 hour v70 daughter after ailowing a strontium sample to .
équilibrate with the daughter,’ This gave a valub of © rox FUY, of |
2, l6x10'26 for uho 25 year ur90 The 9 7 hour. or9l wa s observed

dlrectly aftur dllOWlng thc 2.7 hour br92 and its dcugntur to decay.
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1. 79x10

daughter gave values G} x F.Y, 6f 1,98%x10"

- . . TUCRL-83

The absorption corfection used inoludod an'eStimation of the ‘effect

fof the 40/ branchlng to an voltaulon state of yo1 and tho 97

conVcr51on of the y7L gamma ray, & value of 2, OBX.‘LO"26 was found for
O’ x F,Y. for this isotOpe.‘ The 2,7 hour Sr9 decaylng to a. 3.5
hour Y92 was found by subtraotlom of the 9 hour and 55 daj periods,
The obscrved curve was oompared to a synthetlc growth and decay curve,

for the Lwo 1sotoyes and found to fit quite well, the assumption being

' madortnat the two 1sotopos were counted with equal efficiency.

valué of 2,23x10 -26 was foundvfor.)f x F,Y, of Sr92
5) Zirognium was separated by préoipitation as barium fluozir-
conate after precipitation of lantnanum'fluoride. The barium fluo-.

zirconate was dissolved in boric acid, reprecipitated, dissolved,

and bariun sulfate precipitated, The zirconium was then preoipitated

with cupferron and ignited to Zr0. for weighing and mounting,

2 .
‘The 65 day Zr95 was scparated several months after bombardment 4,

counted and an absorption curve takon‘immediatoly to‘eliminate effects

| due to the growth of the 35 day columblum daughter, The activity

observed was corrccted be ck to the comparison time on the besis of .
the ‘published half-leo of 65 days. Two samples scparated from the |
same bombardment gave values of é x F,Y, of 1.94X10*26 and
26 , |

' The 17 hour 2z’ was counted after oquijibration with the 75
minute daughter Cb97, The observed aotlv1ty of the parent plus the
26 4na 2. 0910 “26 or the
yield of zr?/,

6)_ Molybdenum was scparated by extraction with ethor oftor‘
oxidation with bromine, The ether was washed with’hydroohldfio acid

and cvaporated, The residue was taken up in . nitric acid and oxalic
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) acid to cemplei the oolumbium.EHd anbenzoin‘oXime\to precipitate moly-
(“jﬂlyedenum added, The pre01p1tate was fumed Wlth perchloric acid, mede

| ‘ba81o w1th ammonla ‘and two ferric hydrox1dc soavcnglng prbGlDltatCS
‘made, Molybdenum was theg again precipitated w1th a-benzoin oxime
after acidification. The a-benéoin oxime precipitate was diseolved

ih perchloric acid and/siIVer molybdate precipitated from.an‘aoetate

\

buffered solution. . =

The 67 hour Mo99 wa s obscrved and de;,yed to below background
with no talllng of the curve, No growth of the 6.6 hour 10?9
daughterrwas observed through the 7.5 mg of absorber present.- From
the observed activity a value offf;'x F.Y,’of'l.81x10'26nwas calcu-

-

\ leted. ' ; | ’ ‘ :

7). Ruthenium was ssparated from bombardment A some 6
- months after bombardment at which time only the 1 year Ruloé,was
*.  found, he separation wés made by distillation of ruthenium tetroxide

. from perchloric acid and sodium bismuthate, The ruthenium tetroxide
‘was eolleeted in sodium hydroxide, redueed with alcohol and the oxide

- separated. This was dissolved in hydrochloric acjid and‘reduced
with magnesium to ruthenium metal. |

An absorption curve of the ruthenium showed the nrcsence of no
raﬁlau%cn other thdn thc 4 Nev beta from the Rh106 daughter. The

decay was followed over srveral months and no dct1V1ty shorter than

330 days seen, 4 va‘ue ofdf x F,Y, or 2,27x107 ~26 was calculated for
\}Ruloé. ' \ “
“ - 8) Pallagium was procipiteted with dimethyl glyoxime from a

ailuted nitric acid solution of the thorium, The dimethylglyoxime
: pr601p1tate wag dig solvod in nitric aold made basic With;amm0n1a>

\\) and Sller iodide prccipitated from the ammonia solution, The

1
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\ solution was then acidificd with hydrochloric acid and paliadium

i

.aggin preoipitated;withVdimethyl glyoxime, In one eXperiment the

palladium’was mounted and oOuntod and 1n a second the pa]ladlum .
\
dlm“thyl glyOXme pr001p1tato was dlSSOlVod in nltrlo acid and ali-

quots of this solution periodically mllked.for 81lver aftcr equili-

: bration fof one day, The oalladium.SOlution was stored in lustceroid
- to avoid adoorptlon of 811mcr by glass which ocours o oon31dcrable

fextcnt ‘when silver is prescnt only in tracer quantltlos. Thc chemloal

ylcld of palladlum was dbturmlnCd on Lnat portlon of the palladlum
solutlon not uscd for mllklngs. ’ o . o

