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1. INTRODUCTION.

Silver possesses the two isotopes 107 and 109 in the proportion 52:5%, and
47-59, respectively. By simple capture of slow neutrons these give rise to Ag108
and Agll® with intense radioactivities of 2-3 minutes and 22 seconds periods
respectively. With fast neutrons, reactions of the type (n, 2n) are likely to occur
in silver resulting in the formation of Aglo® from Agl07, and Agl08 from Aglo®
according to the following scheme (Pool 1938; Pool, Cork and Thornton 1937):

Q,; “Pdma (24 minutes).
107 * 4,106 /
gAET (n 2n) CAg Q
R 46041 (190 hours),
109 »y 108 g 108 .
e (n, 2n) 47Ag B~ , 4g0d (2-3 minutes).

Ag107 produces by the (n, 2n) reaction the isomeric nucleus *Agi0 which decays
by positron emission into Pd108 with the period 24 minutes and by electron emission
into Cd9¢ with the period 190 hours. Similarly the isotope 109 produces Aglos
by the same reaction, which, as is well known, decays by electron emission with
2-3 minutes period into Cd198. Viewing the (n, 2n) reaction by fast neutrons as
a process analogous to the ionisation of an atom by electron collision as in Franck
and Hertz’s experiment, only very fast neutrons having energies greater than the
binding energy of the neutron in the nucleus (£,~6 to 8 Mev.) are likely to produce
the reaction (Teucher 1949), and it is expected to occur with a cross-section much
smaller than that calculated on the orthodox picture of a two stage nuclear reaction
through the formation of the compound nucleus (Weisskopf, 1950).

The two long periods of radiosilver 106 mentioned above, 24 minutes and
190 hours, have been observed by many workers. This isomer is best produced
(Pool, Cork and Thornton, 1937) by irradiating silver with fast neutrons from B
or Li bombarded by 6 Mev. deuterons from the cyclotron, the neutrons possessing
a maximum energy of ~20 Mev. The next best method (Kraus and Cork, 1937)
has been found to be the neutron bombardment of palladium, Pd105 (d, n) Aglos,
using 6-3 Mev. deuterons from the cyclotron. Various cross reactions also have
been used for producing the nucleus Agl®® and checking the two periods under
question. For example, rhodium bombarded with 12 Mev. a-particles from
cyclotron (Pool, Cork and Thornton, 1937) shows a feeble activity of 24 minutes of
Ag108 produced by the reaction Rh103 («, ») Agl0%, An 82 day Ag activity
has also been clearly observed from this reaction (Hurst and Pool, 1944). Fast
neutron (from cyclotron) bombardment of cadmium produces the reaction Cdioe
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(n, p) Aglo8 giving the above activities feebly. Bombardment of palladium
by 4 Mev. protons has also yielded the 24 minutes period by the reaction Pd108
(p, ») Agl08, Bothe and Gentner (1937) have observed fairly strong activities of
2-3 minutes and 2441-2 minutes periods by irradiating silver with 17 Mev. y-rays
from Li+p; but no trace of the 22 seconds period was produced in the process,
as is expected. Attempts at producing the Agl06 jsomer by using fast neutrons
from the Ra+Be source or the Rn+ Be source have, however, resulted only in the
24 minutes period with weak intensity; no definite evidence of the 190 hours period
of the isomer was available (Rotblat, 1937; Reddemann and Strassmann, 1937).
The total flux of the fast neutrons obtained from the cyclotron is indeed
much larger than in any ordinary Ra+Be source. The latter neutrons have
got a maximum energy of about 10-5 Mev. and an average energy lying roughly
between 3 and 8 Mev. (Teucher, 1949). The reason that the long periods, 24
minutes and 190 hours, of Agl0® are not developed strongly with the Ra+Be
neutrons, therefore, appears to be that these periods can be excited only by very
fast neutrons, probably lying towards the upper limit of the Ra-+ Be neutron energy
spectrum. It was, therefore, considered worth while to use the 100 mgm. Ra+Be
neutron source available in this laboratory to irradiate silver samples and to examine
critically if the radiosilver 106 developes under suitable conditions with any rea-
sonable intensity. The energy region of neutron spectrum exciting the isomer
106 is also roughly investigated by varying the condition of exposure. Results
of such observations may find their application in the possibility that if it is con-
firmed that very fast neutrons alone can excite the 24 minutes period, this activity
of silver may be used as an indicator of fast neutrons in other reactions. Attempt
is also made in the present work to estimate roughly from the observed data the
contributions of the fast and the slow neutrons to the various periods of radiosilver.

2. EXPERIMENTAL ARRANGEMENT AND RESULTS.

As mentioned in the previous section, we expect the intensity of the 24 minutes
activity of Agl08 to be very feeble, if it is developed at all, by the bombardment
of silver by neutrons from the Ra+Be source, Hence it is important that the
activity is not further reduced to any appreciable extent by the measuring arrange-
ment. Moreover, we also wish to observe the shorter period activities (22 seconds
and 2-3 minutes) as an indicator for the presence of slow neutrons in the source.
In view of these two requisites a G.M. tube counter with silver cathode has been
used in the present work. Here the counter acts as the detector of its own activity.
The cylindrical silver cathode was 7-7 cms. in length and 2-5 cms. in internal dia-
meter and ~0-5 mms. wall thickness. A tungsten wire (diameter 0-2 mm.) was
used as the anode. The counter was filled with 7 cms. Hg pressure of argon and
1 cm. Hg pressure of alcohol. The threshold of the counter was about 1,300 volts
and the plateau region extended over 150 volts. The counter background was
about 204-1 counts per minute under 10 cms, lead enclosure and this remained
practically constant throughout the experiment, An ordinary resistance-capacity
coupled amplifier was used together with a cyclotron pulse counter. A stabilised
H.T. source developed in this laboratory (Saha, Chandersekhara and Sundaresan,
1950) provided the counter-potential.

