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VISLLOW OF CHORIUN wITH ATOLES DalTInLEs

L amos G, Hewbon
- R&ﬁ&&*&ﬁﬁ Taburitory
| . fﬂﬂivaraity of u&lﬁfﬁ?ﬁi&, Lerkeley, Callforiia

Ga  Introdustion

| ‘ Boon elter the digcovory of {isslon, &&i%ﬂ&ﬁﬁyyiﬁﬁiiﬁ%ﬁmﬁﬁﬁﬁ

| and zaok‘giffmunﬁ differences in the decay of various vhuzaﬁul
|
{ .

( i) mgitﬂar, Ty Huture % 35 ﬁﬁ? ﬁlgﬁﬁ)a
| £ Bretsoher, ., and L, G, Cook, ”atux@ ldgb 559 {19539,

i froctions saparabted frog uraniv Lero :zaﬁ@& with slovw poutrong ond
|

| bhorion lrradiasted with fast neubrons pedspscbively and
Lhat o didforence sxlsted in the distribubion of Flssion groducts

} in tho two cosos,  In 1940, O &w&er‘91 B ;@d%uﬁ that the disbtribution

3y Tueper, L. 47, Rev, Hod, vhys, ;@; 9&11&&&&;

R

in vapious oodos of fission should bo laovestipated, The fast that

glements cuch o tin, cadmium, Q&ll&ﬁium}ﬁna silvorf®¥ vere fouwna in

RASHiG, Yo, K ﬁimura, T. Yasakl and ¥, {km*&; Vo borsgab, 24
él940%i éhys. wov, 9By 660 (1940)3. Ahiﬁ,gﬁ; 385 {194d)s dbid 59
ﬁ

B
Lo
g

fast noutron and doubsron ﬁimﬂimﬂ OF uraniuvg and thorium belfove thoy

\ wore found in slow paubpon ?E?Jlnﬂ af uranivg su

restaed thot She

1 middle reglon of the dlstribution wos ralsed es the epoeyxpy of tho

| _

V nelident uzebl ﬁl@ wag lnereasod,

\ Sinon the ﬁﬁmw&mnﬂ puelous formed in the flaecion of thoriws with

alpha partloles is Q\/&: the soane conpound nuelous foxed in the



/ *1
flssion of Q\ﬁ with noebrong, Ma 3 of inberost to sbudy the flssi
of thoriun with alphas and a&gazs;,wws& the resulbing distribubion of

flssion products with thedt found with oraniws with ﬁm{@/ ol

5} “Hueleil formed in Tission?, Flutoniuil Frojest, §, im. Clvw,
Boe, 68, 2411 (1946), |

shorivgs wibth fm‘LW neuwbrons, any 4ilferoncoe bebweon Sthe varlous

goEE A R G 5

% o Turkevioh g day CRivate Coumuniocatd, em, Propoubed ot Adsd me
Thivnoo, Lo w&‘mem’ 1947,

rosulbs where the pans compound nuslous is Z?m: mead must bhe dus Lo
differonses in enorgy conbont ond yosalible fa},m:a;*@mw 1o diptele

bublon of the nusloons in the conpound nuclews of the time of Tisslon,

G srisoatal Hebhods
07 the variouws sethods oveallable Dor gbudying $he Llssion
process, the nebthod of shenloenlly lsolating tho Tission mtlum,
with added carrvier sad dgbeornining the P4oston yiald of each lsohope

%

goomned nosh &su‘imhmnw The mebthod of studying thoe m:s.wgz,v dLotele

e

o

?} iéﬁﬁi:ﬁ-?ﬁﬁ ﬂiiﬁ ji?:m# ;9 *s'&e?a.i. <A§l.!12§. uibg V {47’3&”.#@3 ﬁé“fﬁﬁ L\;*JVQ &2& f&
L9416

bution of fission Crogmaente  An sn londzation chapber as used by

(foé ?' ;
Jansohlce and Floumeraield, Jensea and @mﬁsxwz@y ig nob partioue

8} Jenmohlen, W,, Beit, £, Phypll, 120, 165 (1943},

R3] Wrm:;*wwsfsmf&.z?ia Aay T Jonsen and W, Gigtbner, Ibid, 1205 450 {19455,

lerdly sulted for the present problom dus to the Alfficulties inherant

in uslng an jonization chembor in the peesencs of the alpha boam,

The thorinn wed da the bombardmont vas speclal purity thorlum
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matal produced by the group at ﬁ&a &ﬁuMia Rﬂ&ﬁargﬁ_xn@tiﬁut® at
Iowa Gtate College, In & long hombanrdment, designated as Bombarde
ment A, of 3020 pab of 39 Mov heliwu lone {impinging energy os
@&ﬁimaﬁ&d by Dr, J. G, Hemilton) on the Creeker Luboratory eyolo-
tron, a 3 1/8 inch dismeter thorlum baeking plate 1/8 inch thick N
was uwsed, After bamb&rdmaﬁﬁ g radiosutopranh of the dlse was nads
to determine the active aren, The aotlvity was th@m'r@mmvm& by
milling thin layers from the active ares using & wnilling sebup in
whiloh the 2illiags eonld Le quentitatlvely gollectad, Sleoven layers
varying fran 1 to % wmils thick were removed from this target so
tné Liasion yra&uct ﬁim%riﬁuﬁ&an and the exoeitation curve fox
flsslon could be determined, The millingV$&MQV@a abmut 95% of the
| total bets mné pomng aetivity from the target, 1o aﬁ&itiéﬂ Lo
this, three shorter bombardments of 2& houps, 2 &aurﬁ\an& 4 hours
duration, deslinsted os Dombardments By, C,and D respectively, were
obtalned on thorium foils of thickness about ﬁo»m@/aﬁg’nsiﬂ@ tha
interceptor setup of the Grocker cyolotron, In thess casoes it was
agsuwned that all of the 2 om& area of the interceptor received |
bombaydment, ‘ ‘

