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ABSTRiCT'

ThG fissi on distribution of fission of thor ium v'jith alpha

p':1rtic1o' of avcr~lgG enorgy 37 • .5 lV!0V hus been m.easured by tho chemic81

method. Tho distribution found 'shows thnt thiJ chDrcct3ristic dip

in thG fifJsion yi..;ld ffi3SEi spoctrum has b'~Gn redsod to withih. 2. ,f,~lctor

of two ofth0 p(j~)ks comp~;rGd to Q'foctor of GOO in sI.ow neutron fis

sion of U23.5~ Th,::; r0.is,) in thu dip hils cousGd a corresponding

lo1f'Gring in fission yi,31d of theso elenlonts :::t tho pcul):s. The

cross s Gotion fOr f is,s ion of thorium wit h 37 • .5 LlOV Dlphas W,lS fa und

c:md tho threshold for fission was found to bo
,/

I • To, be published iTl; the Physical Review.

Contract No. W-7405-~p.g-48.

U;:liversity of Ce.lifornia,
Rauiation Laboratory

/, B3:,;'ke ley, California
U
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April 15, 1948

The Fission of Thorium with Al,p~~;~1;=mJffAU '~At.
Amos S. Newt on

Radiation Laboratory, University of California, BerkeleY,California

~. Iritroduction
( 1)

Soon after the discovery of fission, Meitner and Bretscher
(2)

and Cook found differences in the decay of various chemical

• 0 -----------'------_•.

..

.
•

1) Meitner, L., Nature }43, 637(1939).
2) Bretscher, K., and L. G. Cook, lJature 1+2, 559{193?).

fraotions separated from uranium irradiated'lNith slow neutrons and

thorium irradiated with fast neutrons respectively and suggested

that a d.ifference existed in the distribution of fission products
. (3 )

in the two .!Bases. In his review article in 1940, Turner sugges'ted

'that the distribution in various mod.es of fissicn should be investi-

gated. The fact that elements such as tin, cadmium, palladium

3)/ Turner, L. A., Rev. Mod. Phys. ]-2, 9{19,40).
, I \T

(4) -_.- ~-,.' .........._-,....

and silver were found in fast neutron fission of uranium and

thorium before they were found in slow neutron fission suggested

that the middle region of the d.istribution was raised I as the energ'y

of the incident particle wos increased.

------..................-,---,--.........------..,.-----.--..----.........._------
\

4) Nishina, Y., K. Kimura, T. Yasaki, and M. Ikawa, Nature 146,
2iL (1940); Phys. Rev. i§., 660(1940); Ibid 22, 323 (1941); Ibid 2.2,
067 (1941) •

---'~....,~..........----_.--~-_.+, ............- --------~._-_.~--

Since the compoupd nUQleus formed in the fissi on of thorium

;N~·.·;.~ib. alpha partiCles is u2;36 the compound nuc1~us formed
I.

the, f3ame J.n
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fission of tJ2.3.5 with neutrons, it is of interest to study the fission

of thorium wi th alphas and compare the rosultlng ,distrnfutiDn of
. , . (.5)" (6)

fission products with that· found with uranium wIth slow and fast

.........--._-----_.....,...----~-------
(

.5) i'Nucleii formed in fission", PlutonitJIQ. Project,. J. Amer. Chem.
Soc •.68, 2411 (1946). ,
6) Turkovich, A~, J?rivate Communication.

neutrons. Any differenae between the various results wnere the same

compound nucleus is formed must 1(6 due to differenoes in energy

conte.nt and possible differences in d istribut,ion of the nucleons

in the compound nucleus at the time of fission •.

2. 'Experimental Methods

Of the various methods available for studylng the fission
(

'. pro~ess, the method of chemica).ly isolating the fission products
f

with added carrier and detormining the fission yield of each
(7 ) .

isotope seemed most suitable. The method of studying the energy

,.....-;---------------~----~

7) An-derson, H. L., E. Fermi, and, A. V. Grosse, Phys. Eev .. 2.2,
.5 2 (1941).

-_.----~~-

distribution of energy' r'ecoils in an ionization chamber is used by
, (8) ( 9')

Jenschke 8nd Flammersfeld, Jensen and Gentner 'is not particular·
I

,-
8) Jensohken, W~_, Zeit. f. Physik, 120, 16.5(1943).
9) Flamll1er sfe1d, A., P. Jensen, and W. Gentner, Ibid, 120, 4.50(1943).. , .......-_ ...,.-_...,........--.........------.......,.....----.....;.-"'----
ly suited +pr the present problem due to the difficulties. inherent

in using an ion/ization chO-mbe.r in the presence of the alpha beam.

The thorium used in the bombardment was special purity thorium

metal produced by tho group at the Atomic Re.)eeroh Institute at

/
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Iowa st'ate College. In' a long helium ion bombardment, designated

,() as Bombardment A, of 3020 pAh on the CrocJ:\:er Laborc:.tory Cyclotron,

0.3-1/8 inoh diameter thorium baok:i.ng plate 1/8 inCh thick was
(

u;:;ed. After' bombardmeht a radioautograph of the d.isc wes made to

determine the active area. The activity was then removed by milling

thin layer's from the active area using a milling setup in, which

the millings could be quantitatively collected. Eleven layers

varying from 1 to 3 mils thick were removed from this target so the,

fission product distribution and the excitation curve for fiss ion

could be determined~' rrhe milling removed about 9310 of the total

beta and gamma a ctivit y from th e ta,rget. In addition to this, three

(

. "

., shorter bombardmentsc Of 24 hours, 2 hours, and 4 hours duration,

dasignated as bombardments B, Cand D respectively, were obtained. '., "

on thorium foils of thicknesp about 30 mg/cm2 using the interceptor

,setup of t.he Orocker cyclotron. In these cases it was assumed~ that
2

all of the 2 em area of the interceptor. received bombardment.

The technique used in determining the fj.ssiol1 yields was the

standard ,chemical technique as used on the Plu~ohium Project.

The bomber ded sample was dis solved in either hydr ochloric or, nitric

aoid, a' small amount of ammonium fluosilicate being added as a

,catalyst. The solution was dilut ed to a known volume and stored in

lusteroid tubeS inside a glass tube to prevent loss of activity by

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

taken for determina tion Of' each desired element. In each fracti0!l,

carrier was added. for the element to be s epare ted, and the element

~ ,chemically separated and decontaminated from other activiti'es. The.
u

,
element was then precipitated, in a suitable form, weighed and the

chemical yield determined" it being assumed that the chemical yield

/.
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of an inverted oounter setup. Cor.reotions were. made in the counting

rate for coincidences, geometry, and absorption to obtain the dis ...

integraticn rate of the sample. Decay curves\vere tal\:en to oharac

terize all activities, and absorption ourves were taken where possible.