> The gross decay’ ourve of palladium is not too‘usefnl since two
iéotoocS‘of palladium, Pdlo9-and Pdllz are present with halfélives‘

of 13.4 hours and 21 hours rbSprthCly. The final portion of the

-palladlum gross decay curve was extrapolated back on a 21 hour linse,

112

’ 12
. U31ng the abSOrptlon data of oeller( for the ).2 hour Ag and

- 12) -Seiler, J. 4., PPR Vol, 9B, No, 7,21(1946)(In Press).

21 hour Pdllz,if;’X F.Y, for the 21 hour Pall? was oalouiated to be
1. 6xlO"26rin bOmbardmentsB 'In bombardment D .the palladium was?milked
for its 5 hour Sller ddughtor and the yicld wss GalCU]dtud to be

i

0.8x10-26,

- 9) Silver was separated by precipitation as silver chloride

which was dissolved in ammonia and two ferric hydroxide scavengings .

~made, Silver sulfide was then precipitated, dissolved in nitric

acid'and,the‘purifioation fepegted, The silver wes finally

111

precipitated as silver chloride., The 7.5 day Ag was'the only

isotope found uftur decay of the 3.2 hour Ag112 A value of

lll

-26
1.32x10 was found: for de x F. Y for Ag |



N

_ammonium phosphate,

Cmium, Two valués of<I”’x F. Y. obtaincd were 1,52xl

'1.43x;0

a second ferric hydroxide scavenging, In an acid solution the

or glass and covered with cellophane,

)

 UCRL-83%
S 11,

10) Cadmium was separcted as the sulfide, dissolved in acid,

made ammoniacal, and hydroxide scavengings made with ferric and

‘lanthanum hydroxidcs, TFrom acid solution silver chloride was pre-

cipitated, From 2 M HC1 solution palladium and antimony sulfides

were precipitated, The cadmium wa$ finally precipitated as-cadmium

. o
From bombardment A, the 43 day"0d115 period was separzted and -

found to have a 7. x F Y, of 1,01x10-27, TFrom a short bombardment

f : .
both the 2.3 day'Cdl‘l5 and the 43 day 06115 were separated and the

43 déy isomer found to give a value of l,28x10'27 forcf% x F.Y,

The decay of the'2.5 day isomcr through the 4.5 hour Intdd ana t?e |
\ . ' ’ , 13
fact that thg gamma ray from the 4,5 hour Inll5 is 49% converted

1z) Lawson, J. W., end 4. W. Cork, Phys, Rev. 5, 982(1940)

was consideréd in calculating the fission yield of the 2,33 day cad-
~ - 0 :
£ 0 and

-26 for this isomer,

11) Tin . was separated as stannie sulfide. This was dissolved:

'in<conoentratedlacid and an antimony sulfide scavenging made from

hot "2 N HC1, From sodium hydroxida~solution,1ferrio hydroxide,

cadmium hydroxide and columbic oxidec were precipitatcd, followed by

4

antimony sulfide scavernging was repeated, The tin was prcecipitated

. as mctastannic acid from boiling nitric acid containing ammonium

nitrete to which hed boen added a fow drops of ruthenium carricr,

The metastannic acid was ignited to SnO,. and modnted on thin'mica

2
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- The i§otopés(of tin are in a rether confused state. On the
T 5) '
Plutonium Project., pvrlodo ?f 62 hOUlu, 10 days, and 130 days were
; o 14)

found, Grummit and Wilkinson found a 7 day and a l7 day porlod

i

14) Grummit, W, ¥, and G, Wilkinson, Naturc 158, 163(1946). \

in pluc% og the lO day. ‘Recehtly,ﬁhe 62 hour has boeh changed.to
15 v ‘ i , - ~
26 hour , and is apparcntly identical with an isotope rcported

15) ‘Stoeinberg, 4, P,, PergtC communication.

o : (16)

“earlicer by Livingood and Scaborg..

16) LTVlnbOOd J. J., and G, T. Scaborg, Phys. Rev, gi, 775(1938).

4

SV , , o
Llndner and Purjman have recently shown this isotope to be

._'.l7)‘ Lindncr, M., and I, Periman, Phys. Rev, (in press, May 1, 1948).