The téahniqua uméﬂ in deternining hha flssion ylelds was the
standard chemlonl tﬁénﬁigu@ ag &ﬁﬁﬂ on thwlﬁlutmniam.?xogwcte The
bonbarded ssmple was ﬁisaml@md in either hydrochlorie or nitrie
acld, & small amount of ammonium fluosillicate belng added as @
vatalyst. The solutlon was diluted to a knowa voluse and stored
in lusterclid tubes inside & pgloss tube to prevent loss of activity
by adsorption on ﬁlaaﬁ’and gyaporation of the solutlon, Allauots
wore taken for determination of easch desired element, In aaen,

fraotlon, oarrier was added for the element to be sopareted, snd

4
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the elemont chemionlly ssparcted and decontamlnabed rom obhor

aotivities, Tho slemont wes then preclplitabed in & sultable Tomm,

‘ ‘w$1gh$ﬁ%&nﬁ the ehenlool yleld dotormined, The samples wero

souwnted on cardboard, coverad with cellophone . und ccunted on the
second shelf of a atandard counter setup, Uorrsotions wope ande

in the counting rate for colncidencos, geometry and absorption Lo

- obtain the disintegration rate of the semple, Decay curves were

‘taken to characterize all activities, snd absorption curves were

takeon where possible, IX ebsorption curvas could nobt bo talkan,
absorber corrections wore made on the basis of published sbsorpe
tion cuprves for that astivity wileh were koown %o have b@@m‘@ﬁkan

on simllay equipment, In order to obtaln the flsslon ylold the
aaﬁiviti@& wore all extrapcleted baok to & glven time shortly after
the ond of the bombardment., Slnce the cyclotron lrradistions wero
Lrregular, in opder Lo integrate the bombopdnent snd correst for
paturation of shorter-iived materinls during the bmmbaf&m@nt, tlie
bombardment hlstory woas %rmatﬂa in ameld time inbeorvals, Tﬁe.miﬁwm»

ampere hours of bowbardment in csch time lnterval were then allowod

bo "decay™ Lo some compavison tluse wlth the bhelf«life of the activity

being ecnsidersd, At bthe compurison bime the offestlve lreadiations
from cach bime interval wero ﬁamméﬁ'ta g;v@_a'ﬁaﬁﬁl affoutive home
bardment st that time, I the increments wore longer than 5% of
the half-life of the isctope, corvaections wers made for suturatlion
duplng each incremont.

Bince nelther the abagviubte fisslon yisld of & flission produet
produced ln the flesion of thordum with alphe particles nor the.
fisslon oross seation are known, . the oross section oy the fornoe

tion of eamoh isobops which 18 tho product of the Pission yield
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and oross gecblon for fssion haes beon sslouvlated by the epwation:

whers the term (p@h) refers to the effawt;vm p&h ol bonbaedpont

@t the bime of cupparison and the factor 1,13 x l@%é.awﬂvayhﬂ pﬂﬁ
to number of hellum jons striking the target,

Variations in the cross gsection for varicus bombapdusnts have
not beon nopwalized to any glven value since the valuss of @ﬁ\x B,
have been caloulated on an ebsolute basls thers 1 no & briond
reason for normalizing the valuss Lo any glven volue of the baviun,
the elesent with which comparisons are usually made, Sihoe there
seo jsacourecles in estimeting the total bomberduent »ad the dls.
tribution of tho bcmbardmwnt, var&atiéna can be ﬁx;ﬁmt@é when long
and short=1lived n@riaﬂﬁ are oompared in qny'onﬁ hﬁmh‘tﬁw“ﬁtg in
@ﬁnﬁral, the results ore opobably awrrmﬂt to within ﬁvf&é@ﬂﬁ éf

two when comparisons are nade bobtween different Lombsrduents,

34 LButopes studlsd
in ail hﬁm&awémmatﬁ the 200 hug ﬁﬁifg‘waﬁ septrsted in “fﬁ@?
to offer o yough chegk wn the hambardm&mt. ?ﬂa‘e&@mié&l mathods
uged in the iﬁ%lﬁ%imﬁ‘wﬁfﬁ‘mmﬁifi&&tiﬁﬂﬂ of thﬁéﬁ ﬁévalgyﬁé Tor

the fisaion produsts by the Plutoniws Iroject, These will he deg-

oribed in detail by the iodividusl ﬁuﬁﬂﬁrﬁ, 8¢ only Lhe geaoral
M ' ‘ aiiveistiiace 2
10}  Flutonlum Project h@s&rﬁ, Vﬁl, ?ﬁ Jé i, 1946 (in prFoss)s .

m@thada will be d&ssribwd hare,

'1, sine was aeparated by preclipiitatlion as &nngﬂﬁhw@@, whioh

was dissolved In dilute nitric acid and merouric and blsaubh sullide

*

seavonging procipitablons nade, dine sulflde Was precsipltubted,




wém

dlsaolved in hydrobromic aold and fumed twice to dryness, IUrom a
sodiuwn hydroxide solubion, ferrie h&d&mxié& and barium csrbonate
soeavenging precipitetes were made, dinc sulfide was preciplibabed,
disﬁglvaﬁ, and the zine finali} procipitated as xnﬁg($ﬂﬁ}@< The
Tinal yisld of carrier added was mnmyilaﬁ, and only a snall setivity
was found which could not be i&@nﬁifi@a g8 the 49 hr? ﬁhz%q in
initial obgerved activity of 250 ofm desayed with o 3 hour peried
followed by a g&riﬁ& lamgarvt%an 5 days and could conceivably be
sllver aantamiﬂ&tiﬁh, An upper limit of 350 o/m of ﬁﬁ% 49 hour
ﬁério& could hévg boen pressnt und not raﬁdLV@a, setting aﬁvapy@r
iiﬂit of 8 x 10%€? tor the value of gﬁyg ¥, Y. for naase T2,
- , 2) &fsenig was separsted to atudy the caain»ﬁégzv_lz hwé
A$77 40 hr@_ﬁézglstabl@)g The asrsenie was separated about 24
hours after boubardment 80 75% germaniun had decayed to sroenic,
Bince in wranium fiselon the independent yleld of mombers of this

chain i neariy all 40 hr; AB 7, it i3 believed the resuld

A1) Bteinbers, &, P,, and D, W,‘xngalgﬁmﬁﬁ%r; PER Vol 9B, Mo, 7.2.1
(1946) {1n pross), - _

found peprasgabs }95% of the chaln, Arsenic snd germenium were
soparated hy presipitation as the sulfide from 6@_&&1, Goraaniu
was distilled from HGL end Kﬁl?%\ Then &rﬁgnie was dlstilled ag
arsenle trichloride from coneentreted hydrochlorie ncid conteining
cuprous ohloride with anilnoay, beliurlum;and tin as holdback
carriers, Arsenic sulfide wes precipltated from the distillsate
and redistilled, The arsenlc was welghed ue ﬁ%ﬁ§§¢ T&a vield of
carrier was 40% and an obsorved motivity of 50 o/m docaysd to

