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INTRODUCTION.

Since the discovery of radio-activity of rubidium by Campbell and Wood
(1906) much work has been done to elucidate this nuclear process and though'a
good deal of information has been obtained the problem is far from being
closed. The points which have to be tackled may be enumerated as follows :—

(1) The particular isotope of rubidium which is responsible for the
B-activity.

(2) Half-life of the radio-active isotope.

(3) B-Ray energy-spectrum, the maximum energy of the emitted
B-rays and also whether any y-ray is emitted.

{4) The spin changes in the nucleus giving rise to the B-ray emission,
and the discussion of the continuous energy-distribution curve
from the theoretical standpoint.

These points are taken one after another.

(1) Rb-isotope responsible for B-activity.

Rubidium has two isotopes, viz. Rb85 (73%) and Rbs? (27%,). It has
been conclusively proved that B-emission is due to Rb®7, and a brief reference
to the works leading to the conclusion may be given. Klemperer (1935a)
and Hevesy (1935b) suggested that the radio-activity of rubidium was due to
the active isotope Rb88, whereas Nier (1936) and Sitte (1935c¢) gave arguments
in favour of Rb87. Hahn, Strassman, Walling and Mattauch (1937a) have
however definitely proved that the active isotope is Rb87. They separated
strontium from a specimen of mica geologically very old and containing a little
rubidium, and found by mass-spectrographic analysis of the sample that the
separated strontium was almost 100%, Sr87. The naturally oceurring abundant
isotope of strontium is however Sr8é of frequency 839, This conclusively
proved that Sr87, which is found in the mica, must have arisen from a B-ray
body which must be Rb87, and is therefore the active isotope. Smythe and
Hemmendinger (1937b) have also confirmed this by separating the isotope
Rb# by a high intensity mass spectrometer.
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(2) Half-life of Rb.

The half-life of rubidium has been determined by Hahn and Rothenbach
(1919), Holmes and Lawson (1926), Mihlhoff (1930), Orban (1931) and Hahn,
Strassman and others (1937¢), and their values are given below:—

Hahn and Rothenbach .. .. .. 7-5x1010 years,
Holmes and Lawson .. .. .. ld4xioir
Miihlhoff .. .. .. .. 4-3x101r
Orban .. .. .. .. lexlo
Hahn, Strassman, et al. .. .. .. 315x10w0

All these values are much larger than the half lives of Ur (4-5 x10° years)
or of Th (16-5 x 10° years).
The methods used by them are all based on the law

AN
2
and T=1°§—e.. N )

We have to take a definite quantity of rubidium and find out the number
of B-rays emitted per sec. Then A is directly obtained from (a).

Though the theory is simple, its application is attended with considerable
difficulties. As the emitted B-rays are of very low intensity and low energy,
it is very difficult to count them accurately. The energy spectrum of Rb
reveals that some of the emitted electrons will be stopped even by a thin
layer of the substance itself of a thickness of only a few milligrams per sq. cm.
It is very difficult to prepare a uniform thin layer of this order of thickness,

Hahn and Rothenbach obtained the value of half-life from the ratio of the
ionisation current due to thin layers of uranium and rubidium. From this
ratio they found that the number of fB-rays emitted by the same quantity of
rubidium and uranium is in the ratio 1 : 15. Holmes and Lawson from all
the existent data at that time calculated half-life and made some correction on
Hahn and Rothenbach’s value. Miihihoff introduced a thin layer of the salt
inside a Geiger-Miiller tube counter and from the rate of counting he deter-
mined the number of B-rays emitted by a known weight of the salt. Orban
determined the half-life of rubidium by counting the number of tracks in a
Wilson Chamber in which a thin layer of Rb salt was introduced. He made
allowance for absorption in Rb-layer by determining the value of average mass-
absorption coefficient ‘u/p’ of the emitted B-rays. But the half-life was
calculated in all these cases on the assumption that all the atoms of Rb are
radio-active as the radio-active isotope Rb87. Their values are therefore to
be reduced proportionately.

