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A swell quantity of Hp237, the long-lived ancestor of the bn ♦ 1 aeries, 
has been lsolnted fron n natural source, the Th^29 content of Tlr^° obtained

2*2 obtained froafro* Belgian Congo pitchblende concentrate and of Th 
B rasilian monazite has been determined Ind irec tly  through iso l 
gc?25 daughter* The mass ra tio  of Up23? to U2*^ in  the Baigia

e <i.6±o.b> x icr12.

iso la tion  o f  the 
an Congo pitch-

The massblends concentrate has been determined as' (1 .8  jh
ra tio  of U233 to Ur™ in  the ease ore deposit i s  found to bo (1«3 ! ° * 2 )  
x The ra tio  of the respective neutron-capture cross sections of
U2™ in  the ore body for the (n,2n) and (r»,gAia) reactions i s  calculated 
to b d ^ lO  £ 0 .6 )  x 10~3 on tbs basis o f ths re la tiv e  Np237 and Pu2®  
contents. '

Introduction.
— 1— 1 1 •  #»

Three radioactive series whose respective long-lived parent nunlides 

are Th23*, U233 and U23^ havo long boon known to  ex is t in nature. In 

reference to the general formula for the mass mssbers of the component 

nuclides these series are referred  to respectively  as the bn, the bn ♦ 2 

and the bn ♦ 3 se rie s . The "missing" bn ♦ 1 se ries  was reported by 

Hage&ann a t al^1)* T\iobs authors prepared 0233# whose mass number conforms

1 *
1* French Hagemann, L* il. K&tzin,. M, U. Studier, ,0.^T. Scaborg and A.

Ghiorso, Phys. Rev.,1 79, b3$ (1950). The decay scheme of the bn * 1 
series is  given in th is  paper* The values for the h a lf-liv es, as well 
as the characteristic  alpha energies, of the members were also taken from 
th is  reference. f

to  the general formula bn ♦ 1, by the.Th232 (n,gaama)Th233,.^fi.-yP23’3 

reaction . They determined the path of tho decay chain between a r t l f i c i  

produced U233 and stab le  Bi2®? and reported the properties of the nuclides 

whioh are members of tne chain. The resu lts  are in agreement with those
V *

obtained by Ehglieh a t a l(2) .  Since Rp237 decays by alpha-particle emission.

2* A. C. f tig lish , T. E. Crarshaw, P. Demurs, J .  A. Harvey, K. P. Hincks, 
J .  V. Jelley and A. N* Mty, Phys* Rev., ]Z, 253 (I9b7).
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to form beta-nctive decaying in turn to U2-̂ , Mp2̂  in considered to 

represent the long-lived genitor of the Un ♦ 1 series, and the complete 

family of nuclides Is referred to as tho neptunium series.

Except for the stable terminal member of the chain, Bi®0?# this family 

of radioactive heavy nuclides corresponding to the formula l*n ♦ 1 has not 

been found in naturê * ). It has boon pointed out by SeaborgO) that

3* 0. T. Seaborg, Chem. fciig. Hews, 2g, 358 (19U7).

uranium-bearing ores should contain trace quantities of Hp237 formed by

the lj23Q(n,2n)U2̂ -- ^— PNp^37 reaction; and it has bden suggested by

0truer, Bonner and Seaborĝ *) that uraniun-bcaring ores oontaining an

ha C. 5. Ournsr. M. A. Bonner and G* T. Seaborg, J. An. Chem. Soc., 70,
3153 (19U8). W

appreciable relative quantity of thorium nhould contain some long-lived 

0*» formed as the result of the Th2 2̂(n,gaana)fĥ 33 , —  u233 reaction*

However, isolation of either Np̂ 37 Dr U2̂  from natural sources has not been 

reported.

In the work presently reported, Hp2^  was isolated from a Belgian Congo 

pitchblende concentrate and the ratios of Np237jt)238 and U233tg238 this 

ore source determined*

Although in preliminary experiments Hp2̂  was isolated from an aqueous 

waste resulting from the processing of Belgian Congo pitchblende concentrate, 

it was evident that establishing the Mp̂ 37 to ratio by a direct 

technique would involve the oomplete dissolution of approximately one 

hundred kilograms of ore concentrate. Consequently, an approach based on 

another member of the hn ♦ 1 aeries w «s used.



