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DIAGRAMMATIC SUMMARY.

For ease of reference the whole 4n + 1 series as it is known up to
the present is charted in Pig. I. Vertical transitions are a-emissions
and diajzonal, Pe-emissionse Full lines denote the main sequence of the
femily and broken lines a branching which is not yet eoftain ;nd is less
than 3% of the main route. |

Table I summarizes the data on the series. Figures marked (¢) are

by T+E. Cranshaw,







4.

NTRODUCTION

.o .
R

Three redioactive seéries are known in nature, the thorium series -

(mass number 4n where n is an integer), the ursnium series (4n + 2) and ' - .

} ,
.

E_
L
1 <
E
P
:

.

?

.

the sctinium series (4n + 3),
In 1923 and 1924, at & time when the mass assignment of enly the therium
and uranium series was lmown for certain, Widdowsen and Russell (19,26) de=

duced that there were probably only four independent disintegration series

D 20 S

of which three were lmown, and they predioted for the fourth, the 4an + 1,

& route passing through an isotope of 89 and the "missing" elements 87 and

[ '85 to end in B5°°%, An wsuccessful search was made for an emanatiom of the
if , ~ wknown familye.
| A few members of the new series had been prepared by 1940 and Turmer(18)

i 4used the regularities in the diafributien,of isotopes to make some quite
£S4-" aécurafe predictions on the disintegration sequence.
F In Br 499, August 1944,'?. Feather, using the regularities of Geiger-
Huttall relationships for the isotopes of an element, critically'examineé
. the 4n + 1 series and dééuéed probable life-times and cnergiss for the pog=
sible disintegration products after w33,
Of the 4n + 1 serié#, h@ radiggctiye member has been found in nature

but several have been prepared artificially. -The first was Th®°o in 1935

by Fermi et al.(l), & peemitter of 23 minutes half-life formed in the re=
action goThzsz:(Ealj 90Th233.' Other workers have investigated this sub=
gtance (24,25,2,3) and it has been produced by the reaction goThzsz (dsp)
90Th?3% by Gofman and Seaborz (10)e -

Daughter of The33 ts Pa238, 27,4 day p-emitter which was dissovered
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by Meitner, Strassman and Hahn (2). The doubts which later arose ahcut
these two substances {rom the discovery of fission b& Hann and Strassman
were cleared up b the resenrches of V. Grosse, Booth and Dunning (3) und
Seaborg, Gofman and‘Kenneay (4)s Gofman ard Seaﬁorg (10) have shown the
production gf PaZJS by the process goThzsz(gig) 91Pa233.

U2$35 derived from the decay of Pazss, was first separated and exan-
ined by Seabory, Gofman and Stcughton (5) and it is on the disintegratien
products of this substance that the work in this report is based, tre Pro- '

233 yy the irradistion of thorium with

duction of milligram quantities of U
neutrons in a pile having made possible tho'investigatiun cf the main part
of the 4n+l series. UPSY ig geactive and the latest fizure for the half-
life is 162,000y (6).
Another radioactive product of the 4n+l tyvpe is 287 discovered ty
Nishina et al (7) and McYillan-(8). It is broducad in the reaction
Lk .
92U%°%(n,20) 5-U°°" and is a 5.3 day p-emitter.
The daughter of o,U°°’, invectigated oy Wahl and Sesborg (9), is a=Np237
: ghter of 4, » investigated oy Wahl and Sesmborg (9), is o3Np°',
: A 233 G .
an g-emitter (and therefore a parent of Pa ) of 3 . 10 y half-1ife.

The upper part of the 4n+l soriss as it was krown up to the time of

the irvestization riven in this report may, therefore, be surmarized in the

No2S7
following diagrans 93°P .
/ 3.100y .
) 237 233
‘ 92U 92! s
6.8d 1,62 .. 10"y
v
233 -
gira
27,44
’,///)7 Jl
.. h’z :
'23m t ? long-lived
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In addition to these substances, another 4n + 1 body has been made.
\ . pb299 45 & 3.3 hr p-emitter discovered by Thoraton ead Cork (11)s It is

produced in the reactions:

o anPb298(d,p) go70209 (11,12,13,14),

52P208(n,y) gPb°%° (15),

209 (15).

209
33BLl” (n,p) gafP

Pb20% decays to Bi209, the stable isotope of netural.bismuth.

The disintegration products of U233.

The purpose of the work reported here was to irace the route of

the 4a + 1 ‘series beyond ﬁ233. The search for the disintegr;tion
products had to be guided by.the fact that the daughter of 1233 4g
long=-lived since there is no obvidus growth of g~- or j-activity in
the substance, and the problém was, therefore, the detection snd
extraction of very small aétivities from a comparatively highly
aetive sample of Ue33, -

¥ith the usual essumption that a- and 3-emissions are the only transitions
in the series, the map of tho probable alterrative routes of disintegrations
following 1233 nas been drewn in Fig. 3, where the limits given are the same

as those used by Feather {Br 499) and are dependent mainly upon considerations
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of p-stability of nuclel. Frequent referensce to the diagram will be made
in this report snd the route finally derived from the ‘evidence is shown by

double liness

238
'1‘1"16 sample of 2338 used in *!‘;.l'xis work was extrasted by Dr. Goldsohmidt \
and f.zolleatguesX in October 1944 from a number of thorium carbenats slugs
irradisted in the Site X piles The uranium, about 23 mg, contained in .semse:
tens of grams of thorium, was passed on to me for final purificatiocm. 4 ‘

" diethyldithicoarbamate extraction in the p.reseno_e of tartx‘-ate m‘ at pH 6
was first performed to separate the main bulk of the therium, and then &
fluoride preocipitation to take out the few milligrams carried ever. The
purification was oontinued by a fluoride precipitation with 1 mg ef La and
a2 final peroxidé precinitation. \

.The precipitate was dissolved in the minimm of nitrio asid and made
up to 25 ml, Total g-comts in the solution was 238_.10.6)hin in the effi-

_eieney of our g-ceunter whieh is about 60%. Fer a half<life ef 162,000y (6)
for v233 this would mean sbout 22.8 nge |
. ‘In the early part ef tﬁe work, 10 ml of this solutien or about 9 mg
was used and.later, 12.5 ml or about 11,4 mg.

~ The isotopic purity of this samble of Uzs"". has not been msasured but

_ _prasmbly it :L_s very a_imil'nr to that of etl_mr _apeeima. obtained in the same
‘way for which & recent figure is 95,8 & 0,58 S
- No ﬁ-c‘omﬁé-mre vigible in the end-on Geiger-lfueller cownter in "

sample of 2000 g-cownts/mime

X Chemistry Monthly Reperts, Osteber 1944,
& MUC = AJD = 59. (Dempster) March 1945,

]
- R . . ' . . N -
s . - h - . .
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PRELIMINARY NOTE O INTERFERENCE BY THE NATURAL THORIUM FAMILY

Two months after the beginning of this work, information was received*
from Seaborg's team that the 0235 extracted from neutron bombarded thorium
contained a certain percentage of the isotope U232' an g-emitter of about
' 30 years half-life (10) which is also produced in the irradiation, possibly
by & U235 (21_35) rgaction. 920232 decays to 9ORiThzza, 1.9y c-emitter of

he natural thorium series and parent of ThX and the rest of the series down,

The figure given for 1%% contamination was one a-particle f¥om 7?32 g
2000 from ¥°5, The half-life of Th22%, the daughter of U233, is very long
since samples of 0233 show no change in counting rate in a long time so that
the ratio between activities in the thorium series and the new series after
the thorium isotope can, conceivably, be of the order of wnity.

It will be shovm that extracts of a radium isotope from our sample of
0233 always contain ThX, 3.6 day pareat of six radicaetive shorter-lived pro-
ducts, & fact which complicates the investigation and necessitates some delay
before reliable work can be done oa the serieso

The carly work was performed in ignorance of the above facts and it is
fortunate that the results are nct invalidated simply because the time during
which some samples were kert for decsy mecsurements, before furthsr examina-

tion, was sufficiently long (over ten days) to reduce the ThX contamination

to a fraction of the new series activity.

RADTUM AWD ACTINIUM ISOTOPES.

Extraction of a Radium Isotone.

The search for a disintegration product of 253 was begun at the radium

isotope. Because of the considerable difficulties inwvolved in the use of

& Letter from Huffman to Cockcroft - E.J.ReH. 52, Jan. 25th, 1945,
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thé usual BaSO4'metho& due to strong adsorption effects and the re-
calcitrant nature of the precipitate, it was decided to use the pre-
cipitation of Ba(N’OS)2 in fuming nitric acid solution,

The method was tested and found to.be most efficient in the
ceparation from uranium, The fraction of uranium cerried down by 1 mg.
of Ba(NOz)s from tracer quantities of U was less them 1/5000 so that
two or three cycles would be sufficient for the elimination of several
mg. of 233, . |

The Ba(NOz), precipitetion is recognized as & reliable separation
for radium from most of the elements of the top pf the periodic table
except lead. In .addition to uranium, sctinium and thorium are not
carried dqyn, a fact confirmed for tracer quantities during this work
since neither the radiothorium known to be precent in the U232 solu-
tion nor the actinium isotops shown %o be present in the 4n+¥l series
have appeared in the separsation.

Protaétinium in one experiment followed the barium nitrate preclp-
itate to the extent of 10%. Element 87, being an alkali metel, can
be expected to remain in the solution and an emanation could not inter-
fere, The method, therefore seems tb be relisble for redium in the
presence of, at least, elements irom 86 to 92 with some care needed in
the case of gy Pa,

For the first extraction attempted, sbout 18 days after the puri-
ficatien of ths U253, 10 ml. of the solution conteining sbout § mg,.
1233 uas ovaporated with 2,5 mg. Ba(NOz)z to & volums of about O.1 nl.

with nitric acid in a 3 ml. centrifuge tubs and treated, cold, with
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10,
046 ml, fuming nitric acid. The precipitate was separated, washed three
' times with portioms of fuming nitric scid, redisselved in water and
transferred to a clean tube.

