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Since Sampson and Bleakney (1936a) reported that cobalt, besides having
a main isotope of weight 59, has an isotope of mass No. 57 and frequency
of about 0-2%,, there has been a certain amount of controversy over the existence
of this stable isotope Co57. Working with their magnetic mass-spectrograph
and using anhydrous cobalt chloride, Sampson and Bleakney obtained a peak
at the mass No. 92. This peak they interpreted to be due to Co57C135, From
the relative height of the peak they calculated the abundance of Co57 to be
about 0:2%,. They also supported their conclusion from the fact that two
artificially radio-active isotopes of ordinary cobalt, namely Co58 and Co%0, are
obtained by bombarding ordinary cobalt with fast and slow neutrons. They
assume (1936b) that these two are produced by the neutron capture of the two
isotopes according to the nuclear process:

Co574n = Co58 = Ni84p~
Co%?4-nl = Co% = Nis04-8-

From the empirical chart of nuclei of Saha, Sirkar and Mukherji (1940),
however, it follows that if Co%7 exists, it should be at least naturally radio-
active and emit positrons according to the nuclear process:

270057 = 56Fe57+ B+
Further, if it really occurs in natural cobalt to the extent of 1 : 500, it should
be a long-lived one like ;oK or g;Rb37 and emit very slow S-rays. The
relevant portion of the nuclear chart is illustrated on p. 56.

It will be observed that Co57 lies on the horizontal line corresponding to
the isotope number 1 = 3, and the characteristic of the lines having odd
isotope number is that there are a number of stable elements in the middle,
flanked by B~-emitting elements on the left, and B+-emitting elements on
the right. In line 1 = 3, the stable isotopes are ;,C187, ; K41, ,,Ca48, 5,Sc45
and ,Ti*7 (A39—not yet discovered). From p3V4® onwards, all isotopes are
Bt-active up to 39Zn®3, the only exception seems to be 4,C057. Saha, Sirkar
and Mukherji pointed out that if Co%7 really occurred in natural cobalt to the
extent of 0-29, ordinary cobalt should show feeble radio-activity due to this
isotope, just like potassium, in which radio-activity is due to ;3K40 occurring
in the proportion of 1 : 8000.
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In this chart the abscissae represent mass-number A, the ordinate represents I, the
isotope number which is defined as the excess of neutrons over protons in the nucleus.
The parallel lines at 45°, to be called the Z-lines, represent atomic number ‘Z’. Thus
all isotopes of same Z are to be found on the same Z-line. Each isotope is represented by a
cirele. Solid circles represent stable nuclei. Hollow circles with an arrow pointing up, o'+
represent B+ (positron) emitting nuclei, when the arrow points down, », they indicate
B~ (electron) emitting nuclei.

To detect if there is any feeble radio-activity of ordinary cobalt due to
the isotope Cob7 (of assumed abundance 0'2%,) a very sensitive f-ray analyser
consisting of screen-wall Geiger-Miiller Counter mounted radially in a uniform
magnetic field as deseribed by Libby (1939) and others was built up in this
laboratory. It is described in the previous paper. This Counter as tested
with rubidium and potassium (using a magnetic field) is capable of detecting
efficiently emitted electrons having as small an energy as one Kilovolt. Using
about 10 gms, of cobalt oxide and other salts of cobalt (Mercks’ preparation)
with this Counter and giving prolonged exposure no increase in the counting
rate over the background rate was observed. From this it is concluded that
there is probably no feebly active isotope of cobalt in Nature and like ;;Na28
and certain other elements with odd mass number and odd charge, it has only
one stable isotope, of weight 59 and having 1009, frequency.