If absorptio~ curves could not be taken, absorber corrections were

made on the basis of published absorption curves for that aotivity.

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

polated bock to a given time shortly after the end of the bombardment.

Since the oyclotron irradiations were irregular, in order to integrate

" the bombardment and correct for sa turation of shorter-lived materials

during the bombardment, the bombardment history was, treated in small

time ,intervals. The microampere 'hours of bombardment in each time. ,
interval was then allowed to i'de?ayil to some compGrison time with the

I
'. '. half-life of the activity being considered. At the comprrison time

. the effective irradiations from. each time interval were summed to

give a total effeotive bombardment at that time. If the increments

were not less than 510 of the half... li'fTe of the isot6pe, corrections

were made for saturation during eech increment.

Since neither the absolute fission yield of a fission product

produced in the fission of thorium wi th alpha particles nor the

fission cross section are known, the product of the :fission yield and
,

cross section has been calculated by the equati9n:_

iT x F.Y. ;:: ,(a~om~ __:B2:.P) (Area targe!J..~
l' ratoms Th)( uah) (1.13 X lO.Lo),

,where the term (pah) refers to the effective ).lah of bombardment at

the time of comp8rison and ,Jine factor l.13xl016 converts ,Uah t 6 number

of helium ions striking thE') target,
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Variations in the cross section :Cpr various bombClrdIllGnts have

not been normalized to any given value but plotted as found. Since

the values of Jj x F~Y. h6v~ been ca~ou~ated on an absolute basis

there is no ~Ptiori reaSQn for, normalizing the values :to any given

value of the bariUlIl., the element with whicll compar isons are usu,ally

made, Since there are inaccuracies in eS'~imGting the total bombard

ment and the distribution of the bombardment, variations can be ex,,"

,pected 'when long a short-liv~d periods are compared in anyone bom

bardment, - In general. the res ults are considered correct t 0 within
I

a factor of twovilhen comparisons are made between different bombard-

ments,

3. Isotopes studied

Four bombardments of vuri QUS longths "'.lore obtained to studY

both long and short-lived fission products. In all b0mbardment~ the

300 hr Ba140 was separcted. in order to offer a rough check on the

bombardment. The. chemical lnethods used in the isolation were modi-

, fications of those developed for the fission products by the Pl,P-"t0ll:ium

Project. These will be described in detail by the individual
(10)

authors, so Dnly the general methods will be described here.

10) Plutonium ~rOject Record, Vol. 9B, Jan. 1946(in press)
;'

----------......,.-_.~"....,..-._--...,.-_.................., ......----...--.-.---------
1) Zinc was separated by precipit[ltion as ZnHg(CNS)4, i\Thich

was dissolved in dilute nitric acid and mercuric and bismuth sulfide

scavenging precipit~tions made. Zinc sulfide was pr6clPitated,dis

solved in hyr"robromic acid and fumed twice to dryness. From a sodium

hydroxide solution, ferric hydroxid q and barium carbonate scavenging

preoipi ta te.a Were made, Zinc sulfide was ,precipitat ed, dissolve'a.., and



the zinc finally precipitated as ZnHg(SON)~.
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6.

The final yield of
I

()

." .'.

carrier added was only 10 porcent, and ,only a ornall activi ty was

found which could not be identified as the 49 hour zn72 • An initial

ob'served activity of 2.50 clm. decayed with a 3 hour period followed

by a period longer than 5 days and could conceivably be silver con ..

tamination, 'An upper limit of 50 c/mof the 49 hour period could

have buen present and not resolved, setting an upper limit of

8xIO- 29 for the value of (ri x F.Y. for mass 72.

£l_~...Qllic was separated to study the chain

77 77
Gs . i2 J2£.~, As i9-hrs ;. Se77 (3). The As was separated about

24hours after bombardment so most of the Ge had decayed to As.

Since in uranium fission the independi;mt yield of memb'ers of this
- 77' (11)

chain is nearly all 40 hour As " it is believed the result

found represents > 95~ of the chai~. As and Ge were separ8ted by

precipit0ti r.n as the sulfide, from 6N HOI. Germanium was distilled

froinEOl and KCl0
3

• Then arsenic was distilled as arsenic trichlQride

from concentrated hydrochloric acid containing cuprous chloride with"

antimony, tellurium, and tin as hold back carriers. .d.rsenic sulfide

wa~ ,procipitated from the distiLlate and redistilled, The ar'senic

~as weighed as AS 2S
3

• The yield of carrier was 40~, and an obperved

activi ty of 50 c/m aeca yed to less than 5 counts per minute" wi th a

40 hour half--lifo. It was ass umed to be all arsenic. Since no

absorption o-urv'e could be ta ke.D., the a ctivi ty was extJ;'apolat ed to zero

absorber on -the bas is of absorption curveS of Steinberg and Engel-
(11) I ," ~9

kemeier. The activity found gives a valu'e of (J--f x F. Y. of 2.8xlO •

/
-..,....-,,....,--,,---.---.....'....,...,-.-,~----......._--"-~--

11) Steinberg,~. P., and D. W. EngelkG~oier, ~PR Vol 9B, No. 7.2.1
() (1946) (In Press).

--..,.....,,....-..--.,.....,.-.- .........,........---.......---.--_,.,..,......-~.-..,.....,..........'f ,"~~~~·....-i---..--",,;,"..., -....-.-------
I
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, "2) Bromil1.~ was isolated by extraction with carbon tetrachloride

n after C?xidation with permanganate~ Th'e extj~act was decontaminated

from iodine by oxidation with sodium nitrite and. extraction of the

iodine with carbon tetrachloride. The bromi.ne was 'then oxidized by

permanganate and extracted~ Two such decontamination cycles were

run, and the bromine was then precipitated as silver bromide.

The 2.4 hdur 131"83 was found a~d identified, it-being found with a
\

.cr
t

x '1!\ Y. of 5.69XIO,..27 and 4.83'xlO- 27 in two determinations. A
82 -

search for the 3 5 hI' Br , a shielded. isotope, from a larger s'amJ)le

was not successful, tile low activity found being resolvable into 22

hour and 8 day curves which werQ probably iodine contamina tion. A

maximum of 3/4 of the observed 22 hour peri6d }nighthavG 35 hour
I

I ~

activity and not resolved, placing the rtJ,aximum value of 'J-f- x F.Y.

