
ATOM IC ELECTRONS AND DECAY CONSTANTS

the accuracy of the experimental E to L ratios is often
quite poor, it seems safe to assume that the listed values
correctly indicate which component is larger. In the
case of the reported internal conversion coeKcients, the
general accuracy claim is only one of order of magnitude.

A study of the data in Table I shows that the experi-
mental results do not contradict the theory nor the 1

value assignments. In general, the theoretical values can
be made to agree with the experimental values by as-
suming appropriate arbitrary quantities of electric 2'
and magnetic 2' ' radiations. However, the significance
of this agreement is very questionable since the lack of
precision and the existence of the arbitrary adjustment
make other l values equally acceptable.

The data in Table I do show one characteristic of
isomers which may be signihcant. A large majority of
the transitions have E to L ratios which indicate that
magnetic radiation occurs (i.e., most of the transitions

are parity forbidden). Because of the large difference
between electric and magnetic E to L ratios, this con-
clusion seems relatively sound in spite of the possible
uncertainties. This apparent predominance of parity
forbidden transitions, if substantiated by future experi-
ments and more trustworthy theoretical calculations,
might further aid in evaluating the "shell" models of
nuclei.

Note added in proof. —(4} Additional internal conversion data
have appeared on Cd»u Hf»79, Ta'8' Ba»av Pt'97 Hg'99, and Pta
These new data are most1y values of the E to L ratio. With the
exception of Ta'" and Cd' »', these isomers seem to have parity
forbidden transitions.

The authors are indebted to Professor M. Goldhaber
for his discussions on, and criticisms of the experi-
mental data.

This work was assisted by the joint program of the
ONR and AEC.
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A comparison of the decay constants of Be7 in beryllium oxide and in beryllium fluoride has given
X(BeO)—X(BeF~)= (+1.375+0.053)10 9 (BeO) thus showing a definite e6ect of the chemical binding on
the radioactive decay constant.

N previous papers on this subject' we pointed out
~ ~ the possibility of altering the half-life of Be by
chemical binding and we compared the decay constants
of beryllium metal and beryllium oxide. This experi-
ment was not too conclusive because the effect X(Beo)
—X(Be)=(—3.0&1.8)10 9(8e) was only about 1.7
times the standard deviation of the measurement and
for this reason we decided to try another pair of
compounds, and to use stronger samples. Our choice
was beryllium fluoride and beryllium oxide and this
time we have observed a definite eBect, namely X(BeO)—X(BeF2)= (+1.37S+0.0S3)10 'X(aeO).

The apparatus used was the same as that described
in reference 2, the only change being that we enclosed
the ionization chambers by a thermally insulating box.
This provision kept the temperature of the two cham-
bers equal to each other and effectively reduced the
tendency of ambient temperature gradients to alter the
relative sensitivity of the chambers. This effect of the
temperature gradients was inconvenient, although it
did not affect the results of the previous experiments
because samples were interchanged between the cham-
bers every 20 minutes. Also the positioning of the

' E. Segre, Phys. Rev. 7I, 274 (1947).' E Segrh and C. Wiegand, Phys. Rev. 75, 39 (1949).

sample was carefully rechecked in order to have the
sources in a position in which they would give a maxi-
mum of ionization. Small displacements from this
position affect the sensitivity of the chamber only by a
term quadratic in the displacement.

The Be' was obtained from a proton bombardment
of lithium with the 60-inch Crocker cyclotron. The
beryllium was purified as follows.

The bombarded 1ithium was dissolved in dilute
hydrochloric acid containing approximately 20 milli-
grams of beryllium. Carriers of cadmium, cobalt, cop-
per, nickel and zinc were added and the beryllium was
precipitated by excess ammonium hydroxide from a hot
solution. After cooling, the precipitate of beryllium
hydroxide was washed two times by dilute ammonium
hydroxide. The precipitate was redissolved in dilute
nitric acid and precipitation by ammonium hydroxide
after the addition of the carriers was repeated four
times.