':Alrvady at Sn—

121 120

Sn by deutcron bombardment of the sopa Lutud tin isotope, Sn

and have further shown that no;othur pcrlod than the 26 hour onc is
' . 120

‘fbrmed by deuteronﬂbombardment of Sn e Therefore the 26 hour period f
o is the only long~11Vcd isotops at ma)s 121, This leaves the 10 day,

: 2
~or 7 and 17 day, and the 130 day to be placed at Sn125 and Snl 5.

125 .

(a8 mlnutc D\Plod whlch 1s apoarcntly thu parent of
1

(19)

—

- the 2.7 year Sb125 ., Further Wllklnsdn found that no antlmony

fo

' 18) Stanley, C. W., and L. E. Glcndenln, PPR Vol. 9B, 7, 25(1946)(

@)

Press

19) Wilkinson, G., 1r1v4tc communic tion, (April 1948),
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activity could be milked from any of the tin isotopes they observed

35

(f) in the flSSlOn of U with slow ncutrons,

, In a long bombardmﬁnt, tin was. parutcd about 6 months aftor
bombardment and only the 130 déy period obaurved, decaying with a
LlBO.day period over'two\half~lives. FrOm a shorter bombardment,a
26 hour period, a'per%odof‘abéut 7;5 days, and two longer‘periods
were found. The‘longcr‘periods ha#e not yoct been feéolved but appar-
enti& one is the l}d‘day period and the other may have a half-life
of sbout 20 days. The aluminum'ébsofption’cur%e of tﬁe 7.5 day
fplus}a small’amount'of the longer periods had a W“Othcr range of
| 1230 mg/cmz‘(2.5 Mev) which checks the ro portcd energy of 2.6 Mev

| - (ac)
for.the 10 day pcriod ~and is considerably grcater than the 1.8

20) Seciler, J. 4., PPR Vol. 9B, No. 7.26.1(1946).

. Mev eﬁofgy reported by Grummit and Wilkinson for their 7 and 17.
'ﬁday pgriods; | ‘ | ‘ |
Vélues of 7~ x F.Y, have bcénicaloulated forfthe 26 hour 7.5
day and 130 day geriodb the values found for tﬂb 26 hour purlod

20 ‘ -26 26
being 1, O9XlO and 0O, 98XlO . in one bombardmpnt and O, 62x10

-26

in another, For: thk 7.5 day poriod values of 0. 64x10 and

0. 59x10 -26 were found 1n one bombardment and 0,70x10” =26 4na

0,91x10 26, in anothor bombardment. The 130 day poriod ga&e'a
’:value of<j;;x F,Y,-of O.76x10’26, an average, of five values for/thé\

same soluﬁion. Fér the reasons given in the diséussion above\both
the 7:5 day and 130 day poriods have been tentatively placed at mass
-125‘ .’. o ' ‘ _ o

)
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12) Anﬁimony» was separated by precipitation as the sulfide

aftor oxidetion and reduction of the carricr to ensure cxchange,

,The sulfide was dissolved in pitric acid and fumed with sulfuric

acid., The antimony was electrolyzed in 4-6 N HéSO4 from a lead

cathode to give stibine which was,ooilected in silvor nitratel

)

~solution as silver antimonide, This was troated with hydrochloric

acid and antimony precipitated as the sulfide from the'supernatantz“)
o 19).

Tho yields in this separation were poor but aécording to Wilkinson

the antimony is~very pure, The sulfide is not a desirable method

19) Wilkinson, G., Privatc communication,’ (April 1948).

_of weighing antimony and probably conteins considerable impuritiss,-

meking the results low,

' Some 12 months after bomberdment A, antimony was scparated

‘125 o ,
to obtain the 2,7 year 3b . The activity found hes decayed a few

porcent over a period of 4 months, The Al absorption curve contains

2 beta components, .the more cenergetic of which gives a Feather range

“of 300 mg/cm2(0,75 Mev), and the activity‘has a gammé ray, of

sstimated

encrgy about 0.5 Mev as/\from a lead absorption curve on 80 gamma

/counts/minute, This corresponds tb the published data for this

(5)

isotope.” A calculation of 0~ x F,Y, . for this isotope gave vélues

of 0,69x1026 ang 0,73x1672°,

| 13)’\Telluriqm._was separated by ovaporating the sample plus
éarrier with\HBr several times, taking up in HCl and faducihg the -
tollurium with sulfur:dioxidé. The tellurium was then dissolved
in nitric acid and ferrio‘hydroxido scavengings made from ammonia

solution, after which the sample was precipitated twice mors as

\L
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tellurlum metal with sulfur ledec from.hydroohlorlc uCld solution,
The gross tellurium decay curve 1s Cultb oomplcx and could not
be resolved. Howsvoer from, tho gfowth of 2,4 hour iodine, a valuc
offTE'x F;Y. for the 77 hr Te15€ of l.44x10"26 was calculated,
Milking a purified tcllurium sdmple for iodine was not sﬁocessful'
sinoé the lodine radioohemical exchangs was not quantitative from
‘the tellurium solution due to complexing of iodine by the tellurium,
Following the activity of 2.4 hour iodiné scpareted periodically
froﬂ,aliquots of the original sampls élso geve poor results due ta
| poor Gxohange of the iodinc oarrier..'However from the highest
poiﬁts on the curve obtéined by pefiodio'starations of the 2.4
“hour iodine, a value-of 0.9 x 10 -26 for 3£”x F.Y, .of the 77 hour
tellurlum wo s obtalned | |