The decay of Kp2^  leads to the formation of Th22? (alpha-active,

7«3U x ID* years) ̂ ), and the decay of U2*# loads to the formation of Th2*0 

(alpha-active, 8.0 x 10̂ yeart)̂ ). Since the half-lives of tneae thorium

S* The values for certain half-«ives have been taken from the Table of 
Iso topee of 0. T. Seaborg and I* Pcrlnan, Rev.. Mod. Phye., 20, $85 
(1918). ,

isotopes are very long with respect to the time Involved in processing

an ore bat very short with respeot to the nge of the ore deposit, it follows

that the ratio of Th229 to Tfe2*0, by activity, should be identical to the

ratio of Rp2*^ to U2*®, by activity, assuming that Th22* has been formed by

no moans other thAn Np2*? decay. However, it id to be noted that Tfc22?

mill be formed if neutrons are captured by the Tb2*2 present in small quantities^).

This correction sill be shown to be negligible.

Therefore, a method was devised for measuring the ratio of Th22? to

Th2*0 in a sample containing several grams of fh2*0 (ionium) which had'
bean isolated, in this laboratory, from an aqueous waste resulting from 

the processing of Belgian Congo pitchblende concentrate. The first (laughter 

of Th2*^ is Ra22̂  (alphâ active, 1590 years)(5). The first daughter of 

Th22? is Ra22^ (beta-active, 11.8 days)^ and the second is Ac22̂  (alpha- 

active, 10.0 days)(*-)t

Consequently, it wan decided to determine the Th22? content of a 

Th2*® sample by determine the Ac22̂  content. A procedure waa therefore 

devised whereby Ao22̂  could be isolated and then identified by weans of the 

characteristic alpha energies of it and its daughters^).

The requirements of the technique are stringent, since a virtually 

weightless sample of Ac22$ is required for determination of alpha energies} 

and actinium, a trivaient element, must be separated from divalent radium

****** V***-. M  ■. " * * * * + * * *  - - * * * *
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and lead, triv^lent biswath. and tetrnvol*nt thariun# In carter to obviate 

the much now d ifficu lt problem of 5epar«;in« actinium from rare earth s, the 

T t/^° m a exhaustively purified from row earths (and Ac^S) and the hc^S  

allowed to grow again.

By Manna of a solvent extraction technique, Ac*^ of nigh purity  »aa 

iso lated  and an aliquot of the f in i l  product evaporated on a platinum 

disc fo r  alpha pulaa analysieC^).

6. The energise of the alpha particles were determined by means of a * u lti-  
channel d iffe ren tia l pulse analyser described by A» Gkiorao, A* H« Jaffey, 
H* P* Robinson and 8. B* Wcissbourd, •National Nuclear Energy Scries",
Vol. IV-lbB, Paper 16,8 (191*9).

For determination of chemical y ield , a known quantity of A c ^  was then 

added to the Th?^° and the sample allowed to age. An actinium frac tion  was 

ieo lated  and the quantities of Ae^S and ic*27 preeent in the fraction  

determined by alpha p-. Iso analysis* From these data, the chemical y ield  for 

the actinium iso lation  atop and thereby t ie  Ac^® content of the Th^^° aai-nle 

may be calculated»

E x p crim n ta l*

Isolation of Hp2-  ̂ froa a annplo of T h ^ . — In the iso lation  of 

approximately one microgran of naturally-occurring Pu5̂  from n uranium 

process wasted f t , the aqueous effluents from the f i r s t  thenoyltrefluoroacetone

7« D. F. Pepoard, M. H. Studier, M» V« Qorgel, Q. w* Mason, <1. C. Sullivan 
and J .  F. Mach, J. An. Chow. Soc., 73. 2529 (1951).

extraction cycle were combined and set aside fo r further study. This composite 

aqueous phase was subsea uently evaporated to dryness* The residue was dis

solved in 0*5 M HNÔ end the resulting solution made 0.1 w in  KgCrgÔ * 

a heating period of several hours the solution was saturated with magnesium
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n itr* te  and contacted uttH e ij t it  «<nul volume portiomm of diethyl ether 

(0*3 Jj in HNOj) eulch sere scrubbed success !*ely with twelve half-voluae

portion# of * solution 3 5 Jj In ” ** °*2 i  in  **>)• the « « b i  «d
*

ether ex trac t was allcesd to  evaporate ovtr n t e r .  th is  eqoeoua phaa<* 

was evajxamtel to dryteso .

