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EXPE'iHF~NTS ON TIIE EFFECT 1)F ATOPIC !<:LECTHOlJS ON THE DEC.AY COHSfrf,.l\'1' OF' P.a7 

L. Sa ~_ire .and c e E G i'liegand 

Universi~f of California 
Department of Physics 
Radiation Laboratory 
Barkeley 9 California 

June 22, l94B 

In an atte~pt to dotect a possible influence of the 

atord.c electrons on the radioe.otiYe decay constant of Be 7 

we have neasured ABe~Al3eoand found (-3.0 _+ l.B) w-IJ, A, 
J.le • 

Yie describe also a method to measure mean lives of radio-

acti-\Te substances in a tir.J.o short .co::1pared with the mean 

lifo. 

To be declassified for publication at a future dateo 
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University ot California 

Radiation Laboratory 

Department ot Physics 

Berkeley 

In an attempt to detect a possible influence of' the atomic electrons 

on the radioact 1 ve decay constant ot Be 7 we have measured ~ .., ~ an.d 
Be JeO 

found (""'3o(f + lo8) 10"'4 ~ i) 1/le describe also a method to measure mean lives 
- B~ 

of radioact'ive substa.ncdin a time short compared with the mean li:fe.o 

1) Introduction.,* 

· * A preliminar"J account of this work and of the results obtained was 

given at the 276th and 380th meeting of the Amo Phys~ Soc~ Phys~ Rev 710 

2'74 (l.947h 73& 7439 (1947) and MDDO l098oWork on the same subject has als:o 

been repQrted by Ro Bouchezfl Ro Daudelg P<> Daudelll R11 :Muxart Jourho de 

/ 

The decay constant of a radioactive substance undergoing orbital 

electron capture 1a proportional, according to current beta decay theories~> 
' '\ ,. 

to the electron dens1 ty at the nucleusJ}« 0)/2" This fact seems to afford a · 

possibility of altering the nuclear decay const-ant i\., by acting on the atomic 

electrons 9 eo go,v if it were possible to completely strip a nucleus of all 

.1ts electrons it clearly could not decay by orbital electron capture and 

such a radioactive nucleus!! as long as it stays str1ppedp is stableo 

In a light element it does not seem impossible to achieve by chem~ 

1cal means an alteration of)b(O) sufficiently large to affect in a measur.., 

able way the decay constanto The most promioing nucleus vJith ;,,;hich to ob"' 
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serve this effect is Be7 which decays by orbital electron capture with a half• 

period of 52o9 da.ys 9 the decay being followed by the emission of a 455 Kev 

gamma""ray(? hl Iu this atom t.ha contribution to If (0)/2 due to the two ls 

1) For the half .. life sea Jo Eo Hill Phys*' Revo 57$ 567 (1940) end this 

paper~ for the gamma-ray~ Ko Siagbahn ArkiVo Mato~ Astro Fysik 34B9 6v (1946) 
~-- ":"!. 

(2) Dro Ba:rtrea and ~'lo HartreeD Proco Royo Soc!(>~ 1499 210 (1935} o Sea 

also Rartree 9 Ib1d 0 l50f) 99 (1935)o For a second calculation taking into 

account the exchange effecto We have used the first numbers because the 

comparison tor the Be+<~- is given only in the earlier papero 

--------·--------------------------------------------~~---·~~~ 
t1on due to the 2s electrons is 4o25 11 making a total o:f ll0o8"1o Ii'or ·tha 1.c~ 

Bei*'+ hp(o}/2 according ·~o the same author is l07o96o From theae data one 

would expect that the decay constant of the atom., would be la027 ti.rr.as 

greater than that of the ion$ A 2o7 percent variation of the decay constant 

would be easily observable~ but 8 of course~ it 1s not very practical to keep 

Be7 in a doubly ionized state for monthso Another possibility that we have 

considered is to have the Be in a metallic state at hieh temperatura and 

rely on the thermal expansion of the metal to diminish /~(0)/2 & the ef~ 

teet achievable in this \'JaY is 0 hO'JJevar 0 too small to be measuredo 

We finally decided to compare the decay constant of Bs7 with that 
'<'::_ 

ot Be 7 0 hoping that the change in IYJ ( 0) / 2 induced by the different cham~.<'> 