I

.'.

at 1. 85;x:lO_29.

,fl-) _StrontJ2dill was isolated by precipitation of strontium and

barium nitrates from tuming nitrip acid •. ~fter two nitrate preci

pitations a' ferric hydroxidedecontaminatton precipitate was made.

Ba.ri'um was 'se~par8teO. by pr()/cipi ta ting as :b&;r ium chromate from an

acetate buffered solution. The strontiuniwas PI' Gcipi tat eO. from an

ammoniacal solution 'a's sr(C204 ) ·H20 yvith 'ammonium oxalate,.

The 9' hour 81"91, 2. 7 hour 81"9 2,' 53 day 81"8 9, and 2.5 year 81"90,

periods were studied. The 53 day was obsorved in both bomb8rdments
26 -' 26

,A and B. Two values of()f x F.Y., 3 •.3xlO'" and 2.25xlO- ,

respectively being found. The 2.5 year strbntium vvas measured by ex

tracting the 60 hour y 90 daughter after allolN'ing a strontium sample to

equilibrate ~'Jith tho daughter • .1 This gave a value of cri: x F.Y. Of

2~i6xlO-26 for the 2.5 year 81"9 0 • The 9.7 hour .. 8r91 was observed

directly after allowing the 2.7 hour 81"9 2 ahd 'it.s daughter to decay.
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The absorption oorreotion used inoluded an estimation of the 'effect
\

of the 4010 branohing to an excita tion sta to of y9 l and the 910
conver$ion of the y9l gamma ray•. Avnlue of 2.08xlO-26 was found for

Cf; x F.Y. for this isotope. The 2,7 hour Sr92 decaying to a 3 •.5

hour y9 2 was found by siJ.btractiom of the. 9 hour and .53 day periods.

The obser'ved c.urve was oompared to a synthetic growth and decay curve,

for the two is otolJes and found t 0 fit qui to well, the ass umption being

made that the two isotopes were counted with equal efficiency. A

value of 2. 23xlO ... 26 yvas found for J f x F. Y. 0 f sr92 •
/

2,) ZirClionium was separated by precipitation as bar ium fluozir-

conate after precipi tat ion of lanthanum fluor ide. The bari urn' fluo-,

zirconate WEtS diss'olved in boric aCid, reprecipitated, dissolved,
\

and barium st,llfato Precipitated. The zirconium was then precipitated

with cupferron and ignited to Zr0
2

for vveighiug and mounting.

The 6.5 day 31'9.5 was separated several months. after bombardIl1ent A,.

counted and an absorption curve taken immediately to eliminate effects

due to the growth of the 3.5 day columbium daughter. The act'ivi ty

obserVed was correoted b8cJ~ to 'the oomparison t'im.e on the bc sis of

the,published half-lifG of 9.5 days, Two samples separated from the

same bombardment gave values of uf x F.Y. Of 1.94X10-26 and

1. 79xlO... 26 •
, 97

rrhe 17 hourZr was oounted after eqUilibration with the 75

minute daughter Ob 97 • The observed activity of the parent plus the
-26 : -26

daughter gave values <Jf x F. Y. of l,98xlO . and 2.09,xlO fOr tho'

yield of zr97 •

',2,1 Mplybdenum was sopa 1'13 ted by extra ction iN i th ether after

oxidatlon with bromin,e~ The l$ther was washe'd wi th hydroohloric acid

/

and evaporated. The residue was ta~en up in nitric acid and oxalic
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acid to complex the columbium and a~benzoinoxime' to precipitate moly

n bdenum added: The precipitate was fumed with perohloric acid, made

basic with ammonia and two ferric hydroxide scavenging precipitateS

made. Molybdenum was then again precipi.teted with a-benzoin oxime
(

after acidification. 1'he a-benzoin oxime preCipitate was dissolved

in pcrchloric acid and silv'3r .l;llolybdate precipitate d from an aoetat.e

buffered solution.
!

The 67 ,hour M099 was observod and doc<:::yed to below background

with no tailing of the curve. No growth of thC:{ 6.6 hour-rrc 99

daughter was observed through the 7.5 mg of absorber present.' From

the observeo. activity a value of ~--;-- :x: F. Y. of 1.81,xlO-26 was calcu-
f

lated.

1t Kutheni1Jll); was separated from .bombardment A some 6
106months after banbardment at which time only the 1 year Ru' was

found. The separation was ma de by distilla tion of ruthenium tetroxide
'1"\

,fr'om perchloric ac id and sodium bismuthate~ The ruthenium tetroxide
,.

was collected in sodiUll~ hydroxide, reduced with alcohol and the oxide

separated. ThiS was dissolved in hydrochloric acid and reduced

with magnesium to ruthenium metal.

An absorption curve of the ruthen1um showed the presence of no

radiation othor than the 4 Mov beta from the Rhl06 daughter. The
\

decay was followed over sevGral months and no activity shorter than

330 days seen. A value of 0'--' x F.Y. of 2.27xlO-26 was calcula ted for
f

Rul06 •

was prcclPitet EX}. with dimethyl glyoxime from a
\

,,----

diluted nitric acid solution of the thorium. The dimethylglyoxime

precipitat G was dissolv',ed in nitric E\cid,made basic wi thammonia

() apd silVGr iodide pl'Qcipi tatod from tho amm-o.q.ia soluti on. The
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solution was then ac'idifi9d with hydrochloric aCid and palladium

again precipitatGdwith dimethyl gl~oxime.
\ ..

In on e exper imo nt th e

palladiumcwf).s !l}ounted and counted, and i)1 a second, the palladium
II

dimothyl glyoxime procipitate wasdissol~od in nitric acid and ali~

quots of this solution periodicaLly milked for silver after equili

bration for One day. '1'he palladium solution was stored in lusteroid

to avoid adsorption of silv\er by glass which ocours· to -oonsiderable

extent 'When silver is present only in tracer quantit~es. The chemical

yield of palladium was determined on-that portion of the palladium

solution not used for milkings.

" The gross decay curve of palladium i~ not too useful since two

isotopes of palladium, Pdl09 and l?dl12 are p:r:esent vlith half":lives

of 13.4 hours and 21 hours respectivelY. r.J.'he final portion. of' the

. palladium gross decay curve was e:xtrapola t cd back on a 21 hour line.