The resulting residue was dissolved in 5 M NCI end eny plutonium present 

reduced to the tr ie s  lent s ta te  (leaving any neptunium present in the U tra~  

valent s t a t s ) .  The neptunium b a s  then extracted into four suoceesive 

portions of 0,U u thenoyltrifluoroecetone in benaene from the diluted 

eo la tion^ )*  These organic phases ears than scrubbed successively v ith

* 6* This procedure for separating neptunium from plutonium i t  reported by 
L* B* Magnuaeon, S. 0. Thompson and 0. T. Scaborg, Hiys. Rsv*t 78,
383 (1950)*

small portions of 1»0 J  HC1 in  order to decrear- the content of Th2 0̂ and 
239t r i  valent Pu * un til tlie to ta l  alpha ac tiv ity  of the composite organic 

phase (determined by eeanuring tb s  alpha d isin tegration  ra te  of an a liquo t 

evaporated on a five a i l  platinum disc) via reduced to 110 counts per 

minute*

In order to simplify the in terpretation  of la te r  alpha pulse data the 

absence o f  sea proved The proof waa furnished by the removal of 

added Th23*4.

Ehough Tn23U tracnr *aa added to the organic phase to produce a to ta l  

beta counting ra te , under the counting conditions used, of 12,700 counts 

per minute. Following several hours of ag itation  to  permit thorium isotope 

exchange, the organic ph&se was scrubbed suoaesalvely mith six small portions 

of 1«0 V UC1 in  order to s tr ip  the thorium from tne organic phase. Toe 

entiro  organic phase was then evaporated on a five n i l  platinum disc. The 

to ta l  alpha counting ra le  was 26 counts par minute anitrte to ta l beta counting
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Alp to p«tta* analyst* showed ? alpha fsounts per "dnute due to fcp2**v 

*>et of the p a»aA .ting activ ity  was due to Pu2^**

Isolation of t r c ^ n  % Sample o f fh2**« Ao Tracer Added..— A

•«*pl<i of thorium as th* n itra te , containing 8*?7 ♦ 0.09 g. o f T h ^ ten d  

7U g> of Th2-* ) , iso la ted  from an aqueous « « t«  resulting froa th* processing 

of Belgian Congo p i tci blende concentrate for uraniun, « u  extracted Into 

approximately 10 l i t e m  of 0*6 M solution of thenoyltrlfluoroacetone^)

9* ttmnoyltririaoroacoU.no woe obtained Ono* Dow Chemical Co

in  benatn* s t  a pH o f u m t y ^ ) .  This solution wan scrubbed with several

10* tho axtraction coefficients for actinium and thorium froa an acidic 
aqueous phase into it benaen# solution of thanoyltrlflttoroscstono ars 
given by French Kagwnann, J . An. Cham. Soo#, 72, 768 (19^0).

small portion:! of 0 .1  M !»HO-j to reaove tr ic es  of rare sortha, yttrium, and 

•ctiniiw . The solution n*s titan allowed to age for 80 days to pera lt the 

groath of Ac22$ from the Th22^ present.

At the conclusion of the ageing period, the Ac22$ was removed froa the 

organic phase in to  « small volume of aqueous phase by scrubbing the organic 

phase *ifch three auoctnaive 200 n l. portions of 0.1 M these

aqueous phases being auccesoively contacted with two 300 nil. portions of 

0.6 M thenoyltrifluor*. ;»cetone in benaene followed by two 300 ml. portions 

of bentene. The bense te-thenoyltrifluoro.icetone extracts containing the 

Th2-*0 wore combined, Ac2c? tracer waa addnd to c portion, and the extract 

allowed to age for the crperiuont described in the section, Iso la tion  of 

Ac225 froa a Th2-*0 Sample, Tracer Added*

The oomposite aqioous phase, containing radium, bismuth and lend 

daughters of Th2-*2. of Th4’*0 . and oi* Th22* and rela tive ly  large quantities
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o f th2)0 and Th2i2 in  addition to the deaired Jto22̂ , eaa evaporated to dryness. 

The residue was dissolved in a w a ll  quantity  of water and the solution 

converted to 10 wl* o i  saturated ammonium n itra te , 0.3 M in HNO3.