The process was repeated and the first filtrate from the second
precipitation was found to contain only 2000 a-counts/min. , indiceting
that contamination of the precipitate by U233 should now bs about l/SOOOth
of 2000 counts or less than 1 cownt/min. The precipitate was washed twiee, ‘
ﬁansferred to a gold counting~-tray and evaporated to dryness with nitrio
acido Yield of Ba(NOz), in the operations wes in this case 80%.

This became the standard procedurs for the subsequent extractions
made at intervals of & few weekseo

First evidence of radioactive disintegration products of 0233

The first barium extraot obtained showed an a-count of 270/§nin and
exhibited a complex desay curve having periods of the order of days.

- AB _previously explainpd, a f_resh extract of Ba(ﬂos)2 from our sample
of U233 (+0232) probably contains ThX. The a-activity decay curve of cne
of the later, more active extracts is shown in Fig. 4, Curve A, where it
is clear that there is & shorter lived component which may be ThX and,
from the shape of the curve, some other portion which is not & simple expo=
nential decay sinoce there is a distinct .inflexion in the curve.

This was the first qualitative evidence that soms other activity
besides the possible ThX could be extracted from the spscimen of U233,

Detection of hur related a-&isinteirations.

When the first extract was ten days old, a small portion was examined

by Mr. P. Demers by deposition in the emulsion of & photographic plateo*

% Physics Monthly reports =« Dece 1944 and Jan. 1945.

-
_
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He was eble to show the pre'sance.of' fw'r-'track 'sﬁ&ré' in the esulsion
~ of the plate from four a-part:'_lolu originating in the same nucleus, and that
" there was no period between the first and last a-emission which was of the

order of one day or greater. Demér‘; found thet the energy distribution of
the four g=particles was not the same as that ef the ThX series particles
although we now lmow that probibly_ up te 20% of the stars were dus te ThX.
If these four a-emissions belong to the new series and follew a r'adium- ig0=
tope, it would seem frem Pig. 3 that sll the required g-particles at the end
of the series have been found.

¥r. E,P. Hinocks and Mr. T.E. Cranshaw n;nn.sm-eclt the energles of 1:hc

four g=particles in the high pressure jonisation chamber and pulse analyser
and the latest measurements by Cranshew and myself give energies of 5.8l,
6433, 6497 -mé 8428 for the four min.pea.'ka. seén in the pulse analyser.
These energies are different from sny of the three kmown families.

Detection of an aotinium isotope in the serie's and the f-activity ef the radium,

From the evidence given up %o this page, it is not olear whether the
radium izotope extraéted is q= or f-active er both and the impertance of
the ThX centamination has net been establisheds The follewing experiment
was the first to indicate the solution to these preoblems and the regelution
"of the decay curve given in Fige 4 (A)e

A barium nitrate extraoct was allowaé to decay for 12 days and then re-
precipitated by the fuming nitric acid method, It was found that only part
of the g-activity oame down with the precipitate while the main aetivity
in the filtrate could be carried dovm by a préeipitatim of lanthanum fluo-
ride, indicating sn sotiniun or thorium isotope (gee Fig, 3) and no other
eiement from at least 86 to 92. This fraction showe@ e simﬁlo expenential

decay of about 10 days while the barium nitrate fraction showed a regrowth

& Fhysiocs monthly reports - Dess 1944, Jun. 1945,
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of geactivityo
To differentiate between the two possibilities of actinium and thoriwm,
& precipitation of the activity om ceric iodate in N nitric soid wes attempted
and 1t was found that only a smll percéntgge appeared with the presipitate
showing that the substance ig an actinium rather than & thorium isotepe. It
is lmown that actinium can be oleotrolyse-d onto the cathode in weakly acid
cenditions and this phenomenon has been observed with thé new astinium during
& long series of electrolyses of & nitric acid solution. After several hours,
the acid had been reduced to such an extent that the actinium wes able te
deposit,
A specimen ;af the actinium examined in the large ionisation oh.amber
and pulse analyser showsd the presence of all four of the new a-emitters
originally detected in the radium isotopes As will be shown when the series
is considered as a whols, the Geiger Nuttall relatiomship between energy and
half=-life indicateé a period“ of some days for the lowest energy a-smitter
(5481 Mev) and since this is always present in a fresh precipitation of the
new sctiniwm, it probably belengs to this members There is further evidence
" laters ' v
If we may entioipate the more definite proof that these new activities
.are really in the 4n + 1 series by the idemtification of the slrsady known

3209 a8 8 mémtber, thers is now substantial evidence for believing that the

z'-adiun_.;a_d-'utinim isotopes conéamed are Razas and Ac225, that Razzs is

a."t.:- leaéf partially p-active and that 40225 44 'a-.-active with & peried of abeut
10 de.ys-.‘ From Fig. 3, only these isotopes of Ra and Ac are availeble as the
_progeniters ef four songesutive cwparticles and sny abnormal route outside

the limi¥s of Fig; 3 1§ made most wnilikely by the presence of Fozog. The

.
. . . -
. . . . . . -
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names of Ra228 and 24225 will be used from now on to simplify the disoussiom.
Sinoe the growth of AGZZS and products from 7225 15 not clearly visible

in the g=deoey curve given in Fige 4 (A) it is possible that it is almost

completely masked by thé decay of ThX. Confirmation of this waé obtained

in the following experiment where the exaet nature of the radium isotopes

extract is determined.

a=Analysis of the Ba(NO,), extracte

A part of a fresh Ba(NOS)z precipitate from the %58 solutien, cantain;
ing sbout 50 a=countsfmin, was spread on a piece of platinum foil about 2 .
om? and examined in the large ionisation chamber end pulse analysers The
energzy range was chosen which includes the u=particle of ThC' at 8,78 Mev
and the highest energy member of the new series at 8.28 Mev. (later shomn
to be P02'1~3), gnd the variation in the g-distribution with time was followed.
' At the beginning' only the pesk of ThC'! was present and this showed a
preliminary srowth as the 1048 hr ThB attained equilibrium and then decayed
with approximately the period of ThX, 3.6 days (Fige 5)s
| The high energy a-partole of the new series was not visible at the
start but grew in slowly with a period of the order of days, reaching the

maximum in abott 18 days. (Fige5). Since we will shew that the longest

225 213

period batwsen the first o-particle of Ac¢““" and this a=particle of Po

is 46 minuteg, there seems no doubt that the growth seem here is that of
A°225 not originaelly present in the sample and, at this stage, it seems not
.unlikely that the Razzs is almost >ompletely p~active since we may expect
Rn221, po?7 and P’I:>213 (Fige 3) to be quite short-lived (Feather, Br 499)

and therefore to provide no long=-lived barrier before P021'3.
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.It is now possible to attempt en analysis of the decay ourve A in
Fige 4 Assuming all the ‘original g-activity to belong to ThX and products,
e oorrection ourve B may be draﬁ and the difference between the twe curves
plotted as curve C. Ths }emltant ghape is seen to be much the sams as ob«
'i;ained in the pulse analyser and expected from the growth of A0225.

Tn the examination in the pulse analyser of the B‘(N%)z extract, some
meaam:ements were made over the whole ensrgy range of the four new g-emitters
and thoge of ThX and products and the transformatiomn .of the activity spectrum
wlth time can be seen in Fig. 6 where a comparison is made Setween,

. (A) the spectrum of & sample of ThX, .
(B) the extract of radium isotopes after 3 days,
(C) +the extract after 8 days and
(D) a pure sample of 40228

The drawings are a somewhat qualitative combination of a large number
of measuremsnts, and for clarity and fl'rbure reference the peaks have been

identified according to our present convictioms.

Confirmation of Ra°%? peastivity.

An extract of radium isotopes on barium nitrate, in which the ThX had
225

decayed to & very small amount, was dissolved in dilute acid and the Ac
removed by & lanthan\pu fluoride precipitation. The filtrate was evaporated
with hydrochleric acid several times to remove nitric acid, 2 mg of lead |
added and precipitated with hydrogen sulphide for the purpose of removing

213 209

the 46 min and 3 hr activities (BL and Fb

) which are considered later
in this reporte The barium nitrate was then separated by the fuming nitrie

acid teclmique as a final purification and transferred to a gold tray.







15,

The q=count of the sample in the ordinary g-cownter immediately after
the separation was 13 counts /min a.nd. this seems to be completely asccounted
for as residual Thxf The growth of g-activity in the sample is shown in
Fi;f;. 7 in which the correction for residual ThX has been made.

Thus it is possible to prepare a radium extract, showing very little
a-setivity if any, from which grows the a-active actinium isotopes In &
later seotion, further work on this sample is reported and the properties
of RaZ2% gre examined in more deteil, but it may be menticmed here that

25

the p-activity of Raz , up to the present shown merely by the absence of

o=activity snd the growth of an astinium, is not easily deteoted since

it has a very low energye.