14) Todine wsas scpe fatbd by oxidizing tho sample plus carrlcr

o w1ﬁh sodlum hypochlorites in sodlum carbonatec solution to periodate,

aoldlfylng_tnl and rvdu01ng thc iodine with hydroxylamlno to free
iodine which was cextryacted with carbon tetrechloride, The icdine

was re-extracted into dilute sulfurous acid, reoxidized with sodium

: nitrite and.nitvic acid and rce-sextracted into‘oarbdn tetrachloride.

'anou quoh extfaotlon cyoles were run and the iocdine then pr901p1tute§
ac sllv\r iodide from nitric acid solutlon. The activity of tho 8

day iodinc was obscrved in samples separatcd after all the 22 ﬁour

lodine had_déoayed? S0 no interfercnce from the 5;3 day xcnon daughte:
of the zé hour iodine’ occurred, The va lues ofxTE'x .Y, Weredféiily‘
consistent at O;9X10-26, O.7x10~26, and 0.8X10726. However consider-
iﬁg the sd&ttef offpoints in the activity of the 2,4 hour iodine ‘
obscrved in thesc same samples, there is a p0081b111ty that oomplete

koxohangb with thp carrlbr was not achieved,
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;fi- 15) ’ Cesium was,separateq by précipitationlof cesium perchlorate
a on dilupioﬁ with alcohol after fuming with porchloric «cid. The
. cesium parchlorate wes dissolved, e d e basic with ammonia and twol
ferric hydroXide écavenging\precipitates méde. The solution was
evaporifed, the beaker flomed to oliminate ammonium ion ancheé;um
agdin precipitatad as the psrchlorate which was mounted,

About 12 months aftef bbmbarément A the 33 year 03157 We s
“sepsreted,  The aluminum absbrptiun curve showed the prescnce of two
' b&ta componuints, the visual rangs and the Feother range of the more

energcticﬂbeing about 350 mg/oﬁz‘(0.9 Mev). 4 gamma ray is present
| to the extoent of zbout 0,65% which hes én'energy of zbout 0.9 Mov,/
This companeé weil with the publiShed deta and e comparisoh of the"[

| (21) .
- obssrved curve with that of Glendenin and Metcalf showsd them to .

21), Glendenin, L. #., and R. ¥, bMctcalf, FFR Vol., 9B, No. 7.39.1
x (1946) (In Press). ' '

be parallel. 'A caloulation of f;fx F.Y., for the}ﬁ} year 05157

a value of 5.lx10”26 in sach of two szmplcs, Sinoe/thislvélue is

gives

higher than that of any other mass number, the ccosium in one samplc

was redigsolved and run through'another serics of purification steps
including‘hydroxide sdavenging and sulfide scavenging, No‘change
__ooéurred in the specific acﬁivity of thé sample indicating no signiél
vfiocnt amount of impuritias were presént. ‘ _ - \‘
. Iﬁ b ombar dment D, oesium was scparated ﬁo study the 13 day
05156, & shi@lded isotope. Two samples gave valués of QE'X F.Y; of
) 9,0x10-28 ana 9.3x10-28, o | | /
&J} ' “léj\'Barium was sgparated'by prccipitaﬁion'of the éhloride from

.a concentrated hydrdoblorio acid and sthor solution. after three
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such pruolplt tlons a»ferric hydroxide soavenging preclpitate was

'/mudo and ths burlum ropro01plt ted as thec ohlorldc ﬂu 300 hour

140

Ba - was observed in all bombdrdmunts. The squilibrium mixture of

300 hour bzrium and its 40 hOur,lanthanom daughter was counted and

from this the activity'of tho barium celculated. The valucs of

-26 -
\Jf x F.Y, found were 2.44x10 , l.96x10'26, 1.73x10 26 and

n2b

-

\2.l5x10 in bombardmonts A, B' C, and D respootivoly‘

-17) Ggrlum was soparatcd by first seperating the thorlum as

~the iodate from 5 N nitric acid, Then a cerium hydroxide followed

by a cerium fluoride precipitstion was made, The fluoride was dis-

N

solved in boric zcid and ceric iodate precipitzted in thc presence

. of lanthanum hold back cafrier> Tho.preoiritotion of ceric liodate
was rechtcd and then a zirconium iodate scavenging prco:pltutlon
made,, The cerium was pr901p1t ted as the ‘hydroxide. and finelly

. precipituted as cerous oxalate.

