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ABSTRAOT. It is shown in the present work that the Geiger-Nuttall relationship is
more satisfactory and refined when the log A, E curve is plotted for isotopes having the
same atomic number Z. From the theoretical study of a-emission it has been shown that
only points, referring 1o nyclei having the same atomic number, fall on a continuous curve,
Bven in this case there appears to be some deviation of the actual curve from the theoretical
one on both ends (for nuclei having shortest and longest lives). 7The experimental data
of all e-active nuclei have heen systematically studied and the modified Geiger-Nuttall
curves have been drawn for all elements from Bi to Pu. The a and 8 stabilily considera-
tions ate used to predict the probable a or 8 activities as yet unknown. Some of the nuclei
suspected of weak e-activily are UX %4, MsThI?8 and UYL

INTRODUCTION

The Geiger-Nuttall relation, log A=a+ bE, which was first obtained from
empirical data has played a very fundamental part in the understanding of
nuclear phenomena. It was the basis of Gamow’s famous work on the escape
of a-particle through polential barriers.

The latest position of this famous relation is given in Gamow’s
“ Structure of Atomic Nuclei,” p. 86. As given there, the (log A, F) curve for
three radioactive series is mot a continuous one but it is shown to consist of
three distinct ones corresponding to the U, AcU and Th series. Even the
curve for a single series, e.g., for Ac is not cont:nuous. When these curves
were compiled the half-lives and energies of some of the products parti-
cularly the extremely short-lived and extremely long-lived oues were not very
accurately known. But recently much more data on these points lave been
obtained and the series have been prolonged and it appears advisable to re-
examine the whole question. The present work has been undertaken with
“the point in view, o ‘

'Receutly Berthellot (1942) suggested that the points on the Geiger-N mtall‘
diagram (log A, E curve) fall on a continuoud linc if the data belong
tonuclei having the same charge number Z. This has been verified by
.Broda and Feather (1947) in case of Poand led to the mtu’estmg dxscovery
that: Ra}?., well—Lnown for its B.activity is also shghtly - actwe, ‘The ratio of
» ot-actmty to. B-actmty is found as ~ 107" to 1.

* Comthunicated by Prof. M. N, Saha.
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THEORETICAL BACKGROUND

I'he object of the present work is to cxamine critically whether the
Geiger-Nurtall curve, log A against I8, is a smooth onc only when &-active
isotopes of the same atomic number are plotted. Let us now interpret the
above assuinption of constancy of atomic number. 7, in Geiger-Nuttall law
from theoretical point of view.

The phenomenon of spontancous o«-radioactivily was first explained by
yamow (1929) and Condon and Gurney (1929) who calculated the tians-
mission factor of the potential barrier by the application of wave-mechanical
‘method. Since then a large number of investigators have attacked this
problem assuming different types of potential ficld in the nucleus. . These
results differ in the method of attack and the degree of accuracy of the results,
but the main term in the transmission factor is the same as given by Gamow.

The disintegration constant A is calculated from the transparency of the
potential barrier either by the semi-classical argument by ILaue (1929) or by
the assumption of complex ecigen-values as is done by Gamow (1937). The
form of the potential barrier is assumed to be an inverse square field up toa
distance 7o and a rectangular hole of potential U for distance less than r,.
The transparency fa~tor, calculated by Saha (1944) and I.aue’s semi-classical
arguments yicld the relation : *
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Using the complex eigen function method, the following relations are
.obtained between A and I, for =0 (Preston, 1047)

p= =tan ug tan (ukry) e (2)
A=2V M2 tanug o2k (3)
ro p?+tanZu, e A3
where p=(1=UJ/E)}, k= _g?_;_n"u_
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1t can be easily seen that if we have U=o, p=1, the cquation (.3) reduces to

A= sin 2uy. 2%
7o 2Ug.C v (4)



Geiger-Nuttall Relationship 53

This expression las been used by Sexl (193 3). ‘T'hus three expressions .
for A arc available,

A=Y o2k
70

v o -
A= - sin 2uq.e” 2k
To

M«Qﬂ are of the order of nnity. ‘The value of A

The factors sin 2u
® 2 tan%u,

changes so rapidly with small adjustments in the valuc of the constant To
in ¢"2 that the multiplying factor is not of much consegquence.

In these calculations the effect of relative motion of the 7 — 2 nucleus is

3 . A N ~ m
to be taken into account. So we are to use total energy E=E, (r.+ —L

M, ,}'
. ~ . : — Ny . m M,
relative velocity of «-particle v=1,4 (I - ) and reduced mass m=-.—-"1" -
Ny Mg+ M,
in place of f<., v« and m, respectively,
Using the first formula, (1),
logyor=1logov—1log1o7o — 4343y [uo—sin ug cos un] v (8)
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From rclation (5), we sce that log A depends not only on the velocity of
the ejected a-particle but also on the atomic number (Z—2) and the nuclear
radius 79. So in genmeral casc it can not be represented in a two dimensional
graph. The curve, log A against I, is approximately valid if (Z=~2) is kept
constant since: the variation of v is small from one isotope to other onés.
The nuclear radius ro may be assumed to vary as the cube root of mass

number of the nucleus. ‘

The ‘reason why Geiger-Nuttall could get a more. or less smooth curve’
by plotting log A against E, is, as pointed out by Gamow . (1937, p. 104), due
to the fact that variation .of Z, E and ryin a radioactive series is pra‘c‘txcally
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wonotonic as we go down the series, Anomalies occur in the orjgu{ml Geiget-
Nuttall curve where this regularity breaks down. Thus the Geiger-Nuttall
curves with constant Z, will be more refined and less susceptible to anomalies.