Hahn, Strassman and others (loc. cét.) have indirectly obtained the value
of half-life for rubidium from the geological data which proved that Rb87 is
the active isotope. Their method of calculating the half-life is very instructive
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and the account may be repeated here. On chemical analysis of one kiloigr:'adm
of a very old mica mineral whose age was estimated between 500 to 1,090 million
years they found that it contained 2 to 3%, of rubidium and 250 milligrams of
strontium carbonate. Ninety-nine per cent of this strontium as shown by a
mass spectrograph was Sr87. Taking the percentage of rubidium present to
be 2-59, and the frequency of Rb87 to be 279%,, Rb87 present in one kilogram
of the mineral is
25 %27

oo~ = 6-75 gm.

Again 250 milligrams of SrCOy contain 148 milligrams of strontium and
since the mass number of strontium and rubidium in this case is the same
therefore

No. of Rb87 atoms transformed _ 0148

1
= T I imately.
No. of Rb8” atoms present 675~ 45 2Pproximately

Now by the relation (a) and (b)
dN _ 069t 1

N S
* Taking ¢ = 1,000 million years, 7' = 0-69x45x10? = 3-15 x 1010 years,
Taking ¢ = 500 . » T =1-58 X100 years.

But there is an amount of uncertainty due to their assumption of the
geological age of the mineral. This as is well known may vary within wide
limits.

Though the values for half-life of Rb has been determined by so many
workers there seems to be considerable disagreement in the values obtained by
different workers. An attempt has been made in the present investigation to
determine the value of half-life of rubidium using a moderately thick layer and
correcting for absorption by the method of Orban.

(8) B-ray energy spectrum, the maximum energy of emitted B-rays and
also whether any y-ray is emitted,

The problem of determining the energy spectrum has not heen attacked
as yet due to experimental difficulties. As the emitted B.rays are of very
low-energy and low intensity, magnetic spectrograph cannot be satisfactorily
used for deducing the energy distribution curve, An attempt has been made
. to deduce the approximate shape of the continuous energy spectrum of Rb by

a new method suggested by Occhialini (1931).

The maximum energy of the emitted B-rays has been determined by
Klemperer (loc. cit.) and Libby and Lee (1939). Klemperer calculated the
maximum energy from the absorption coefficient as determined by Miihlhoff
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(loc. cit.). Libby and Lee used the magnetic deflection method as has been
used by us. Their values are given below:—

Klemperer .. .. 0-25%10% electron volts.
Libby and Lee .. .. (0-1340-02) x 108 ’ »

The two values are then extremely discordant.

(4) The spin changes in the nucleus giving rise to the B-emission, and
the discussion of energy-distribution curve from the thoretical basis.

The B-activity of rubidium like the other light alkali metal potassium has
some peculiarities which are not as yet very clear. From the experimentally
determined maximum energy and half-life of rubidium it is observed that it
does not fall on the two main lines (log A against log &,,,. curve) of Sargent’s
curve (1933a) corresponding to A7 = 0 or 1, where A¢ is the spin change of
the nucleus in the transition,

n9 —> P 4B~ +neutrino.

Heyden and others (1938), by hyperfine-structure analysis, have determined
the spin of Rb87 and Sr87 to be 3/2 and 8/2 respectively. This shows that in
the f-emission from rubidium A7 = 3. This type of transition again involving
such a high spin change is highly forbidden by both Fermi’s (1934a) theory
and Konopinski, Uhlenbeck (1935d) theory of B-decay. In order to explain
these anomalies Gamow {1934b) suggested three alternative schemes for the
B-decay of Rb. But all of them were shown by Klemperer (loc. cit.) to be
incorrect.

ExPERIMENTAL TECHNIQUE.