EMANATION
. 225 _ : - 221
Sinee Ra iz p-active, ths main sequence does not pass through fn ",
ner, &8s will be seen later, through pa?17 (Pige 3)o A search has besn made

for en emanation which may be reported here as eontributing to the evidences

% The extraet of .Ra225 and ThX, when first separated frem the 0233 on about
2 mg of barium nitrate, hsd shown a meximm g-count of 3,900/min. (ThX and
products)s Before being used in this experiment, it had undergone three pre=-
cipitations at verious times so that it had probably lost a fractien of its
weight. aq=activity in the sample due te ThX and products at the time of
this experimsnt (26 days after the first extraction) would, therefore, be
somewhat less than

3900 xé(o'gszdx 26) = 2.8 Oomta(ﬁgj_n.

and there;is & further factor 3/4 since the lagt g-emitters, ThC + C!, would
not be present after a purification of the radium isotope,

= 21 counts/min.

13 counts/min = 60% of the amownt expected from totel original ThX.
(A11 sounts in 50% geometry)e
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-

~R‘225

The evaporation te dryness of a aplﬁtim of would oause the loss

" of an emsnatien if one existed and the regrowth of the activity would be

vieible if the period were sufficiently longs Experiments of this kind gave
sompletely negative results .sett'ing a lower limit to ths life-time of an ema~
nation at about 2 minutes. o

" Dre A.G. .lb.dd'o_ok* made an unsuocdessful’ search fox; an emtiaﬁ using a

vaouur technique believed to be efficient for a lifetime greater-then -10,'-%

‘860

Neno of these attampts weuld have been sufﬁciently sensi'ﬁlw to detect

a 1% brmch.ing; of Ra’ 25

LEAD ISOTOFE o
09 _ _ S _ @

Doteetian of Pb

. _actinium 1sotepes extracted from - 0233 mk:ea F1°. 5 end the dcduotim*thsreﬁm

It :ls noﬂs‘ convenient now to consider tho mrk done a.t the end Jef the
series on the isotepes of lead and bimxth .sinoe the eviéonoe on tho m:bor-
nediate members may be amsid@roi- s—mwhltn_éegre without z_-efa;'gmie u _tho.

whole series,

209 14 already knoms as & 5.3 'y -E-mtmr 11,12,15,14,15) hq*iing

heen produood in aoveral a.rtifieia.l ra.diﬁaetivu reaetiens from Pb208

209
Bi’ 80 that its def.ectien as & ﬁsinteyatian proiuot of the radi:um qnd

more oonvinc!.ng.

-~ A nnnbar of sulphide preeipitatims mde o solut:.ans of the series

' d\n'ing the. mvestigatian on the bisxmth 1sotgpe (next aeotian) were examined
in the ﬁ-eeunter and 1t wes. fmmd that after the decay of the bism\th, «

rosiduc rem.inod, free from shert-uwd a-o,etivity, wh:loh dooayod with a

P

x'.-g_dh&'utr} Division menthly reports = Jan. and April, 1945,
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period of approxiﬁately & hours,
During experiments on another member of the serles, an isotope of
element 87, activities were' volatilised at red heat from A§228 and cone
densed on counting trays. The ;-activity was found under these conditions
(agreeing with the behaviour of lead) and more clearly since the condensed
material was singularly free from.long-iived oontamination ef MZZS so that
in these cases, after sufficient time, the P-radiation was macoompaniel
by any a-particlss and must, therefore, come after all te known a-emitters.
It remained to separate the activity, in partienlar from the bisgmuth
isotope which is both = and g=active and has a period of 46 minutes, by
& recognised method for lead end to measure its halfelife with some aCouracy.
2 mg of lead nitrate was added to & nitrie acid solution ef Aczzs oon-
taining about 50% alcohol and the precipitation effected by drépa of dilute
hydrochloric acid. The crystalline lead chloride waes separated and washed,
counted first in the a-counter and then its decay followed in the [i-counter.t
The corrected decay ourve is shown in Fig, 8 and givesa figure of 5.2
hours for the half-life. -
This experiment also indicates the absence of a Pb2l® (Fige3) of half=

~

life greater than a few minutes.

k¥ The contamination of the sample was 40 g-counts/min (10 per member) re-
maining constant during the meesurement and the corrsction to be applied
~ to the p-counts for this oontamination (~/ 20 counts) plus the background

‘of the counter was 35 cownts/min from sn initisl count of 180 /ain.
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BISMUTH AND POLONIUM ISOTOPES

- Detection ,o'f & bismith isotope in the serieés,

It has been found possible to separate by various methods from a solution
of Aozzs a substanee which emits both § and g particles in a'pproxj_.mately
equal proportions and decays with a period of 46 minutes. On sxamination
by the pulse -analyser; it is found that/:::;y mein g-~peak present is ome
- at 8,28 Nev which, by the Geiger Nuttall rule, should be extremely short=
livede This indicates that the 46 minute substa.née is p-active and that 1¢s
daughter 1s ag-active with a very short lifetime,

The chemical px;eperties of “the 46 minute substance have been examined
very earefull'y since 1ts identification is most important in defining the

route of the series.

Chemical identification of the 48 minute activity.

The activity is coprecipitated with lead or bismuth sulphide in acid
solutien and it is volatilised at a dull red heat from a barium chloride
precipitate and with more difficulty from lanthanum oxide., These proper=
ties do not clearly differentiate between Pb, Bi and Po which are the ele=
ments leading to the last a-perticles of the series. (Fiz.3)

| A solution of Aezgs was made 1 ¥ in nitrio aocid and salted with a frac-
tion of a mi'lligram of lead and bismuth carriers. An electrolysis perfor=
med at a poteni;ia.l of four volts between small gold electrodes, with viger-
ous stirring, deposited the activity on the cathode with the bismuth. Lead
deposited on the anode and showed ne g-activity; nor did any grow in sube
sequently as would be the cage if Pb213, havﬁg @ suitable half-life, were

present in any quantity, In solutions ef the series wnocontaminated by ThX,
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the only a-setivity ever observed in electrolysis umder conditions of 1 N
aoid was the 46 minute activity. .

A silver eleetrode in a normal solution of hydroohleric acid tekes up
‘a potential which allows the deposition of polonium but not bismuth. In
a golution of thorium containing some thousands of c’ozmts/min' of ThC a.
silven foil collected no.activity in five minutes while a aoluti_on of polo-
nium (RaF) eemteining a few thousand counts/min deposited considerable acti=

226

vity in this time. In eentact with a solution of Ac““® for 30 minutes, ne

" activity deposited on the silver foil showing that the 46 minute substance

is not an isotope of polonium.

A- pla.tinum foil in contact with a solution saturated with hydrogen gas
reaches a potential sufficient to deposit both bismuth and poloniuwm on its
surface, and to a lesser extent, lead. From a solution ef MZZS’ the 46
minute substance was deposited on the platinum and examination with the
pulse-analyser again showed the presence of only one main aepeak at 8.28
Nev.

Bismuth metal foil displaces polonium from solution. A plece of bismuth
was agitated in a solution of‘ thorium nitrato in conditions under which
hydrogen polarised fslatinum collected 5,000 g=counts/min of ThC in & few
minutes whereas the bismuth showed only 10 oownts/min, indicating that there

is not apprecisble interchange of ThC in solution with the surface of the

226

bismuthe ¥No activity appeared on the bismuth in contact with Ae solution

again pointing to the absence of a sufficiently long-lived polenium.
On lesd foil, which displaces ThU from a solution of thorium nitrate,

the 46 minute ectivity deposited indicatimg either & bismuth or & polemium,
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A procipitation which is most reliable as a test for a polonium is that
of tellurium by stannous chloride. On testihg the method with a 'solution

16

of thorium nitrate, it was fourd that an appreciable percentage of ThC (Bi2 )

was carried in the,precipifation in fhe ebsence of bismuth hold-back oarrier
but thet addition of & mg of blamuth was sufficient to reduce this to negli-
gible proportions. The method was applied to a solution of Aezzs end no ac-
tivity appeared with the tellurium,

| As a final confirmation of the identity of this aetivity, an attempt was
made to prove thet it is en isotope of Bi by a fractional precipitation pro-
cedﬁreo Since the périod is comparatively short, no long fractional crystale
lisatioﬁ éould be attempted and the activities available do not permit great
acouracys

A method was chosen, therefore, which would allow reasonsble spedd of
operation and effect good diserimination between bismuth on the one hand and
lead and polonium on the other.

. .Both lead and polonium oxalates are soluble in acid solution while bismuth
oxalate precipitatss. A precipitation of bismuth oxalate in the presence of
tracer polonium carried 20% of the mctivity. Thus it might be expscted that
a fractional precipitation of bismuth oxalate would divide polomium in the
ratio 10% to 90% between precipitate and filtrate if the bismuth ratio wers
50% to 50%

In conjunction with a sulphide precipitation in acid ooﬁdifian performed
on both the precipitete and filtrate from a fractional oxalate separatiom,
i£ should be possible to distinguish very clearly between bismuth and all
other elemsqts'at least from 81 to 89, -

A sample of BaCl containing A6225 was dissolved in normsl hydrochlorie

aeid and approximately 1 mg of biamuth as nitrate added to the solutiom.
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Oxalic aoid was added and & precipitate of bismuth oxalate formed slowlye.
(Presumébly some A0%%5 was carried by the precipitate but would not intere
fers finally), |

Thé-preeipitate Qas separated quickly in the ocentrifuge, dissolved in
drops of concentrated hydrochloric acid and diluted somewhat., The original
centrifugate and this solution were then treated with hydrogen sulphide end
the precipitates of bismuth sulphide washed, transferred to weighed trays
and.dried on a hot plate. The decay of the g-activity of each was followsed
and thé samples weighed afterwards. |

The gw=activity of the samples was used rather than the p-activity partly
bécause the backgrounds of our f-counters are high and their efficieney low,
end partly because complications would arise from the presence of szog, the
three hour B-emitter, in one fraction. Self absorption of the u-riys in the
sample would be expected to increase the error of the experiment but since
the two pértions were not éoo dissimiiar in weight and the distribution on
the trays about the same, the effect should not be great.