U . . th b - t"1' ... '1 (12 ) ., '2 h A 112slng . 0 a Borp lon data 0 ciel or for the:;.' our g and

12) Seiler, J~ A., PPR Vol. 9B, No. 7.2l(1946)(In press).

21 hour Pdll2 0····' x F. Y. for the 21 hour Pd112 was calcula t od to be, ' . '1'

1.6xIO... 26 in bombardmq1t B. 'Inbombardillcnt D ,the palladium was .milke~

for its 3 hour silver daughter and the yield W[;S c,alculated to be

0.8xIO- 26 •

9) Silvor
,
was separatod by precipitation as siJ.v,;'.r chloride

Which VJas c11ss01vod in arnmonia and two forr:ic hydroxide scavengings
,

made. Silver sulfide was then precipitated, dissolved in nitric

acid'and.the purification repe~ted. The silver w~s finally

precipitated as silvor' chloride. The 7• .5 day AgJ.ll vyas the only

i~otope found efter decay of the 3.2 hour Agl12. A value of

:4.32XIO-
26 wa~ found for?'£- ,x F.Y. for Agl!ll. \
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10} Cad.mium was separe.tedas the SUlfide, dissolved in acic1,

n made ammoniacal, and hydroxide scavengings made vlj.th ferric and

lanthanum hydroxides. From o.cid solution .silver chloride was pre

cipitated. From 2 M HOI solution palladium and antimony sulfides .

was considered in calcul~lting the fission yioldof the 2.33 day cad

mium. Two value!3 of <.Ti x F. Y. obtained were 1.• 32xI0 .... 26 and

1.43xIO- 26 for this isomer.

ll} Tin waS separated as stannic s]llfide. This was dissolved'

in concentrated!~cid and an antimony sulfide scavenging made from

hot 2 N HOI.· From sodi.um hydroxide solution, ferric hydroxide,

cadmium hydroxide and columbic oxide were prr;;cipi tat Gd, followed by

a second ferric hydroxide scavenging. In an: acid solution the
-...." ,

antimony sulfide scavenging was repeated. The tin was precipitated

as metastannic acid from boiling nitric acid contaihing anunonium

nitr8t~ to Which ha~ bOGn added a few drops of ruthenium carrier.

The metastannic acid was ignited to sno
Z

and mounted on thin mica
,

.or glass and covered wi.th cellophane,
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The isotopes of tin are in a rather confusedstato. On thd
- .. (.5)

J?lutonium :Project, periods of 62 hours, 10' clays', and 130 days were
(14 )

found. Grwmnit and. Wilkinsonfowld. a 7 day and a 17 day poriod.

.'

14) G . . t W., rumml ., E. and G~ Wilkinson, NaturG 158, 163(1946).

--------'----- ..--,--.......r-·.....'...-.----------.-.-------
in plecG of th 0 10 day. Rece,nt1y. tho 62 hour has bdon changed to

(15) '.
26 hour ,and is apparently ident'ical with an is otope roportod

--'--------..........---_._...,..-_._-----------_......--.---
15) ,Stoinberg, " 'f)

.J:!i. J;., Private communioation •

--.-:--' r16 )
, earlier by Livingood and Seaborg. . .

--......",-..-----_._---- -,-.-.----.----- ./

l6} L±vingood,J. J., and G. T. Lh)aborg, 11hys. Rev. 2...1., 775(1938).

-..........-----:\-- ''""{1''""''7"""'r-"'".- -...-.----.
Lindner and Porlman have recently show.n' this isot,ope ·to be

---.':...,.,.....--............_--...._---_.------
17)' Lindnor, M., and I. Perlman, Phys. Hov. (in press, May 1, 1948).

---.......-----~-----....-'-------
Sn12l by deut0ro'l1 bombElrdmont of' tho s cparatod tin isotope, sn120,

and have further shown that no other poriod than the 26 hour one is

f_ormed by deuteron bombardment of Sn120 • .Therefore the 26 hour period

, is the only long-lived isotope at mass 121. This loaves the 10 day,
. 123 . 125Or 7 and 17 day, an~ the 130 day to be placed at Sn and Sn •

Alrogdy at Sn
125

is a 9 minute period which{s apparently the parent ot
(18) (19)

tho 2.'7 year Sb125 • Fur'thQr 1Nilkinsori found that no antim.ony
! , I

-------.....-:.-..- -----~---_._-----------.-----
18) Stan1oy, O. vv., and t. E. Glendenin, 1)PRVo1. 9D, 7.23(1.9 Lj.6)(In
Press)

" 19) Wilkinson, G., Private communicc tion, (April 1948).

lJ
._---._.-_.------......--~-...----,- .......-- -.-----.-..-.. -.-..~ ....._----................._--
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activity could be milked from arty of the tin isotopes they observed

() in the fission of U23 .5 with slov'! neutrons,

In a long bombardmont, tin was, sepa rdted jabont 6 months! after

bomb9rdment and only the 130 day period observed, decaying with a

130 day period over two half ... lives. From a shor-tor bomb,;rclment, a

26 hour period, a period of about 7• .5 days, and two longer periods
, )

were found. The longer periods have not yet been resolved but appar-

ently one is the 130 day poriod and the other may hElve a 'half-life

of sbout 20 days. !JIhe aluminum 'absorption' curve of the 7• .5 doy

plus a small amount 'of the longer periods had a Feather range of

1230 mg/cm2 (2 • .5 Mev) which chocks the' rGportGd' onergyof 2.6 Mev
(2C)

for the 10 day period and is considerably greater than the 1.8'

20) Seilor,
\ .. /

J. 4., IJPR VoL 9B, No. 7.26/1(1946).

Mev energy reportod by Gruminit and 1Nilkinson for their' 7 and 17
- .

'day periods.

Values of :r-- x F. Y. have been calculated for the 26 hour, 7 • .5
f

day and 130 day periods, the va,lues found for the 26 hour period.
( 26' , 6. - 20 ',- , " -' - 2

being 1. 09xlO', and 0.98xIO ' in one bombardment and O. 62xlO

in another.' For th(') 7•.5' doy period, valuGs of o. 64X10· 26 and

0 • .59XIO· 26 were found in one bombardment and 0.73xlO- 26 and
,-26 n

0.91xlO ,in another bombardment. Ihe 130 clay period gave a

1 -~ 76 - -26va ue of 0f x F.Y, of O. xlO ,an averageioffive values for the

same solution. It'or the reasons given in the discussion aboVe both

"the 7• .5 day and 130 day,p0riods h~(vG been tent8tivoly placed at mass

u\
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12) Ant~mony was" separated by precili2itation as tho sulfide

after oxidction and reduction of the carrier- to ensure exchange.