The validity of the theoretical rclation could be examined if the theore-
tical curve of log A against F for constant 7, could be drawn and compared
with the experimentally observed omes. But unfortunately this cannot be
directly donc since the above relation contains threc variables A, I and 1,
of which A and FE are known expcerimentally. ‘The other terms, the nuclear
radius 7o cannot be determined as yet from any other independent observa-
tion. Hence what is done iu this case for verifications is to see whether the
values of ry calculated from the theoretical relation with the help of experi-
mentally observed values of A and I, are consistent for different nuclei.
As it has been shown by different investigators, (Gamow 1937, Ireston 10946,
1047) that the value of 7o is more or less consistent excepting for the actinium
series. For other nuclei 7o nearly follows the relation ro= R.1° obtained
from liquid drop model. No satisfactory explanation is at present available
for the abnormally low values of 7y, for ThC—>Th(C”, RaC—>Ra(’ and
AcC—>»AcCr,

As the experimental curves are plotted as log A against E (in MeV) let
us transform the cquation (5) in terms of cmergy in MeV, Tor numeric.al
calculation we use the relation

log A=21.8428+4% log E, +.217 -;:iw“ —log 7

»
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wherc Il =disintegration cnergy in McV.
-13

ro =radius in 10 cin. units,

‘The relation (6) exhibits explicit dependence of log A on the disintegra-
tion energy E, charge number Zw—2 of the product nucleus and radius 7.
Since 7, varies as 4%, the effect of variation of 7, from ome number to other
will be small; but if 7 varies for different members, the variation will be
much pronounced. So constancy of Z becomes a necessary condition for a
two dimentional curve. ‘

The Geiger-Nuttall law has been stated as
log A = a+bE (7)
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But the actual theoretical relation is much complicated as seen from the
relation (6). As it will be seen in later section that Po contams largest num-
ber of «~active isotopes, the theoretical relations deduced abbve can be con-
veniently compared with experimentally observed values. ‘Taking an average
value of 1o=8.63 x 107" cm. (for Po*'®, ThA) ,the following theoretical re-
lation for Po is obtained from the rclation (6).

log A = a— --—b—_; cos™? (cE‘,‘b>+d log E,—¢ E,

E.f
= 380664 — S;{:?;- cos™' 1923 E,} )+%10g E, ~.3225E (8)

With relation (8) the theoretical curve given in Fig. (1 @) is drawn. ‘I'he curve
passing through experimental points is given in Fig.1 (¢). ‘The agreement
with the experimental curve (¢) is seen to be satisfactory, in the middle part
from (214) to (218) but on both sides the theoretical curve diverges from the
experimental one. However insicad of taking »., constant for all isotopes
we can take the variation of r, from one isotope to other into account accord-
ing to the relation, ro =R.A* 'Thus another theoretical curve (b) (Iig. 1)
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is drawn from relation (6). The curve (b), approaches the ekperimental
curve (c) at the end; but discrepancy still' remaius at the two ends, whxch
shows that the theory of d-particle emission fails to accmmt for very short
lived products as well as very fong-lived ones, x
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HFXPLANATION OF TH® METHOD.

Now the modified CGeiger-Nuttall curves are 1o be drawn for each
element starting from Bi. For dealing with the large amount of data we
have made use of the nuclear chart originally given by Saha, Sirkar and-
Mukherjee (1040). The usefulness of this chart has been extended by the
work of Saha and Saha (1946) and others on ‘‘Nuclear Iinergetics and B-act-
ivity’'. The part of the diagram dealiug with our work is reproduced in
Fig. 2.

As the chart shows all #-radio-activity appears to ccase with Pbh (82).
This means, that the activity is too small to be measured. But from 83
onwards, @-activity has been found in many nuclei. Some of these nuclei
are also simultancously (-active and it is possible that, many of which have
Deen found so long ottly #- or only B-active may be found, as has been found:
by Feather in the case of Rali, to show the other type of activity on a very
much feebler scale. We have therefore made use of our criterion for [-activ-
ity as given by Biswas and Mukherjec (1¢48) for dealing with each individual
cases.

The correct determination of the data namely A and £ is the most im-
portant task. For E we have taken, not the energy with which the z-particle
conies out, but the total energy of the reaction. As is well-known, this is
given by the formula
A
A-4
In the case of a nucleus which decays both ways by =-disintegration, B-decay
or K-capture, experiments give us only the composite life 7. As is well-
known

o]
i
=

I =1, 1

T T, T
When we are considering A , F relation for o-rays, we requirc T. . To
obtain this we must know the second relation, the ratio of ; ¢ = ))-t—” , which

B a

gives the ratio of the particles disintegrating by B-decay to that by
“.decay. In many cases this ratio is koown but in many cases we mreed
have recourse to surmise. "Bhese points will be discussed in the proper
places. oo ‘

EXCITED STATLES IN alMISSTION:

It is well-known that many =-active nuclei do not emit e~-particles ' of one
energy, but o-particles of several emergy groups are found. Tlis is due to.
jﬁlﬁ fsormatmn of excited states of the initial or the product nucleus in ﬂ-em:s- ,

The nuclei emitting complex #-spectra can be divided into two dasses ;"‘\'

L
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(1) Class I: In this class, the ea-particles of maximum energy have
highest intensity (group ) and the intensity of other groups are smaller
but of the same order as the group O. This is due to the formation of the
excited states of the product nucleus. The exainples are ThC —>ThC/,
RaAc—» AcX, etc.

In the present d1su1ssxon, the a-emission between the p:louud states of
two nuclei (group O) are considered. Hence the ohserved disintegration
constant A, isto be corrected so as lo give partical disintegration constant
for the zero group A... Taking the case of ThC” —» ThC’ we find that
intensity of group O a-particles is 27.2% of the total intensity. So Ao will
be 27.2% of the tolal A, (6.44 x10™"). 'Thus the corrected Ao is 1.75X
10,”"

Similar correction is applied for all a-emitters of Class I as will be re-

" ferred to later on, ~

(2) Class IT: This class includes a few a-active nuclei where the
a-particles of lowest energy have the highest frequency and a-particles of
higher energy are very infrequent, relative intensity being of the order of
r in 10° ‘This is due to the existence of excited states in the initial nucleus.
Only the normal a-particles (group O) are included in this discussion. Since
the intensities of other groups of a-particles are very small compared to group
.0, we can pul Ago =% A, and no correction for the .comp]éx spectrum is re-
quired.

The examples of this type are ThC'—> ThD, RaC'—> RaD.

(83) Bismuth

The isotopes of Bi range {from mass number 204 to 214, All the relevant
data are given in Table I.

Bi**; 'This recently obtained isotope of Bi shows a 12 hr K-capturing
activity. This is an agrcement with the findings of Biswas and Mukherjee
(1948) on B-energetics consideration.

. Bj?0%; No distinct activity assignable to Bi®®% could be found in the
reaction expected. It is espected, from the studies of Biswasand Mukherjee
(1948) to be a K-capturing nucleus, : ‘

Bi%06 ; The 6.1 d K-capturing activity of this nucleus is in agreement thh*r
findings of Biswas and Mukhegjce (1948). ”

Bi2%7 : No activity could be assigned to Bi2°7 which is expected in the‘
reaction studied. According to Biswas and Mukherjee (1948) this ought to
be a K-capturing nucleus with long life. .

