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ABSTRACT

The 7/B branching ratio in the decay scheme of K42 is determined by the Uranium X, and
cobalté® comparison methods in thick samples. The ratio comes out to be 0-112 +0-007, with
the absolute rates of K4® B and vy-disintegrations ng = 28:8+0-9 per second per gm. and

ny, = 3:22+0-15 per second per gm., in good agreement with the results of other recent deter-
minations. The geological significance of K49 half life is discussed.

INTRODUCTION

The decay scheme of K40 showing its beta disintegration into Ca4® and Ke~
capture leading to an excited state of A40 followed by a gamma quantum emission
is shown in Fig. 1 (Sawyer and Wiedenbeck, 1950). Early measurements of the
y/B branching ratio showed considerable divergence of values (between 0-06 and
0-12) attributable mainly to the uncertainties in the various correction factors applied
to estimate the beta and gamma emission rates and to the low efficiencies of counting
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the weak gamma rays of K40, 1In a recent work McNair et al. (1956) have tried to
eliminate most of the etrors, but still a fairly large correction factor due to the
backscattering of the beta rays remains. Further, the values were at variance with
those of the geological methods based on the estimation of radio-genic argon, potas-
sium or calcium content of minerals. Although the gap has been narrowed down
considerably by the recent works of Wetherill ef al. (1956), in view of the great
importance of the branching ratio, both for its nuclear spectroscopic as well as
geological implications, it was considered desirable to make an independent determi-
nation of the ratio. In the present work this has been done by improving the geo-
metry of measurement and reducing the number of corrections tq the minimum
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and making a direct estimation of the Bremsstrahlung correction arising from the
energetic K40 beta rays.

MEASUREMENTS

Throughout thess measurements thick samples of analytically pure K,SO,
salt were used in coaxial cylindrical geometry around a thin walled copper counter
(80 mg./cm.2) and Al-counter (~0-1 mm. thick) for beta ray measurements from K49,
and with a Nal (TT) crystal scintillation counter in an end window geometry (Fig. 2).
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FiG. 2 GEOMETRY OF GAMMA RAY MEASUREMENTS
WITH SCINTILLATION COUNTER

A single channel pulse height analyser was used for the gamma ray measurements.
Identical comparison source of 450 gm. of K,S0, or CaSO; well mixed with 0-796
gm. of uranyl nitrate was used for the beta rays and 41-0 microlitre Co®0Cl; solution
of known strength thoroughly mixed with 158 gm. of the K,S0, salt for the gamma
rays. The sample thicknesses were greater than the corresponding maximum beta
ray ranges (~655 mg./cm.2 for the 1-36 Mev K40 beta rays and ~1125 mg./cm.2
for the 2:32 Mev UX, beta rays). The absorption coefficients of the two beta rays
were measured in the counting geometry using cylindrical Al-absorbers and the
results are shown in Fig. 3.

Clearly for a source sample of infinite thickness surrounding an ideal beta ray
counter, the integrated beta ray intensity (I,) extrapolated to zero absorber thickness
that reaches the counter is directly proportional to the absolute rate of beta dis-
integration per unit mass (D) of the source sample and inversely to the beta ray
absorption coefficient (r) in the sample, assuming an exponential law of beta ray
absorption. Since the potassium and its comparison samples are used in an identical
form, shape and geometry of measurement, the ratio of the absolute rates of beta
disintegration from K40 and UX, can be expressed as D K/DU = pr K /Is]p > Where
K stands for potassium and U for UX,. The absolute beta disintegration rate per
gm. of UX, present in the undiluted uranyl nitrate was determined to be 1-18 x 104
disintegrations/sec. For this the beta emission rate from a thin sample of the U-salt
was first measured by means of a stilbene crystal scintillation counter in a nearly
2%-geometry and then that from a thin layer of P82 source in identical geometry
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and finally the P32 sample was calibrated absolutely by a 4#-counter and coincidence
technique as given by Nath and Saha (1958).

Due to the thick sample comparison method employed here under identical
geometry and material density, most of the correction factors of the earlier methods
are eliminated. The observed beta counting rate was 1250415 cpm. for the potas-
sium sample and 1500420 cpm. for the uranium sample, both corrected for the
gamma rays and the counter background and extrapolated to zero absorber thickness.
Calculating the actual contents of K40 (relative abundance 0-0119, Nier, 1950) and UX,
of the two salts, we obtain finally the specific heta ray disintegration rate of K40 as
ng = 28-8:£0-9/sec./g. of ordinary potassium.