Thia aqueous feedI was than contacted successively with four 10 si* 

portions of dibutoxy1^traeth,vlensglyaoX(*1,) # to extract thorium followed

11. DlbutoxytetraeUv Uiieglycol was obtained froe Carbide and Carbon 
Chemical Corpora Mon.

by two 10 *1. portions of tribu ty l phosphate^2)* to extract actinium,

12* tribu ty l phosphate, the n-butyl orthoeater, wan obtained from Com
mercial Solvents Corporation.

leaving radius in the aoueous phase. (Each oi these organic phases had 

previously been pra-equilibrated with a large volume of saturated ammonium 

a itrn to , 0.3 JJ in UNO-.*} The aqueous fe e l was then followed. In the ex

traction  cycle, by one 10 ml. portion of ammonium n itra te  scrub (saturated 

snBoniun n itra te . 0 UJ M HNDj)*

The dibutoxytetraethyleneglyool phases were then discirdad. The two 

t r i  butyl phoochats phasso, containing actinium and traces o f radium, were 

contacted successively with two five ml. portions of ammonium n itra te  scrub, 

in  order to reduco the rndiun content, then contacted successively with 

three ID n l. portions of U M HNÔ in order to transfer the actinium to an 

aqueous phase. The aqueous re-extract was scrubbed with carbon tetrachlorido 

to remove traces o f tr ib u ty l pto«phat*(l3) and then evaporated to dryness

13. This technique fo r  removal of trace quantities of tr ib u ty l phosphate 
is  recommended by J .  t .  flnrf, J . Am. Chen. Soc*. 71, 32$7 (I9li9).

with 4 heat lamp, taking caro net to heat beyond dryness.



The residue wen Viken up In two i lU iU U n i  o f saturated anmonlxi* 

n i t r i te  end the above cycle o f dibutoxyVstraethylonoglyool and tr ib u ty l 

phosphate extractions repented on a seal.* one-fifth  of the foraging*

The f in a l  water re-extract warn evaporated to dryness and the residua 

allowed to  for 21 hours to  permit Ac22® and residual Pto and Bi isotopes, 

not of the serins, to die out to a low valuer

Another attraction cycle on the some scale was then performed. The 

fin a l aqueous re-extract was then evaporated tc dryness and the container 

heated with one m il l i l i te r  ol* 0*02 U HN0V which was then evaporated to 

about 0*2 ml. This solution was then saturated with asmoniun n itra te  and 

contacted successively In a sing le  centrifuge cone with two 0*10 ml* 

portions o f  tribu ty l phosphate* The tribu ty l phosphate phases were combined 

and an a liquot evaporated on a five  n il plstinue disc for alpha c o u n tin g ^ )

Hi* Alpha counting wan done with a eethtne proportional counter with an 
approximate $2% gecnekry fac to r. Beta counting was done on the f i r s t  
she lf o f a Oeiger-Muller counter, f illo d  with neon-amyl acetate gas, 
with a window thickness of approximately 2 mg/ca*, using appropriate 
aluminum absorbers to prevent counting of alplia particles*

and fo r measurement of alpha enorgiea(6), The date are lis ted  in Table 1* 

The alpha pulse analysis cur»«s are shown in Figure 1* The two curves 

pertain  to the identical aliquot countod a t d iffe ren t bias settings and 

for d iffe ren t counting times.

Iso lation  of Ac ' ~f r om a Sample of Th230f tr a c e r  Added*— Using a 

shortened version of the preceding procedure a sw ple  of Ac2*? was separated 

from i t s  daughter a c tiv itie s . This isotope of actinium las two modes 

of decay, approximately 1.2% of the decaying atoms emitting alpha p a rtic le s  

and the remainder emitting beta p a r t ic le s ^ )*  The energy of the beta

15. M. Perey, J . phys. rad ., H>, U35 (1939); J* chim. phys., 155 (19U6) 
S. Peterson and A . Ghiorso, "National Nuclear aiergy Series", Voir.
IV -  UiB, Paper 19-10 (I? !# ).
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partic les 1® too lo* to permit th* uss of buta counting *» an ***** taebnioee. 