loss than 5 o/m with & 40 by halfelife, It was assumcd to bo

\
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all argenie, Since no Wh&@?utiﬁn aurva sonld be waken, the sotlvity
wag extranolated %o zero absorber on the basis of ¢ h?d?’u&‘“ BURVOY
of Stelnborg and ﬁﬂ@ﬁlkﬂ&ﬁl@3¢£¥;i/ ha activiby found ives a
value of <;§\x Fo¥y 0f 2,8 x l&(ﬁg//g
y) Broming wab jsolated by wgﬁraaﬁiaa‘waﬁh Grhon ﬁw%v;nnﬁariﬁ@
afﬁ@& oxidutlion wi%h wﬁamauganaﬁ@ The astrmcﬂ was decsonbaninated
from lodine by cxldatlon with ﬁmﬁi&m nitrite dﬂﬂ exbracstion of the
iodine with esrbon tﬁ%raahiwriﬁ@, The hxamin$~w&s7ﬁh@n exldized
| bpr@rmﬂmgan&né and exlrscted, Two such decontaminatiocn oyolos
were i, tad the bromine was then yreaiyiﬁﬁﬁQﬁ an sllver bromide,
The 2.4 hxe Bﬁgéfwaa found and jﬁ@ﬂtlf&ﬁﬁ, it belng found with
o §@\§ Fo¥e Of 5,069 % 15*\? und 4,83 x l@*ﬁg in two deberminations,
& seareh for the 35 hxa?ﬁﬁag’fa shig¢lded isotope, [rom a larger
sample was nob sucoessful, the low aativity found bﬁin? roesolvable
Cinto 22 nour ond B day CUrves wiloh were probably im&in@ oontaminge
tion, & maximum of 3/4 of tho cbserved 272 hour period might have
beoon 35 hour aotdvity and not resolved, placing the maximum value
£ 4Q\x T.Y, at 1,85 x 10732, |
;;=¢) Bhronti

bariws nitrates from fusling nibr&a seid, After two nitrate prociple

m was i&mlat@a by wf@bi?itaﬁiﬁﬁ of stropbiun and

tatlions ;@rréa hydroxide decontanination @meoigatata wan made,
Pariun was geparated by pracipitating as barium chromate from fn
asstate buffered sclution, The strontiuve was precipliabed frow
an smmoniacal solutlon as Sr{GA04)*HAO with ammonium oxulate,
A ] ’ i. » ] : - s - ' ’ ; ﬂ
The 9 hr@,ﬁﬁg;f 247 hﬁgyﬁyggg 53 day ﬁ?&?‘anﬁ a5 ¥ty mﬁfﬁ
gari@da wore studied, The 53 day wasg ocbserved in both bomburdments
\E 26 ﬁé
A and B, Two velues of (px ¥.Ye, x 10%%apa 2,25 x 10%

respectively being found, The 25 yr,,mﬁﬁgfwa@ neasured by oxbreching



i

the &0 b arﬁ §QV‘d&uﬂxt@r after 2llowing & strontivm samole Lo
anquilibreate with the doughter, Thi& gavs a valug @f’/\\ Fele of
2,16 x 10% sor the 25 yrg 5590, tho 9.7 b, 83 was dbuowved
dirveoctly after sllowing the 2,7 hrﬁ ﬁfgg4an& ibe daupghler to doony,
The abeorptlion corrschblon used i zaLu&&ﬁ an sstimablion of the offeot
of the 40% branching to an sxelted state of ?gé"anv ﬁhﬁ %ﬁ {30300
var&iam of the fQ;“é&mma'nay; A velue of h,Qﬁ x4 2 wmﬁ Tornd

. q /!
for ékg\x ¥, ¥, Tor this “Qtay@w The 2,7 ﬂ%@ ﬁbgg/'wiufan L0 8
5.5 nr, ?Qg/an found by subbraoction of ﬁh@’Q pour and 55 day periods,
Tha obgorved curve was comparsd to a synthetic growbth snd doeay
curve for ths two isotopes and found talfi% guite well, the e
sunption belng wade thal the two iﬂaﬁam@s wers counded with agunld

mf?iﬂ wn&y‘ A valus ol 2,23 x l@*véfvu& fﬁﬂnﬁ far'9§ X B, of
2/‘

S
%)
girveonato after preelpitation of lanthenwn fluoride, Tho bayium

was separated by precipitobtion as borium £luo-

fluozireonate was dlssolved ln Lorle noeld, reprecipitated, dlasolved,
and barium sulfate preoipitated, The sircoaiwn waa then px@aipié
tated with ocunferron and lgnited Lo ﬁﬁ@f‘f&w volehing and povnbing.
The éﬁ day uﬁg/’was gepnratod woveral months after Dombavds
mant A, somtad snd an abs sopption surve taken lnmedlately to olimie

nate offecty due o the growth of the 35 day eclumbiun devshbar,

The notivity obsepved wag @@r@&aﬁad back to the comparizon time on
the basis of the published half-life of 65 deys, Two samplos
aapnmmm fmm the same bombardment gave values of I\ E Yo of
1.94 % 16§g§ and 1,79 x 1\\§é7

Thes 17.h§? %J} was countod after aauil&byativm with the 75

min, daughtor Gh\i». The eﬁmwrvaﬁ_&ativity of the pavent plus the




w?&
daughter geve valugﬁgiﬁ\x'ﬂ.ya of 1,98 x 10%%% aunda 2,09 x 10 29/ ¢

ﬁhe yield of e,

_}ﬁf]y”@) iolybdenwn was separated by extractlon with ether after cxle

dation with bremine, Th@ ether was washed wigh hydroculorie agld ond
svaporataed, .Thﬁ residue was taken up in niteic selid snd oxelle wold
to complex the columbiunm and a-benzoin oxime to precipiiate m@lybdsﬁum
a@dea, The preclpliete wag fumed with perchlorle acld, nade basic
with ammonla and twe ferple hydroxide soavenging preciplibaebes smade,
Molybdenum was bhen agsln precipibated with auh@nzéin oxine after
acidiflication, The awh$ﬂﬁein oxime yraﬁiyitaha'waﬁ dissolved in pore
chloriec aeld and silver molybdate precipltated fyom an acetate buflfeored
solution, ) ‘