Fraction 4 received only a sulphide precipitation
" B " an oxalate and a sulphide precipitation

+
Wite of 4 = Q.75 = 0,02 mge

i+

Wte of B = 0,65 C.02 ng.

Ratio of weights = 1.12 2 0,06

a=count of A at zero time - 45 £ 6 counts/min. ‘
g-count of B " " " .50%5 counte /min.

Ratio of cownts = 0.9 = 0,2

Ratio of cowmts . ,g 2 (0,2 (all errors given are oxtremes
Ratlo of welghts 2 & ° wos )




22,

for.
The theoretiocal value / 4 bismuth isotope is unity while other elements

from 81 to 89 should give values of 9 or more or alt.;.amatively not appear

abt alle The result is as good as can be expected under the ‘sireumstances

aad some corrsction for self—absorp‘i:icn of a-particles in the heavier frastiom
would tend to improve ite

Thé 'following table sumarizes the reactions of the 46 minute activity.,

TABLE IIT
46 minute aotivity _ .
Activity | No ~ Blement indicated
Method Separated | Separation (of-Bi, b & Po)
: eathode X
.electrolysis Bi or Po not Pb
anode X :
Ag electrode + HC1 X " not Po
Pt + Hz electrode b4 Pb, Bi or Po
Pb electrode X Bi or Po,not. Pb
Bi electrode X not Po
'H23 precipitation - X Pb, B{ or Po
Te by SnCl, X not Po-
"Isotopy test" Bi

. 1% é'eems to be fairly well established that there is a bismuth isotape
" dn the series, f-active and leading to the lagt a-eﬁi’cter in the series,
(the other two after Ac?2B are both sufficiently short-lived to be seen

if ‘derived from the 46 minute bismuth) and there seems little doubt that
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213 213

the isotope is Bi“ ", parent of Po° > (fig. 3). Aurther work,on the P-rae

13

diation of Bi%13 and the possibility of brenching, will te given laters

Dro A.¥. Moy pointed out that g-o "coincidences" could be expected in

213 213

the series from Bi end Po end ¥r. J.V. Jelley confirmed this expori-

) menta.lly.t.
Polonium>rS ‘
" Dre AJN. May's sectiom has provided physical evidence which makes the

213 much more certain, Craushaw's measurement of the

identification of Po
energy of the last a~particle of the series gives 8.28 Mev and Fige 9 (due
to Dr. May, unpublished report) shows that this en.ergy fites very well for
P0213 in the graph of the various isotopes of polonium plot{-:ed against the

energies of a~-particlese.

87 AND 85 TSOTOPES

The order of the four g-particles

t.is useful here to note the eiidence on the order of the a-disinte=

grﬁ.‘bions. c;'anshgwx,_ in his work on the periocd ‘of the substance wye now

17

identify as 852 » photographed a-particle pulses on the screem of an 08=

cilloscope using an electrical circuit whereby the trace of the osoil=
loscope was triggered by a pulse, so that another g=-particle following the

" first within a period of 1/20th of a second would be seen displaced a certain

' distance along the trsce. He showed that the a=-particle of 6.97 Mey followed

\

shér’cly after that of 6,33 Mev.

13

a
The work reported above en Bi°"" shows that the a=particle of 8.28 Mev

oomes last in the series and the Geiger Wuttall rule and the experiments

' of the next section indicate that the a~particle of 5.81 Mev belonzs to
.. 225 ' .
As

-

& Physics monthly report = March 1945,
X NP, 162 and Physiés Monthly reports / February, Merch and April 1945.
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Thus the order of the g-particles seems to be 5.81, 6.33, 8497 and
8428; and they must be assigned in order to Aozas, .87221, 852]'7 and P°213
(Figs 3)e Cranshaw's figure for the half-life of the 8,97 disintegration,
_85217, is 2.1 x 10°2 ges so that this member will be practically inseparable

7221

from 8 which precedes it.

Evidence on 87221.

The g=decay of A°225 leads to 8‘7221, the second g-emitter after the
radium isotope.

During the early work, when a seareh was being mmde for isotopes of lead
and bismuth at the end of the series, a sample of barium chloride ocontaining
Aczzs was used in volatilisation experiments.'- Besides the bismuth activity
found, there wes indication of an a~activity with a period of the order of
a minute which was volatilised at about 900°C. end could be condensed on a
cool surface.

The method of volatilisation has proved most convenient in working
with this short-lived activity since the separation can be done with great
speed and the sample is immediately reedy for examination.

In the later work, the activity was volatilised from lanthamum oxide
films on platinum trays by the following procedurées A4 elean gold tray was
fiti;ed into a hollow in a copper block so that there was good thermal contact
&nd the platinum tray contain;lng the la;ntha.mm oxide @d Acgzs as an adherent
layer was laid upside down on top. The shape of the trays prevents the oxide
from touching the gold tray. The upper tray was heated to any deairéd tome
pératuro with a small oxy-gas flame and the volatilised activities condensed
" on the oooled gold tray, |

When speoimens were intended for pulse-analyser measurement,.a flat
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foil was subgtituted for the lower tray.
In the ordinarﬁr a-emmt.'er,. the condensed astivity is seen to0 diminish
rapidly at first end then more slowly with the 46 minute period of B1813°

{oontrolling Po213 a-particles) which is volatilised too. HNo a-aotivity

213 has decayed, Acz25

remaing after the Bi being involatile.
| Several samples, thus. prepared, have been examined in tﬁe large ionie
sation chamber and pulse~analyser. It was found possible to get & specimen’
into the chamber and ready for ecownting in about ten ninute.a- and 1t i3 found -
thet all the a-energies are present except the lowest et 5.81 Moy (Aezzs).
The highest energy a=peak is controlled by the 46 minute 31213 and deckys
with that period while the two remaining peaks at 8,35 and 6.97 decay boges
ther very quieckly (the period is about 5 minutes) and disppear. (Flg. 16 in
the second section on branching of B1213 gnows this phenomenen ).

From this it seems possible to volatilise the second q-emitter of the
- four which is believed to be 87221 from. previous evidence,

The volatility and subsequent condensation of the #ctivity wmder the
conditions of the experiment eliminate elements from 86 to 92 exoept 87,
The volatility of element 87 may be ﬁugﬂy inferred from the propertiea-
of the other alkali metals. The chlorides have lowsr boiling points as the
atomie weight increamses so that 87 chloride might be expectec-i to boil at
about 1150°, Inferma.tion on the behaviour of alkali metal oxides when heated
in air is scanty but there is an insreua 1n volatihty with the atomic weight
and the wolatility of 87_ from lanthanum oxide seems not improbables

One isotope of element 87 is knowt already, AcK (8722%) gipesmitter of

21 min helf-life, discovered by Mlle M. Perey (23) who found that the astivity

B
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grew from Ao227

and ghowsd chemieal properfies sinilar to o#ecium. One of
tﬁe methods used was th_e precipitation of AeK by caesium perchlorate.

It has been found possible to precipitate the 5 minute activity of the
new s;_rie on c#esium perchlorate. '

A sample of A0225 in lanthanum, together with 2 mg of caesium, was taken

to fumes with a few drops of perchloric acid and cooled to a olear solution.

~ On adding e ce. of aleohol, & orysialline precipitate of caesium perchlorate

was rapidly formed, was centrifuged and trensferred to a gold tray. No time
wes taken to wash the precipitate which separated cleanly, and the transfer
was facilitated by using a lusteroid centrifuge tube from whioh the bottom

oould be cut with a razor blade. The time from precipitation to the start

. of eouating was less than five minutes.

Decay of the sample is shown in Fig. 10 with the corrected decay curve

after substracting long lived activity. Arrangements have been made to test

the volatility of Aok in the near future as a check on this property of the

new 5 min. activity but the evidenoce at the moment is quite convineing, es-

pecially in the light of the total knowledge on the series.

THORIUM ISOTOPE

29
Thoriumz. .

Not much attention has, as yet, been paid this member of the 4n + 1
fauﬂly for several reasons. Any extraction of a thorium isotope will, of
'nfecéaaity, contain radiothorium frhioh hes a half-period 1.9 yéa.rs. so that
it is impossible, ’at pres?n‘b, to obtein & pure specimen of Thzzgo Since the
work on the series beyond the radium isotope hﬁd proved most fruitful, for

in this ocase it is not very long before the natural thorium family disappesrs, .

a ;l.-t wag good polioy to leave the thorium isotope im the 233 solution so that







" each extraction of Ra.

duets of both Th?22 and Rd

225 save a highef activity and allowed new advances.

From the beginning of the werk to '_bhe time of wi'iting, the yleld of ag-counts

at the maximim of the Ac??® growth curve has‘ch9:n53d from about .Zooﬁnin‘to :

4000/min for the four members. | ' |
One extraction of the thorium isotepe lﬁs been made; by a method which

wes designed so that the minimum of remgents need be added to the 258 sample,

| using the radibeolloid’ effect for separating radioasetive tracer amowmts of

“thorium from milligra.m quanti'l:ies of urariume

The nitrate solution of abeut 9 mg of U235 was eveporated to dryness on

the water-bath twice and then- redissolved in distil_le-d water and stood het

for several hours. Under these conditions, thorium is adsorbed on 1§h'e'-walls
of the glass vessel. In this extraction, however, a small precipitate formed

at this stage, poseibly from impurities in the fuming nitric acid which had

been added at various times to the 288 sample end it was suspected and later

c's.';'onfif-_me\d that this .precipita'.te: contained some 11233. The soll.ztion was 86pa~
rated by centrifuging and the precipitate and adsorbed layer dissolved in
ni’cric acide A lanthanum oxalate precipitation was then made produeing a
sample conts.ining about 900 a-ommtsﬁnin and on "this a f‘urther radiocolloxds,l
sepo.ration gave a purified frae‘bion of 300 counts/min.