Corson et al (1940) reports the production of 85%!! by the reaction 31909"“;‘-;,
(v. 24)and showed that it is dually active, 60% being a-active 40% K-active. “"_
The product of the a-active branch would be Bi207 but he was unable 2 )*
trace any aclivity of Bi207, RPN
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Bi?08: The production and mode of decay of this isotope are as yet
uncertain. According to Biswas and Mukherjee (1948) it ought to show both
K-capture and B activity.

Bi2°? ; This is the only stable isotope of Bi.

Bi210: (RaF): Broda and Feather (1947 have recently shown that in
addition to 5 d B-activity, a small fraction of RaF, decays by s-activity to T'h206,
The branching ratio of o and Bis estimated as ~ 1x 10”7 ;1. The energy
of a-particles has been obtained from the equivalence of energy-release in the
two branches as shown in Fig. 3. The value of E. is to be confirmed by
direct experiment. A little alteration in the value of branching ratio and I3,
will shift the point on the curve to a small extent.

20
RaF ,
z\o p | \
N p '1
MG

Flgn.a,

’
c P ‘:‘f" AcD
B ’6‘
& G?M # u. Egtay

628 AcC )
Flg‘.q..
/z/ o 399
Fesx
" B5Y
Rysa "/::-:'::
1.-1;“

Fig. 5.

‘ 1319“ (AcC) : ‘The dual disintegration scheme of AcC is ngen in FIG 4.
"The main disintegration of AcC is by ea-emission (gg. 68%) to AcC". Two
gr oups of a-particles are emitted. The complex a-spectra fall'in x..lass L The
intensity of _group O a-particles is 84%. Thus A,=35. 33><1¢:»"8 sec™! is
cotrected to give Aeo whmh becomes 4. 478><m"3 sec 1. This usotope falls

close to the log A, . curve for Bi.
- a=1713P--2
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The epergy of the B-cmission in- AcC—>»AcC’ is not yet determined.
I'rom the equivalence of energy-release in two branches, Eg--.comes out as
.66 MeV. ‘I'he study of the disintegration of AcC is not yef complete.

Bi2'2 (I'hC): The dual disintegration scheme of ThC is well studied by
Ellis and this is given in Fig. 5. In the o-disintegration branch ThC=>ThC",
the observed composite hLalf-life is resolved to give o-half-life and A.. The
a-spectra is complex consisting of five components (Class I). The intensity of
Group O «-particles in 27.2%, and A, is calculaled as 1,740 % 107° from the
value of A, (6.439% 107"). This isotope falls on the smooth log A =L curve
for Bi. ‘

Bi219 : T'his isotope is the corresponding C-product in the newly discovered
(4n+1) radio-active series. The data for branching ratio, composite half-life
and a-cnergy releasc are taken after the determination of English et al (194%7). The
study of thisnew scriesisrather preliminary and furtiier investigation is required.
Bi2l* (RaC): The complete disintegration sclicme of RaC to RaD has not yet
been established. In the disintegration RaC to RaC’ {wo groups of e-particles
having energies of 5.612 and 5.549 MeV have intensities of 45.4% and
54.6%. 'The o-disintegration constant is calculated from composite halflife ;
this A, is corrected to give partial disintegration constant A., which becomes
1,056 X 10”7 sec”!,

The Refined Geiger-Nultali Curve For Bi

With the data given in Table I, the Geiger Nuttall plot, log A agamnst
L, is made for the isotopes of Bi (Fig. 6). The points lic close to a smooth
curve excepting Bi?'* (RaC). This curve is somewhat different than that
given by Broda and Feather (1947) in the study of a-activily of Rali. The
curve given by them is drawn through the points corresponding to a-particles
other than the zero group, whereas the present curve is drawn for Group O
a-particles of the isotopes of Bi. The a-active isotopes of Bi includes C-
products and it has becn shown by Gamow (1937) that noue of these C—>C”
bodies show normal behaviour.

(84) Polonium

Polonium contains largest number of a-active nuclei. Its 1sotopes range
from mass number 206 to 218 with exception of 209 and 217. ‘The relevant’
data are given in Table IT. «

Po?90: This recently obtained Polonium isotope exhibits simultaneous
e-emission and K-capture processes. ‘'The K-capture activity of this even-even
nucleus is duc to its position in the extreme right flank of the I- -group.
As pointed out by Biswas and Mukherjce, llns nucleus is a good conﬁrmatlon
of the Saha-Saha theory (1946).

No daughter of Po2°® by o-emission has been rcported “The productw
Pb2°2 should be a-active,
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TABLE 11

Polonium (84)

.61

& | B N
Y i fonl -~ - »
9w o = & =Y y = a
8‘ Q0 o9 © ‘g U e oy = E
g | o= P - < 1§ gw 2 &
- o |‘ & aQ | ~
Po208 o e Io god |8'9axr1078 g2 53 | PhW (q, ap) -
T2 | F=5 (T2) T
: T(z2)
POHT | 5h @ _.o1 65y |338x10Y 51 | 52 [ Pb¥8(d, 3n) -
(T2) K 99°99 (T2) (H4)
(1'2)
PoM8 | gy , =3y (733%x107Y 514 5'24 | PH¥ (a, 3n)
(T2) ’ (T2) (H4)
o309 ? Bi¥%(d, 2n) ?| K - capture
(T2) and e-acti-
vily expec-
ted,
Po0 | 14040 1qod | 580 x 1085 '303(C2)| 57405 | Ral'B-decay .
(C6) (Ca) 5'298 Bi%9 (d, n)
(H3) (C3, Hs)
POl | ¢y 1073 g §5X107% s | 1'39X% 102 | 7'434 7°543 | AcC B-decay o
(AcC) | ™ (C6) (Lg) 852 K.cap
Pol?[ 5y 157 ¢ . 3X1077s | 2°31X106 | 876 8'944 |ThC B-decay ™
(ThC)| ™ (D) ‘B3, H3)
Poll3 |44 x 10785 4'4x10°0%| 1°58x 10 | 8'336 | 8496 (B3 B-decay
(K1, Hn) (Tx) (E1, Hr)
Dot | 15 x 10745 I'sX10745| 4'62x 108 | 7'680 | 7827 |RaC B-decay .
(RaC’)| (1, Ry, (B3, H3)
. Wi y
Pob |83 x 1073 1’83 x 1078/ 379X 107 | 7365 | 7504 |And a.decay "
(AcA) | (Wh) (L4)
Po¥. 158 g '086 ‘1588 4'39 774 | 6°902 T aedecay| - yuy
ThA) | (W) g-?,ﬁ‘ (B3, H3)
(K1)
Pobt? ? “ “ Not  yet
known,
‘ This will
be B~-ac-
! tive.
Poll8 | 5 ey 99'96 3068w 3-77 x10°%) 5°998 | 6’130 |Rn®?a-decay o
(RaA) (cs) o4 (B3, H3)
- (Ra)
Po®07 ; Thisalso i is a snuultaneoue o and K-active nucleus. The high K-

‘capture process (99 99%) is in agreement with Biswas and Mukherjees

‘findings.
‘capture. As givenbefore Bi?07 should decay by K-capture, -

No daughter of Po2°7 is found.

