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In an mtbtempt to detect a possible influence of the

atomic electrons on the radiosetive decay constant of B97
. o . V.

we have measured Apg=Apgoend found (=3.0 + 1.8) 10=% A

tie deseribe also a method to measure mean lives of raedio-

sctive substances in a tims short .coupared with the mean

life.

To be declassified fér publication et a fubure date,
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Experiments on the Effect of'ﬁtomiﬁLﬁlgﬁ% onthe De&ay Constant of Bevo

ON COMMITTEE
Ee Segm and €, B. Wiegand . ; .
University of California
Radiation Laboratory
Department of Physies
Barkeleyb
In an attempt to detect & possible influence of the atomic electrong

...... "

on the radiocactive decey constant of Be’ we have measured \, - A, &nd

Be Bad
found {=3.0 > 1.8) 10""4’% ﬁo We desecribe also a method to measure mean lives
of radiocactive substance€in a time short comnared with the mean life,

1) Introduction.*

¥ A preliminsry account of this work and of the results obtained was
given at the 276th and 380th meeting of the Am, Phys. Socs Phys, Rev 7i,
274 (1947)5 73, 743, (1947) and MDDC 1098.Work on the same subject bas also

been reperted by R, Bouchez, R, Daudel;, P, Daudel, R, Muxart Jourh. de

Physique B, 336, 1947,

/
The deeay constent of a radioactive substance undergoing orbital

electron cépture is proportionsl, according to cqrrent beta decay theogiasg
to the electron density at the nucleus!}ﬂﬁ)/zg This fact seems to afford a '
?ossibiuty of altering the nuclaaxf deeny eonsﬁant/\, _‘by setinz on the atomic
glectrons, 6. 8o, if it iver@ possible to completely strip a nucleus of all
its electrons it clearly could not decay by orbital elsctron capture and
such a radioactive nueleus, as long as it stays stripped, is stable,

In a light element it does not seem impossible to achisve by cheme
icél meang an alteration af"}mo) sufficiently 'large to affect in 2 meagure

able way the decay constant, The most promising nueleus with which to obe
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sarys this effect is Be? which decays by orbital elsetron capture with 2 half-
period of 52,9 days, ths decay being followed by the emlssion of a 455 Kev

sammasray, (1) In this atom the contribution to /-,0{0)/2 due to the two la

1} For the helf-life see J. E, Hill Phys. Rev, 57, 567 (1940) end this

paper; for the gamma-rays K. Siegbahn Arkiv, Mat,, Astr, Eysiktgggg 69_(1946)

elestrons according to Hartree(2) {s, in certain units, 106,62, the contribue

{2)  Dr, Hartreo and . Hartres, Proc, Roys So0¢., 149, 210 (1935}, See

also Hertree, Ibid, 150, 9, (1935). For a second calculation taking into
acaount the exchange offect, We have used the first numbers because the

conparisoen for the Be** is given only in the aarlier papers

tion due to the 28 electrons is 4025; meking 2 total of 110,87, For the l:a
Ba** /EﬁQO)/B according to the same author is 107,96. From these data ous
would expect that the decay constant of the atom,would be 1,027 timoes
greater than that of the lon., A 2.7 percent variation of the decey constant
would be easily observable, but, of course, it iz not very practical te ksep
Ba? in & doubly lonized stete for monmths., Another possibility that we have
considered 1s to have the Be in a metallie state at high temperature and
rely oﬁ the thermal sxpansion qf the metal to diminish /yy(o)/z ¢ the ef~
feet achievabls in this way is, however, tco small to bs measured,

Wo Tinally deeided to coﬁpare the decay constant of B67 with thgt
of Be’0 hoping that the change in /yy(o)/z induced by the diffevent chami-
eal structure might affoet A in a detecteble way, Unfortunately a precise
estimate of the variation of}U‘(O) in passing from deryllium metal to
beryllium oxide is not availlable. Professor P, Seitz has kindly pointed

out o us the following cerude estimatess "Consider first an atom of Be
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gesy according to Hartree's results the ratio of the Aensity of 28 slectrons
to 18 electrons near the nucleus of Be in free space ig 1.86/55,9 = 0,033,

Now the radius of the sphere having the same volume as the beryllium atom in
the metal is 2,378y (&, is the Bohr radius = OGSSIA}QFThs charge outside this
radius in the free atom is l.04le, all of which is associated with the 23 wave
functions, This charge must be packed inside the sphefl in going to thé metal
so.that}ﬂ*z near the nucleus for the 2s ekec?rqn would just about doublﬁu
Thus the electron density ﬁaar the nucleus should be>raised by about 3 pers