At the time ‘of the experiment, the resolving power of the imlse-analyser
was poor end examination of part of the final semple by Mr. Hincks showed
only e broad a-peak at about 5 Mev and it was seen that more energetio a-

emitters grew in the sample. 'Later, when the puls'e--analjser was enhaneed

. by Cranshaw!s" non-linear a;mphf‘ier, I exammed a portion of the thoriym.

extrast now contam:mg almost euuilibrlmn amounts of the disintegra.tien pro=
Thzaao

The spectrum ob'ba'ined is shewn in Fige. 19

27
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that
in somewhat idealised form where it will be seen/in the high energy region

the two peeks of po?1d and ThC' are visible and indicate the relative pro-
portions of the two families; lower down ThA and 85217 are identified. As
far down as ThX, the distribution is similar to that of Fig. 6C since in
both cases the ratio is in favour of the 4n + 1 series.

In addition to all a-peaks previously identified, there are two others
lower than ThX, the smaller of which corresponds in position to the energy
of radiothorium (Thzze) and is commensurate with the visible peaks of ThA
‘and ThC!, while %he lowest at about 5 Mev corresponds in size to the rest

of the 4n + 1 series peaks and almost certainly belongs to Thazgo

The «-activity of Thzz9

is not in doubt since it is required by the exis-
tence of Ra225 (Fige3) and 5 Mev is to be expected if the half=life is ebout

104y &8s calculated in a later sectiom,

THE FOUR RADICACTIVE SERIES COMPARED.,

It is quite important, in presenting the evidence for the 4n + 1 series,
to provide a zeneral comparison of the four series. For this purposs the
following diagrams are giveno. ’

8) The disintegration routes of thg four series are mapped in Fig. 20

Some artificially produced members have been included in the natural
series and are indicated by brackets.

b) The a-energy spectra are compared in Fig. 21.

¢) Geiger-Nuttall curves are plotted in Fige 22,

SUMMARY AND DISCUSSION.

Working on milligram quantities of U233' it has been found possible

to inves%igate its disintegration produots and to outline the main route
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of the 4n + 1 series.

The ecrucial evidence in defining the sequence of the disintegration
and the isotopie assigaments is as followa, where reference to Fig. 3 will
make the arguments clearer,

A radium isotops has been extracted vwhich is B~-active and predecessor
of four consecutive c=disintegrations. .

From the radium grows an actinium isotope of period 10 days which
displays the s.ams four g-disintegrations and is inseparable from the first
. of thgse whick has an energy a.'ppropriate to the period. The c-activity of
the actinium isotope is further confirmed by the evidence on its disintegra-
" tiom product; some of which cannot be formed if it is p-active.

One of the products of these radioactive substances is a lead isotope

' which is p-active with a period measured as about 3.2 hr and from which

appgrently no further g= or Beoctivity is derived. This is undoudbtedly the

ip’topé szog, already known a8 2.3 hr P-emitter which decays to inactive
. 209 : :
1 (see appendix I).

_This evidence indicates that the use of Fig. 3 is legitimate and that
| the radium and ac¢tinium isotopes are Ra.zzs end A°225

The fourth produet which is clearly defined is & bismuth isotope which .
is p~active with period 46 minutes followed by a substance of extremely
short life ;vhio.h' diaintegrates with emission of a high energy a-particle,
the last in the sariea.l Tﬁese facts cen cnly be oor?ela.ted with the sub-

gtances B1213 and P0213 and there is confirmation on the Poals

isotope
provided by the work of Dr. AJ.N. May's seotion in the fact that the energy
of the a~particle asgociated with the bismth isctope fits very well for

Po?1% when oompareci with the other known i'aotopés of .poloniume
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The seqﬁenoe ;:f_the disintegretions is now defined by these main poin#i
as that shc.nm in double lines in Fig. 3 and confirmation is obtained in the
gecond g-emitter which should be an isotope of e_lement_ 87 énd v_ihich i;: ghown
to behave like an alkali metal. ..

From these particular data it is seen -that the sequeénce is unlike eny
of the known series and its identifioatior_x as part of the 4n + 1 series,
apart from the faet that the activities were derived from U253, 13 mede cer~
tain by the detection of a lead isotops with an activity and half=1ife simi-
lar to Pb209 already made by direct artificial methods,

The present information on the disintegration produets of 0253 is now
sunnnérizeci as follows.

1) 2
Owing to the fact thet our sample of TJZ?’5 contains also éoma of the

22

isotope 0232’ it has not been possible to extract Th 9 free from the ‘rhzza

(RATh)e A thorium extraction has been made and it was shown that the four

a=cmitters from Ac225

on were not initially present but grew in slowly
(toigether- with the disintegration products of RdTh).- In the pulse-analyser, .
an c-pe'i.k hb.s been distinguished at about 5 Mev which is probably due to
229

The half-life has been roughly caloulated from the yields of the sub=-
sequent disintegration produots and their periods, giving a figure of about
104 years.:’

2) Ral2S

This substance is shown to be f-active with & period calculated from
the growth of its daughter as 14 ¥ 2 days, The p-radiation 4s of very low.

energy, probably less than 0.05 Mev.
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2

3) 0728

- 4

The actinium isotope is a~active and decays with a half-life of 10
d;ysy- The latest qnergy measurement of its a-particle gives 5.81 He;.
4

i The half=-life of 87221 ig measured as 5 & 1 mins and the energy of
its a=particle 6,33 Meve From an irregularity in the sh@pe of the pesk
in the pulse-asnalyser, first noticed by Cranshaw; i1t seems probable that

the a-eﬁiséion displays fine structure since a small peak is visible at

. 8ol Mev.

Cranshaw obtains for the half-life of this substance, Zol x 10~ gec,
and 8,97 Mev for the energy of the a=particle.
o m

Thie substance is meinly p-aétive with period of 46 mins., A4 rough

fizure for the energy of the P-rays derived from absorption measurements

is 1.3 Mev.

There seems to be branching in the a=-directiom of less than 3% with

the energy of the a-~particle at about 6 Mev.

The polonium isotope is & very short-lived a-active body (? 10~%)

and is inseparable from the Bi isotope. Cranshaw!s measurement of the
energy of the a-partisle is 8028 Meve

——————

209

The last radioactive member of the series is Fb which is already

known 8§ & f=emitter of 3.3 hr half-period.
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8) T1209

This is balieved _to be present in the series from a bfanching of B:lzl3
less than 3% of the main_ro{xt'e. Aetivitieg available are too small to
work on this member whieh 1s probably f-active with a half-lifa of & few
minutes.

.,'I‘he 4n + 1 series in nature.

No known member of the 4n + 1 series has & period suf'riciently long to
allmr the independent existence of the i‘amily in nature but there is wmdoubt~
edly some small production through the reactions UZSB (n,zn) 0237 and Th252
(n.r) Th brought sbout by spontaneous fission neutrons, of whioch the
second reaction is the more important: From measuremsnts of the spontaneous
neutron emission of -. . U and Th, Pose (30) estimates the half-life for

15 and 1.7 o 101 years
sponteneous fissien of these two elements as 3.1 « 10" “years/,making the

-agsumption that one neutron is produced per fission. On the assumption

that three neutrons are emitted per fission, the U half-life would be about

. 1016

yeara, the generally accepted walue at present, and thé Th half-life,
5o _1017yea.ruo Since the neutron emission of thorium is probably about 50.
timea- less than that of uranium, the product.ion of the 4n ¢ 1 series by
the seoond reaction is hindered. The best conditions would obtain in & mia
neral of ihixed thoriuwm ami uranium., It has been estimated (27) that uranium
.del;osits containing of the order of a few percent of thorium might contain |
one part in 1018 of UZSS.

Already the presence of elements 95 and 94 in various uranium minerals
has been investigeted by Seabore and Perlmsn (22) and Garner, and Bonner
and Seaborg (27) who obtained indication of a concentration of about one
‘part .’Ln~1014 of 94239 in pitchblende and carnolite., The qg=-activity extracted
eould be due to other isotopes of 93 or 94 including those of the 4n + 1 series

but 94359 seems the most probable, derived from the absorptiom of neutrons




in U238. ' _- S
Wahl. (28) reported’ the detection of & mass-line 237 in the mass-speo=
trographic investi gation of some m:!.nerala of the tantalum=niobium group
containing uranium, thorium and rare esrth metals. Howevar, he alsc men=
tions -the mass~line 205 (supposing 1t 't:o. be the end-product of the hypo-
-bheticgl new series) which is the fn'aig isotope of thallium and it is signi-
ficant that the difference between 237 and 205 is ‘32;-' ‘the'mass of two oxygem
atomss On the present kmowledge, it ceems impmbaﬁlé thafconoentmtions

greater than one in 1015

of the 4n + 1 series exist in nature.
The new information on the series eanables us to make & more intelli-
gent search and it is irmediately apparent that mo "feignsidarat_iqn need be

given the short-lived members after 20225

nor ‘the isot.épe_& of uranium or
thorium.
One of the most promising approaches to the problem seems to be at the

rs.dium and e.etinmm 1sotopes. ‘0f the knmown radium isotopss, R'.-a226. ABXZ%.