Po?°7 will decay to: Bi#07 by K-
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year a-activily of Po* is in agreement with the stability

po?%* : The .
Po y this even even nucieus should

rule. According to DBiswas and Mukherjee,
have no 8~ or K -capture activity. |

Po® ; No activity could (be assigned to Po*"" which ‘is expected
in the reaction studied, Bi** (d, zn) Po’*. 'This isotc?p‘e will dccay by,
K-capturc (Biswas and Mukherjee, 1048) as well as by at-:;wtw:’c_v,"‘. ‘

Po¥ ; The investigation of Chang (1946) revealed that Po®'’ (RaF)
does not emil homogencous o-rays, but seven groups of particles are
prescnt. The intensity ratios of the higher order groups to the main !
group are at variance with the present theory of a-emission of excited |
states. The w-energy of Group O is highest and the relative intemsity
i5 10°, compared to other groups whose energics are smaller than the
main group. ‘[hus the a-spectra do mnot fall in either of Class 1 or
Class [l as stated before. ‘l'aking the experimental observation as correct,
Po*'" presents a problem, hitherto unknown and unexplained, in a-emis-
sion.

P (AcC!): The normal a-particles of 7.43¢ MeV  from AcCY
is surely attended by long range a-particles of very low intensity as in
the case of TUC’ and Ra(’, ‘['hese have mnot yet Dbeen studied.
Accurate dctermination of the extremely short half-life of AcC’ is re(.;uired
as no recent data are available for this, The a-spectra of AcC—AcD
should fall in Class IT as in other C-products, and hence no correction
for A, is required.

The absence of [-activity of this nucleus follows from the studies
of Biswas and Mukherjee (1948).

Po®* (ThC'): The spectra of ThC'—>ThD has been completely
investigated and with the main group of 8.776 MeV two long range
asparticles of very small intensity are present. ‘The complex o-spectra
fall in Class 1I and no correction of A, is required. The short hali-life
(3x1077 sec) has been accurately determined by Dunworth (1939).

No fB-activity is possible for this even-even nucleus.

Po®: In the same line with ThC’ and AcC/, this isotope is the
corresponding C’ body of dhe mewly discovered (4n+1) radio-active series.’
‘The half-life is reported as 4.4 X 10™° sec. Further investigation is sure to
show long range 2-particlcs of very small relative intensity,

No B-activity of this nucleus is possible as shown by Biswas and
Mukherjee. ‘ : ‘

Po® (RaC’) : It has hbeen obsetved by Lewis & Bowden that twe,lvg}/"
long range o-groups of very small relative intensity are present with
the main group of e-particles. The number of v-rays, due to t:ansitibﬁs '
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between these levels, as pointed out by Ellis, should be many more
than at present observed. 'I'he half-life has ‘been accurately determined
by Dunworth (x939), Rotblat (1941) and Ward (1942)..

This *-spectra of Class II require no correction for A,, The B-stability
of this nucleus is accounted for by its even-even property.

Po’® (AcA): The espectrum is simple as observed by Lewis and
Bowden (1g34). The short half-life, 1.85%10-" sec., has been accurately
measured by Ward (1942). According to Biswas and Mukherjee loc.
cit., low enmergy P-emission is probable for Po’'® (AcA). The isotopes,
ThA and RaA of two other radioactive scries have bcen observed to
cmit low intensity AB-rays in addition to strong a-activity (Karlik and
Bernert, 1943), Thus the predicted [-activity of very weak inteusity
will be in agreement with the A-products of two other series. This will
be worthy of further investigation.

-

Po*'® (ThA). Karlik and Bernert (1943a) showed that low intensity
B-ray branching (.014%) exists for this strong e-active nucleus. The
B-ray energy has nol yet been measnred. Very low energy f-emission
from this cven-even nucleus is explained by its position in the flank
of the group 1=48. This is in confirmation of Saha-Saha theory (1946).

The short hall-life (158 sec) has Dbeen accurately measured by Ward
(1942).

Po’'" ; This isotope of Po is yet unknown. ‘I'his should belong to
(4n+1) radioactive scries ; but 85*'" is the only known isotope of this
mass number in (4n-+1) radioactive series. If ever obtained, this will
be B~ active of very short half-life.

Po*'* (RaA): 'The investigations of Karlik and Bernert (1943b) revealed
a low intemsity B-ray branching (.04%) tor this predominantly a-active
nucleus. The A-ray energy has not yet been mecasured. The B-activity
of this even-even nucleus is due to its position in the extreme flank of Group
I=50, and is in good agreement with Saha-Saha theory (1946). As
indicated by Biswas and Mukherjee, B-ray energy-release is expected to
be~.2 MeV.,

The G éiger-Nuttall Curve for Po.

Since Po contains largest number of =-active isotopes, the validity
of the refined Geiger-Nuttall relationship can be tested with the data
provided by 'it. The curve, log A against E, (Fig.6) is plotted with
‘the datg given in Tab]e II. It is observed that almost all the isotopes
fall on a smooth curve. Small deviations oceur for Po'!! (AcC’) Po™*
and Po™, TIn case of Po?' (AcCY) it has already been pointed out
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that the short half-life (5 x 10™ sec) has nol been measured with accuracy
in recent ycars. Po®'" cxhibits a new type of w-activity as indicated
before. The data for the other isotope, Po®*® are rathet preliminary.
Thus the proposed refinement of the Geiger-Nuttall relation i6 seen to hold
good.

(85) Astatine

At present five isotopes of element 85 are known, all of ‘which show

w-activily, The data for onmg isotope is insufficient. The relevant data
are given in Table 111,

85At“? ;  This isotope was obtained in artificial transmutation by 40
MeV a-particles on Bi**® by Corson ef al (1940). " The observed K- capture
activity of this, in addition to c.activity is well explained by the B energetxcs
for I =41 (Biswas and Mukherjee, 1948).

At’”‘: This isotope is w-active and fB-stable.  ‘The B-stability. of this

-i8 in agreenient with B-energetics considerations.