' " 13

eent, The more aceurate work of Herring and Hi gives closely the same

{8)  C. Herring, A. C. Hill, Phys. Rev, 58, 132 (1940),

vaiueo

_ _The spacing between O and Be in Bed is 1,644 3-3009a9¢ The accepted
"radius” of the oxygen ion (0°~) is 1,324 = 2,49, Now Hertree's treatment
of the neutral oxygen atom gives about 0.2¢ outside the sphere having the
radius 3,09  and about O.de outstde the sphere of radius 2.4% o Hartree’s
resulis are notsble in not drawing thafelegfrons snfriciently close to ?he
nucleus, so the true values for the neutrél atom are somewhat smaller.
However, this decrease is compensated by the fact that the oxygen in Be0
is regarded as the,ﬁoubly ¢harged negative ién for which the charge outside
any given sphere isg certasin to be iarger than for the neutral atom, even if
treated on the basis of Hartree®s theory.

New in a very rudimentary theory, the charge cutside either one of
the two radii mentioned in the preceding peragraph would become associated
with the Be*" fon., This charge would enter the S state and would be cone
tained inside the fonic radius, which is tzken as approximately 056&0
{i, e,, the difference between the radius of the oxygen ion, namely Rs498,,

and the Be=0 spacing in the oxide, namely 3&39&6)0 Now in the free beryllium

!
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~ atom the amount of 2s electron inside this radivs lis dnly 0.0328, This is
‘:ebtaiaeﬁ from Harsree's wave funciions. Hence according to the dudimentary

‘pieture, the amount of 2s electron inside the "fonic radius” is inereased

from 0,038e to a value between from 0.2z to O.4e in going from the gas to
the oxide, that is by c much larger fector than in going frém the gas to
the metals

Thie rudimentary picturs cep be looked upon in cther ways. The fact
that tho oxyeen atom contains so much charge outside the ionie radius, or
outside the radius corresponding to the Be-{ distanece for that matter,
moans that the outer shell qlectxons'an the oxygen ion in the He§ crysial
also balong te the Be atume In other words the binding is a mizture of ilonie
and homopolar electron structures., Thus one can say that the result of binding
is to add 4 elecirons to the beryliium aftom in the shell of tofal quantum
numbay 2, This covld inerease the density Qf‘yyg'for the 23 electrons in the
vieinity of the nucleus, It will be highly aecidental if this incrsese im
the same %o within ten percent as that incurred in the metsl,

in visw of the admitted uncertaipty of these estimates we deeifed 4o
perform the expepriment pushing the precision as much as reasonably feasible
with the sources at our disposal,

The final resuli obiained is

- = (=3.0 ¢ 1810744
A Be A 0 Be

It 4s remarkable that the change inA is so small aﬁd whether $his re-
sult is caused by an accldental compensstion of various effects or has soms
other reason 6an be shown Shly by further experimonts using different pairs
of compounds or‘other ways of affeeting ‘}5{0) ‘o We plan to perform some of

these experiments,
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11 Expeiimental
a) Preparation of the SOUrcass
The Be’ was prepared by proton bvombardment of lithium with
the Crocker Cyclotron, It is obviously of vital importance that the subétanee

used be radicactively pure because ctherwise the resulbs mey be falsified by

- @irferent emounts of radicactive impurities, with halfe~lives different from

Ba’

» Soing into the metal and oxide. Accordingly, the following procedure
was adopteds the lithium target was dissolved in dilute hydrochloric acid,
0.1 g of Earylliumﬁ and 10 mg each of Cu, Co, and Zn added, Sulphides were
precipitated in 0,3 molar hydrochloric acid and discarded. The solution was
evaporated and the residue dissolved in 12 molar sodium hydroxide, Hydrogen
sulphide wes added and the precipitate discarded, The solution was then
acidified and the veryliium was precipitated from it by ammonium hydroxides
This operation wes repeated geveral times. Subsequently the Leryllium hy-
droxide was converted to the basic acetate, dissolved in chloroform, the

¢hloroform s@lati@ﬁ extracted repsatedly with water sud finslly the beryilivm

in the chloroform laysr was reconverted 4o hydroxide.® This hydroxide showed

* These operations were performed by Drs R. Fo Leininger and Mr. G,
Johnson,

only gemma-ray activityse

The hydroxide was further diluted with normel beryllium end converted
to oxide, A fraction of this oxide was comverté& to-é,buﬁtqn of s0lid berylls
jum metall by members of the Atomic Research Institute of the Iowa State Col-
lege to whom we are greatly indebted for their kind ecooperation.

This button was brokoen into pieces with a hemmer and holf of ity in
the matalllsc state, made our sampls M, the other half, reconverted to oxide,

wag our sample G2, Sample Cl was obteined from the part of the oxids that
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had not been converted to metal,

The comparisons occurred among Gl, C2 and M., The initisl gamma=ray
activity of the sources was approxinately equivalent to that of 45 micrograms
of radium,

b} Radioactivity Measurements: %

For a comparison of R’c and XM; the decz_ay constants of the oxide and
the metal, we have used a differential method., The adventoges over a sepa=
rate measurement of?\.,c anﬁ/km are several: it is possible to measure the
samples at the same time and. by interchanging them minimize systematic errorsj
the remsdings on the difference of the activities are always amell and with
1onizat;,on chambers are inuch more convenient to taks thah the rsadings on
the activitiesy the time of observation is used more efficiently and it is
practical to use considerably stronger semples than for single reedings.