cal structure might affect A in a detectable '>:JSYo Unfortunately a precise 

estimate of the variation of'1f' (0) in passing from beryllium metal to 

beryllium oxide is not availableo Professor Fe Se:ttz has kindly pointed 

out to ua the following crude estimatesg "Consider first an atom of Be 
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gas~ according to Hartree's results the ratio of the density of 2s electrons 

to ls electrons near-the nucleus of Be in free space is lo86/55o9 • Oo033o 

Now the radius of the sphere having the same volume as the beryllium atom 111 

the metal is 2o374o (a.0 is the Bohr radius = Oo53lA)., The charge outside this 

radius 1n the free atom is l~04le 11 all of which is associated with the 2s wave 

functions~; This charge must be packed inside the sphe$ in going to the metal 

so that yJ 2 near the nucleus for the 2s elec~ron v.1oultd just about doubl~o 

Thus the electron density ~ear the nucleus should be raised by about 3 per ... 
' . 

C!Jento The more accurate work of Herring and Hill (l3) gives closely the same 

{3) C.o Herring11 Ao c~ Hill~ Physo RaVo ~~P 132 (194:0)~> 

valueo 

The spacing between 0 and Be in BeO is l~64A '* 3o09a
0

o The accepted 

. "radius" of the oxygen -ion (o-) is lo32A .. 2~49a0o Now He.rtreae s treatment 

of the neutral oxygen atom gives about Oo2e outside the sphere having the 

radius 390 9a and about Oo4e outside the sphere of radius 2"'49a. o Hartree'1 s 0 . .. 0 

results are notable in not dravdng the.· electrons sufficiently close to the 

nucleus.~ so the true values tor the neutral atom are somewhat smaller"' 

However. this decrease is compensated by the fact that the oxygen in BeO 

is regarded as the ,doubly charged negative ion tor which the charge outside 

any g1ven sphere is certain to be larger than for the neutral atom9 even if 

treated on the bas1s of Hartree•s theory~ 

Now 1n a very rudimentary theo~9 the charge outside either one of 

the two radii mentioned in the preceding paragraph would: become associated 

with the Be++ 1ono '!'his charge would enter the 2s state and would b7 eon ... 

tained inside the j.onic radius 9 which is taJren as approximately Oo6a
0 

(i~ e~~ the difference between the radius of the oxygen ioni namely 2o49a0 

and the Be...O spacing in the oxida9 namely 3e09ia ) c Now in the free beryllium 
0 
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atom tha e.m.ou.rrt of 2s electron inoide this radius is only Oo032eo This is 

. obtained t:t'Om Hartraaws wave functionso Hance according to the imdimentacy 
' /,. 

pictu~£ the amoUnt of 2s electron inside the "ionic radius" is increased 

t~m Oc032e t-o a value between from Oo2e to Oo4e in going from the gas to 

the oxide~ that is by n much larger factor than in going from the gas to 

the metalo 

Thie rudimentary picture can be looked upon in other ways.r; T11e :t'aot 

that tha oxygen atom contains so much charge outside the ionic road1u.s 0 OX' 

outs:l.d.e the radius oorrasponding to the B~ distance for that w..atter9 

means that the outer shell olectJ:ons on the oxye;en ion tn the Bet crJ;rste.l 

also belong to the Be atomQ In other words the M.nd:t.ng is a mixture of ionic 

and h001opolar electron st:ructureso T'nus one can say that the result of binding 

is to add. 4 electrons to the beryllium atom in the shall of total q_ua.n.tum 

n:wnber 2., T.his oou.lcl increane the dens:ity of'"{! 2 for the 2s eleci:rons in ths 

v$.cinii::y of' the nucleus" It v:ill be highly a.ocid(mtal if this 1ncr0aEH:J i:<:: 

the same to 1;;1 thin tan percent as that incurred :1.11 the fll(Jtal<> 

Ir1 view of the adrrtitted tmcertainty or these esti.matcs 1:'.!0 decidec~ t·~ 

perform the experiment pushing the precinion as much as reasonably feasible 

~ith the sources at our disposalo 

Tha final reaul t obtaj.nad is 

It is remarkuble that the change inl\..is so small and v1hether this re"" 

sult is caused by a.n accidental compensation of various effects or has soms 

other reason oan be shown only by :ful"'ther experiments using different pa.i:ffl. 

of compounds or other wayo ot aftocting yto) o Vie plc.n to pertom some ot 

these erparimentso 
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II ¥xpaz:im~pta! 