MsThI 228 s hX 24: and NpRa 25, the last is unique in the prdd\geticn of afi:
geemitting setinium isotope. It should be possible, by the ordinary radium
extraction feohnique end very careful purifiocetion by the fuming‘mtrib, ‘acid -
method, to obtkin from & mineral a barium nitrate extract eonil-,a'.in_ing-_ :c_mly
radium isotope.s; After about 10 days ?rhsn the Ae.zzs._ _reaghes aﬁtgout QC% of

the maximum on the growth curve -from Ra?28

, & preliminery separation of

ceric iodate is dons, if necessary, to é-h_min_a:e. 'radiéthei-im grom 'r"rcmV

.. MsThI end then a precipitation and.'pi'.i’ri ioa‘bion ‘of oereus or laathamm

f.luor'ide' to extract any A°225 present. If MsThII is present in ‘any quant:lty
a few dajs would be suff‘icient- to reducse it te nezligible p_roportiona--and

_the ceric iodate preeipitatian could be conveniantly transi‘e_rred to this point

for rempval of the radiothorium. The i‘inal fluoride extract should eontain




only Aczzs, and its disintegration products which increase the c-aotivity

by a factor of foure
The sensitivity in terms of activity should be very similar to that of

Seaborg and Perlmen and a yield eguivalent to their ‘order of 1075 microgram
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of 30,000y 94%%% would mesn an orcer of 10"4 mérogrm for 72%° or 10~3

microgram for NPZS'?.'

NOMEHCIATURE.

. The nomenclature of the 4n + 1 series is, at the tims of writing, under
discussion with Seaborg's team who also have been mricing on the series,
although the resultas up to December 1944 differ somewhat from thése reportet_i
here except in the case of szog vhere agreement is reached. (CC 2636, Chiorso,
Ha_ emenn, Katzin and Studier).

In CC 2538, use is made, "for the sake of simplicity", of the name
"neptunium series" and the nams has since been widely used in this labora-
torys It is hoped that this will be accepted as the neme of the 4n + 1
se}ieso

A detailed nomemclature for the family has been discussed at this lab=
oratory and will be the subject of a later note if end when it is acoepted

by the other contemporary workers on the series,
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APPENDIX I
PR Osapsirdion

Ac 228 half-life Mea.suroment.

For the decay period of Aczzs, & lanthamm fl’uoride extract from
Ra?25 wgg puri_fxed by reprecipitation, evaporated on a pletimm tray
with nitric ac.id, and ignitqd. The .'samiale was coun.ted regulafly in thg
ordinaryo(fcoﬁnter and the decay cur've' given im Fig, 11. has been

corrected for 8 long-lived contamination of 7 ots/min.- On this measure~

‘ment the half-life obtained is 10.0 ¥ 0.25 days.

Re225 halr-life.

The direct umoasurement of the period of Re®25 5 difficult sinoce,
as will be ghovm in the next sectiom, its mmﬁ-ndiation is very éoi‘t
and thet of ivs disintegration products hard, and the period of Aczz5 is
relatéd such that the approach to the transient equilitriwm is very slow,
about 200 dey: for 99% of the equilibrium amount (oalculated from the
result obtained following).

Using the measured half-llfe of Ac?2d .given above it is possible to
estimate the half-life of. Ra.225 from the curve given in Fig. 7. Theoretic-

&l . curves for various half-life values of Ra225 nhave been conpared and the

best {it obtained for 14 da.ys with an error of, st mbst, 2 days.

Ra225p -rays.

ﬁ-ray absorp:tion'curves have been ta.lien on samples of Raz_zs contain-
ing Ac?2b gnd on Ac??5 alone in thé ordinary Geiger-iMliller counter hav-
ing & 6 mg/om® mica window and it is found thet ths shape of the absorp
tion curve seems 1’;0 be the semo whether Ra225 .i.s in the s‘ample.or not.

As px-‘qviouslir reported (pl4), s sample of Ra225 on barium nitrete,
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. contemimated by only a small amount of 'ThX, has ‘been pur;fied from its
'-dilsintegration products for the purpose of showing the growth of
d«activity from Re.zzs, and in this saﬁpie & search for[d’ -activity was

~ made., The sample wes counted in the alpha counter, the thin-window
QQiger-Hﬂller counter and in the windowless counter.

The flbllowing calculations aro-n;ade first to show roughly the
activity to l;e expected in the purified Ra?26,

: Imuediately before this purificatiom, theo -ceunt on the sample

was 890/min. end chis represented ¢ days growth of Ac?25 after the pre-

vious treatment of the radium isotope.
Using the vuluss of 14 days and 10 days as the half=lives of

Ra?2% and 50225 respectively and the equation

’

€ Ak
1\42 29, 1 . -3
— - —_—t3 (1 - .__.__T—-e . ) .
L,c A, Az - A . e~ &
representing the relationship between the numbers of atoms of Ra22% | {ry)

and Ac228 (Kp) in = sample, originally pure Ra b?, after time t, on

the Sth day,

225 t |
% cts Ac Ny /17. = 0,59
"cts" Ra?lzs N'F 2’

Thus ths expected éuactivity of the 33225 in the geomstric efficiency of

the .@=counter would be

890 S 380 ots/min.
T x 0,69 T e— /

taking no account of self-absorption.
A check on this value is obtained from the growth curve ofX -particles

in the sample after the purifioation (Fig., 7). For this, t=18 days,

’I {in both of these calculations, the corrections for countlng effici-
encies are left out since they cancel),




iF: :

225 at the purification _ .

or b
cts-Aczz5 (N, /2;. ) = E%). and "cts" Ra

0 2 | - (Nf /‘1.) (Az‘t‘a)
1 /\,,(é'l'c—- El,t)

= 385 cts/min,

Thus about 400 ﬂ-cts/min. could be,expected in the purilied barium
nitrate precipitate. |

The & —~gount immediately after purification was 15 cts/min, and
this has been shown to be probably due to ThX (pdf). In the thin
wicdow counter, there were 37 cts/ﬂin.% a valus too low for the Ra?2d
and higher thex would be éxpected for contemination by $£her/3-aotivity.
The absorotion half-thickness of this sctivity was about & mg;/c.m2 Al
and it 1s possible that it ic dus to & small contemination by Pa?3®
of which there is gomz quenmtity in the laberatory at present.

About six hours aftgr the purificetion, the sample was counted in
the alpha~ and thin—wiﬁdow beta-counters and in the windowless coﬁnter.
In the 1atter,.all ionising particles are counted. Table II summerises
pﬁe daté from measurements taken at 6 hrs. and 18 hrs. after the
purifibdtion. From the count obtained in thy windowless counter are
suﬁtracted those of théot-coupter'gpd the thin-window counter after

allowing for geométrie efficiencies, which allowance is not very

accurate in.the case of c . _.J-the +thin-window counter.

Tabie I1

‘(see next ‘page )

37,
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TABIE II -
at 6 hrs, at 18 hrs,
Cts/min, in windows 278 316
less counter, :
Correction forX 's -1 20 : 43,5 ‘
Correction for thin- .
window (3 's 61 ' 78,5
Background on window-
less counter 1 47 " 64 .
128 ' 278 186 316
oe Cts obtained only .
" in windowless counier 150 130
Corrected todX-~counter | . )
effioiency 260 226

Thus about 2/8 rds of the roughly calculstad counts for Ra225 are found
in thoe windowless counter vhich are not counted through g window of

2 mg/ om? mice,

225

Sone idea of an upper limit for the ﬁ snergy of Ra may be ob-

" tained from this fact. | ' .

In Fig. 12. is plotted the energy of'ﬁ -radiation of a number of
radioactive substancest.agaimst the absorption-half-thiclmess in
aluninjum® X, A half-thiclmess of 2 mg/cmz Al corresponds to 0.05 Mev
so that it seems safe to cay that the energy of Iiaazsﬂ -emission is

less than this,

% Table of Isotopes, Seabors, Hev. of Hod. Phys. 16, 1 (1944).
% & Handbook of Chem. and Phys., 1943, Chemical _R'Eber Publishing Co.
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X ~Branching of Ra%25,

More careful comsideration may be given the evidence onX-uranching
of Ra®2% wnick is conmtained in the work on the purified semple of
Ra.R 20 rejorted ehove and in the first sestion of this report.

The semnle contained by calculation, ebout 400 cts/ﬁin. IR0 eff.)
of Raf2D end, when first purified, svmved only 13« -~cts/min, {(50: eff,)
vhich sen te completely accounted for as residual ThX., I they are
due to alpha-brenching of Razzs, at the most it is a 3% branching
(allcwing no alphe narticlss for frrther short-lived wroducis) and
probably would be ebout 1% tranching (allowing twe short-lived products).
(e, Festher speculations on lifetimes (17)).

The cvidence, howsver, indicates that branching is tauch less than
1%, I+ will be rememberad thet in the pulse-analyser examination of a
fresh extract of radium iso-one from thé UZSS, there was no definite
aipn of branching thoush the method is less sensiﬁive than the previous

. expariment, .

Period of 87921,

For the half-life wmeasurement of this short-lived body, samples
were obtrined by wvolatilisation as.pr;viously expleined (p.24¢) and
they coptained varying smounts of the 46 minute 312%5. A decay curve
of such a sample in the ordinaryX-counter is given in Fig. 13 and the
line reprssehting Bie1l3 activity (Po?13« -particles) is projected for
lthe purpose of correctiﬁg for the decay of 87221.

There is little poiﬁt with such low activities in attempting a

careful analysis of the decay curve and the correction was calculated
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by the following steps. The 46 minute docay. line was drawn in and
projected to the time of the first count. Subtraetion geve a rough
figure for the K -=particles of 87221 and 85217-and roduotie;n in the
ratio of 5 (the epproximate half-l.ife of 87321) o 46 x 2 provided
an approximnﬁe figure for the -sotivity of Bi213 (Po?13) which was
fofmed from the deesy of 87221. Repetition of the originel subtrac-
~tion using the reduced value of original 81215 gave & final figure
for the 872210( -particles which was used in calc}zla:bing the small
growth curve superimposed on the decay' of Biz13 already present in
the sample. Since this secondary oor!:ection is small, the error due
to the approximai.:ion is negligible in this case,
The corrected decay curve for 87221

"experiments the half-life 18 estimated at 5 ¥ 1 min,

B1813 na1e-11fe.