The 67 hﬁ@ 1o as observed und decayed to below background with
no talling of the curve, Ho growbth of the 6,06 ﬂ?@ Tdﬁ?f&aughtar wan
observed through the 7.5 mg of dbsorber géasaht¢ From the obgerved
activity a value of %%\x .Ye 0f 1,81 x 10¢20 s Gﬂl@ﬂl&ﬁ@ﬁ,

./ 1) Ruthenium was separated from Bombardment 4 some 81z months

“after bombardment at which time only the 1 yo Rﬁigﬁ/;és Tound, Yhe

separation was mede by distillation of ruthenium tetroxide {rom pere
chloric wold und sodium blsmuthete, The ruthenium totrozide was ool
lected in sodium hydroxlide, re&u&éa with sleohol anﬁ the oxide sBeparie
ted, ‘This v &i%salv&&.im hydroohioric acld and f@dua@ﬂ with nng-
nesium to rutheniun metal,

An absorptlon curve of the ruthenium showed the presence of no
radiation other than the 4 Mev beta from the Hﬁ%?é’daught@ro The dowe
eay was followed over several mbﬁths and no acbivity shorber than 350
days S%ﬁ}n. A value of sﬁ\x ¥,Y, of 2,27 x 16{%—%@&:3 @aﬁléulﬁt@ﬁ Por
R}, - .

};f’ @) Palladium was preoipitated with dimethylsglyoxime from o

diluted miﬁ%ie sold solution of the thorium, The dimethylslpoxine



v} (on

procipltets wes dissolved in nitric aclid, wmade bsalc with smmonia
and gilver icdlde precipitated from the ammonis solution, The
gsolution was theun acldified with hydroohloric aei& and palladium
gealn preclpltated with dimethylglyoxine, In one exporiment the
pallediun was mounted und somted, asnd in a esound, the pallediun
dimethylglyoxine preclpitate wae éiaawkvaﬁ in.ﬁi@xiw geld ond alle
guots of this saluﬁi@n pericdlenily milked fox ailver citer eguilli-
bration for one ﬁayg' The paliadiuvm solubion was stored in lusteroid
to avold adsorpbion 9£ $ilvwr by slass whioh ocours %o considerable
sxtont when silver s yfeagnﬁrwnly'in tracer gquantities, The cheniesld
yield of pallesdium was &étﬁrmiﬁaé on that portion of the pslladium
solution not used for milkings,

The grogs a@aay‘curvm of palladium L8 not too useful since two
isotopes of palliediwg, ?&QQ?’ana E&l&?faré present with balf«lives
of 13,4 &ra&;&nd a;‘ar%¢ r&%gaativ&lﬁ; The Liral portion of t&m
palladium gross decay curve was oxtrapolated back on @ 2i<hour line,
tUeing the sbsorptlion daita Qf'ﬁailaw%lgﬂ/fer the J.2 hﬁ@ A@%ﬁ@vénﬁ

Seller, J. A, PR Vol. 9B, No. 7,21 (1946)(in press),

12§

e——— - . - \
21 hr& ?éi%?:iV@\f P.¥e for the 21 hﬁyaﬁd&§3”wa& caleulnted to be
1,6 = lﬁggé”in Bombardment B. In Bombusrdment D the palladiwn wes
milked for 1te 3 hre silver deughtor and the yield was colouluted
to bo 0,8 x 10%88 | -

!/ HJ{} Silver wad separated by procipitation as silver chloride
whioh was dlsgolved in smmonia snd two ferrile hydroxide scuvensings
made, gilver sulfide was then precipiteted, dissolved in nitric
acid and the purification ropeated, ‘The &iiv&r wias Tinally oroe
sipltated an wiivay shloride, The 7.5 day &@&Eizﬁém the only




was found for f % ¥, Y, for Ag

elde

isotope found after decay of Mmz ;‘5,3 %w& éM A value of 1.58 x 210
13" |

Jor

10} gady

made mmmimal, and hy@roxide seavengings mede with fervie apd

Lun was separated an the swlfide, dissolved in acld,

ienthenun hydreoxides, from seld solution silver shloride vas proe

cipiteted, ¥From 2} HCL solution palledium snd antimony aulrides
jore presipitated, The cadmium wes [inally preoipltated s cadmiun
samonium phosphate, | |

From ﬁuz,zbum“iwm Ay the 43 duy &%/ poricd was seperabod and

found to have a %x &?‘,Y. of 1,01 % lﬂ“‘” . From o sbhort bosboprdmend

hoth the 2,3 day G4 15 :mﬁ the 43 day uW waprs sepaprataed and the
43 day isomer found to give o wvalue of 1,28 x 10%€F ror TP x ¥o¥o
The decay of the 2.3 dw\mwww through the 4,5 ;13.‘@ %3l nd the
fact that the pgunmn m;v from the 4,5 .&w& ZW:& 49% o @rava:rtuc’if(w

w e ot AR s e i R 0%

1&) mwmn, J} &:‘i,, and ;?,. f“ boriz, z’sws, Hev. ;_, 988 (L%c})*

i NG

was efmﬁiﬁﬁar@ﬁ m aalaummn@ the flssion yieam of the 2,35 @u
cadmiug, Two values of O’@\x F,¥, obtained were 1,32 x 1052 una
1.43 x 1@&5” for this isomer, o

P J,l) Lin wos xmg;arawﬁ ag stannle mﬁﬁﬁm Yhisg WA dlasolved
in soncentratod acid and an antimony sulfide soovenglng madse from
hot @4 HCL, From sodlwn hydroxide solution, ferele aydroxide,
cadmium hydroxide and columbie coxids were precipltuted, (ollowsd by
a sgoond {errie hydroxlide sacmmmgglng. Iin an agid solution the
anbimony sulfide scavenging was repeated, The tin was ymaip;ﬁ.m«aw@
an mebastonnle acld from boillng nlitrle avid contaloing spmoniuan
plteate to which had beon addsd o few drops of rutheniuwn surrler,