&V e
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Tarrg IIT
Astatine (85)

At20 el G

|
o u “ gb."* 2z
£ 82 || 8§ . & | B2 | B% 2 2
A AN T C - :
o A
6 ' 4
A | 25 h ;,r 2 12-5h 1.54%x10 85 |  5.04 6.03 | Bi®(a, 2n) [e-decay pro-
(¢ 5 4 (c3) (5) duct not yet
\ observed.
A5 \10"15 ! ~107ts | 6,03 %100 8.00 8.15 Fr2l¥ g-decay
(G 2a) (Gz2a)

~T0"I8 6.93X 10?7 |7.64(G2a) | 7.79 | Tr*0 a-decay | Also B-ac-

G 20a) 7.79 (K1) 7.93 [ThA%6 g.decay| tivity ex-
AtHT 2,1 X 107 % 2.1X107% | 33.0 7.02 pected.
(Br, Hi) l (Bx. Hi1) | 7.16 Fri a-decay
ALY Tew Sec? 6.63 6.75 | RaAM8g.decay| Data in-
(K2) (KK2) complete,

L

85At*'® ; This isotope is formed in weak [B7-branching of ThA (Karlik
and Bernert, 1943a) and by a-decay of Fr®°. The half-life is stated as ~10~".
The a-cneryy is given as 7.64 MeV according to earlier determination and
7.97 MeV according to Jater determination. Thisis also expected to show
B~ -activity, but probably this is overshadowed by the more intense
a-aclivily. :

85At’'" : This isotope is a member of the newly discovered (4n+1)
radio-active series. Its eo-aclivity has bcen observed, but it may be also
B~.active with small energy-release,

85At?"* : This isotope is produced in the B-branching of RaA which is
6n1y 0.04%. 'The value of hali-life is uncertain and is given as several
seconds. T'he a-encrgy is reported as 6.63 MeV by Karlik and Bernert (1943).
Further investigation of this isotope is required. Taking the value of E, as
correct, the half-life of At*'* may be estiated from the Geiger-Nuttall curve
for At. 'This comes out as ~'5 sec. C

The Geiger-Nuttall Curve for 41,

Of five a-active isotopes of At, the available data permit to plot four of
them. As seen in Fig. 6 thesc lic on smooth log A, E curve within the limits
of experimental error. ‘This curve is similar‘t.o that of Po and lies below the
latter. This Geiger-Nuttall curve for At is useful to determire half-life from
a knowledge of E, and vice versa for any other isotope with incomplete data.
Dsing this curve half:life of At*'® comes out as ~'58ec. , . 3
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(86) Radon

All three nown isotopes of Rn are x-active. The relevant data are

given in Table IV.

Rn*": This isotope is obtained in the co-lateral chain of Ra-series. The

a-energy is not directly obtained from Rn*'* but is assigned to it in order of
half-life.

Rn***(An): The a-spectra of Rn®'* is complex consisting of 4 groups.

The intensity of the zero group a-particles is 70%. Accordingly the value

of Aay is .124 sec

-1

TARLE IV
Radon (86)
73 B
o Y . [y o2 «
4| g% | £ = e TS gz 3 E
£ g2 | B 3 < | 82 | L2 : :
E - '~ o 7}
g1 88 |w=| % 2 Y % S
A = |
Rul0 ‘ 019 & 1019 8 36.5 7.1 7.33 | Ra%? a-dccay
(s 12) (S12) R
Ro”|  3.925 3.928 X7 6.82 6.5 |AcX"a.decay
(An) (c6) Ap=.12 (H3)
Ru™ | 5455 54.5 8 1.27X1073 6.28 6.40 [ThX®Ma-decay
(Tn) (c6) (B3, H3)
R ? B--activity
e xpected.
Ro™ | 3.825 d 3.825d | 2.10%1078 | 5.486 5.587 | Ra¥a-decay
(c6) (B3, Ha)

Rn***(Tn) : The a-particles from Tn**° are homogeneous as observed by
Briggs (1936) and Lewis and Bowden (1934).

Rao®*': This isotope of Rn is not yet known., This may be formed if‘ a
small o-branching exists in Ra**’ which js not unlikely. - Rn**! will be pre-
dominantly B~-active.

Rn***: 'The a-particles of Rn*** are homogencous according to 1he
observahon of Lewis and Bowden ( (1934) and Briggs (1936). ‘

The B-stability of all three known isotopes of Ru follows from the studies
of Biswas and Mukherjee (1948).

Geiger-Nuttal’ Curve ‘for Rn.

Vo

With the data given a Table IV, the log A, E curve is drawn from the

‘isotopes of Ru (Fig. 7). It is seen that the three points lie on & smooth curie -
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while the one of Rn®'® falls outside, A redetermination of A and R, of Rn¥
is required.

o9
Rn,Fr,Ra Ac
o
T —4
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g
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—12 2
4.0 5.0 6.0 7.0 8.0
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(87) Fiancium

At present four isotopes of element 87 are known of which one is
B~-active. The relevant data are given in Table V.

Fr* . I'his is obtained in a colateral chain of Ac series recently synthe-
sised. As expected this is B-stable.

Fr®*"; This isotope is observed as »-active. This is expected to be also
B~-active.

Fr**': This isotope is a member of the recently discovered (4n+1)
radioactive series. ‘T'he SB-encrgetics curves for 1=47 shows that this will be
B-stable. |

Fr**‘ ; This isotope is not yet known. This isotope will be 8™-active,

‘Fr‘“: (AcK) Perey and Lecoin (1939) discovered a small a-activity of
Ac*, @: B branching ratio being 1:99. The a-decay product is 87Fr'”“
which is called AcK. This decays by 8~ -activity to AcX*",

The f~-activity of Fr?* is in-agreement with the studies of Biswas and
Mukhemee (1948). The B~ -ray energy of 1.2 MeV is supported-by theoretical
cohsiderations, but no y-ray of so high encu,y, >3 MeV, as reported by
them, should exist with this isotope. : :

3=17192P-2
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TABlE V
Francium (87)
¥ -
= .
o & > i~ L= @
3 oY =) = = b He o
& | BE | £ = 7 ve | 83 B P
S 9w g © < o £ U 1 E
g o = u (el s b=} )
K 2 Y@ P $ T S &
| 2 A
" - N — —_
I ! ~1074 s ~07ly G.gx 108 7 30 7.43 Ac®® g-decay | Precise
(G2a) (G2a) value of
Ais re-
quired.
Frit | m305 ~30 R 2.3X10 2 6.63 6.81 | Acl a-decay | B-activity
(G2a) (Gaa) also ex-
pected.
T2 5m 51 2.3%X1073 6.31 6.42 Ac?% a-decay
(K1, Hi1) (B1)
Tir3 ? This will be
B -active,
¥r223 ) 21 (B8°) Ac¥? u-decay
(AcK)! (b1, 12)

lie close to the G-N-Curve for Fr, while Fr

(Fig. 7). DTrecise experimental values are required for thesc.