If two samples of metal and oxide have decay constants k&‘é‘ and A and
their initial activities M{0) and €(0) are approximately equal, ;ae havé

(1) &= M{t) = cls) = [U(0) = c(0)]e~Ab 4 c(0)sane™2E
whers &k = A =A

and ?\”A o
N

We can rewrite (1)

(2)6e** = M(0) = C(0) + G(0) AA &
where T = '/ 1s the mean life of Ba'?o)\ 4

Experimentally we measure & (%) and using (2) we obtain from it %La
In the ideal case that M(0) = G(0) e 0, the maximum of & is obtained at a time
t =7 and the best time for measuring is ¢t = 27; 1.0, the time at which the
ratio betwesen & and its flﬁctuation due to the statistieal nature of the
radioactive decay-is maximum,

The epparatus used is schematically shown in Fig. 1. It consists of

two argon_filled fonization chambers made as nearly squal as possible. The

progaure in the chambers was 135.6 em, of Hg at .23°c and the density of the
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gas wes kept constant Yo one part in a thousand, The twé’chambers were intore
connected by & small copper tubs to keep their pressureé equal, The room in
which the apparatus was located, although not temperature conﬁrolle&, was
well shielded thermelly, The collecting electrodes of the two chambers were
eonne;;;a together and to the input of a conventional electyometer circuit

. using a Gedéfal Ele¢trie type EPaﬁé plyotron, The circuit was operated by
the rate of drift method. The collecting potential for the chambers was
taken from a dry @ell battery pack delivering potentials 9f #400 volts and
=400 volts. The polarities of the collection voltages were chosen 8o that
the ionization current in one chémber opposed the jonization current in the
other chamber, Thus; equal samples placed in the chambers would cause no
érift'cr the gé;vanomefar éf the electrometer eircuit. The samples were
rigidly mounted in alnﬁinum holders that fitted snugly into the centrsl
eavity of the ionization chambers, and we checked that possible small
accidental differences in the geometry of the arrengement would not affeet
the- results., This was done by verifying tﬁat the influence of artificial
chenges of geometry much larger than the eﬁangesvtd be erpected in various
runs was negligible, With this differenfial arrangement very small differe
ences in the activities of two large samples can be measured, Our measuring
procedurs was‘as follows: we vplaced the M'sample in chamber 1 end the ¢ same

ple in chamber 23 the rate of drift of the galvanometer is then

(3) p=M (S
1 2

where 319 Szvare the sensitivities of chambers 1 and 2 respectively znd are

very*nearly equal, If we now interchange the samples we have a rate of arift q

(4) q =08 - NS
1 2
£rom which , _
{5) peg={H+C) (S+86)
, 1 2
(6) p q=m=c)mﬁ@yﬁgﬁ%
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If ¢he apparatus haes a spontanaous rate of drift, Whi@h in practice however
wee oxtremely small, it cancels out in forming the expression (6) from the
3 OhBarvE ticnsu
In our experiment initially the sample of berylliom metal put in
cheamber 1 geve 270 mm see™t drift of the galvanometer, i, 6. M (0) Sl

Y
827G mm se@“l; vhen balaneeﬁ with a sample of oxide in chamber & we ob~

toined p = g = 0,6 mm see”l
4s an exemple we report from en actual run of comperisons betwesn
¥ and ¢ tho observations listed in Table I. Calculations were made by the
standard least sguere procedure.from the camplétg set of obgervations of
that dayo. We obtained )
2{M « 01) & 0,463 & 0,038 mm sec™l
2(M = C2) = =0,299 & 0,066 mm_see“l
{the crrors aig standerd deviations),
Observations extending over 120 days were finally caléulaﬁed znd
piotted in Fig, 2, The value of 2.adqpﬁed in the caleulation 4s 1,309 x
) 19“2 dgl corresponding to a half-life of 52,93 4, (For this veluo see
sagtion IV.) We have also indicated thevstandara deviations of some of the
points to show a comparison between internz)l and external consgistency of
the measurements,
Prom the plot of Fig. 2 (all observations have aporoximatsly equal
precicion) we find égﬁac (a1,3533,5;10*4 for the comparison M, Glg
.. Aﬁ‘*a (4,76 3.0} 10 for the comparisam M ,C2.
If we use all the observations trusting that CL and 2 are both fr@e of

redioastive impurities we obtain

IAY.S
A

We mus% conclude that the

—— {‘090 “* 3.08)10
AK,

~=—observed is comparcble with the error of

ohaorration and small compared with what one would expect barring aceidentsl
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compensations in the change éf}\,(o)"betvzeen oxide and metal,

III Rediosctive fluctuations - .