The petastaennic scld was ignited to &311%&11& mounsted on thin slen



) o

or églaa,aﬁ and soverad wlth cellophane,
The isotopes of tin are m o rashey 6o nf“‘mwﬁ gbate, On the
Plubonium Projeoet >z&rmdﬁ of 62 hours, m amyfs and 1%5} dayy wers

found, Orwmil and Wilkinson ﬁ@; mmm ‘7 amy snd a 17 day peariod

,‘Mﬁ-) _f;’éz* tz:mait,- W 'fﬁu and G, Wilkinaon, Ef!iatwﬂm&i?ﬁ {19463,

in i "ée:ma of the ’m day, Resently the 62 hour has been changed o

- "’6 mmﬂ.‘w anl m wg;:pamm;ly iﬁ@mmml with an isotope reporved

}}M aw&nbesm,, By Bus mimm m&mmxaé%&ﬁm i

x.g?) wilkinson, G,, Private oomiug

a&rlﬂ.@r by Livingood and ,;mhwgﬂm/ﬂ mmﬂm» and Forl: mm/{W have

16) Living wﬁ, Je Tap vnd G, T, Seaborvg, Fhys, lov, 54, 715 (wﬁﬁh

: 1;?) m::;&mz;?, liey and 1. & ug&,;pm Ny Shys. Reve 13, 224 (19 ’%}“

L iiiﬂ -

rocontly shown thils lsotope to be ézan\@}/isy deuteron bombardment of

the sepurated tia immmym {\L%Qf and have further zsﬁwm that no

obhor eria} than the a& hour one s Tormed hy d:« utamm %;mm%sa ade ‘mﬁ;
,,;W Ther: i’cm, the 26 houx g:sas:s:'mcl ig the only hmg wd lyad

isotope at mass 121, This leaves tho 10 dey, or 7 and 17 day, and

the 130 day to be placed at ﬁx&\;’@/’é&a& a:m\lgﬁa Already ot usv&g ;m 3]

9 minude perlod whioh iu apparontly tho sarent of m@ 2.7 yr 2&;"%\/’«5

STl o

38} m;mxlay, Co Wep and L, Hg «mmenm, TPR Vol. 9%, .23 (»2&946 ]

{in praesel..

Furthey Hiljfin.cmn’(\ﬁ’r found that ne emt.s.m@ny mmvmy emm ba milkad

iﬁm, (ra&ﬁ&iim“ﬂb?‘i‘&%g

from any of the loager-lived tin lsotopes they observed in the rission



of -me. s\it‘m neubrong,

Iin a long z;aﬁm‘i) sl o nb, % 2,;:& was saysrated about slx months altop

: E:;s;zsz&ééircimax;m end only tha 15 (3} day cerind observed, Jdooayl

‘%.5(3,16215? papriod over two wu: lives, From ¢ shorber bogba
?61’-;1{"{:‘3? B@E’."iﬁéﬁ’ ii Ys@wiﬁa i“ %}f;«u‘ﬁ; ’ivﬁ.'} {iéffﬁg ﬁj‘n& 't;v;u‘a jpg“v&}ya ,)@3;,&'{3{1{\;

were found, The longer mmmeﬁm have nob ym baen revoivad bal o

anbly cne is the l‘?ﬁﬁ@tiﬁy poriod and %:,hﬁa obher may havs a half-1ids

of about 20 days,  ‘The sluninum ammmﬂrtim mwvea off the 7,5 day plus

o small amount of the lemgmr g:»mmmm had a “f*‘»-fmm{ar range of L850 rn,/m?&v
(2,5 #ev) whioh chooks the. reported aium:gy of 2,6 Mev for the 'Lﬁzﬁimg

A gmimﬁW and is :tf.zwsic%mably gmmw fsisun the .L,,u m:,z*v anerny roporbed

1 zw; .s«auw, ,}x ;a,, sz \ml., 9‘5, Ho¥ gﬂ&dﬁ%’%}w

by f}fummt and #1lkinson for bholr ’h%xm 27 étxy por i@ﬁf&%‘ia

Values of Q/\:;a: ¥,¥, have baen solouleted for i,w\f,é houw, 7.5
day =nd 130/ day pericds, the woluss found for the 26 /%m corlod _‘
bolng 1.09 :»tm{?ﬁ ond 0.’98 ® “LN?/’”EL& one bopbardment ond a:}:»* e iW/ .
in mﬂtm:ﬁ For the 7, ;fﬁuy veriod wu.uw of r) 64 x :ﬁi‘f\?‘/mm
0 59 x 1@*3'3 wam found in one bombardment end 0, 78 x lf}“’\aﬁ” and
Oa 7 % m‘iﬁ m anothayp ?wmha«rdmemm The 'L.Mjc‘iﬁy paPiod save o
value of %x Po¥o of (},76 % lM an average of five v luos fop
the same solution, #Fop f:.fw.a 3‘(3&%3633?153 glven in the sbove discussion

~ hoth the 7, %fﬁay and lﬁ@ic‘iw parliods havs beoen 'Lf:mé,u Lvely
slaced at muss number 123,

after ogldution and reduotlion of tha caprier Yo ensure ozohangs, Tho
o s

1y wag separated by precipltation oo the sullfide

gulflde wea dlssolved in nitrlo celd and Tumed %:L‘?m suliueio acld,

The snbimony wes electrolyzed in 456 'i‘%ﬁ%\ ifsz_:ﬁ B Lland onthods Bo

i



wed ffo

3

give stibene which was oollsoted in silvex nltrate solution as

silver &ntiﬁa&ia@,- This was treated with njﬁ?ﬂaalwy ¢ oeld and

antinony precipitated as the sulllde f&&mut%@ supernatant, The

3T e

yial&& in thils %@ﬁ&?&ti&& Were poor but a aarﬁiﬁg to Wilkin wmﬁ*%ﬁ$

X9} ‘z,:z.zmhm, Gey Private €3ﬁimg@iQ'@%ﬁqgﬁmﬁmﬁ_,fi?gﬁygglhmlgﬁﬁ«)ng

vtna &ntimany is very »uve, The sulfide is not o desirveble wmebhod
of wolghlng antimwony and grabab&y sontaing annaiﬁ@ymulw impurities,
making thes results low, 4