144 ‘ o A
The 270 day Ce was scparated 6 months after bombardmsnt 4,

~ The activity decayed with & 270 dey half-1ife with no shorter

. . { _
periods observaed, The absorpticn curve showesd tho prosenoe of no

~activity other than the 270 duy Corlum and its 17’ mlnuto praSoodymlum

: daughtor »- tho aot1v1ty at Z3T0 aboorbor dotormlnod by extrgyolutlng

the beta absorpticn curve for Lhc 17 minute Pr b~ok to zero

\ absorber being about equal to half the totsl activity oxtrapolated

to zero absorber, The value of U} x F, Y, for Cottt was found to be

-26 and 1.75X10-26, “The 3% hour Ccl 43 was dotormlnod on a

-26

short bombardment ond‘ff x F.Y, for this loOquC wes 1, 66x10 .

'18) Samapium wes separctod along with the rost of the rare

¢ rths by flubridu.pruClpltwthn dftur,soparatlon of thu thorium and

zirconium by iodste precipitation, Thé coérium wes then separcted by
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) }odétgjprecipitatiOn. Samarium and curopium Wgralthen'sépa}ated Prom

the rest of the rare eérths'b& Gxtfacﬁion with sodium émalgam}from
‘»an scetatc buffured solution. The amalgam.was washaod With'water and
tﬁe sémarium~and guropium then sxbracted baok‘into dilute hydrochloric
‘.adid ‘Thfee such sodium amalgam extra ctlon oyclcs were run, lanthanum o
hold baok oarrlur being added in vaoh casc¢, The samarium znd curoplum
wers then separatcd by rcducing the europium with amalgamated zinc»
and procipitating samerium hydroXidé with ammonié while the curopium
was in the reduced state, The samarium wes fdrthef purificed by
precipitation from added inactive europium in a second cycle, The
samcrlum was flnally prp01pltutcd as the oxalatc.

In bombardment B the 47 hour om153 was studied. 'The activiﬁy .

’found contained a 4.5 houv, a 45 ‘hour and 153 day periods so the

sample was undoubtudly contdmln ted with praSVOdymlum neodymium, and
_probably lanthanum, " The 45 hour oomponunt ObSurVud wes probably
‘composed of a mixture of 40 hour La and 47 hour Sm, sQ the value of
""" X F,Y, for this perlod,)o.éxlo 26,)represemts only a méximum
velue and is probably considerably lower since the 13 day activity was
guite pronounced/indioating oonsiderable impﬁrifies.

19) - Europium was scparated by isolating a rare earth fraction

and separating europium‘from“thgvrarc carths by rcduction w1th
amélgamated zinc, In this casc after the first separation, morc
lenthanum carricr was added and two more déoontaminétion cyclcs from
other rarce sarths ruﬁ.v The suropium was finelly prccipit:ited as the
OXalaté; | | |

About 8 monthé after bombfrdmsnt 4, suropium wos sepsrsted
and a.low aotlvlty found which was not rcmoved by furthur decontamina~-

tion oyclbs and was assumed to be the 2 yp“r Eu15). Novabsorpblon
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curve was poss1blo and the aCtlYlt{ was oxtrapolatod to zoro absorbur
22
on the basis of Winsberg'!s data . Tho valuc of<T} x .Y, found

22) Winsberg, L. E,, PPR Vol. 9B, No. 7.56.3(1946)(In Prgss).

-28

o /

was 2, 5xlO |
| From bombardment B the ouropium prufgtcd from tho somarium
fruction proViously described gave activities of 15 4. hours and 15
days, winsbergfs duta(ez)-was used to cxtrapolate the 15.4 hour

. peériod to zero abSorber. The vélue‘of OE’X,F.Y, found for the 15.4
hourvEu;57 wes 3. 12k10'28 From tho 15 day portion of thc -curve and
156

‘ assuming the activity to be the doughtcr of a 10 Hour Sm parent

(22) ,
-as8 stated by WlnSbufg , and further assuming that no significant
soparatiOn of samsrium and curopium occurred in the sodium amalgam
~extraction, @& process requiring scvoral hours a valuo of Uf x F.Y. .

for the chsain of mass 156 wes calculatcd to be 3.5x10‘28.

4, The Fission Yield Sboctrum and the Cross Section for Fission.