Tho sulfide was dissolved in nitric acid and fumed with sulfuric

acid. The antimony was electrolyzed in 4-6 N H2S0
4

from a lead

cDthode to givG stibine 'which was collected insilvor nitrotc

solution as silver antimonide. This was tr-Jated wi t,h hydrpchloric

acid and antimony precipitated as the sulfide from the supernatant. -
, (19)

The yields in this separation wero poor but according to Wilkinson

the antimony is very pure. The sulfide is not a desirable method

19) Wilkinson, 9-., Pri vate oommunication,' (April 1948).

,of weighing antimony and probably cont0ins considerable impurities,

making the results low.

Some 12 month's after bombbrdmont A, antimony was sop8ratod
-12.5

to obtain th 02.7 year Sb The activi'ty found has docayed a few

porcent OVGr a period of 4 months. The Al a bsorption curve cont8. ins

2 beta components, ,the ~ore energetic of 1Nhich gives a Feather range

of 300 mg/cI!l2(0.75 Mev), and tho activity has a gamma ray, of
, estimated

enorgy about 0.5 Mev as~from a lead absorption curve on 80 gamma

counts/minute. This corresponds to the pUblished data for this
(5) ,

isotope.- 11 calculation of 0-' x F. Y.for this isotope ,gave values
f

of 0~69XIO-26 and 0.73xlO-26 .

13~elluriumwas soparatod my Gvaporating the sample plus

carrier vlith HBr severel times, taking up in HOl and rGducing the
I

tellurium with sulfur dioxide. The tellurium was then dissolved

in nitric acid and ferrio hydroxide sC8.vQngings made from ammonia

solution, after which the s8.mpl.e was;, proci1Jita ted twice mol' G as
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tellurium metal with sulfur dioxi.de from hydrochloric acid solution.
,

The gross tellurium decay curve is\ouite complex and could not

be resolved. Howev,.:..,r from,tho growth of 2.4 hour iodine, a value

ofl'fi x F.Y. for the 77 hr Te13 : of 1.44X10.. 26 was calculated.

Milking a pur ifiod t olluri.um sample for iodine V,J8S not s uc cess ful

sinco thi3 iodine re diochomical exchange was not quanti tative from
, -)

tho tellurium solution due to complexing of iodine by tho tell,urium.

Following the activity of 2.4 hour iodine separated periodically

from aliquots of the original sample also gbve poor rqsults duo tq

poor exchange of the iodine carrier. However from the highest

points on ,tho curve obtained by periodic separations of the 2.4

'-26·- ' 7'hour iodine, a value of 0.9 x 10 for J~x F.Y~ .of tho, 7 hour

tellurium,was obtained.
,'I

14) IodinQ WGS separated by oxidizing the. so~ple plus carrier
\

with sodium hypochlori to in s odi urn carbone.to solution to ,l)eriodEite,

acidifying this and reducing the iodine vvith hydroxylamine to free

iodine 'Nhich WGS extj:a cted wi th carbon tetre. chloride. The iodine

was re-extrected into diluto SUlfurous 2cid, reoxidized with sodium

nitrite and nitric acid and re-extracted intoce.rbon totrachloride.. ' ,

Three such extraction cycles were rQ~ and the iodine then precipitatec
I

a$ silver iodide from nitric acid solution. The activity of the 8

day iodine was observed in samplos separat oa aftor all the 22 hour

iodine had deoayed, so no interference from the 5.3 day xenon daughtel
, .

()

of the 22 hour iodine\~ occurred. The values of O'f- x]'. Y. were faitlY
-26 -26 26consistont at 0.9xlO ,0.7xl0 ,and 0.8xlO! • However consider-

i~g tho scatte~ of points in the activity of the 2.4 hour iodine

observed in thesG same s[ml~los, there is a possibilityth8t complete

exchange with the carrier W[,S not achievod.

i
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15) ; Cesium was sopo.:c&tDd by pro.:::ipit[\tion of cesium perchlorate

on dilution with alcohol sftor fuming with porchloric b. cid. The

'cosium p0rchloreto wes dissolvsd, WLde basic 1f.lith a"ilmonia and two,

fe.rric hyc1roxido scavenging precipit'::itos mDde. The solution was
v

evaporatod, the beaker flomed to eliminate armnonium ion 2nd cesium

again precipitat\Jd as the p:,rchlorat G which WetS mounted.

About 12 months (;11'tor bombardment A the 33 yoar Cs137 wes

sGp~:'rc.tGd\. rrho aluminum absorpticn curvo showed tho prGSOncE( of two

\ botn compon0nts, the visual range snd the Fe'.\thGr range of thG more

energetic being aoout 3.50 mg/cn~2 (0.9 Mev). ..~ gc1.111l1lIJ. roy is present

to the Gxtent of :::bout 0.6510 which has An Gnorgy of o.bout 0.9 Mev.

Thi s comper.es well wi th ttl3 pUblish od d,:t [~ and 0 compel" ison of the
(21)

Observed curve with that of Glondonin and Metc81f showed them to

~---........_---_.........-'....,---
21), Glendonin, L • .c;., and H.• I. Metcl:l1f, i'l'l-{ Vol. 9B, No.7 .39.1
(1946) (In Press).
---..-------.-............----_._---_.....--_.
be pc:rallol • .A calculation of T;-'x F.Y. for tho 33 year Cs137 gives

o volue of 5 ..1xlO-26· in 88.ch of t,P1o sQmplos. Sinco ,this vinuo is
I

highor. than that of a.p.y other m~\DS numbor, tho cosium in one samplo'

was redissolved and run through onothor series of purification staps

incl uding hydroxide sdavonging oUd s D.l fid 0 scavenging. No change

occurred in tho spocific activity of tho samp19 indicating no signi-

ficc:.nt C1ffiount of impuritiGs WGl.'O prGsont.

In bombardment D, cesiwt). was s opatoted to study tho 13 day

'0 136 hOld d . rr ~.-._.
S ,s S10( G'· 1S otopo. wo samplos gav G values of <'11' x F. Y. CZ1f

9"~XIO-28 cnd 9. 3xlO-28 .