Some 12 months after Bombardment Ay antimaﬁy wns soparated 4o )
vébtﬂin the 3.7‘yr&?$BQ§§{fﬁTnﬂ aotivity found bhap docayed o few y@g&f
gent over & peri@ﬁwaf féur months, The aluninom absorpblon surve
j conbained two boebs ﬁﬁmﬁﬁnﬁﬂﬁﬂ, the more ensrgetle of which save o
Faather range of 300 u&,m 0,7 Mev), The activity had g gaman
rays of snergy obout 0,5 Mev ag estinated from e lead absorpbion

curve on B0 gemma o/m, This is in agreement with tho published

data for this i;wtﬂgagiﬁvy A caleulation of 6' % ¥, ¥ for thilg
,1amtm@a cave walues of 0,69 x 16<~9/an& 0.73 = 16*»§”/
‘ 13) Tellurium was separvabed by svaporabing bhe ssmple plus

i caprlor with HBr several Uimes, takling up in HCL snd reducipng the

} ﬁalluriam‘wi%hvwnlfmr dioxlde, Ths telluriuvm was thon ﬁi&ﬂﬁiVﬁﬁ

iﬁ in nltric seld end ferrice hydroxlde soavengings made Leom smmonla

i solution, after which the sample was yraaiyi%&%aﬁ twico mors as

| t@liurium metal with sulf&r dioxide from &vdr&ahlariu acid solution,
The gross tellurium decay curve is qguite comploex and sould nob

be resolved, IHowoever Clrom the growtﬁ of 2.4 hr$ iodlne, a vaiue

of ?%\x ¥.¥s for the 77 ﬁr@?wéiéﬁfﬁ§'1,¢4 % 15?35“wa$ saloulatod,

#1lking & purified tolluriun sanple for lcdine was not sucocsaful




15w

sinoe the lodlne radiochemlical exchange was not guanblintive from
the telluriun solution due to complexing of lodine aand telluriun,
Following the activity of 2.4 hﬁﬁjiﬁﬁins separated M@?iu@ﬁﬁmiLv
frmm ﬂL&ﬁﬂGtﬁ uf L&ﬁ vilpinal somple also geve poor results dus to
Loop @xehaag& af %ﬂa iodine carrier, However Iyom the highost
points on the ourve obtainsd by periodic seperatlons of the Z.4 hig
lodine, a value of 0.9 x 10¢28 %ar<§%\x .Y, of the 77 hig teliuvrlunm
wan obtalned, . |

hiﬁ fodine was sepsrated by Q}Xic%'iﬁii}’}{i the ssmple plus earrlep
with sodiunm wyyoamiayi$o In sodiun carbonate dolatan o pericdatse,
acldlfying this and réﬁuc&ng the lodine with hydroxylamine to freee
iodine whiech wus extrasted with carbon tetrsohloride, The lodine
was re-extracted into dilute sulfurcus sold, reosldized with scdiun
nitéiﬁa and nltric aeld and rawaxcraatﬁé‘int@ amrbcn'ﬁatr&shlariﬁﬂg
Three such axéba&ti&n’éyala& were run and the iodine thon precipitated
a8 silver ¢udi&@ fxﬁm nitrio acid aﬁluﬁlwn,‘ The activity of the 63
day lodine was mbawrvea in samples separated aftey all the 22‘&3@;1
jodine had decsyed, 5o ao interfevence from the 5.3 dey zenon daughe
tox of the 22 hry lodlne oocurred, The velues aﬁ'ﬁ%\x F.¥, wore
f&irly consiatont at 0,9 x l@‘\9f'0¢7 x 102 aﬂﬁ 0.8 x 1 207 Kiove
ever consldering the scatter of polnts in the aoctivity of the 2.4
hrg, iudine ﬁﬁ%@rﬁad in bhese same sanples, 1t is probable thet
complete sxchange wlth the carrier was not achleved,

f'}ﬁ} Gegivum was separatod by-&rwaipiﬁ&ﬁimﬂ of caegium popehlorato
on dilution with alechol after ?umiﬂﬁ m%th m@rﬁﬁimﬁia atid, The
caBlum porchlorate was di $lemm, made basic with anwonla and two
forrice hydrozide soavenging procipitates made, Phe solution was

evaporated, the beaker flamed to elimlnate emnonium ilon and cesium



e ——

again precipitated as the y@rahlﬁr&t@ which was mounted,

about 12 months wfter, %wuhmrﬁ@auﬁ A the 33 j QJ%Q# Wi
sgparated, The aluminum absorpilon ﬁufvw-smawmﬁ.tn@ presencs of
o bata eampanénté, the v‘ﬂual roange snd the Teather renpe of the
more @narg@tia,ﬁﬁing sbout 350 mg/aﬁyf(ﬁ 9 mav), ﬁrﬁ%mm& ray ia
yrﬁa@ﬁt to thw!@xt@ﬂt of &baub 0,65% which hag an epergy of aboud
0,9 ¥ov, This ﬁwmyar@s'W@il with the published date end = scupayl-
gon of the ébmarvad alumiﬂnm absorption osurve wi%h‘ﬁhat of Glendenisn

anﬁ ﬁ@taﬁifé\}g showsd thﬁm ta b p&r%llal.‘ ;S ealcul vblon afﬁg‘x Fo¥o

SR L —— :

2x) Gl@ﬂﬁﬁain Lo B,, and R, Py
' ’l?é&)(im nr@as).

éEenll, FPR Vala 933 Ho, T.5954,

for the 33 yr%?béiyx aglves a value of 5 1 ko 15*\§Viﬂ ageh of tvwo
samples, dince thls valus is hiphser @aaﬁ'%ﬁat of any other sans
nuwsber, the cesium in ons sanple was redissolved end run through
spother series of yuri?iaaﬁian 3tﬁ§s ineluding hydrﬁﬁi&@ soavenging
and suliide Ebﬁ?@ﬁ@iﬂ@¢ Ho shenge ocouprred in the SHecﬁfje aotivity
of the somple indleatling no sizoifleant dmuunt of impuriti&@ WOTe

prosant,

in Bombardment I, cesium wus soparated to study the 13 day wﬁigﬁ'f

a shielded iﬁqtagﬂ, Twe ssmples gave voiuas of ?@\x ¥ of
?aﬁ x 1§§?ﬁ and 9.3 x ib??g. | |

lé) Jarium was separated by precipltatlion of the chloride from
g ooneenbroated hy&raaﬁlsr@c &ei& and sther ﬁalutienﬁ Aafter three
such procipltations, a ferric hydroxide stavenglog precipitate wes
made and the barium reprecipltated as the shlﬁr?ﬂ@, The 300 hgﬁmw

ﬁﬁlﬁgwﬁéﬁ observed in 21l bombardwments, The equilibriuwn mizture of

300 hréybr&ium and its 40 §%z2lﬂmﬁh&nﬂm daughber was counted and

!