Geiger-Nullall curve jor Fr.

As the experimental data are approximate, the point of F1?*° and Fr**

(88) Radium

21y

lics much

above the curve

The known isotopes of Ra rangc from Ra*** to Ra*** (MsThl) with the
The useful data are given in ‘T'able VI,

exception of Ra*

r-active,

Ra***:

This is B-stable as expected from PB-energetics, and

is only

The @-emergy has not been obtained from separated isotope but is
assigned in order of half-life. :

Ra** (AcX): As reviewed by Bethe (1037), the o-spectra of AcX is
complex conmsisting of four groups. The intensity of group zero d-particlés
is 4%. The observed disintegration comstant is uscd lo give A, equul to
2.86 x 1077 sec.™.

The B—stabillity of Ra**" is explained by B-energetics considerations.'

Ra**(ThX): T he «-particles of Th** are homogcneous accoxdmg to the
investigation of Briggs (1936). o

Rad**®: This isotope is a member of the (4n+1) radxo~actwe series, . The_‘e‘
B -activily of Ra’® is in agreement with the studies of B-energetics, It is a
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descendant of 7 x 10" yr z-active Th**. Hence it is plausible tlat feeble
-activity of Ra*®" may exist which is masked by a more intense B-activity.
The suspected 2-activity of R*** requires further investigation,

Ra®": The s-particles from Ra®** are not homogeneous, but belong two
groups (Lewis and Bowden, 1934). The intebsity of Group O particles is
07.8% from which Aa, is estimated as 1.35% 107! sec.™

Ra*™": This Ra isotope is not yet knmown. It may be formed if weak
e-activitly of Th®*"' is detected which is not unlikely. This will show
B~-activily according to B-cnergetics studies.

TABLE VI
Radium (88)
Isotopes [observed| o a-half Aa a-energy 1}‘):16:? 4 Produced by Remarks
SOLOPes 1 dife ‘gratio | life (Sec?) (MeV) ,‘,‘-’(Mfe;; T )
2 42 S g
R (\é":;) . 3¢s (gi‘z) 6.61 | Th?%a-decay
Ra™8 11.2d 11.2d | 7,04 x 1077 5.72 582 |RdAc™a-decay DH:‘;&‘;&?EW'
(AcX) (v6) - ' (La) v mination
Ra? 3.61d -8 5:68 . ITha-decay |
L) | (g | 364 | zaxo () | 578 |RdTh™a-decay
- a activity,
Rat2 (1]_?:] I(fi) e . . o Th?%.decay probable
[lth | 1590y o 1-38x1071l g7 20g-decar
Ra (©6) SRR L B NS (L) | 488 | To™a-deca
x10 1
B-activity
Ra% v expected
Ra¥ | 6.9v(8 42000 weak a-acti-
(I\\ISTIH) (Z:‘t%)( ) . Th¥¥a-decay vity probable.

Ra™" (MsThi) : The low energy [--activity of the even-even  nucleus,
wMSThI® is in good agreement with Saha-Saha theory as indicated in the
B-energetics study of the Group 1=52. Since it is the decendant of r.3g'x!
10 yr zactive Th**, it is likely that o«-activity also occurs for MsThI
with a half.life of the order of a million years which is probably overshadowed
by the mote intense B~-activily, The probable a-activity of MsThl is to be
searched for. | '

The refined Geiger-Nultall Curve for Ra,.' ‘

The plot of the experimental data in Table VI is given in Fig. 7. It is
observed that out of four n-active isotopes of Ra, one point Ry*** do mnot fall
on the smooth curve. Some anomaly in the experimental data is seen \0
exist iu case of AcX*" and ThX*!. The a-evergy values of these are: §.7:0
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and 5.681 MeV respectively according to qpectroscopm determinaticn of

Lewis and Bowden (1934) and Briggs (1936).

But the disintegration constagt
A, of ThX'* having lower a-cnergy is given as greater than A, for AeX?®

These data are incompatible with the theory of ae-activity.' The data for

223 (AcX) should be re- -investigated and revised.

(89) Aclinium

3 220 2oR
The isotopes of Ac range from Ac*** to Ac

The relevant data are given in Table VL.
Ac**" This should exhibit K-capture in addition to observed x-activity.

Tasre VII

Actinium (80)

with the exception of Ag***,

T ,- '
Isot Obscrved| & o ahalf’ Aa a-CHErgy iﬁ::év Produced hy i Remarks
SOLOPCS | nalf-life | B | life | (Sec™) | (MeV) | 2 ¥ oo
| I (McV) |
Ac? ~an ( , -y 6.64 9 ) J[\ capture acti-
(Gaa) ~an | L6 xae™d (g | 676 Pa¥a-decay vity prohabhle.
Aci 2,50 | ( R -6 6.17 a8 Precisg data
(Gza) i "1y 27:50 | 7.7 %0 (Gaa) 6.28 Pa*a-decay required
295 @
Ac (];,(:flﬂu 10d |8.02X10 7 S(F?)I 5.006 | Ra¥™58--decay
A I'his wil} be
B -active,
1
227 13.5Y 99 . -n| 5.0 X cav
Ac (©6) (I‘?ng) 1350y |1.63 X 10 (1. P2)| 509 Pa®a-decay
Z 7
AcB | 6yzh | B (o6 158 [MeThI?B-decay
(MsThIT)| (C6) |[(G5,Gh)
Ac*": The observed K-caplure activity along with a-ctuission is in

agreement with B-energetics considerations.

Ac®®® : This is a member of the recently discovered (4n+ 1) radioactive

series.
studies.
Ac?

predominantly A3 -active,

Aczz'r .

227

*: This isotopes is flot yet known.

If ever obtained,

of Ac*”" produces AcK, which is an isotope of element 87.
Ac*** (MsThII): This predominatly A~-active isotope has been reported

to be very weakly x-active by Gueben (1933).

The f3-stability of this isotope is in agreement with the B-energetics

it will be

‘ Perey and Lecoin (1939) discovered that along with strong
«B~-activity of Ac**", a weak o-activity exists to {he extent of 1:90.
B-activity of Ac

The

is in agreement with B~ -energetics studies. The «-branching

The branching ratio, as well
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as the a-decay product, Frit has not yet been observed. The o energy is
reported as 4.5 MeV from range measuremeut - This' nucleus requ:res further
studies. ‘

Taking the ot—energy to be correct, the modified Ge1ger Nuttall Cuive
can be used to find out Ao for Ac**". The o-half-life comes out as 1. 5%10"
years, from which « ; 8 branching ratio hecomes 5EX 1078 .