}.6) BeDwa was s,opnratod by prGcipi.t:::tlon of the chloride from

a conccmtrc.tod hyoro'Ohloric Goid and othor solution. J~ftGr throe
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such procipitetions, 0 ferric hydroxide scavenging precipitato was

made and the burium reprecipitc,.tGd' as thG chloride. The ,300 hour
140

Eo. was observGd in all bombardments. The Oquilibrium mixture of

300 hour b~'riumand its 40 hour le.nthanum daughter was counted and

from this the activity of the barium calculs ted. Tho valuGs of

J .. - . -26 6 26 -26
'---f x F. ,Y ~ ·found WGre 2. 44xlO '. 1.9 xlO- " 1. 73xlO and

.. 26
.2.I5xlO in b~mbardmGnts A, B, C, and D respectivelY.

17)_ Cerium 'NelS soparatGd. by first sop;:;.r(,~tlng the th9rium as

the iodate from .5 N nitric acid. Then a cerium hydrOXide followed

by 8 cGrium fluo,ride precipitction was mado. The fluorido wosdis

solvod in boric scid and coric iqdate precipitated in tho presence

of lanthanum hold back carrier.- Tho precipitation of coric iodate

wos repeated and th on 0. zirconium iodate scavenging proci,pi tation

mado. The cGrium was precipitat Go. o.s the hydroxide and fihcIIy

.' precipitut cd Dscerous oxelato.
. U4

ThG 270 day Co was sopnro.tod 6 months aft·or bomberdment .ii.

Tho activity decayed with a 270 day half-life with no shorter
\

periods observGd. Tho a bsorpticn curve shaWGO. the presence of no

activity other than tho 270 day cerium and its 17 "minute praseodymium

daughter,.. the activity at Z3ro absorber determined by extrapolating
I,

the beta absorption curvofor the 17 minuto PI' back to zoro

\)

absorber b oing sbout oqual to ha If the totel act i vity oxtre polcted
. 144

to zero Qbs~rber. Tho v8luG of af x F.Y. for Co was found to be
26 . 26 1 .3

1.67xIO- . and 1.7.3xlO- • - The 33 hour Ce 4 was dotcrminedon' a

short bombardment and '7f x F. Y. for this isotopo W8S 1. 66xlO- 26 •

18) .§a.marty.m wes soparetod :.:lIang with the r<.Jst of tho 1'81'0

<3 rths by fluoride precipitction aftQr separation of the thorium and

zirconi LJ.J:n by 100.8. to ,prooipi.to tion ~ Tho CGJ;'j, urn W&8 then sop':;.rc:tod by

\
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iodate· procipitatidn. Samarium and Guropium worG' thon sGparoted from
""-,. .

the rest of tho rare Gorths, by ox;trDction with ~oditim amalgsm )from

an acetstc buffored solution. The emalgsm waS washed with weter and

the samarium and ouropium then Gxtr.acted beck'into dilute hydrochloric

acid. Three such sodium amalgam extraction cycles were run, lanthanum

hold ba ck carri(,r being added in ea oh caS0. The smnarium c;n'deurop~um

were then separated by reducing the europium with amalgamated zinc

and procipitc1 ting samarium hydroxide with ammonia whilo the europium

was in the reduced steto. The sa~~rium wes further purifiod by

precipitation from added inactive europium in a s()cond cycle. The

samnrium was finally precipitGted as tho oxalato.
! )

, , .153
In bombardment B the 47 hour Sm ' was studied. Tho activity

\' - j

found contnined a 4.5 hour, a 45 hour Gnd 13 d.ay pari-ods so the
~

. sample was' undoubtedly contamil1p,tcd with prasGodymium, neodymium,' and (..
. probq.bly lanthanum. The 45 hour component obsGrvod wcs probably

composed of a mixture of 40 hour La and 47 hour 8m, so the value of

)S-' x :F'. Y. for this period, O. 6xlO- 26,' repros\';nts oJJ.ly a li1Clximum
f . )'

value and is probablyconsidoro.blY lower since th'o 13 day 8ctivity was

quite pronouncod indicating oonsidoroble impurities.

19), Europium was s operated by isolating a rare earth 'fr89tion

and separsting Quropium from tho rare earths by reduction with

amalgams ted zinc. In tLi s caso aft·,:jr the first s ep8·re.tion, more

Ian thanum carrier wa s add ed and two mar G docon tamino tion cycl,:;s from

other rare esrths run. Tho Guropium we,s finally precipit,:ted as tho

oxalate.

u
About 8 months sftor bombGrdmont A, GuropiumvVGs sepor,':ited

and a lovi! activity found wh:i:ch W8S not N.nnoved by furth0r decontamina

tion cycles and was assumed .to be the 2 yCDr Eu155 . No absorption
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curve was possible and the activity was extrapolatod to zero absorber
(22)

on tho bGS is of Winsberg? s .de. tEl . The vol ue of i1f- x F'. Y. found

22) Winsberg, L. E., PPR Vol. 9B, 'No. 7• .56. 3 (194$) (In P.r:tss).

From bombnrdrnent B the europium separc:ted from tho scmarium

fraction proviously describod gave activi ties of 1.5.4 hours and 1.5
(22) ,

days. Winsberg'1s dot!) was used to extrapolate the 1.5.4 hour

period to zero absorber. Tho velue of (Jf-x F.Y. found for tho 1.5.4
157 '8

hour Eu Wes 3.12xlO- 2 • From the 1.5 day portion of tho 'curve and

ass l.i.ming tho activity tObo the da ughter of a 10 hour Sml .56 ;parent
('22 )

'. as stated by Winsberg and. further assuming that no significant

separation of samarium Gnd europiurn occurred in thG sodium amalgam

extr2ction, B process requiring several hours, a valuG of Q~-x F.Y.

" ,for the chain of mass 1.56 wc,s ca1cu.latod to bo 3 . .5'X10-28 •

u

4. The. Fission Yield Spectrma and tho Cross Section for Fission.

Tho volues of tho yields of tho verious fission products

investigated et an averago alpha energy of 3'7 • .5 Mev huve boen tabulated

in Teble I. These aro plotto.d in Figure 1 in 'which the distribution

ofyields of isptoposformed in tho bombardment of thorium with 37 . .5'

Mev helium ions has boen cornpQrod to that obtained from the sl.ow neut-
I

ron. fission of U23 .5. Despi to the sprqad of tho points it is at

onco apparont thrt th G spectrum is quit 0 different in the middlo region

of the distribution. Instead of a factor of 600 in yield betwoen the

peaks and the minimum 0$ in' slaV'] neutron fi ssien of U23.5,~ there is .
4' _

only a ~actor of about two in tho depth of tho dip in the fission of
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Table I

Values of IfxF. Y. for, various Isotopes found in the Bombardment

of Th with 37.5 Mev Helium Ions

Isotope Bolttbatdment o;xF. ~, (c~2) Isotoee Bombardment O~iF•Y. (cm.
2 )1

Zn 72
BE <8xlO.. 29 Sn123? (l30d) A '0.7.1xlO- 26 ;

,

As 77
D -29 " II 0.65xlO- 26"V2.8xlO .