a) Preparation of the sources~ 

The Ba7 was prepared by proton bombardment of lithium with 

the Crooker Cyclotron9 It is obviously of vital importance that ·the substance 

used be radioactively pure because otherwise the results may bo falsified by 

'- d~fferent amounts of radioactive impurities_9 with half ... lives different from 

Ba7
0 going into the metal and oxide6 Aecordingly6 the following procedure 

was ad.optedg the 11 thium target was dissolved in dilute hydrochloric ac1d 9 

Ool g of 'beryllium!! and 10 mg each of Cu9 co, and zn added* Sulphides were 

pll'ecipitated in 0"3 molar hydrochloric acid and discardedo The solution was 

evaporated and the residue dissolved in 12 molar sodium hydroxideo Hydrogen 

sulphide was added and the precipitate disca.rdedo The solution was then 

acidified e.nd. the becyll1um. was precipitated. from it by a..rmn.oniu.rn. hydrox:i.dec 

This operation was repeated several timeao. Subsequently the beryllium hy= 

droxida was converted to the basic acetata 0 dissolved. in. chlo:rotomff the 

chlorofom sol11tion extrocted repeatedly with water end ftnally tho bex-y·llium 

111 the chloroform layer vro.s reconverted to hydroxidao* This h~y-<lroxide sbowed 

* These operations were performed by Dro Ro F o Ieininger and Mro Go 
J'ohnsono 

The hydroxide rnas further diluted with normal beryllium. a.nd converted 

to oxide~ A fraction of this oxide was converted to a button of solid ba:r.yll• 

1um metail by members of the Atomic Research Institute of the Iowa State Col= 

lege ~o wham we are greatly· indebted for their kind cooperation., 

This button was hrol(an in.to pieces with a hemmer and half fit it 11 in 

the metallic state3 made our sample M.9 tha other half a reconverted to o:x:idee 

was our sample· C2o sample Cl was obtained from the part of the o:dda that 
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had not been converted to metalo 

The comparisons occurred among Cle 02 and Mo The initial gamma~ray 

activity of the sources was approximately equivalent to that of 45 micrograms 

ot radiumo 

b) Radioactivity Measurements: 

For a comparison of )..C and A ~ the decay constants of the oxide and 
M . 

the metal~ we have used a differe•tial methodo The advantages over a sepe.Q 

rate measurement ofA andA are severa.lg it is possible to measure the 
c 1.li 

samples at the same time and by interchanging them minimize systematic errorS$ 

the readings on the di:t'f'ex•ence of the activities are alv1ays small and with 

ionization chambers are much more convenient to take than the readings on 
« 

the acti.vities3 the time of observation is used more efficiently and it is 

practical to use considerably stronger samples than for single readineso 

It two samples of metal and oxide have decay constants 'A. and A. and 
lVl c 

their initial activities M(O) and C(O) are approximately equal!) we have 

(l} G = M(t) "" O(t) =- {!!(0) = C(O)]e""At + C(O)t.Qe""At 

where~ ==..t ""'A 

and J\.=~ o 
M 

We can r~Jrite (l) 

(2)&!-t = M{O) = 0(0) + C{O) ~ i 
. A. 1' 

t1here T = ~~is the mean life of Ba7 o 

Experimentally we measure S·tt) and using {2) we obtain from it'" o 

In the ideal ~ase that M(O) = C(O) a Ov the max1m.um .of 8 is obtained at a time 

t """1 and the bast time for .measuring is t == 2"7; ioeo .the time at I'JJhich the 

ratio between Sand its fluctuation due to the statistical nature o:t the 

radioactive decay-is maximumo 

The apparatus used is se1hema.tically shown in Figo l., It consists of 

two argon filled ionization chambers made as nearly equal as possibleo The 

pressure in the chambers was l35o6 em~ of Hg at 23°0 and the density of the 
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gas was kept constant to one part in a thousand~ The two eh~1bers were inter• 

connected by a smal.~ copper tube to keep their pressures equalo The room in 

which the. apparatus vms located9 although not temperature controlledp was 

well shielded thermS:lly JIJ The collecting electrodes of the ttvo chambers t1ere f' 