- Modified Geiger-Nuttall Curve for Ac.

Of four isotopes of Ac, three points lie on the smooth G:N Curve for
Ac (Fig. 7) only Ac*** falls outside. Precise determinations of A, E, and
K : aratio are required for Ac*. The unknown data for MsThII?®* can be
roughly estimated from this curve. Taking the o-encrgy data of MsThII
to be correct, the «-half-life and the ratio of «:f emissions are calculated as
given above.

(vo) Thorium

The isotopes of 'T'h range from Th**" to Th**. Five of them are x-active.
‘I'he relevant data are tabulated in Table VIII.

Th***: No other activity is expected from pB- -energetics studies. T'h*?*’
(Rd Ac) : As observed by Lew1s and Bowden (1934) the a-spectra of RdAc is
found to be highly complex consisting of eleven a-groups. ‘The spectra 1s of
Class I and the intensity of Group O «-particles is 24%. From this the value
of A,o comes out as 1.018 X 10~7 gec™1.

Th**" (RATh) : The studies of Lewis and Bowden (1034) revealed the
a-spectra  from RdATh** to be complex consisting of two groups. The
intensity of Group O &-particles is 85%. The partial disintegration constant
A.o comes out as g.33X10”? sec~!. Energetically no other activity is
probable for this.

Th**": This one is a member of the (4n+1) radioactive series, The
experimental data are rather preliminary. Very weak B~ -activity is not
unlikely from B-energetics consideration.

Th**" (Io) : The o-particles are homogeneous. The a-energy valuc
given by Winand (1937) appear satisfactory from the Geiger-Nuttall Curve
for Th.

Th**!' (UY) : The obscrved B~ -activity of Th*? is in agreement with
energetics consideration. As it is the ®-decay product of U*" this isotope is
strongly suspected to show o-activity with long life like Ac?*. This possibly
remains masked by strong B7-activity. ‘I'his 1equires further studies.

Th®*"* : ‘The energy of a-particles from mnatural thotium is different
investigators, Ionisation chamber measurements by Schintlmeister (1937)
give a-energy as 4.2 MeV. Latest determination is due to Faraggi {1936) who
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TanLe VIII
Thorium (o)
Decay :
| o ] A, a-CNeTRY| aneroy | Produced by| Remarks
fankpe eiee, | 3rotiol ahalllife) (gedy | (MeV) |yl B
o 6.3 230¢- .
T'H226 i ‘,zg_lg;r 20.0m 354X 1074 S12) 641 | U¥a-decay
TH%! | 24X 1077 6.049 | ¢ 1c6 |ACHB-decay
(Igg‘\c) ! 1(?'.(?)(1 18.9d ?\,..?:1.02 X107 (L4) 156
i 8 MsThI1228
Thi® 1.90¥ 1 9oy (¢6) |, L1oX 10 4 S('fﬂ) 5.514 B-decay
(RATh; (c6) 0 Ay =9, 13)‘"’ ) b
ata very
i . ~-5 12g-decay | approxi-
Th## Té:f lﬁ}) ~sx 108y | 44X 1071 (Exldn) | =599 e y 1lnrz)1te.
']('{12).’«0 3(:6;0‘)’ 8.3 x 108y 3.65% 10713 (4\7;3;) 4.865 UL1*Ma.decay
0 J
} UBba-decay | weak a-
THB! | 24.6h () Th*2(n,21) | activity
vy) } (c0) (N3) probable.
942 X 1010y . 4.2(86) | 4.27 Natural
Th? !l 311&3? Y g xaclly] a8 1 3.90(K1)| 3.97 Source
T2 L 21111(5) '1‘11(2139)1,7) .
weak a-
Th | 24.5m(8) 12 depay | ACtiVity
X;) ?Cg, lsEi,) " Ua-decay (prnhab!t.

»

determined the range of a-particles by photographic method. With the range-
cnergy curve by Holloway and Livingstone (1038), Iix becomes 3.90 MeV.
This valua appears too low.

T

h:z:u

: This, being thce decay product of long-lived U*™, is cxpected to

show weak a-activity which probably remains masked by strong S~ -activity.

Geiger-Nutlall Curve for Th.

With the data given in ‘Table VIII a continuous curve can be drawn
through the five plotted points (Fig. 8) and only Th**" falls outside. ln case of

Th*"* isotope the a-energy is not consistent for different works.

The modified

Geiger-Nuttall curve gives us the clue regarding the cortectness.of the values
As obscrved from this curve, in case of 1'h**?, the Value of Schintl-
meister (1937) appear more satisfactory than the other.

of E,.

Of six known isotopes of Pa, three are a-active.

Table

IX.

227

(91)
[ )

Proloactiinium

The K-capturc activity is in agrecment with B-encrgetic studies.

'T'he data are given in

'a**" . This is the starting member of the co-lateral chain of Ac series,
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Pa’" : This is the starting member of the colateral'thain of Th series.
‘This shows high-K-capture activity as expected from B-energetics.

0
Th,Pa, U, Pu
-5
g,
W —
2 0
2/
2384/
’I
SR
40 5.0 0.0 70

IZin Mcv —»

Fia, 8

Pa™ : Not yet known. According to B-energetics, this will decay by
Kcapture.

W

Pa®’ ; The B-activity of this follows from B~-cnergetics studies.

Pa*': The a-particles from this isotope, so long known to be
homogeneous have recently been shown to have fine structure by San-T'siang
et al (1946). Three groups of a&-particles of energics 5.00, 4.72 and 4.69 McV
are found ; the intensity of group o «-particles is about 81%. Thus A.q
becomes 5.59 % 107198 sec™1. |

Pa**: Not yet known. May be obtained from Pa®*! (n,y), reaction.
This - isotope will show predominant 8™-activity. '
Pa®™ : The observed B -activity is in good agreement with B-cnergetics
studies. C B '
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Pa®*t (UX,, UZ): Two isomeric nuclei exists for Pa
over 1o UX,**" by B~-decay. UX,

S. Biswas

both UX, and UZ, decay to UII** hy B~ -emission.

TaAsLE 1X

Protoactinium (g1)

234

wUX,

234 goes

. el 220k
231 ag an isomeric transition to UZ** and

1 sotopes

Pa?