- The values of tho yiolds of the various fission products
_invostigatcd at an avorago alpha encrgy of 37,5 Mev hUVC been tabulated
~in Table I. These arc plottcd in Figure 1 in which the distribution
of yields of lSOtOOFS formed in tho bOmbnrdmont of thorium with 37, 5
Nov helium ions has becn oomporcd to thot obtained from thv slow neut-
ron fisgion of Ue)5 Despite tho spread of the pOints it is at
:onco Qpparont thet the spootrum is quito aifforent in tho middle rogion
of tho distribution. Instead of a factor of_600‘in yicld betwcen the

235

peaks and the minimum ag in'slow neuﬁron fission of U . thorc is =~

.only a fuotor of about two in tho dopth- of the dip in tho flSSlon of

~



A

N

Iy

!
on

Values of

y

e

Table I

UCRL-83

20

rxP. Y. for various Isoﬁopes found in the Bombardment
of Th with 37.5 Mev Helium Ions

— . Z
Isotope Bombardment OERF.X,(op )

, . i 5
Isotope Bombardmenty’foF.Y,(cml)

1

. Zn
,f As

72
77
82

: By

 Br
T

S
j Sr
~ Sr
. Sr

83
89

90
21
92
Zr95
i

97

B

¢ Bx10
~2.8x1072
© < 1.85x%10

1.65x10" 2
1 0.83x10"2

~29
9

5.69x10" 27
4.83x10"27

3,54x10"20
26

2.25%10"
2.16x107%
2.08x107%
z.zsx;o'z6
1,94x10" 26
1.79x10'26
2.09x10" 26
1,98x10"28
1.81x107 %

6

-26
6

1.32x10

1.43x10726

1.32x10"26

1.01x10"27

1.28x10727
' 0.62x1072
©1.09x10"

6
26
0.98x10"2®
0.98x10"28

0.78x10" %8
0.64x10" 28

- 0.59x10"28

-29

6 B

Sn125?

125
131

1"

(130d) A

0.82x107°

" 0.71x10726

0.65x1072% |
0.85x10"%8

0.77x10726 |
0.79x107%

6,

0:89x107%6 |
0.93x107%5 |
0.98x10"%8,

0.68x10%6 -
6

2.27x10” 28

6

-Bu

132

Te

no
05156

137

140

143

153

Smr
Eu155

166

Eu157

144

W oW b W

-

1.74x107%8

<
~2,5x1072
fu3.5x10-
- A3.1x1072

3,0x10"

| 2.44x10"

1.72x1078 |

1.44x10"%8 |

0:91x10~28 |
28

28

3.1x10°°°
5.15x10728
5.15x10" 28
26
,2.47x10'26§
1.96x107%6

2.23x10" 28
1,66x107 26|
1.67x107%6
1.73x10" 26

6.3x10" 27
8

28 -
8
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thorium with 38 Mev helium ions. ,
L s S oy a xa ‘ 82 -+ 136
It is also seen that the shiclded 1sotopes Br  and Cs x

werv both formod in wvery low Ylvld compnrcd to the unshlujdcd 1sotobos;

7 2
The velus of unghislded Csl)l

is fer off the @rawn curvc and therc 1is
no obvious éxplanation; This isotope was taken from only one long

bombardment but other long-lived isotopes, c.g&. Sr9o, give mors

~rcasonable values, It may bo that enother isotope is present, ¢.g.

: 134 50 ebout 109 abundance role bive 137
23 year Cs~’%, in about 10% abundance rcletive to Cs™” , though from

. : ' - - . 2 )
the results with slow neutron fission'where‘the 2.3 yesr G‘SJ’)LF has not

yet bucn detected thls appeers to be 1mprobublu. A sécond cxplanation

is thet tyebhalf—llfc of the 08157 a bout 15 to 20 yuﬁrs rapher

 than 3% years, ©Since the 08137'absorptlon curve_gontalns two com-

poncnts it would be dlfflcult to find 10% of a shortqr‘livéd isotopep
by absorptlon mgusurvmonts and the half-1life of any sécond isotope
must bbllong cnough to make its detection by deoaf'over_a few
mon ths impossiblg with ordinary COuhting methods,

In Figurs 1 thebsum of isomcric nuCIei have besn plotted. The

115 123 e

isomers of Cd ‘and tho assumad isomers of Sn ve bcen summed to

give the total yicld of those masses, No aocount w..s taken in the

curve for the poss1blb CXlStCﬂCb of any othur tin 1sot0po

A pummutlon of the valuss ofa.Jf x B,.Y., over the entire curve

and assuming the total fission yicld to -add up to 200% a value for

the cross section of thorium’ for figsion with 37.5 Mev helium ions of

+ ‘ v '
0.58-0,1 barn is found., The probable error of 0,1 barn is cstimated
from the distribution of points and the types of curves which could
be draWn'through,those points other than the one drown, This gives a°