The experimental method followed here was first suggested and used by
Occhialini and Boceiareli (1932, 1933) to determine the energy of the Birays
emitted by potassium and rubidium. In recent years this method has been
much improved and used by Libby and Lee (loc. cit.) of the California University.
A screen-wall Geiger-Miiller counter is placed co-axially inside another brass
cylinder on the inner surface of which the substance under investigation is
placed below the screen-wall as shown in fig. 1. The screen-wall counter is
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nothing but an ordinary tube counter with the difference that the tube is
made of copper wire gauze-screen with widely separated meshes so that the
emitted B-rays can enter the counter without any absorption. The whole
chamber is evacuated and kept at a pressure of a few cm. of mercury for
the working of the counter. To determine the energy of the emitted B-rays,
a magnetic field is applied in a direction parallel to the axis of the counter.
It is evident that the B-rays entering the counter will be bent into circles
in a plane perpendicular to the direction of the magnetic field, and the radius
of curvature for a particular energy will be inversely .proportional to the
strength of the magnetic field. As this is increased it follows that the softer
components of the emitted B-rays, whose radius of curvature is less than half
the distance between the sample-surface and screen-wall, will be gradually
cut off and when the field is so much increased that the radius of curvature of
the electron of maximum energy is just less than half the distance between
the screen-wall and the sample surface, no electron will be able to enter the
counter and the rate of counting will be only due to the background of cosmic
rays and radio-active impurities if any. From this limiting Hp-value the
maximum energy of the emitted B-rays can be calculated.

A screen-wall counter has the same type of characteristic curve as an
ordinary Geiger counter with the only difference that it is necessary to keep
the sample cylinder about 50 volts positive with respect to the screen.wall by
an insulated battery in order to prevent the accumulation of ions in the
intermediate space between the screen-wall and the cylinder, which ultimately
stops the working of the counter. Another fact about this type of counter is
that as the magnetic field is increased, there is a slight reduction of the back-
ground counting due to cosmic rays and other radio-active impurities. In
calculating energy this must be taken into account. Within the range of the
magnetic field used in this experiment the maximum number of counts reduced
was only 8 per minute, in a background effect of 80 per minute.

APPARATUS.

The apparatus which was used is shown in fig. 1. The screen-wall counter
is 2 em. in diameter and made of copper screen with 7 wires per em. each of
diameter 0-031 cm. The central wire is of tungsten 0-01 em. in diameter. The
internal diameter of the external brass cylinder is 84 cm. At the two ends
the brass cylinder was ground joined with the two glass pieces. The whole
chamber could be evacuated through a side tube in one of the glass pieces as
shown in the figure and then a suitable gas-mixture could be introduced at a
suitable pressure for the working of the counter. The other glass piece was
opened whenever it was necessary to take out or introduce radio-active
materials under investigation. Hydrogen mixed with a small amount of
petroleum-ether has been used as the counter gas to minimise the scattering
effect. For many days the counter was worked with different proportions of

4
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hydrogen and petroleum-ether at different pressure to ascertain the best
condition of working and ultimately it was found to work satisfactorily at a
pressure of 10 cm. of mercury with hydrogen and petroleum-ether, in the
ratio of 2 : 1. At this pressure, the counter was standardised for several
days and found to have a plateau of 70 to 90 volts starting at about 1,200 volts.
The rate of counting due to cosmic rays and radio-active impurities within
this plateau region was found to be about 80 per minute on the average.
The characteristic curve of the counter is shown in fig. 2.
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The whole counter was placed co-axially inside the coils of a large
Weissmagnet from which the pole pieces were removed. This magnet is of
Helmholtz coil pattern of about 10 em. internal diameter with a gap of 10 em.
between the two parallel coils. The magnetic field within this gap was found
by an exploring coil to be nearly uniform. The field increased linearly with the
increase of the current through the coil. The coils were constantly cooled
by circulating water round them. The magnet was carefully calibrated by an
exploring coil for different current and a calibration curve (a straight line) of
magnetic field in gauss against the corresponding current through the coil was
drawn as shown in fig. 3.

The pulses from the counter were amplified by a three-stage valve amplifier
of the Neher and Pickering * model. This amplifier has been found to be
very satisfactory in cosmic-ray work of this laboratory. Each pulse was
automatically recorded by a mechanical counter worked by a thyratron valve.

* Our thanks are due to Drs. Pickering and Neher for instructing us in the use of
the amplifier during their visit to this laboratory in 1940.
4B
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EXPERIMENTAL REsSULTS.
Half-life of Rubidium.

The value of half-life has been obtained by counting the number of 8-rays
emitted from the surface of a thick layer of salt and correcting for self-
absorption by Orban’s method (loc. cit.). Orban has shown that the number
of B-rays ‘n’ emitted per sec. from 1 sq. cm. of a thick layer is given by

‘ n=%-ﬁ-6'07><1023 O (9]
where A = disintegration constant, M = molecular weight of the salt, K =
number of radio-active atoms in a molecule, p = density of the salt, and
p = absorption coefficient of the emitted B-rays.