Pal

Patd

Padll

Padl

Dol

Pal®

I)uﬂfﬂ

(UZ,
UXy)

Obscrved |
hall-hfe | B

|
8m |2
(Cza) |

22h
(Gaa)
y

|
|

17d(8)
(S12)

h.7h lﬂ)

1.14:11(_131)
T,

Decay »
! . Au B-cuergy| . oroy [Produced by | Remarks
luhoia-half-hfu (Sec ) (MeV) .F::(Meg\::) )
5| 6.46
"""“J! 45.6am 2.53%10 4 (231'") 6.57 | Th22(d 7n)
i
' -
o~ " 46 8d 1 68X 1077 (‘8‘;?,) 6.20 | Th22(d,6n)
50|
| This will
‘ show K-
| Th”’(d,/}n) Caplure
l . Th®a,psn)
|
\ | 6.gx107¥ 50 UYDIg-.decay
| 3RXI00 L S 6xaol By | 5 :
; e This will
| decay by
‘ B-activity.
‘» Th?38 +decay
| .
|
i UX,IT.
|
z UX, B8 -dccay

Geiger-Nuttall Curve for Pa.

Of three isotopes, Pa** lies a little below the G-N curve for Pa (Fig. 8).
This is probably due to the approximate value of « ; K ratio.

At present seven isotopes of U are known.

2

(y2) Uranium

"The relevant data are given in Table X.
U*' : This is B-stable as cxpected.

ULee

Uzan
is the
U,
by different methods. Iate

starting

4.78 MeV,

: Not yet known.

Expected to show a-activity.

radioactive series,

Four of these are o-active.

+ This recently discovered isotope of U is highly fissionable and this
isotopes in the (4n+1) : .
The experimental data for «-energy vary for different investigators

st determiuation of -encrgy by range measurement

in ionisation chamber by Wytzes and Van de Maas (1947) yield &-energy as
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’I‘ABLE X
- Uranium (g2)
- Observed | a .. ; An, a energy Decay | .
Isétopes half Jife —Eratm ‘u-halfl fe Sec1) (MeV) Ee}ﬁgg‘}') Pro@uced by | Remarks
230 20.8d - 586 Va8 -decay
U (Sx2) 208d | 3.86x10 ®x2) | 59 [ pymg eny
7% i . “ve a-activity
‘ ‘ expected
.63 X 100 48 i g giE
Flm I(E%I,Pllr;)y 1.63 X 108y| 1.35% 10713 (gl.i’ffr) 4.808 [Th®¥g-patig
U4 2 69 X 108y | 2.70X108y| 8,14 X 10 M4 :};égﬁ') 86 |Ia’B .dec
oI | N | % y) e 4.76(85) | * o
sasg |7-13 X 108y 8 -7 4-78Wa) Natural
G4 N1) 7.13X108| 3.08X10 4.33(V1) 4.40 Source
U ? - v | UBs, y) ‘Iif;-:l?z:z%'
< | U*(n, 2n)
d 3t
U &71’(;)2) - (R | (M1, Nz) | -
4.15021 Natural
UB | g s6X108y| .. |4.56X 1o%y| 4.82% 10718 ::i’g;';) 4.29 Source
piw | 23m(g) ! 421 (W) UZB(n, 4)
(I So) l e (Hrg)

U*®: The o-cnergy is obtained from the range of x-particles and tle
rapge-energy relation of Holloway and Livingstone ( 1938).

U*™ . The isotope U**® is not yet known. U2 by neutron capture
becomes U**® which instantly undergoes fission.

U*7: The obscrved B-activity of U™7 is in agreement with the
B-energetics studies. ‘

L NALRE The results of vaiious investigalions regarding a-energy of [J?**
varies to certain extent. FLatest range determination by Wytzes and Van
de Maas (1947) yield «-energy as 4.21 MeV. The o(-particles are of
homogenous enecrgy,

U*": The observed B‘-actwnty of U* is in accordance with  the
energetics studles The B~ energy has not yet heen measured

The Geiger-Nuttall Curve for U.

- With the data " given in "l'able X, the' log A, E curve for thc 1satopes of
U is drawn (Fig. 7) It is seen that all of five U 1°otopes lie on a smooth
G-N- cmve for U. B

(93) Nc{)tunmm | |
Np"‘" is the only a-dictive 1sot0pe of Np known'so far, The value of

a-energy is not yet lmown.
4~=1712P—2
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(94) Plutonium
) ‘ 1y 34, PEL]
‘Three isotope of plutonium are known two of which Pu ** and Pu are
a-active. The data are given in Table X1,
Tapg XI

Plutonium (94)

’ A a-CIergy Decay }
1 SCHErEY, V. " .
a half-life (ch 1 s encrgy | Produced by

Ohserved
(MeV) g MV ),

a .
Isntopes half life Htauo

I
!
Np6g.decay |
Cm*ta-decay |

| o —;1 |
s i ! { i
| ;
! |
[ soy  (1.39X107M0) 540 (C1)| 5.58 | Np™»38-decay |
|
|
i
|
|
[

puts | 50¥
(S8) Cm*2g-decay

{
J

Y, 209 24,000y
I'n S8 i/

J
|
24,000y 9.16X 1078 513 5.23 UBIB-decay ’ .
' l
. vor |
Pu2l long(ﬂ)l “ J U028 (a,n) (331;

Pu*": Nothing is reported about this isotope which must have been
produced in f7-decay of Np ** and a-decay of Cm™*",

This will he v-active, decaying to U**, .

Pu*™: The recent report of the range of o-particles from Pu?** by
Chamberlain ¢t al (1947) yield a-encrgy of 5.49 MeV from the range-cnergy
curve (Holloway and Livingstone, 1938).

Pu*: The range measurements by Chamberlain ot al (1047) yield
®-cDergy as 5.15 MeV.

Pu®! : The ohserved longlife 8~-activity of Pu®* is in agreement with
f-encrgetices studies.

The Geiger-Nullall Curve Jor Pu.

With two points corresponding 1o two a-active isolopts of Pu, the long
A E curve is an approximate one.  The curve is of the same nature as with
other elements (Fig.8).

CONCLUSION -

Thus it is seen that exPerimental data of all *-active nuclei can be plotted
quitc? 'satisfactorily on seperaie  Ceiger-Nuttall curves for each element,’
Devm.tlon occuring in some cases are mostly due to the uﬁce’rtaintics‘in the
experimental data as pointed out. These curves will be of much help in

ascertaining for any new a-active isoto i
pe the half life or o-energy when -
any one of them is known, | gY ’ |
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