The last by-product of added carriers had a small
amount of activity, but on adding to it normal beryllium
and reseparating no activity was found in the fraction
containing the carrier and all went with the inactive
beryllium, showing that the activity was due to Be'
and not to isotopes of the carrier. At this point an
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Fro. 1. Observed difference of activities of BeO and BeF~
corrected for decay. be"'=80+A(AX/X)(t/T) in mm sec. '. The
initial difference of activity is 0.04 mm sec. and the initial
activity A, 280 mm sec. '. The scale on the right hand side
indicates the slope of the line for various values of hX/X. The
errors indicated are standard deviations.

aluminum absorption curve was run on the purified

beryllium and failed to show the presence of any
extraneous beta-ray activity.

The beryllium hydroxide was then converted to the
basic beryllium acetate and dissolved in chloroform.

The chloroform solution was washed by water two

times to remove all water soluble impurities. The basic
acetate-chloroform solution was evaporated to dryness
and the residue dissolved in nitric acid.

To prepare beryllium fluoride, beryllium hydroxide
was first precipitated and the washed precipitate dried

at 110'C in a platinum boat. The platinum boat
protected by a platinum shield was placed in a monel

metal tube and the beryllium hydroxide converted to
the fluoride by hydrofluorination with anhydrous
hydrofluoric acid at 200'—220'C for two hours. The
temperature was then increased to 500'C for five hours

to sinter the product and to convert it to a definite

crystalline form.
In the previous experiment there could be no doubt

as to the compounds being measured since a button of
the metal and the oxide were used. However, for the
second experiment absolute evidence that the beryllium
fluoride measured was actually the fluoride and not an
oxyfluoride or oxide was considered necessary. X-ray
di6'raction studies were used as a method of analysis
since the samples used are small and even radioactive
preparations can be easily checked.

Crystallographic measurements were made for us by
Dr. D. Templeton. The active beryllium fluoride had
the same crystal structure as that which was observed
for a previously submitted inactive sample. This struc-
ture is not the same as that usually reported for
beryllium fluoride although chemical determination of
the formula of this material gave BeF2. The structure
was hexagonal with constants of .4=4.72A, C=5.18A

in agreement with a beryllium fluoride structure ob-
served by A. V. Novoselova et al.'

In order that the beryllium involved in the two
compounds should have as nearly as possible the same
treatment it was all converted to the fluoride and
thereafter one half was dissolved in water and con-
verted to the hydroxide and then to the oxide at 1000'C.

The samples were sealed in glass so that no moisture
would a6ect them during the course of the measure-
ments. Initially each sample gave in one of our chambers
ionization equivalent to 317 micrograms of radium.
This comparison was made by using the same ionization
chambers and electrometer tube arrangement as was
used in the difI'erential measurements, but shunting the
galvanometer and inserting a grid leak on the elec-
trometer tube according to the intensity of radiation
to be measured. With the grid leak we observed steady
deflections of the galvanometer. We found that on the
scale used in Fig. 1 the BeO sample gave initially a
rate of drift of 280 mm sec. '. This was not, of course,
measured directly, but by a ladder of successive com-
parisons of the strong beryllium oxide sample with a
series of radium standards, the weakest of which could
be measured using the same sensitivity as in the
differential measurement. The same procedure had been
used in the experiments referred in reference 2 but the
shunt used then was diRerent and for this reason 1 mm
sec. ' in the two experiments corresponds to diferent
activities.

In Fig. 1 we plot the difference of the activities of
BeO and BeF2 corrected for decay. This figure is
analogous to Fig. 2 of our previous paper' and the
slope of the line connecting the circles gives AX/X. A
least square reduction of the observed data gives

X(BeO)—X(BeF2)= (1.375&0.053)10 9 (Beo).

This datum combined with our previous one on X(BeO)
—X(Be) gives

X(Be)—X(BeF2)= (1.675&0.19)10 9.(Be).

Recently this quantity has also been measured by
Bouchez, R. and P. Daudel, and Muxart' and they
report a change in decay constant about 5 times larger
than we observed.

This work was performed under the auspices of the
AEC.

3Novoselava, Levina, Simanov, and Zhasmin, J. Gen. Chem.
(U.S.S.R.) 14, 385—402 (1944).

4 Bouchez, Daudel, Daudel, and Muxart, Comptes Rendus 227,
525 (1948). We thank these authors and Mr. A. Rogozinski for
having also communicated to us a manuscript on the same
subject submitted to the Journal de Physique et Radium.