Bt82
0 <1.85xlO- 29 " it 0~85xlO-26

Br83 C 5. 69xlO- 27 " " 0.77xl0....26

" C, 4.83xlO- 27 " ,t· 0.79xlO- 26
!

Sr89 A 3.34x10... 26 Sb
125

A 0~89x10-26 '

" 13 2.25xlO- 26 " "
0.93x10-26 i

Sr90 A 2.16xlO- 26 1
131 D O.98x10- 26 ; \

Sr91 B -26
" " 0.68xlO- 26

2.08xlO
92

B 2.23xlO- 26
" " ·-26Sr O.82x10 •

i Zr95
A

' -26
Te132

B
. , . -26 i

1. 94x10 1.44xlO : .

i " A 1.79xlO-26
" D 0.91xl0_ 26 !

Zr97 D 2.09x10.. 26 Os136 D -28
3.0xlO

11 D· 1.98x10-26
" ti 3.1xlO-28

M0
99

B 1.8lxlO-26
Os

137
A

-26'
5.15x10 ,

.\

Ru
lO6 2.27xlO- 26 5.l5xl0-26 !A " "

Ag111
B 1. 32xlO- 26 'Ba

140
A ·2.44xlO- 26 !

Pdl12
B -26

" "
-26:

I'\.., 1. 65xlO ,2.47x10 .
II D 0.83xlO- 26 " E -26 i

1.96x10 ,

Od1l5 (2.33d) B 1.43xl0-26 " 0 1.74xlO-26 i
" B 1.32xl0-26 " " 1.72xlO-26 :

Cd115{43d) 1;01x10- 27 . I
A II D 2.2·3xlO- 26 i

1.28xlO-27 143
I

" B Ce B 1. 66xlO... 26 I
Sn121

B -26 Ce 144 A
-26 ;.o•62oclO 1.67x10 i

"
I
C 1.09xlO-26 II " 1.73xlO-26 /

O.98xlP-26 Sm
153 , < 6.3xlO- 27 1

" C B I
Sn123 ?(7.5d)

( I
O.98x10-26

Eul55 -28C A /'-'2.5xlO I
If II 0.78xlO- 26 _Eu156

B -28 I'-v3.5x10 . I
I

0.64x10- 26
Eu

157 -28 !
If B B

I/'\../3.1xlO I
1

.f B 0.59xlo- 26 I

I.

"
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, 82,,' 136
It is alsoseon that the shielded isotopes Br Gnd Os

I

were both formed in very low yiold comporod to the unshielded isotopos.
17-.'7

The valuo of unshielded Os;) is far off tho drawn curvo Gnd thero is

no obvious explanetion.This isotope was taken from only one long

bombardment but othel-" long-lived isotopes, e.g. 81'90, give more

reasonable values. It may be that another isotope is p~esent, e.g.
, , ~ \ , '137
29 YQar Os134, i~n about 1010 abundance rolEtivG to Os ' " thoufSh from

the results with slow neutron ;fission whoro the 2.3 yeer 0$13'+ has not

yet been detected this appeers to bv improboble. A second explanation
137isthet t~e half-life of the Os iH about 15 to 20yoars rapher

th 33 8 . th 0 137 b t . . t .' tnn years. lnce Gsa sorp lon curve con Glns wo com-

ponents it would be diffic ult to find 1010 of 0 shorte,r livod isotope
5

by absorption mens ur-Jmonts, and tho half-life of any second isotope

must be long enough to mOk:e its detection by decny' over ,8 fow

mon ths impossible viIi th ordinary counting methods.

In Figure 1 the sum of isomeric nuclei have beon plotted. The
. " , 11.5 123
lsomers of Od 'and the ossumed isomers of 8n hDve bcen summed to

give the total' yield of those mnsses. No 8.ccountvlJ"s taken in the

curve for tho possible exist ence of any other tin is ot ope.

Asumrnation of tho v,~lues of (f.r- x F. Y. ovcr the entire curve
\

and ass uming' the total fission yield to -add up to 20010 a v2lue for

the cross sect ion of thorium' for fiss iOll with 37 • .5 Mev helium ions of
+

0 • .58-0.1 barn is found
l

• rrhe probt:,ble error of 0.1 barn is estimoted

from the distribution of points end the types of curves which cou'ld
" ,

be drown through thosopoints othor than the ono drown. This gi vesa
140

value of ab out 2.810 for tho fission yield of Bo.
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.5. The 'Fiss ion Exc i tation Curve of thorium with Alpha' Parti cle s.

") Tho leyers s0perDted in tho milling of the thorium disc used

in bombsr dment! .rl. wore, Dnalyzed s epDr:>t ely for Be, Sr
, , Sn, Co, Ru, 2nd

Cd, hence it is possible to obtain Q rough Gxcitstion curve for tho

fission of thorium by helium ions.

In Tablo II tho moasured yields expressed as O-f~xF.Y. for ~he

isotopes studied in GD.ch of the v'3.rious layers of thorium togother

with the spocific beta Dctivity of that layer.' This deto is plotted

on a'logcrithmic scalo in Figu:re 2., It is soen that fission continuffi

to occur well beyond tho rEinge of)the impinging 39 MGv~GlphE.;s which

in thorium is about 340mg/cm2, and this is prob"bly duo to [( slight

deuterOn cont2minr:, tion 'of the alpho. beam, to' fast neutron fission

or to Q combint\tion of the t1,1iQ effects.
2

In the first 200mg/cm \ of the thorium the distribution does

not 8ppGSr to'shift. a great donI sinco the isotopes studied maintain

thGirreletive positions i;;nd remain in. c:pproxi.met0;J.y the s8.mopropor-:

tionsto ,oach other end to the gross specificac ti vi ty. The propor-

tion of the t1-) dny chdmium does decruase somawhf.t but \lvh ...;thc r this is, "

due to Q shift in tho distribution of yield betweon the 2.66 dE,y Qnd

the t1-) day isome rs or to Q r 08.1 decre 8S e in the yiold of mass 11.5

is not known sinco the 2.33 dny period was not observed under the

'donditions of the expor imont. Below 200 rng/cm
2

, tho Tela tiva positions
.

are main'toirned except in tho case of strontium which shifts from a

p'osit ion 8 bove bnrium to one belOW. Whether this i§ significF.:,nt or
, ' \

not is not known. In the first four 'loyal'S Sr89 h8s an abnormally
I

high yield compnrod to theoth,::r isotopes,since it is not expGcted to
I

bo cboVG b8rium, if the two hr:l,ve$ of the curve are syulGtricol.
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()The prosence of krypton or rub1idium impuri.ties in the strontium is

not likely ,=.:nd impurities of strontium or yttrium" \nhile marc likely

as impurities would 'roQuire c neutron or doutcr on flux of fc.irly high

intensitY to raise the yields of 81"89 to the values found.