The low intensity of the K40 gamma rays was observed against a strong counter
background which necessitated repeated measurements. The peak portion of the
spectrum, after subtracting the background, is shown in Fig. 4a. The Co% gamma
ray spectrum was readily obtained against a negligible background and the peak
portion is shown in Fig. 46. The total integrated gamma ray counts were determined
from the net areas under the peaks of the two curves and found to be 13843 cpm.
for the K380, sample and 174, 1944295 cpm. for the Co%0Cly mixture. Correction
due to the difference in the crystal efficiency for counting the K40 gamma rays (1-46
Mev) and the Co% gamma rays (~ 1-25 Mev) was estimated to be ~ 9-5 per cent.
The Bremsstrahlung correction due to the energetic K40 beta rays was obtained by a
separate experiment in which a small amount of pure P# was mixed with a large
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quantity of CaS80; powder and the beta and gamma ray intensities of the two
separate samples from the mixture were measured in the corresponding set-up for
the Ko80, measurements. Since P32 does not emit any gamms radiation, the
observed gamma rays from the mixture must be attributed to the Bremsstrahlung
produced by the P32 beta rays which have the same order of energy (maximum
1-72 Mev) as the K40 beta rays. In this way the correction was estimated to be
~ 2 per cent. No correction is necessary for the absorption and scattering of the
gamma rays in our comparison method. From the known gamma emission rate
of the Co%0Cly mixture used, the corrected specific gamma emission rate of K40 was
determined as 7y = 3-224-0-15/sec./g. of ordinary potassium.
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We arrived at the following values of the ¥/B branching ratio, the half life of
beta decay (T'8), the half life of electron-capture (Te-) and the total half life (Tiota)
of K40 decay:
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ng = 28-840-9/sec./g.

ny = 3-2240-15/sec./g.

v[B = 0-112£0-007

Tg = (1-40£0-08) X 10 years.
Te- = (1-2640-06) x 1010 years.
ot = (1:310-15) x 109 years.

It has been assumed that every gamma quantum emission is preceded by a
Ke -capture in K40 nucleus. The most recent values, obtained by McNair et al.
(1956), are ng = 27-5:£0-25, ny = 3-3310-15 and ¥/8 = 0-1214+0-004, which compare
well with the results of the present work. Other recent values of n, lie generally
between 3-5040-14 (Backenstoss and Goebel, 1955) and 2-8840-3 (Sawyer and
Wiedenbeck, 1949, 1950). The value of ny obtained from the results of the best
concordant geological methods (Wetherill et al., 1956) is 3-244-0-15, which shows
excellent agreement with our value.

Discussion

The assumption that the observed gamma quantum emission follows the Ke™-
capture in K40 leading to an excited state of A40 is supported by the fact that nearly
one to one coincidence has been observed between the electron-capture and the
gamma quanta, Also a direct transition from the ground state of K40 having large
angular momentum (I =4) to that of A40 (I =0) should be highly forbidden. A
positron emission transition between K40 and the excited state of A40 is also highly
improbable on account of the small energy difference =20-06—0-14 Mev, between
the two states (Holland and Lynch, 1959, Morrison, 1951, and Sailor, 1949).
Attempts made so far to observe any B-Y coincidences from K40 have yielded no
decisive result due to the very low intensity of the gamma rays.

The soft X-rays resulting from the Ke™-capture in K40 are almost sure to be
completely absorbed by the Al-foil (~110 mg./cm.2) guarding the window of the
scintillation counter and not influence the observed rate of gamma emission. Simi-
larly the soft beta rays of UX, in equilibrium with UX, present in uranyl nitrate
would not penetrate the beta counter wall (~80 mg./cm.%).

From the observed half life of K40 for beta, gamma emission, and the known
average distribution of potassium in the earth’s crust, the heat production of
potassium is estimated to be about 0-65 x10-8 cal/g./yr. of the crust. This is only
~12 per cent of the heat produced by the uranium and thorium content of the crust
at the present time. Since the earth is ~3 x 10° years old, the amount of K present
at the beginning of the earth’s creation could have been only ~5 times the
present amount, which could not have seriously affected the heat balance of the
earth’s interior, Much lower half life of K40 as reported by early workers (Bleuler
and Gabriel, 1947) caused a serious difficulty in this respect (Gleditsch and Graf,
1947) which now disappears.

Since the electron-capture decay of K40 produced ~3-2 A%0 atoms/sec./g., this
process would provide ~3-8 x 10712 c.c. of argon/g./yr. On the basis of this estimate,
the total available argon content of the atmosphere can be explained assuming that
sufficient amount of K-bearing rocks have gone up into the atmosphere by volcanic
eruptions throughout the entire age of the earth.
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