The most accurate measurements of thé period of Bi213 pave been
made on sulphide precipitates having about 450 -a.lpha cts,/min,

initially s¢ that the deoay could be followed for ’bgt five half-

lives. Two experiments gave 45,0 - 46,0 mins, and 45,8 - 47.0 or

46 ¥ 1 min,. A decay curve is given in’Fig. 15.

PBparticles of Bi?l3,

9

Seg section ox;= I’bzo later, :

213!

The horrepdﬁ{ling members of the other ree radioactive series,

Branching of Bi“*?/to 71209, ) ' ' .

1 . . :
_RaC, ThC and AcO all exhibit branching in some degree, and also ReE
. (81210) acoording 1;0 & recent report by §roda and Feather (31). An-
- ‘ .
' experiment is desg,lribed here which seems to:find its most reasonable
1 '

{

is drewm in Fig. 14. On two

40,






" interpretation in a bramching of B1213,

‘A volatilisation experimenf was performed on & sample of 40270
as described under 872%1 and_the.specimen introduced quickly into
the large chamber ‘of the pulse-analyser. Counting was started about
12 minutes after the ignition and the three. mainX ~enorgies were

213 which

found as usual, 87221, 85217 gng po?ld (controlled by Bi
had volatilised), as shown in Fig, 16, No. 1 where counts are plotted
es ordinates and the pulse-mnalyser chamnels in order as abscissas,
It was ascertained that there was no contamination due to the
thorium family by looking for the high energyet-particle of ThC',
After thirty minutes, six half-lives of 87221, the two short-lived
o ~pesks had dissappsared (Fig. 16, No. 2), and a Seriss of measure-
ments was then made as shown in Fig, 18, Nos, 2, 3, 4, 5, and 6, It
will be seen that in all the graphs, in addition to the large number

213, there is a small

‘of counts representing the X-particle of Po
pesk at sn energy somewhat lower than thet of 87221, Since the peak
was small, there wes a danger that it was merely an abtnormal fluctua-
tlion in the stray céunté on, or_a_maladjustment of, a certain channel
and to obviate this, the bias wms varied so as to move the peak into
different regions of' the 26 channels, Thg graphs.have been displeced,
depogding on this bias voltage used, in sccordance with the relation

\ that 0,13 volts change.in bias moves an energy baﬁd through two
channels at the particular amplification used ip this experiment. The

1

peak is then seen to be quite real and seems to remain so long as

the high energy peek is present,

Two hours after the last measurement in Fig. 16, another run was

41,






taken when the high peak had dwindled to a cohl.:lt of aboﬁt 4C obtained

in 180 minutes and the lower peak had also disappeared. 1In Fig. 17

& comparison is made between (a) the sum of the measurements in Fig. 18,
2, 3, 4, 5 and 6 where the total time comes: to 119 mnutes, between |
45 minutes after zero time and 2.5 hours, (b) the 180 minute measure-
ment just mentioned started at 5.5 hrs. after zero time and (¢) s back-
ground run on the empty chamber in the plotting of whlch the scale of
the ordmatrs lnas been redunad tc compensate for the longer count .s¢ that
& visual collation may be made. ,

That theX -pesk is real there is no doubt; its explanation requires
more careful consideration. It is mentioned later in the section on
K-particle energies that there is s smella(-peak slightly 1;31-'97' in
energy then the nain peal of €~'722l seen in the pulse~analyser, the small
peak containing about 20% of the counts in both. The position of the
smallX -peak under investipation sppears to be near to the smeller of
the two in 87%€1 pyuy they can hardly be the ssme since the former con-
stitutes less than 3% of the main activity if it is a branching of B1218,

As considersd under "X-particle ensrgies”,it is.not probable that
there is aspprecisble brenching at Ac225,' _87221' or 85217 but even if
tnere were branching, the possible products, isotopes of thorium, radium,
or emanation, would not have appeared in this. volatilisation experiment
except as being produced frt;m fhe 87421 which was condsnsed. Bearing
in mind that this new small peak remained as long as the 46 minute high
| 'energyl)(‘-p&rticle 8o that its production from 5 minute 87321 would lead
to 10 times less sctivity, end also the fact, that the branching, if any,

at the first threeo(-emitters is small, there is a difference of an
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order of magnitude bétweeé.the effect expecﬁed by branching previous te
81213 and the observed effect. This is entirely dependent'on tre argu~
ments given under 'M-particle energies” for if 87221 _ ... yrenched as
mucﬁ as 20% the effect could be sxplained sssuming Ra22l or 86217 (Fig.3)
have'a period of about B0 minutes. The situetion will be clarified when
2 high activity sample is available on which a search may be made for

Ra®?! and from which & iarge sample of pure 1213 mey be separeted and

examined,

1299,

. ) . .

We mey exnect thellium?0® to have a high energy/g-emiss1on end a

half-life of only « few minrses so thst with the present astivities i%
would be almest imnessille to do any work on it.

. o n.nld 2
/3-p&rblclcs of £i%1% and Pro09,

The activities aveilalble at present are too smell to makeé accurate
measurerents of the snergy of/g—radiatian from the series bui a rcupgh
idea mey bhe obiaired from abeorptioﬁ coefficienté.

Freshly extracted semples of the radium isotope give absorption '
curves showing the penetrating radiation from ThC and as the sample ages
and the ThX decavs, the slope changes and approaches the steady value
of the/g-rays from the new family. The meas&rements were made on the
usual/g-counter which hes a mica window 6.5 mz/cm2 go that the soft radia-
tion from Ra®2® would not be visible, a fact which has been substantiat~
ad. by the similarity betwsen absorriion curves in the presence and absence
of Razzs.

Fig. 18 shows one of the curves obtained on a specimen of Re?225
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18 éays'bld and analysis éf the graph demonstrates the presence of two
_dofinité components. Curve A gives the experimental points showing
the fwo radiations combined and curve B the softer cogponont plotted
gsparately by the subtraction of the projection of the hard componsnt.
‘Qualitatively, it has been shown that the more energetic part belongs
to Bi21® and the othe¥, of half-thickness ebout 15 mg AL/bmz, to szos,

the value being approximstely correct for the reported energy of Pp208

/gJémission, 0.7 Mév(ls).
The Bi2l® radistion has an sbsorption half-thickness of about
65 mg Al/bmz which, in comparison with other radioactive substances

(Fige 12), indicatee an energy of roughly 1.3 lev.

Period of Th2<o,

The hali=1ife of Th229 is very large so that its estimation reguires
& comparison between the activity grown in a certain time with the known
ﬁmount of Ued3 parent ané this would be complicated by the presence
of radiothcriﬁnga, by the growth of subsequent members in both fanilies,
and by the probsble contamination by.Acza5 in some of the chemical
separations. A direct measurement of this kind has not yet been attempt-
ed but a rough calculation may be made from the extraction of Ra225,
Unfortunately, the activity of Ra®?5 cannot be measured e2sily owing
to the weakness of its/g-ridiation end the presence of ThX, and it is
necessary to go one step further to Ac?2%, 'The following calculation is,
therefore, somewhat devious and cannot be edpected to give more than an
* order of magniﬁudé. The‘sequence to be eonsidered is:

23 __y 229, Ra%25 — 5 225
ol ) 1’8 14 d[i 10 d &
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1) To calculate counts of Ra??® from messured counts of Ac2%5,

(Refer to Sections on Razz5 and Ac225 for a full explanation)

The growth of Ac22® from Ra225 ig described by the following eque-

tion, )
C 0 3 R L R}
Ny = Ny A (e -2 )

FENPL

where 1\-3 and /13 a&re the number oi_' atoms and disintegration constant
respectively of £c228 gng Ny and A, those of Ra?25,
Vorking in deys throughout and leaving out “he unnecessary correc-

tion for counting efficiency,

A - 9_-_%2_"_5_ « 0,0495 Ay= 0:698 . 0,0693
(half-lives of Ra?25 and Ac?25’- 14 days and 10 days)
Measured counts of Ac225 gng short-lived daughters on i:he 11tk day

- (‘-j E ) after extrsction of Rad® . 2200/min. (after correction for ThX)

' . [ f
e A3 B3 = P2 5 60 x 24 counts/day
4

N; (A3 - A1)
(Q'/\zé_ e‘alt)

0.
Aa N2 = counts of Ra®2® gp ot =

0 x 80 x 24 4 9.0188 _ 145%¥x 60 x 24 counts/day

4 x 0.0693 0.113 ~

= 1454 eounts/min.
Efficiency of Ra%20 extraction is 80% .°. Ra225 counts = 1813/min,

A correction of 10% is necessary hers for self-absorption of theo(-

- particles measured in the 2 mg of Ba{NO0z)2.

.*« Raé0 o 1994 counts/min. on the 94th day after 238 purification,

2) To calculats the period of Th229,

U233 . 119,106 counts/min. in the Sample = Qo, the equilibrium count of
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Thz29 - )1 disintegration constant.

Ra%25 . 22 d. constant, 5 = 199¢ counts/min.