’ . 140
valuc of about 2.8% for the fission yicla of Ba .
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5. 'The;fission Excitation Curve of thorium with Alphé'Particles
The lcybrs svprrutbd in the milling of thu thorlum disc uscd
in bomburdmunt a Were analyzud sbpur’tcly for BL, Sr, Sn, Ce Ru, and

Ca, hence it is poss1ble to obtain a fough exciltation curve for the

figsion of thorium by heliumbions,

In Table II the measured yields expréssed as(f}“x'F,Y, for ﬁhe
1soto es studied in uuCh of thu VMTlOUS laycrs of thorium togother
w1th the specific bota activity of thgt luybr - This data is plottod
on a ‘logerithmic scale in Figure 2. It is scen that fission continues
to occur Welixbeyond the;rgnge df,the,impinging 39 Mov ‘alphes which
in thorium is about Bgo.mg/cmz, and thiskis,prdbablybduc to aVSlight
deutcron.contmmin:tionfof‘the alpha’beam,ito'fast neutron'fissioh
or to é combination of the two éffents |

In the first Zoo'mg/cm2 of thu thorlum thu distribution aoes

" not appecar to shift a great daal since tho isotopos studlcd maintain

théir_relativo positlons and remain in CpProx1m¢tu;y the samo'proporf

tions to.each other and to the grosé spocific aetivity., The propor-

'tion(of'the-43 day chdmium docs dCCruQSG somﬁwhct but whether this is

duc to a shift in tho dlstrlbutlon of Yluld bbthbn the 2, 60 dzy and

- the 43 day isomers or to a roal dccrunse in the yiclad of mass 115
~1s not known since the 2.33 day perlod was not obscrved under the

‘donditions of the sexperiment, Boelow 200 mg/Om?’the»rélativazpositiOns

arc maintained except in the casc of strontium which shifts from a

position above barium to one below, Whether this iévsignific@nt or

not is not known, In the first four laycrs sr89 has an abnormally’
\

high yicld comparcd to the Othor isotopes, since it is not expected to

be cbove barium, if thc two halves of the curve arc symetrical,
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Table II
Excitation Datae on Pission Produots of Thorlum with Helium Ions. .

,?Laver N&/Em Th d“xF Y. of ‘Fission Productq in Layer(unlts 107 26 21 Specific Gross

i ‘in Layer - . ‘ B activity in

; fCel44 pat%0 SanZ. catt®  putf® 5,89 Layer c/m/mg Th

Z (130d) (43d) , , ‘
I . , — . . s — v —
bl 46.2 1.67 2.44 0.75 0,101  2.27 3434 8,63x105 o
R 1.73 | 2,45 (ave.of . - 1
| 5 values) ' ' Lo t

2 47.4 11,20 1.9 0.046 1.38  2.17 6.02x10"

0,356

, 0.361
1.23  1.53  0.364
o 0.377

3 38.6 0,862 1.31 0.22  0.032 0,54 1.8  3.66x107 P
| '0.885  1.38 | | “ » o a
| 4 74,4 0.223 0.27 0.036 0.0049 0.16  0.37 9.57x10%
[ 0.225 0,32 - ‘ '
.5 71.5  0.00995 0,0115 0.0017 0,0018 0.0057 0.016 . 2.74x10° ;
; : : , : - e : - e j
| 6 . :29.1  [0.0041 0.0086 0,0012 0400017 0.0021 00054 1,22x10 ;
7 4,78 0.0034 0.0052 0.00082 0.0018 0,0040 '1.09x10°
| 8 . 46.1  0.0028 0.005 0,00094 0.0015 0.0039 - 9.4x10°
: ' i
9  .29.3 40.0021 0,0039 0,00075 0.00095 0,0083 -  8.0x10°
10 126.3 ;0.0011 0,0030 0.00016 0.00061 0.0015 = 4,8x10° |
! : - 0.00025 o g L L
11 - 18,3  0.0024 0,0024 0,00012 = 0.00039 - 5,3x10° ;
, | ‘ ! 2
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The prescncc of krypton or rubldlum impuritiecs in tho strontlum is
not liksly znd 1mpur1t1us of stcontlum.or yttrium, whilc morc llkuly

as impurities would reguire o nocubtron or deuboron flux of fairly high

89 £0 the values found

| In flgurus 3 and 4 thu specific gross beta not1v1ty and the
. x F.Y. found for bwrnum have boen plotted cgainst the tthKﬂuSS
of thorlum.and en-” uXCltntlon curve drawn., The thres@bld for the
alphs rogc£1un is found to ba 23 to 24 Muv and the cross section for
fisgion et 39 Mev is'cbout 0.65 to 0.7 barn if the cross section for
fission " is 0.6 barn at an aVer;go cnergy of 37.5 Mev as found in

the preceding scction, the gross.beta curve indicating the highcr value.
. ! v ' . , :

This differcnce might be due to the prescnco of somoc long—lived

beta emitters formed ot the higher alpha cnergies by a process othcr -

"than fission.