In' figures 3 arid 4 the specific gross bote. Qcti vity and the
,I , I

'."F; x F.Y. found for bcrium have bGen plotted against ,tho tbicknGss

of thorium Dnd en -exciti'1tion curvo drawn. Tho thresh/old for the
)

alphr: rGa ction is found to be 23 to'. 24 Mev, and tho c ross section for
\ ;

fission at 39 Mev is'sbout 0.65 to 0.7 barn if the cross soction for

fission ' is 0.6 barn at an aver"ge energy of 37.5 Mev os found in

the procoding section, tho gr'oss, b etc; curva indicating the highGr value.
I

Jhis difference might,bo due to tho presence of some long-lived

beta emitters farmGd ct the higher 81.:;;hcI energies by 8. pr'ocoss other

.~ I then fission.

The convorsion of thori,um thickness to energy h8s b00n mndo

on tho besis of the CUrVG shovvn in FlgurG 5 w11i.'ch \NbS optoinod by.

integrcting Cl rt,to of on0rgy loss vs~ enorgy curyofor thorilJln. This

latter curve VIes a btoinod by G;x:tr~lp010 ting d::. to c.c~lcu18tod by tho
. I

thooroticel group Dt the U. O. Rodiction J..Iaborctory for tho rote of

energy,loss of alphr:; p.srticlos in load, silver, copper, and aluminum
)

to tt~orium, tho extrapol:.. t ion boing mo do grn j,hically 8t soveral'

enorgies by plotting -dE agninst 1/21 end. oxtrapolat ing to thoriwll. (IX

along a smo'oth c urvo.

6. Disc ussi on

Tho distribution Ourve found for the fission of thorium wi th

( "

U
enorgetic alphas Confirms D. long standin@; suspicion thnt the isotopos

\ I

\

in the contor of tho distribution Lro producGd marc Qbundnntly in,
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fission by highly enGrgeti,c pDrticIos than is the' cnse . in slow

neutron fission of u235 • In tho CDse of fission of bismuth with 400
. , ( 23; 2<+ )

Mev o.lphns, the fission is apparontly ontir ely symmetrical

I

23) Perlman, 1., R. H. Goeckormann, D. H. Templet(;m, Elnd J. J. How-
• lend, Phys. Rov. 'll. 352 (1947).

24) Goeckurw,nn, R. H., and I. Perlmcn, },hys. Rev., (M8.Y 1, 1948) (In
Press) .

\-----'"----,.......-..-..-_---,---..,._._--.,..,...... -
and the primGry fission products formed have Gn nip ratio which is con

stnnt and oqual to t.hct of tho fissioning nucleus. Goeckormann and
(24 )

Perlman ascribe supra threshold at which the fission occur~

decrQasing the 'time bo;twoen formation by boiling off neutrons, of the
}-. "

highly excited nuc~Gus which fis sions ond tho f issioning of thc.t

nucleus into two fragments to I) pQint whGre ro[,rrcngement of the nuc-

~~ leons in the nucleus to give the most energetically favor£ble split-

..
..

ting dOGS not occur .
1\

Thiss81TIe mechanism might be occurring in the fission of ,thorium

,with aIr-ha particles. In this case the compound nuc'l,3US U236 would be
So~e.. .

formed in 8. highly Gxcitod stctc and boils off\1'enCeotneutrons.. ,

H~levor this intermediate nucleus would still be in an 0nGrgy stotefor

marc excited than thnt of the c;orresponding nucleus in fis,sion of

U235 by slow neutrons and, might the.roforo split much \fDster end beforo

rearrangement to tho most enorgeticcllY fo.vor:"ble distribution of

nucloons could occur. Therefore one might'expect a const&nt nip ratio
'. )

to 'bo found for tho primbry fission produc ts in t,his case as wos

found in the case of bismuth fis,sion. HOWGver with thorium this nip

ratio is probGbly thnt of U234 or' u233 , i.G. /"\../1.53, since on~y a

U/ \, levi noutrons ne8d be boilud off before :) nucleus is rU8chod wher e
. . (

fission occurs. Ho'nco even if tho proclucts have a constant nip rotio. ,
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of L ~3, this will not be obsGrved in 'ihe ¢listribution curve since
.'

nuclei in the fis sian prOduct rGgion with tl::i$ nip rc:tio still Clre

well sbovo tho line of stcbility and [re all ~~ emitters. Since the

isotopes used in determining tho distribution curvo ere 811 neGr the
I

stabili ty line, the primc'ry prOducts VI ill still not be seen, Dnd the

only obs,Jrvnblo differonce in this respect betweon fission of thorium

wit,h helium ions nnd U235 with slow neutrons would occur in tho length

of tho chcins betweon the primary products an~the ~t8ble nucleii,
•

thos 0 ch'1 ins on tho h8;~vy side of tho distribution curve boing short-

eried. This hos not yot bo.,.;n investigated •.

Tho dGpth of the dip ,in tb.'o mass y:\.old curve must be related

to tho excess exc~.tation in tho fissioning nucl(3us. Tho reSUlts with
\

slow neutron fission of U235 wherJ ~h e. foctor i.n yield botwG Gn dip

andposks of tho distribution 'curve is sbout 600, fest neutrOn fission

of U235 where the fuc~or is C1bout ,10(6), 2nd fission of thorium with

37 • .5' Movhelium ions whers the fu etor wc:s found to be only about 2,
)

indiCc~te that thoro is ,:; dofinito rclc.tion . betwi.;cn tho excitction

\ of thq nucleus and the occurrence of symctricc:l fission. ~Jhilo tho

/ rosults at alpha eiwrgios lower then 37. 5 IV~GV do not gi va Q Complete

pict.uro I of thG distribution ~)t those en vrgies, enough. is gi ven to

indice teth'.t tho dip is 8hv~lYS mU<¥1 shcllower than that found in
235

slow neutron fission of U •
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