T4

_ <ALk At
Qt_l_(aaet-/he )

o A - A

( A, is small compared with A, ),

t = o days, 1= 250 20,0495, Apt = 4.65

Ak

Z’t Rl
-+ _A—; (&

= 1-¢e

Expanding the {irst exponential when the equarsd term is negligirle

Q. At <+ A, 0.0086
Q0 0.04% -
A = 1594 = 1.78 . 1077
115 . 106, 94.2

0.653 ‘ . 4 .
T . = 107 . 10% yrs,
T.7E . 107 565.% y

Roughly 10% yrs helf-1ife of ThP2S5

& ~particle euergies,

Brief referencs has alreedy been meds 4o the work of Or. A, X, May's
saction on the measurement of X ~particle energies of the new series.

Demers, Iror the vhehonraphic vlate, reporis energies of 5.8, 6.2
- (%3 - ] g f »

- 6.9, and 8.2 Yev. X _
Hincks and Cranshawﬂ in the early pulss-analyser work reported 5.2,
6.-3, 6.9, and 8.3 Mev,
Recent valuss obtained by Crenshaw under better conditions in the
- pulse-snalyser are 5.81, 6,28, 6,97, and 8,28 Mev.
In eollaboration with Yay and Crsunshaw, I made some further messure-

"ments with the pulse-analyser in which the two lower energies were compsr-

% Physios monthly report, Dec. 1944,
& Physics monthly report, Jan. 1945,
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ed with those of ThX and Tn which have values.of 5.68 and 6.28 Yev,
quite close to Ac?25 gng 87221.

The technique was modified in an effort to ofviate c?rtain sources

of error, vig,,’

a) the opening of the ionisation chamber in orde; to interchange
standard and sample,

b) the dirficulty, when standard and sample are counted in the
chamber together, of separating the mingled peaks without dis-
tortion. .

c¢) the drift of the amplifiers of the pulse-analyser.

(a) gnd (b) were overcome by depositing very thin layers containing ThX
and 4c?26 on opposite sides of a hinged metalfiigzz-was mounted on the
botfom eleétrode so that by tilting the chamber the plate could bs re~
versed and each side examined separately.

Since the interchange was easily performed, a larger mumber of com-

parison could be made and (¢c) was largely neutralised.

The values obtained as the mean of 10 comparison were:

Ac225 - 5.805F 0,01 Mev -

gr22l - 8.82, T 0,015 Mev
where errors are the extreme deviations of tﬁe individual'reeults. In
these measurements, the assumption is made that th;re is no finé
structure in.theo(-emissién end that the peaks obtained in the pulse-
analyser are the same shape. A reservation must be made in the ¢ase of
87221 which is discussed immediately following but the result mbove is

not affected since it applies only to the main peak observed at 6.33 Mev,

More details on these measurements are not given since it is expected




~ has ‘been made in connection with Pb

! in the peak of 85
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_that further wox'k by Dro A.N. kiay's section will soon superse'e the

present figuress.

' 2
The g-particles of 87 21o

i .’ Crmsﬁaw,- in his measurements of a-particle energies in the pulse=
"aﬁg’l’yser, "Idisc-ovéred an irregi_llarity-in the g<peek of 87221 at 6,33 Hev.
There seenns to be. a small peak of 6.1 Mev (Cranshaw) which contains about
.20% of the ..number‘ of a=particles in the nqr_'\na.l main peek while the main
greal peak at 633 Mev contains the remaining 80% (see Fig. 6, D and Fig.
18, I)o= . - ’ '
The:possibilitj that this is due to branching somewhore in the series
mus‘f: lﬁe oonsidere:d. : The faot that the pesk contains about 26% of the ag=

213

tivity of a single, a-emitter seems to eliminate Bi since this has been

" ghown tb brench less then 3%, and all thres substances, 40°20, 85217 ang
512]:3 seem unlikely since & 20% discrepancy has not been found in the peaks
at 5,81, 6.97 or 8.28

Ie 8722 15 branched to 88221 (Fig.3), it should be_poasible to sepae
rate_ this radium isotope since the period will probably be convenient for
chemical works A precipitation of lead nitrate from a‘ solution of Ae?20
. 209 and gave no indication of such
a substance. Such branching would probably modify the number of counts

217 217

produeing a different peek for 86 and it has been

213 would be sufficiently

" poirted out that the a-emission of 86217 and Po
e _clé'se_ta pr'oduce"a-a "soincidences" or pulses which should appear on the
-pulse-.'a_ﬁalyser in the region of 15 Nev. In & 50% geometry with a 20%

213 peak taking part

branching, there shouid be 5% of the number in the Po
.. in ooincidences, Thess have not bsen observed,

A more careful chemioal search for 86°21 wiil be made,
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<& At present it seems most probable that the a-emisgion of 87221 has
- fine structure and Dr. Mey's section is congsidering several experiments
to investigate the matter.

The assiznment of pp09

One of the main points in the evidence given in this report is the
discovery of a lead isotope in the series with the 3.3 hr half-life of the
isotope 729 4iseoversd by Thornton and Cork (11) in the deuteron bombarde
ment of leads It seems worthwhile to quote a few details froma later paper
by Fejens and Voigt (14) who showed that the 3.3 hr lead was definitely

20? s0 that the process must be 208 (g, p)

produced from the isotope Pb
PBBOQ.
They compared_the intensities of the 3.3 lead as produced in ordinary
~ lead and:in lead obtained from uraninite ard correlated these with the
isotopi? composition of the two leads. Thus the ratios of the verious iso-

topes in the two leeds was as follows:=

J
i Isotope - . 204 206 207 208
,/,: -
C U M
Do Ratio . 0.0007 | 3.99 |. 0.249 | 0.00325
. _l_y: 'Ol'do Pb . '

Since there is a great differense in the ratios, the ratio of the
3.3 hr activity need only agree in order of magnitude to establish the iso=-
s tope. . _ |
S ' In two experiments, they-obbained activity retios of 0.0035 and 0.0045

indicating a reaction on the isotope 208,
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APPENDIX II

g=Counter

| The arrangement was the standard equipmsnt of Chemistry Division
congisting of a parallel plate _1onia;1tion chawber, heg.d-amplif"ier. linear
amplifier, oscilloscope, ﬁ.T. gset, discriminator and bias control, end
scale of 64, Background on the chamber was kept down to one or two counts/
mig and a permenent standard of y2s3 gave oonsistent readings over many
months of use. Efficiency of counting geometry was about 50%.
f=Counter

The standerd equipment of Chemistry Division consisting of a Geigler-

Mlller counter of the end-on mica-window type mounted in a lead 'oastle!

and connected to & high-tension set and scale of 64, The mioa window

- was 6 ng/om? and painted with a thin layer of "Aquadag" amounting to 0e8

mg/om?, Background on the cownter was usually sbout 12/min and the effi

_ ciency in the best couting position about 30%.

Thin-window counter .

A Geiger-Miller counter with a mica window.of 2 mg/em® was supplied
by Mr. N. Veall of Tecmical Physics Divisione The gzeometrie efficienoy
was about 20% and the baskground about 13 counts/min.

Windowless Counter

‘This counter, constructed by Mr. N. Veall, consists of two Geiger-

. Muller counters of the endeon type mounted contrapositively on & metal

1

chamber so that the whole thing can be evacuated and filled with argon-
gloohol mixture. So.mples are placed inside the chamber and lie between the -
two counters so that counting geometry, if both counters are used, 13 almost .

100%4. Since there is no window between cowmters and sample (although the
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support of the sample obstruots one cownter), a-particles and soft f=
particles are not prevented from entering the countero

Pulse-enalyser and ionisation chamber (a~particles) -

The "pulse-analyser" and "large chamber", a part of the equipment of
Dre A.N. May's seotion of Physios Division and used by theni.in the measure-
ment of a-perticle energies of the new series, have also been available to
me"'in part of the chemical work whem it was useful to distinguish which
a-particles were present éf“cér certain treatments. A short descripti:on is
given here only to msake -_t;he references ‘in this report intelligible.

- The "large chamber" s a p&ra.llel plate chamber in a steel cylinder
with electrodes 10 cm square, separated by 5 om, and with a grid in front
of the positive colleoting electrode to eliminate the effect of ths slower
collection of positive ions. Samples may be laid in the centre of the
bottom electrode, the chember evacuated sad filled with argon at 45 lbs/ |
8¢e ine in excess of atmospheric pressurs. 1600 wolts is put aoross the
electrodes a.nd the a~particle ionisation pulse, which is proportional %o
the energy of the a-particl;e, is passed t};rough a head-emplifier and linear
a,nplifi'.'elr.' Next in line is & "non-linear" amplifier whose function is to
select, by blas control, a lowsr limit to the size of the pulse accepfed
- and to: amplify the oveérlapping portions 61‘ pulses to the required 'spread"
over fhe pulss~analyser c;ha;hncislc
o The '_pulse-analyser'¢: designed by Frewndlich, Hincks snd Ozeroff™ .

' conaists of & power amplifier leading to twenty disorimineting "ohannels”
eacﬂ having & scale of two and tuned congseoutively in § volt ranges. 4

pulse entering the analyser after au:f,table amplification, affects all the

b 4 Réport not yet publ_iahed.




chaunels up to the voltage corresponding to its energy bgt a cancelling

ocircuit preﬁnnts the pulse from counting in ell but the highest channel

to whioch it reaches. Pulses coming from the ionisation chamber distribute

themselves along the pulse-analyser ascording to the energy of the a-particle.
A graphical plo£ of the number of counts in each channel against the

ohannels in order provides a pioture of the distribution of a~particle

energies in a sample in the chamber. It is therefore possible to work

with a mixture of several g-ective substances and to observe changes in

each separately. The amplification of the "non-linear" amplifier can be

varied from the inclﬁsion of encrgles extending over about 4 Nev within

the channels to about ten times greater "spread" when required.
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