Homavcr, eUndnnUtation of &n | * ^  solution by determlnatt®*) of ta t  alpha 

disin tegration  rat® sstocix ttd  with a certain aliquot 1* easily  aecoepUsrtad 

i f  the alpha p*rtiolea f i t t e d  by the A*522 may be distinguished froe the 

alpha p a rtic le s  e n ttu d  by the daughters of 'c*2̂ . CeasenusMly, a solution 

of th is  isotope » «  standardised, lenedU ttly  a fta r  purification , by daUm litlng 

through alpha pulse a ta lyais, the m o to r of alpha d ls in teg rttio o t par minute 

ro tu ltinc fro® the nl ^-branchirifj of tha Ac22* contained la  aa aliquot 

evaporated on a plaUntr* disc. (Tha energy of tha p& rticlee considered 

la  su ffic ien tly  d ifferen t fh>« th a t of any of tha AcW daughters that no 

d ifficu lty  i* txperienerd i f  tha aaaplo la a fraahly puriflad  ons.)

An a liq u o t of the standard Ac222 solution corresponding to U20 c /a
»

dot solely to alpha branching mss addtd to a portion of tha batuana* 

ttoancyl trifluoroacato.it ax tra c t,  described in tha pracading amotion, coo- 

talnlng 5*31 £  0.05 g» of Th2*® (and 1*5 g. of Th2^2}. (Thia portion of tha 

ax tra c t had bean nixed e ith  300 ml. of 0.1 JJ KKÔ  immediately following 

tha iso lation  of an actinium frac tio n  a t daaoribad in  tha preceding maotloa.) 

Tha mixture mat agitated for qiproxlmataly 30 min. each day to prevent tha 

acourulation of Ao22$, .10 formed, on tho mailt of tha container. Tha 

extract maa allomed to ago fo r $6 days.

An mctiniuH fraction man than isolated by the method daaoribad in 

tha preceding section Tho f in a l  tribu ty l phosphate ex trac t mat evaporated, 

in  approximately equal parts , on tmo five n i l  platinum dimes. Out of theta  

sanples wne irwediately tubjro tad  to alpha pulse nnalyaia (to determine 

that fraction  o f the to ta l alpha no tlv lty  due to Ac22^ and tha t due to Ac22^ 

and i t s  daughter a) ani the other mas concurrently subjected to alpha counting 

in  n counter calibrated a t  approximately 5& g eo m e try ^ ). The data a rt 

included in  Table 1. The alpha pulse analysis curve in  snomn in figure 2.

The bias se tting  and counting tin e  d iffe r free  those used in  obtaining ta t

data of figure 1«

%
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H o tH in  »f m  r m u o *  tor n  a W  U w l* *  *» ?>**or
— «IW  —  o » «M * [>*  i  w M P d v w * *  - » « ^ a S iiil f t a iw K '- (p te c M M M o i i . sdv*  f tM M -Q tjia ^ y w M a M  ^ '.rui X t ^  > i m m i »w u  ’ w w U l i  * » ! ■ » * * > ^ ^ H r f> .o a EMV?,y *’f t « i

•  k **mU  of tto r to  *« tN lU^m# WtraftjMrot* P * V  dd****^*# *#* '****»

J&- Tha ttwrui* n itr* t4 # trim u*M»*y U**»t ■.»*><■ n *  I &**,
n*4 M u M M a*. fro# « »m m * n  MMMMita M**M»tr*** * i«  ofttrou**** 
fh and t  MOtmM « f (4 art O.JJt

• « u l ;  mm trUafTM* of mm au«oiv*4 m  U  H u «  of

dibtttoxyUU^rUtyUm?»lyooi l»jr k«K lU r r if t l  *1 wmm« U a p f * ^ * .  IlM 

a lf t r tfu d  oolutte* Via WNTTltoad »IU* l if t  500 til* {MTUdw *? d » mmmlm  

n ttrf tta . Tha ofctraet, oontuntog W  * 10 (« of Td8*** **i U w  i i U M  W 

if«  to r day*.