It is interesting to check the fludtuations on the balance of the
instrument over a certein time T, Suppese the instrument were exactly ‘palaneea :

with 2 sources each giving A mm sec™t

rete of arift sad call (v2> the averago
of the s'q{ia:re"of the derlections cbtaired in meny measurements eaéh extending
over a time T, Call 4 the deflection of the galvanometei' produced by an olae
mentary ionization processg thon A/d ,\) is equal to the_mmbcr of clementary
ionization processes produced by one socurce per second, ‘s‘?é haye then ateording
to the laws of fluetu.ﬁt ions of radicactive deceys
(7) <"22.r” evrafa2atad

’I‘ness quantitiss are all.airectly meesurable with the exception of &, However,
4 can be é;éi:imated from the capéeity of the chémbers and the roughly oaloulated
jonization produced by a 455 Kev garma«pray in our chamber, i1f all the energy of
the gamma-ray 1s~ spent in the chamber we have 4 = 0;(.015 mm and thisg is zlsarly
an upner limit, In a series Qf measurcments we had; A = 270 mm se¢ }'g

(v2> iaoa nm '8’ !" = 600 soc, frcn wmeh we obtain ueing (?) 4 = 0.00¢ in
-masmable agreement with the ostimate, if one takes inte ateouht that ofily

a small fractfon of the gamma-rey energy of each quantws is transformed inbo
ionization in the chember,

IV A pmpid way of meassuring long half lives,

Another application of our diff_srential ioni‘zaticn chamber arrangément
is the rapid measurement of radioactive periods, provided one has rather
gstreng mnd radioa_ctively pure SQUTCE S,

: .If-i;ne- ;g‘alanéed- at t}.me 0 the substance %o ba measured with a practicale
ly constent source {radium), the unbalencs § at time t is in good approximation
for At i |

(8) §=4Aat
where A is the initial activity of the sources
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If we can measure A and § with comparable relative precision, eguation {8)
gives A o
\ ‘In the case of Bev if At = 55 10"3 and A is eguivalent to the ac-
%ivity of 100 micrograms of radium, it is easy to dstermine A to ¢ 10 percent
with our appsratus, and this result could be bettered fof longer life sube |
stances, Thus, for example, we have measured T, /2 of Be? taking obeervations
intermittontly over a period of about 5 hours and féund 51,3 # 11 days.
Using the data obtaineq by intermittent observations over & period of
28 hours we £ind 52.4 & 1.3 do Our best value for TJ./&I of Be' 52,93 #0.22
days was obtained by comparison with a8 constant radium souree extending
over a period of 127 days. The standard ervor is obtained from the consise
tency of the measurements, but it must be borne in mind that it is péssible
that the measurement was affected by some slight systematic error, although
we have locked for the most obvious ones such as lack of saturation of the
ionization currént in the chambers.

Similarly the helf-life of Y°0

days. 6060

was determined in 3 days and gave 102
was also measured intermittently (2 hours total measuring $inme,
0.6 mg Ra squivalent source) for 8 days and gave 5,08 years. This method
co'ulé certainly be used also for much longer half-lived, such as radium
i%self if one used as balancing substance uranium in equilibrium with its
preducts, It is, however, ossential that the substance to be measursd be
raddoactively pure. |

This work was done under the auspices of the Atomic Energy Commissions

Information Division
MR
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Table I
Mar, 2L, 47 .
. Time Duration Sample in
L Seconds P 9 .
Ch 1 Ch rm se';:“l mm sec™+
11.50 600 — — BBackg:ound . 40,118
12,02 600 M cr | «0.367 |
12,12 60 | o1 M T ] 00138
12,23 600 Y c2 0,047
12,34 600 c2 M #0175
12,44 600 M c1 | +0.323
12,55 600 ¢l M 0,158
15,06 600 ¥ c2 +0,035
w26 | 60 | ez | w 04257
eveno " aveon apo ‘200 ‘ep0080 vessae
cosos o000 oo 000 vo0000 ovsces
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Captions for Figures
Figure l., ©Schematic diagram of balanced jonization chambers,

Figure 2, Observed difference of activities of Be and Be0 corrscted for decay.
<ft"t
{1) Open circles: Bs Metal - BeC No 1

= @ A t [ ﬁl
M GQM—%? in mm =ee

{2) Open double circles: Be Metal - BeD No 2
{3} Solid circles: averages of (1) and (2).

#{0) =°¢{0) = 270 mm sag™t
Solid lines are best £its to oxperimental points,

é{—‘ = 10”3 would give dotted straight lins,
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