@l

| - from this the esotivity of the bariuwn caloulebed, The walues of
} ‘ , @@\x FY, Tound were 2,44 X 16Qf§p 1.96 x 10588, 1,73 x zﬁ%fﬁ and
| ’ 2,15 A lbqﬁé/in Bowbardments 4, B, g)and I regpoectivaly,.

m :L?) Seriun was separebted by first sepavating the ¢ *1533*1% S1e]

the iodate from S nitric acid, Then a cerium hydroxide ?mzlav@@

by a ceriun fluoride procipitation waes pede, The Lluoride vas dlge
solved in b&ria a0id and oeric icdete precipitntsed ia’tha‘y§@$@ma@

of lenthanum hold beok sarrier, The preclpitation of ceric lodats
wad repeated and then a miréwﬁium iodete scevenging procipitation

made, The a@rium'waﬁ procipitated as the hydroxide and finally
prooiplitated as osrous ax&l&t@.

The 270 day hé%¢$ was separeted six wonths alter Bombardmont b,

The activity decayed with a 270 day helf-life with no shorter porlods
obaerved, The absorption ourve showed the pros sence of no aotivity

other then the 270 day corium and its 17 min@ prasecdymiom dnughber,

the soetlvity b zere 3baurbay deboernined by extrapolating the Leva
abgorpblion ourve for the 17 migﬁ7pramaaﬁymiﬁm back to zero absorbep
being about equal to hall the tobtal activity exbtrapolated Lo were
absorber, The valus of Q§\§ Fete fﬁr wé%fﬁf%aa Tound to bo 1, 61 = Egﬁéﬁ/
and 1,73 x l@YQ? " Phe 33 ﬁggg cod4d was determined on o short bous
baydinent snd 9@\ x Fo¥, fop this lgotope was 1, 66 X iﬁ(§§
A8

arths by fla@ri&ebﬁr@a&pitﬁ on after aa&ar&tian of the thorlum

in Wess @yayﬁt@& along with tna rost of the raru

} and zireoniun by icvdate Q?@@ﬁpi@ﬁti@ﬂ, Tha coriun was then sepsras
| t@& by icdate precipitation, | am&rium &ﬁﬁ suroplun wepe thon
geparated Irom the rest of the rare sarths by extraation with
godiun smalgem from an acatate buffexé& golution, The amslgem woas

? weghed with wator aad the seoarium snd europluwn then extracted buok




/ ﬁ:/l9>

. ~;8»

into dllnte hydrochloric aocld, ‘Thiee sush sodiwn cowloen oxbrackion
eyalos wers run, luonthanum nm?@ back caryler bulng added
ousa, The ssmarlun and suroplum were then ﬂmg&r&%@ﬁ by peducing

Y

the @mﬁ&@ium,witn smalegomated zing and precipliating oo

A

’ 'hyara ide with amponia oo : ““ﬂ»-whil@ the europlan vwwan in bho

poduced stute, The somerium was further puprifiod by pescisitetlion

-?x@m mdaaﬁ loastive @urﬁy&um in a seoond eyaloe, The sumarluy woag

'Afinallv n?@@fwﬁ%@t@ﬁ a8 the osxalibe.

In Boghardnent B the 4-'7 ¥k @ SmU was studied, The cotlvity
found contalnsd a 4,5 hour, a 45 hour end 13 day periods so the
sanple was u&ﬂ@&bt@di& sontaminated with prasecdymiun, neodyuiun

%

and probably laathanum, The 45 hour conmponent obsorved waz probably
aamgwg@ﬁ of a wizxbure ol 40 afg7lanhaunum and 47 hr xww“%ump 80
thva valus of §§\x‘k,Yg for this @arimﬁ,<ﬁ,&-“ i “&6 ruprw wonta only
a maximm valus and in probably conalderably lower uis*w the 15 dey
poebivity wag sulile p?mﬁﬁuﬁawﬁ inglisating conslderable inpuridies,

rad- separated by Kﬁﬁ’&?iﬁg # rare garth fractlon

and magar&ﬁiﬁg puropiun from the vapre &ﬁyﬁuﬁ by reductlon with

wandanmated mi; . 4n thio cuss nftor the flest sepsrabtlion, move
lonthanun curplor was added sud twe nore dednntaminetion ayeles from
other rare sarths run. The suroplum was flnally wresipliated s the
Gﬁ%l&t%.b | |
About eipght months afbey %@mﬁmrﬂr@nt A, suropiun was separated

and o low sotivity found whioh was nob rﬁmuvaﬁ by fuwtk@f deconbanlite
tion oyeles and woas assumbd o be Sthe 2 yﬁ? <§f5” Ho abhserption
CUIVE WAs yﬁaﬁibla and the 1#?&?1ty was exbtrapolated to ZOF0 absorber

on the bssiw of Winsbhepsts ﬁaﬁﬁ&ﬁxﬁgi The value @fgf\% Fo%e Pound

B LR Yol O, Ho, iwgéﬂﬁ g;%&ﬁ}{iﬂ nress),




wl e

was ?’afa x lW »
From Ewmhardm@ﬁt B the europlum separated ?r&m the sawariwn

fraction ﬁr&vﬁmnaly desoribed gave aotlvities of 15.4 toues and 15

days, Winsberg's éaﬁﬁ{@aaﬁm&s used to exbrepolate Bhe 15,4 hour

poried to #oro ahe ;orber, 'The velue of 9@\A 1;30 Found for the 15,4

hg@ au&éjfw&% 3312 X l&\\ﬁ;y From the 15 day portlon of the ourve
tnd agauminy the acbivity to be the ddustber of a 10 ‘?? f&\¢§’ rarent
#a &twﬁm& by ¥ %nsbarg%ggi; and further sssuming thet ho sizalficent
saporetlion of ganarium spd aurwy;um ﬁm&ur”ﬁé in thu m&dium,&malfmm
@xtraetian, & process r@quiring soversl hours, a valuoe of g@\a .Y,
f&r the chain of muss 156 was osleulated te be 3.5 x 1@<¢§w

‘ ﬂh@ ”¢Jaiun Yield wﬁ@gtrum gad thae Orossz Seoction for ?iﬁﬁi@ﬁ

The values of the ylelds of the various fisslon produsts ine

vastisated at an average alpha energy of 37.5 Hev have been tabulabed

in Teble 4, ‘Thems are plotted in Flpure 1 in which the diatribution.