The conversion of thorium thickness to ¢nergy has bocn nmade

. on the besis of the curve shown in Figurc 5 which was obteined by
,integrating a rcto of unurgy loss’ Vs, enorgy'curye.for thorium, This

_lmmor curve weg obtoined by cxbtrapolating dste calculeated by the 4

theoretlcal group &t the U, C, Radiation,“aborctory for the rote of

snergy loss of alpha particles in lead, silvor, coppor, and aluminum
y . : . o

“to thOrium, tho extrapol;tion being mode gra hically at soveral

energies by plotting - =di% against 1/Z end extrapolating to thorium

Tax
along a smooth curve.
a y 6, Dlscu3510n
The dzstrlbutlon curvu found for tnb flSSlon of tnorlum with
crgetic alphas confirms a long standlng susplclon that the isotopcs

. \
in the cocnter of the distribution wro producéd more abundantly in



" figsion by highly encrgetic particics'than is tho‘case‘in slow
_ncutron fisgion of U . In the case of flSSLLn of blsmuth with 400

lev alphus; the flSSlon is appurpntly uﬂterly symmotrical

'23) Perlmen, I,, R, H. Goeckormenn, D, H, Templeton, and J, J, How-

24) Gocckurmann, R, H., and I. Perlmen, Phys. Rev., (Mey 1,1948)(In

,hlghly excited nuclous which flSSlOﬂ and the fissloning of thct

_nuclcus into two fragmunts to a point where reerrflwement of the nuc-

" with ulfha purthlb In this case tho compound nuoluus U

_UGRL-SB ) J
| 25, |
235
(2%, 24)

lznd, Phys. Rev, J2 352 (1947).

Press).
L\

and thc primary fission products formed have an n/p rﬁtic which is con- -
st nt u?d 7qual to that of the flSolonlng nuoluus Goeckermann and

. 24

Perimen  ascribe aupra threshold at which thc flssion ooours

decreasing thu time bbthbﬂ formntlcn by,bo;llng‘off.neutrons, of the

leons in the nucluus to 1vc the most pnurgvtlo“lly favorable split-

[

tlng doss not occur,

Thls same mechanism might bc occurrlng in th flps1on of thorium
236 Lou1d be
Sovwe - :

’formcd in a hlghly excltad stete and boils offtfvncb Onuutronu.

Howuvbr thLS lntwrmcdlqtu HUOlvUQ would stlll be in an snergy gt te- far

moT G uXClde then that of the oorrespondlng nuoluus in fission of

U255 by slow neutrons and might tthufOTb spllt much foster ﬁnd before

roarrangement to thoe most energetlcally favorable distribution of

\

‘nuclcons COuld oceur, Thurufore one might: CXpuOt a oonstant n/p ratio

to bc found for the prlmury fission products in this onse as was

found in the case of blsmuth‘flbulon Howosver with thorlum this n/p -

233

‘retio is probably that of U23 or U » 1.6, ~1.53, since only a

few neutrons nced be boiled off before a nuclsus isvruaohcg where

figsion occurs. Hgpnec even if the products have a constant n/p rotio



|
.

UCRL-8%
26,

of 1.53; this will not bec bbsurved in the distfibution curve since
nuclei in the fission product region with tllb n/p retio still sre
Wull sbove the llnu of ste bllltj 4nd re all L umltturs._ Sincoc the
1sot0pcs used in dcturmlnlng the dlstrlbutwon curve are all noar the
stability line, tho primery products will still not be secn, &nhd the

only obscrvable diffcrence in this rcspéot between fission of thorium

‘with helium ions and U235 with slow ncutrons would occur in thb length

of thg ch 1ns buthvn the primary products and the stable nucleii,

thosc chﬁlns on the hv vy sidc of thb distrlbutlon curve.being'short-

‘ened, This has not yet boun 1nvcst1gabed.

The depth of theo dip-in the mass yileld curve.must be related

+ to the excess exoitation in the fissioning nuclous. The results with

G
B
S

\

slow nputrén fission of U 255 whers the factor in yield between dip
and pesks of thc distribution curve is zbout 600, fast’neutrdn fission
of U235 where thc'fécﬁor is nbout}lo(é), end fission of thorium‘with
37.5;Mcv)helium’ions where the faotbr‘Was found to be Oniy ébout 2,

indicete that therec is o definitc relotion " between the excitation

\

-of the nuclcus and the occurrence of symctrical‘fission. While the:

‘results at alpha encrgics lowcr thon 37.5 liev do not give a complote

picturetof tha distribution ct these enorgics, cnough is given to
indicate thot the dip is always mu&h shallower tnun thut found in
35 :

Slow nuutron fission of U
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