connected together and to the input of a conventional electrometer circuit· 

using a Genetal Electric type F;P-54 plyotronD The circuit was operated by 

the rate of drift method. The collecting potential for the chambers was 

taken from a dry aell battery paclt delivering potentials ~f +400 volts .. an.d 

..o400 voltso The polarities o.f the collection voltages tJere chosen so that 

the ionization current in one chamber opposed th·e ionization current in the 

other chambero Thus 11 equal samples placed in the che.mbers would cause no 

drift_of the galvanometer of the electrometer otrcui~ The samples were 

rigidly mo~ted in aluminum holders that fitted snugly into the oontral 

cavity of the ioniza.t.ion ch~bers9 and we checked that possible small 

accidental differences in the geometry of the arrangement would not affect 

tha· results. This was done by verifying that the influence of art ific j.al 

changes of geometry much larger than the changes to be expected in various 

runs was negligibleo With this differential arrangement very small differ.., 

ences in the activities of' tr~o large samples can be measured., Our measuring 

procedure was as follows! tl'Ja placed the M sample in chamber l and the 0 sam"" 

ple in chamber 2; the rate of drift of the galvanometer is then 

(3) p=MS ""cs 
l 2 

Where S 8 S . are the sensitivities of chambers 1 'and 2 respectively and are 
l 2 

vary nearly equalo If we now interchange the samples VJe have a rate or drift q 

(4) 

t'rom which 
(5) 

(6) 

q =CS ""'MS 
l 2 

p + q =(M + 0) (s
1

.,.., s
2

) 

P- q,. (M =C) (S:+:S) ';;;26$' 
1 2 i 
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l.t the a:pparatus has a. spontaneous rate of' drift 9 which in practice howev·ar 

ws.e sxtremsly small9 1t cancels out in forming the expression ( 5) from the 

In our experiment initially the sample of beryllium metal put in 

chrunb~r l gave 270 mm sec.-l drift of the gal vanometar ~ i r? eo I'll: ( 0) s1 = 
\ 

P-70 mm .sec""l; wh.en balanced with a sample of oxid.e in chamber 2 we ob., 

ta:tned p . ., q = 096 mm sec""1., 

As an example we report from en actual run of comparisons between 

M end C the observations listed in Table I. Caleu.lations 'tVere made by the 

standard least square procedu.re.f'rom the complete set of observations of 

that dayo We obtained 

2{M «> Cl) • Oe463 + Oo038 mm sec""1 -
2(M ~. C2) • d0o299 + Oe066 m~ sec*1 

' -
(the Ol'rors are standard deviations)o 

Observations extending over 120 days v.:ere finally calculated end. 

pJ.~ltt.ad in F1eo 2o The value of A. adopted in the calculation is 1o309 .x: 

10¢2 d~l eorresponding to a half ... life of' 52o93 d'? (For this value ,see 

saction IV~) We have also indicated the standard deviations or soma of the 

points to show a comparison between internal and external consistency of 

the measurementso 

From the plot of Fig. 2 (all observations have approximately equal 

precision) we find ll; • ( .... 1,38,!2e5)10-..4 for the comparison M& 013 

4£'"" (""4"76! 3o0) 10--4 for the comparisoa-~ 8 C2o 

It we use all the observations trusting that Ol and C2 are both tr&e ot 

radioactive impurities we obtain 

~- (•3o0 ± lo8)10-4 

We must conclude that the ~~Aobserved is comparGble with the error of 

o1:tS$rvat ion rmd small compared with what one would expeet barring ac~ ide.n ta.l 
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compensations in the change of'A,(o) between oxide and metal.o 

III Ra.dicactiv~ fluctuations 

It is/interesting to check the fluCtuations on the balance or the 

instrument over a certain time To Suppose the instrum.ant rrere e::.cactly balanced 
,-

with 2 sources each giving A mm sec·1 rate of drift and call (v2) the average 

ot the sqtiare of the deflections obtained in many measurements each extending 

over a tiw.e To Call d the deflection of the galvanometer produced by an else 

mentary ionization proceSSJ then A/d • '\) is equal to the number of elementary 

ionization processes produced by one source per secondo ~~e have then according 

to the laws of fluctuet ions of radioa.cti ve decay: 

(7) (~) = ::h)T d2 • 2 A t d 
r)Jti . 