It may be further mentioned that Aston (1933) has found no trace of any
isotope of cobalt. He is of the opinion that cobalt is a simple atom of mass-
number 59. Hahn is also of the opinion that the peak obtained by Bleakney and
Sampson is due to some impurities and that there is no stable Co%7. The peak
obtained by them at 92 may be due to Mn55CI37?  Moreover the radio-active
isotope of cobalt, e.g. Co58 of about 20 m. period as stated above by Bleakney
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and Sampson in support of their conclusion to be formed by the neutron capture
of Co57 seems to be incorrect, for a study of the original report of Rotblat
(1935) to which reference has been made by Bleakney, etc., it is found that
the former at first obtained the radio-active cobalt of period about 20 minutes
by bombarding nickel by neutron from a Radon-Beryllium source. Rotblat
assumed the active isotope to be formed according to the nuclear reaction:—

Ni%0+4n = 5,Cot04H?

He confirmed it by bombarding cobalt with slow neutron when a similar
period was obtained which he attributed to the reaction :—

Co594nl = Cof0
Bleakney and Sampson however assume it to be due to the reaction :—
Cob74gnl = Cob8

But the assignment of the 20 minute period to Co5%8 seems to be wrong from
the experiments of Livingwood, Seaborg, Fairbrothers (1938) and Barresi
and Cacciapuoti (1939) who obtained Co%® by the reaction Mn55.g.n, and Fe57-
D-n, and found Co%8 obtained in both the cases have a half-life 70 days and
not 20 minutes. Therefore Rotblat’s result if correct suggests that either
there was some nickel impurities in cobalt or Co% must have an isomer.

Again assuming that there is no naturally radio-active isotope Co57, it
should be obtained artificially. The nuclear chart of Saha, Sirkar and Mukherji
(loc. cit.) suggests that Co57 may be obtained by bombarding iron with deutron
according to the nuclear reaction (Fe-D-n)

26F€%8 41 D2 = 5,C087+¢nl, .. .. .. (1)
C057 = B+ ,gFed?

A reaction of this type has been actually observed first by Darling, Cartis,
Cork (1937) and subsequently by others by bombarding iron with deuteron.
They, however, probably assuming Co57 to be stable interpreted it by the
reaction

peFest4 D2 = ,,C055+nl
270055 = B++26Fe55 . . .. (2)
26Fe88 = B+ +,;Mn55

According to this reaction there is double positron emission in each process.
From the continuous energy spectra of radio-active cobalt obtained by Lawson
(1939) nothing can be concluded definitely. From this it may be said that
either Co5? rather than Co5% is obtained by the Fe57-D-n reaction. Or probably
both the reaction Fe54-D-n and Fe56-D-n, producing Co55 and Co57 respectively,
occur on bombarding iron with deuteron. As a matter of fact this may
explain the existence of more than one half-period in the cobalt portion
separated from iron bombarded with deuteron as pointed out in the works of
Livingwood, Seaborg, Fairbrothers (1937) and others. These different periods
they conclude to be due to some unidentified isotope. One of this is probably
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Cob7.  This alternative possibility (1) and (2) can be further tested by
separating the two isotopes of iron Fe5® (909,) and Fe54 (6%,) by some process
like thermal diffusion and then bombarding the separated isotope with
deuteron.

This work has been done under the constant direction and guidance of
Prof. M. N. Saha, F.R.S,, to whom I express my deep gratitude. I wish also
to express my thanks to Messrs. Scientific Indian Glass Co., particularly to
Prof. N. C. Nag, Technical Expert of the above Works, who have very kindly
constructed the apparatus for us in their factory.

SUMMARY.

An attempt has been made to clear the controversial existence of an
isotope of cobalt Co%7 (0-29,) in Nature. Saha, Sirkar and Mukherji’s empirical
chart of nuclei suggests that Co57 should be positron-active and have a long
life like K40 in natural potassium. Therefore the positron activity of natural
cobalt was searched very carefully using a screen-wall Geiger Counter but no
activity was detected. From this as well as from a study of some observed
nuclear reactions it is concluded that there is no Cob7 in Nature and probably
one of the unidentified artificially radio-active isotopes in the cobalt fraction
separated from iron bombarded with deuteron is Co57. These nuclear reactions
also suggest that probably Co% has an isomeric pair.
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