M  tha eoneloaun o f U«« again* p*rU»4, Cm **a oanWVM Mid

four 293 ml. portion# i f  aaaoHua n itra te  »crM  (aaurated  M U M ,

OO J  la  UMUj} la  ardor u> a trip  tea M U taw , taavua Ida Ifcarmr lit u*  

organic pftana* that* aqoaovui phaaaa vara item *«*>*r*uiy and tvaan »*i»alj 

oontaotad aitn  too 2$t> n U  uortioaa of t r lb a ty l  pteMpdate# In onter to 

•aparata aatlalisi f rw  r t 4 l i ,  a to*

Tha dttttUxyteW^nt!iyl*n#glyool phanaa k m  coMunod « lin  Um lar^a 

dibv»U}jgrUtr4«th^L«m>|,lvcol a ttra c t. Tracer la 2*? cm  *io#d «rirt th# aatroat 

allowed to aft* for the axparlaant uaaorlbad u  tho aa«Uon* laoU lic*  of 

on loU m aa Fraction I ron a  Snnyiia, Tradty lUMad.

Tho trlb u ty l phof phnto p lanaa aara thon oontacud aucaaaalavly vltfc 

th raa  12$ u l. portions o f U * HK)^ Tho oocftiited tqvaoua n -« * tm c t, 

oontainJLng actinic* and rontanlttaitte. «*• acrtftead olid  carbon UiracftUruW  

to  rawova traci# of t r ib u ty i  nboaphita and than avipc rated to drynaaa *lth 

a  boat Im p, Uklrm earn not to boat bnyond dryrww.

Tho Kftttdua tout cloaolvod tn a m a il  quantity  of oato;* and tho •eUUw* 

oom artad to 10 vl« oi onturatad amoolun n i tr a ta ,  0 .)  £ la  HK^» Tho 

tachniqua uaad for tho iso la tion  of an aotlalm i fraoUaft frxM a TV ^  uap^U 

was than uaad. ba^nning a t  tna f l r a t  dibutixytaUaathylMvoglyool and 

tr lo u ty i  pho*phat# c>oia, Tho data y-v U atad In Ttbla 2*

m
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Isolation of an actinium Fraction fro^  a Th232 Ssaple, Tracer Added'-*- 

-  An a ll quot of the p andard solution corresponding to U20 c/m duo

solely to alpha branculn; war added to the dibutoxytetraethyleneglycol

extract, containing 962 * 10 g. o f Th232, described in the immediately
« •—

preceding section. Following a 73 day ageing period, an actinium fraction 

was isolated according to the procedure of the preceding section, beginning 

with the saturated a^nonLun n itra te  scrub* Tha data are included in Table 

I*

Results and Discussion*

Fro* the data of Toole X and the value of the h a lf - l ife  of Ac22$,

10*0 d i j f » ^ # the ratio  of Ac22  ̂ to  Th230 by mass a t  secular equilibrium 

is  calculated to be 9*9 x 10"^* This figure should probably be s e t  at 

(9,9 ^  0.8) x 10“^ .  from tnla ra t io , values for the following mass 

ra tio s , a t  secular equilibrium in tho ore body, may be derived! Th2*9 

to Th230, C 3 .li  ♦. 0.3) x KT10 and U233 to U238.  (1.3 * 0.2) x MT*-\

Table 1

Isolation of Ac22® froa Th23®

Ript.* Th2» Ageing Ac2^  isolated H eld Ac22̂  content
(8) (days) (c /*) (*> (c/m)

1 e.77 80 22? - am

2 5.31 56 153 hU-5 M**

•  Ejrpt. 1 involved n^ Ac2*? tracer. In Expt. 2, Ac22? tracer was addod so 
that tho cnemical yield oculd be determined.

«» Since the feed solution of Th230 had aged £6 days and tha pttfold between 
iso lation  of the Aa22'  sarple froa the Tb2*5 and alpha pulse analysis of 
the aliquot was 2ii hro., the content* represents 16»1& of the
maximum value.

. *vv.  HAjUfn#. “ > ri»**A*



However, in  order to cal cute t© the to U23® ra tio  the contribution

to the U233 content resulting from the Th(n, ganma) inaction oust be 

evaluated* I t  ia  tfccmgnt that th is  contribution nay be calculated with 

reasonable aocuraoy r̂ow the experimental value ibr the ra tio  of Th22? 

to Th2^2 in  a ore.

KToe the data of Table 2 the r a t io  o f Ac22^ to Th2**2 a t  secular 

equilibrium is  calculated to be lees than 1*1 x 10~^ and nay certainly 

be assumed to be lee? than 2 x ID-1? , from th is la t te r  figure the mass 

ra tio  o f Th22? to Th4̂ 2, a t  secular equilibrium in the ore body, is  calculated 

to ce lees than 3 x 10 ^  corresponding to an upper lim it fo r  the  U2^1 

to Th2^2 mass ra tio  of 7 x 10^3.