These quanti.ties are all directly measurable with the exception of do Rowever0 

d can be estimated from the capacity ot the chambers and the roughly calculated 

ionization produced by a 455 Kev garnma ... ray in our chamber• ''if all the energy of 

the gamma-ray is spent in the chamber we have d • O,oOI5 mm and this :is clearly 
,;:.l 

an upper limito In a series ot measurements we had: A = 270 rr~~ sec ~ 
I 

( v2 C ~O,? mll~J .. ,~-. ·600 sac.~ ~rom wh ~eh we _obtain using ( '1) d = OoCC"B tn 

.reasonable agreement with tile estilnat·a, if one· takes into aocotiht that oiUy 

a small :fraction of the ga.rruna•ray energy of each quantum is transformed into 

ionization in-the chambero 

IV A rapid ~z of ~easuring lo~ half liveso 
.. ,. 

Another application of our differ-sntial ionization chamber arrangement 

is the rapid measurement of radioactive periods• provided one has rather 

strong trand rad1ol'3ctively pure sources\') 

If we balanced at time 0 the substance to be measured with a . practical ... 

ly constant source {radium) 9 the unbalance fi at time t is in good approxuuati<?n 

fo~A.t((ls 

(8) 8 = A "t 
' where A 1s the initial activity of the source~;~ 
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If we can measure A asr.d cf' with comparable relative precision 11 equation (8) 

gives A o 

\ 7 -3 
In the case of Be if "- t = aL lO and A is equ1 valent to the ac= 

) 
tivity o:t 100 .micrograms of radium, it is easy to determine ll to !. 10 percent 

t-Vith our apparatus. and th1e result could be bettered for longer life sub= 

stanceso Tb.us1 tor example, we. have measured rr1; 2 of Be7 taking observations 

intermittently over a period of about 5 hours and found 5lo3 !. 11 days-o 

Using the data obtained by intermittent observations over a period of 

28 hours we find 52o4!. 1.3 de Our best value tor Tl/2 of Be7 52o93 !.Oo22 

days was obtained by comparison with a constant radium source extending 

over a period of 127 days.o The standard error is obtained from the consis-

tency of the measurements• but it must be borne in mind that it is possible 

that the measurement was affected by some slight systematic error9 although 

we have looked for the most obvious ones such as lack of saturati.on of' the 

ionization current in the chambers. 

Similarly the halt-life ot Y90 was determined in 3 days end' gave lj~ 

dayso co60 was also measured intermittently (2 hours total measur1rJ.g tJ.me 0 

Oo6 mg Re. equivalent source) for 8 days and gave 5e08 years .. This method 

could certainly be used also for much longer halt .... live8,9 such as radium 

itsalt if one useii as balancing substance uranium in equili?rium with its 

products~ It is, however. esse.n:U.al that the substance to be measured be 

ra4toact1vely pure. 

This work was done under the auspices ot. the Atomic Energy Commission(i 

Information Division 
MR 



UCRL 137 .. 

Tabl.G I 

I 

:Mar~ 210 t 4? 
.. 

Time Duration Samp e in 
Seconds p q 

Oh l Ch 2 mm se~'"'l mm sac'"'1 

11&50. 600 BBaokground . +Ooll8 - -
12o02 600 }4 Cl +Oo367 .. 

- i 

l2ol2 600 01 M ao0ol33 

· l2e23 600 M 02 +Oo047 
• 

l2o34 600 02 M +Ot~l75 

12~44 600 K Cl +Oo32S 

12.55 600 Cl li1 ..Ool58 

1311>06 600 M C2 +()o033 

l3ol6 60() C2 PJ! +0.237 
-· .. 

t •• ~~. 
-. . . 

·•"··· t>8'• 000 . .. .,0 00&111 ·••eeoe 

•oeeo •••••• oee coo o&oooe oeeoee 

.. 
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~~ Captions tor Figures 

., 

•--

Figure lo Schematic diagram of balanced ion.izat:i.on cb.amberso 

Figure 2() Observed difference ot activities of' Be and BeO corrected for decaye 

4tMI = l4 "" C + !44A.!. in mm. sec ... 1 
A..-r 

(l) Open circles~ Be Metal ~ BeO No l 

(2) Open double circles& Be Metal -= BeO Uo 2 

(3) Solid circleag averages of' (l) and (2)o 

M(O) ~ C(O) • 270 mm sac*1 

Solid lines are best 1'1 ts to oxr>crimen.tal pointso 

AA. .... 3 '1: = lO would give dotted straight linei) 

~---.. _ 

. '· 
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