This expression can be easily deduced from the relation (a), assuming
1/n to be the average range of the emitted B-rays and remembering that
only half of the emitted B-rays will be transmitted upward.
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In our experiment about 12 gms. of pure RbCl was uniformly spread
over a flat aluminium dish 4 em. by 10 em. in dimension and the dish was
introduced into the counter below the screen tube. The characteristic curve
of the counter with RbCl was again determined as shown in fig. 4 under the
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same condition with the background. It is observed from the curve that the
rate of counting in the plateau region is about 350 per minute. Subtracting
the background rate of counting 80 from this, the number of B-rays recorded
by the counter is 270 per minute.

For finding out the efficiency and geometry of the counter, it was calibrated
using a thin layer of uranium nitrate. 4462 mg. of UO4(NOj3); . 6H,0 dissolved
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in ether was uniformly spread on a dish 4 cm. by 10 cm. in dimension and
the dish was introduced into the counter below the screen-wall. 266 counts per
minute were obtained over the background counting. Rutherford and Geiger
(1910) showed that 1 gm. of uranium emits 1-43 X 108 a-rays per minute. As
uranium contains two o-emitters U; and U;; and two B-emitters Ux; and
Ux, in equilibrium therefore 1-43X2x 106 o and B particles are emitted by
1 gm. of uranium per minute. As there are 1-116x10-% gm. of uranium
nitrate per square cm. it follows from the number of counts obtained that
only 87949, of the particles emitted from 1 sq. em. are recorded. Calibration
was repeated again with 8-372x10-5 gm. of UO, (NOg), . 6H20 per sq. cm.
and the percentage recorded was found to be 8-984. The mean of these two
values 8:8849 are used for calculating the half-life.

With the above experimental data, the value of disintegration constant
A and hence 7' are calculated from the relation (¢). The value of ‘p/u’, the
reciprocal of the average mass-absorption coefficient of the emitted B-rays
from rubidium, is taken to be 1/160 as found by Orban. The value obtained
for A and 7' are as follows:—
A = 8:065x10-20 sec—1.
T = 2-763 x 1011 years.

As the abundance of the active isotope Rb87 is 279%,, therefore correcting
for this factor:—
A = 2-986 X 10-19 sec—1.
T = 7-459 x 1010 years.

The value of half-life obtained by this experiment is nearly the mean of
the values obtained by Miihlhoff and Orban assuming all the Rb-atoms to be
active. When corrected for the isotope frequency, the value of half-life is
of the same order as predicted by the geological evidence of Hahn and others.
There is, however, some error in the value obtained due to the fact that the
relation (c¢) deduced by Orban appears to be not very rigorous. Moreover,
there will be a little error due to back-scattering which may be, as shown by
Schonland (1923, 1925), about 139, in the very low energy region.

The maximum energy and the continuous energy-distribution of the
emitted S-particles from rubidium will be published and discussed from a
theoretical point of view in a subsequent paper.

In conclusion, with great pleasure I express my deep gratitude and thanks
to Prof. M. N. Saha, D.Sc., F.R.8., whose constant encouragement and guidance
enabled me to complete this work. My thanks are also due to Dr. N. N,
Daggupta and to Dr. 8. C. Sirkar for many helpful discussions, and to
Dr. G. P. Dube for kindly helping me in mathematical calculations. I wish
also to express my thanks to Messrs. Scientific Indian Glass Co., particularly
to Prof. N. C. Nag, and to Mr. Sirkar of the above Company, who have very
kindly constructed the glass pieces of our apparatus in their factory.
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SUMMARY.

A brief reference to all the information available at present about the
radio-activity of rubidium is given in the introduction. The half-life of
rubidium has been calculated from the recent geological data of Hahn and others
and the value obtained suggests that the present accepted value is too high.
Therefore, the half-life was again determined with a screen-wall Geiger-Counter.
The value obtained when corrected for the abundance of active isotope is
7-459 x 1010 years approximately.
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