of yields of lsotopes formed in ths bombardment of thoriuwn with 37,5
Mev heliwn ionz has been compared to that obbtalped from the slow
neutron. fisaion of @géﬁf” ﬁaapi%@ the spread of the polants it is

at onoe ayparent thet the speetium ig quita ﬁiff@r@nt in the niddle
ragion of the distridbution, Instead of o féctar of 600 in gi@ma
botween the peaks and the minimum as in slow n@utrﬁn'figﬁimn of

U 55,Vth@ra i only a fagtvor of &%muﬁ two in the depth of the dip
in the flsslon of thorium with 37,5 Mov helium ions,

- It 48 slso goen that the zhiclded isctopes Eﬁ@;’wnﬁ iﬁ%%éﬁ%ara
hoth formed in very low yleld comparsd to the unshilelded isotopes,
The value of uuﬁnialééa'ﬁﬁléjﬂia fayr off the dvawn curve and thavrs

is no obvious explanvtlion, This isotope wes taken from only one
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P ' Table I _
i j Yalues of G o % FuY. for Various Isotopes Found in the Bombardment of
Thorium with 7.5 Hev Helium Ions

. lsotope Bombardwent :‘i}’, # Fo¥e (mz\z% Imotops  Hombardeent CS; A® Fa¥e (mg}

W B <&sxm"ﬁ ?»n}‘m(mi}di A 0u 120720
as’ D ~s2.0m10" 7 " A N
pe? ¢ <1.86x10"20 " 5 0.88x10™ 50
pr°® ¢ 5. 69x10" "7 " A 0.77x20”0
" ¢ 2.885x107%7 " A  0o78x107°0
| 5659 A 8,84x10™ 20 20 A N
fv o B 2.26x10"26 " A 0.9ax10"2¢
| a70 A 2,16x10" ¢ Tl D 0.08x20"2C
et B 2.08x10"26 " n 0. 68%10"20
5p0e B 2.25x10"°¢ " D G.62x10"E0
| 2”0 A 1.94x20728 T B 1.44x10"7°
t " A 1.79x107%¢ " » 0.91x10"%"
27 D 2,00x10"26 (5158 b 8020720
" D 1.96x10"26 " D 3.1x10"°0
: 10 2® B 1.01x10°F0 £ 287 A B.26x10"20
Rut8 A  2.27x10°%0 " A B.15x10" 26
agtl i 1.52x10™26 ga %0 A 2.44x10"26
pall? B s 15 66x20770 " A 2.47u10"26
"o D 0.83x10"20 n B 1.96x107%¢
cat ®rz.550) » - 1.48x1.0726 " ¢ 1. 74x10"50
" B 1.32x10728 " g C1.720107 26
cdus{assa ) & 1.01x10™%7 L p | z.28x10"2¢
"o B 1.28x10"°7 4% B 1. 661020
snlh B OuaRx10™8  léd A 1eazxo™C
" ¢ 1.00810"0 0o A 1.25x10" 20
" ¢  0.98x1072¢ 08 p 8.3x1077
9,54 © © 0.98x10"28 e e 4 T
n ¢ © 0.78x10" %8 5, 156 B 345x10" 20
» 5 0. 84210~ 20 207 B 5.1x10" 20
» B 0.50%10™8




sl J,om

S\80,~
f o long bomboedment bub other logge-lived isobopes, e.g. &84 sive
| ‘ m@v@ rogsonable v%&ﬂ@&w +b ooy be that mmmﬁﬁ@w jgotope 18

Befie 2.3 yrg}ﬁ@lgﬁﬂ ﬂkkd%hh,l@ sbundance relative Lo Lo

) ) yod
from. the resulds with slow nsubron {igsion whéﬁﬁ e 2.5 j%@ Qk\f§

has nob yob been debuwoted Luls appesrs to be ii?ﬁﬁb“%l“ o nesnad
A ‘ :i“ %, g ’ 3
m;pzwﬂ&timm iz bh L the | ia}fm&ifﬂ ot mh@ %\3ﬁ “@ shout 15 to 24

voars rather than 33 years, Since the ﬁﬁlizjﬁ bgorptlon Supve Goie
talng two aai;muantw, At would be difficult to find 107 of o shorbor
Tived lsobtope by alis urgtinn &manur@uwuﬁﬁ, and the hali-1ils of
a@m&nﬁ isotope muﬁ@ be long wamumh o meise Lbe deltection %y‘da@ﬁy
OYer @ taw monbhs imponsible with ordinsry counbing moebi vﬂ%a

| SN ,‘ in Figure 1 the sum of lsowerie nuclsl have been plotbed, The

o " isomers of &&@%@fﬁﬂﬂ tné nasuned ilsomers of 51 Eﬁ’ﬁév& %é@ﬁ Sz
| to slve the totel yileld of thoso nupses, o acgound waw Loken i
the curve for the @Q@%iﬁl@ exiptence of any other Lin isvtopo.

ﬁwﬂummaﬁi@a of %hﬂ\valaﬁw Qf‘§§\— . % over the anblre curve
and asguwalog the totel {lssion yield to 2dd up to 200% o volue low
the oross sectlon of thorlua for fisslon with 37,5 Hev heliws ilong
of 0,50 % 0.1 burn is found, The probeble error of 0,1 burn is

. . v welghted
pabinated fron tﬂm distribution of polnate ond the Ly@mu u34d53”m

whioh could Do deawn through those polats othor than the ono draulie

Thig glves a value of sbout 2,%, Por the flasion “iﬁﬁd @f “@{@Q

@&wxaﬁuﬁ in dhe oiiling of the thorlwe dise used in

\ .
i Bombrpdment A& wore snalyzed separatoly ﬁm% Ba, Sy, Sn, Ce, du,and Gdg
henas 1% ig pessible to obtsin a rmmﬁh areltation surve for tho

flasion of ﬁ&mx&aﬁ'ay-malimn Lona,
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Sk gl Lo e

Y

o . |
i o e ) Y oy 8T8 ,
In Table y§ Hho mensured yields 4@&*%@&&@@ 48 ?@\% Vede Fop

th@ lsotopes sbudied In wuch of the various layers ol Lhoriwm Soe
ther with the spesilic bete actlvity of tmt layer, ‘lhis data o

et b

-ﬁ&gttwﬁ ag o logarithnic sonle in Figure 2, It s soun Lhat Closion

oaﬂ%inua& o vocur wall baymn& the ragge of the luping
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