Table 2

Isolation o f  Ac22^ fron Th232

Expt.* ThZ32 Ageing Ac225 iso lated fie ld Ac22^ content
(g) (days) (c/m) <« (o/m)

1 985 36 <5 - -

2 962 13 O 51.5 <6«

* Sxpt* 1 involved no Ac22? tracer, in  Expt* 2, Ac22? tracer was added 
so th a t the cheniaal yield could be determined.

** 3ince the feed solution nad aged 73 days and the period between iso
lation of the Ac22> sample from the rh232 an(j pulse analysis of 
the aliquot was 2U firc», the »Ac225 content11 represents 85*136 of the 
maximum value.

In order to co rrect for the contribution from the Th232(n,g.*n3a) 

reaction to the Th22^ content of the Th2 0̂  sample of Table 1, use was made 

of the data of Levine and S eaborg^) who found th a t the Pu2-^ to U23^

17. C. A. Irvine an t Q* 7„ foaborg, J . An. Chom* Soc*, 73, 3278 (1951)*

ra tio  in  a Belgian Congo pitchblende sample was approximately 1.5 times the 

corresponding ra tio  for a  Brazilian monaal te  swnple* They suggest that the



lower relative Pu^9 content of the la tte r mineral is a result of neutron 

capture by rare earths. On this supposition, i t  appears logical to assume 

that for the pitchblende and ronazite samples the respective rates of 

conversion of Th2^2 to U2*̂  should equal the ratio of the respective rates 

of conversion of U238 to Pu239#

Consequently, the maximum contribution to the Th229 to Th2*5 ratio in 

the pitchblende sample should be equal to the trip le product* (Th22̂  to 

Th ratio in the monasite sample) timee (the factor l.$  umntioned above) 

times (the Th2^2 to Th2 0̂ ratio in the pitchblende sample). In tfte work being 

reported, the Th230 ure(i been isolated from Belgian Congo pitchblende 

concentrate, and the Th2̂ 2 u8e<l ^ad been isolated from Brasilian monaaite. 

Therefore, i t  is fe lt  tin t by the Introduction of ? factor of ten (to 

cover sample differences within a deposit of Brasilian aonasito and within 

a deposit of Belgian Congo pitchblende) the contribution of the Th232. 

(n,ganna) reaction to the Th22? to Th230 ratio  in 'the pitchblende concentrate 

used in the present work may be calculated by the above method*

Since the mass ratio  of Th232 to Th2 0̂ in the oarple studied is 

8.1*0 the maximum contribution to the Th22^ to Th2̂ 0 mass ratio  by the 

Th2^2 (n,gamma) reaction is  calculated, by th is method, to be h x lO'"*2.

This value is considerably below the experimental error involved in  the 

determination of the Th22̂  to Th2-*5 ratio .

I t  is  concluded, therefore, that the source of the Th22? is  Wp2̂  

formed by the ll2̂ ( n ,  2n) reaction. The Hp2̂  to U2^  mass ra tio ^ )  io 

then calculated to be ( l f8 0.1*) x 10” o
239 238This ratio may be compared with the Pu tol l  mass ratio  of 

(1.5 ♦ 0*2) x lCT1* for e sample of pitchblende concentrate from the 

sane deposit.^^ Since the ratio of the respective rates of formation of
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M p ^  and pu2^  i8 the name ae the ratio of their respective activities as 

measured in the present ore tody, assuming no appreciable variation in 

the neutron flux over past ages, it follows that the ratio of the res

pective neutron capture cross sections of 0^38 in the ore body for the 

(n, 2n) and (n, garma) reactions nay be calculated to be (1*3 * 0.6) 

x Kr3„
The neutron flux in assumed to be contributed to by neutrons resulting 

from: spontaneous fission of the M̂ (a,n)l#2 reaction where is a

light element such an Li, Si, Mg etc., induced fission of Û 35 and cosmic 

rays. The importance of these various neutron sources in ore bodies has 

been discussed by Seahorg ot al(3)(18) Qirner ot al^^, Levine et al^1?)

18. G. T. Seatorgpind W. Lo Perlmar, J. An. Ghent. Soc., 70, 1571 (19U8). 

and Peppnrd et al^)£
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