The silver activities were measured as they developed under various conditions
of neutron irradiation detailed in Table I. A typical arrangement for irradia-
tion with slow neutrons using 10 cms. paraffin wax all round the Ra+ Be source is
shown in Fig. 1. Fig. 2 B, A, C illustrate the observations on 2-3 minutes period
of silver with very fast, medium slow and very slow neutrons respectively under
conditions specified as cases 1, 2, 3 in column 2 of Table I. Fig. 3 B, A illustrate
the corresponding observations on the 24 minute period of silver developed under
the first two conditions (cases 1 and 2) respectively. Fig. 3 C refers to the case 3



BY IRRADIATION WITH FAST NEUTRONS FROM THE Ra-|Be-SOURCE 303

above. The dots represent the observed counts and the crosses the calculated decay
of the 2-3 minute period starting with the same initial intensity as that obtained by
extrapolating the observed counts to zero time. It is seen that the observed
intensities agree well with the calculated values till the observed counts fall to the
constant background indicated by the horizontal tail. This proves that under
this condition (case 3), no 24 minute period is developed within the limits of
experimental error.

~

TO AMPLIF/ER, rf(? HICH TENSION .

(PAPAFF/N PAX,

o]

Fie. 1. Experimental arrangement with 10 cms. of paraffin wax (cage 2).

As the distances {(shown in column 3) between the source and the counter are
different under the different conditions of exposure the readings are all to be con-
verted to the same geometry. Considering the neutron source as a point source
situated at a distance p on the perpendicular bisector of the axis of the counter
and replacing the counter by a rectangular area having breadth 2b (the same as the
counter diameter) and length 21 (the same as the counter length) normal to p at the
axis of the counter, the solid angle subtended by the rectangle at the point source
is given by the formula

Q = 4 tan~'1-b/p(p2+124-b2)}

All readings for the 2-3 minutes period activity are converted to the same solid
angle as that in case 2, Table I, by using the above formula and the converted read-
ings are shown in column 7 of the Table. The 24 minutes period readings are not
converted, since no quantitative conclusions are drawn from their intensities under
the different conditions of exposure.

5
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3. Discussiox.

It is clear from the results that the 24 minutes period activity is developed
only under conditions 1 and 2, i.e., in the case of fast neutrons filtered through
1 mm. cadmium and of slow neutrons produced under 10 cms. paraffin wax, with
an intensity much lower than that of either the 22 seconds or the 2-3 minutes period
activity of silver. There is not much change in the intensity of the 24 minutes
period activity in the two cases, thereby indicating that 10 cms. of wax transmit
nearly all the fast neutrons responsible for the Agl®? (n, 2n) Agl9¢ reaction.
On the other hand, in the case 3 the introduction of the additional 8 cms. layer of
wax between the 10 cms. radius wax cylinder and the counter almost completely
cuts down the 24 minutes period activity within limits of experimental error, 1t will,
therefore, be reasonable to conclude that the fast neutrons taking part in the (n,
2n) reaction in Agl07 are in the region of the upper limit of the neutron spectrum
from the Ra+Be source. Nothing can be inferred about the actual energy of these
neutrons from the present measurements.

By comparing the results under conditions (1) and (2) in the last column of
Table I, it seems possible to separate the contributions of slow and of fast neutrons
to the production of the 2:3 minutes period activity. We see that 787 counts of
this activity are produced after filtering the neutrons through 1 mm. of cadmium,
On the other hand, the activity of the 22 seconds period is observed to develope
with a very feeble intensity under the same condition of irradiation, probably due
to the back scattering of the transmitted neutrons. This suggests that slow neutrons
are practically completely cut off by the 1 mm. cadmium filter and the activity of
the 2-3 minute period observed is wholly due to the fast neutrons transmitted by
the cadmium. To check this point and to ascertain whether these 787 counts are
due to the fast neutrons alone, the cadmium filter was surrounded by a silver filter
(resonance) 0-5 mm. thick and the observations were repeated (results not shown
in the Table). The activities observed were practically identical with those of case
1. This definitely excludes the possibility of any slow neutrons emerging from the
cadmium filter and establishes that the 787 counts are due to the fast neutrons
alone, producing the reaction Agl®® (n, 2n) *Agl®8., It is possible that these
fast neutrons are also roughly in the same region of energy of the neutron spectrum
of the Ra+Be source as those producing the 24 minutes period activity by the
Aglo7? (n, 2n) ¥Agl08 process. Under this assumption we may thus conclude that
in case 2, out of the 15,850 counts due to the 2:3 minutes period activity, 787 are due
to the fast neutrons. In other words, the large activity of the 2-3 min. period gene-
rally produced in silver by the Ra-Be neutrons slowed down by 10 cms, of paraffin
wax is not wholly attributable to slow neutrons; but about 5%, of the observed
activity is due to the fast neutrons of the source transmitted by the 10 cms.
paraffin, having energies towards the upper limit of the neutron energy spectrum
from this source. :

Though a quantitative calculation of the relative cross-sections of the two periods
made from the present data cannot be relied upon too much, since disturbing
effects, such as back scattering, have not been eliminated in the experimental
arrangement, yet a rough estimate of these is probably permissible. Thus,
subtracting the 787 counts due to the 2-3 minutes period activity produced by the
fast neutrons from the total 15,850 counts due to both fast and slow neutrons obtained
in case 2, we get the 2:3 minute period intensity due to the slow neutrons alone
as 15,063 counts. The fast neutrons exciting the 2-3 minutes period activity in case
2, when converted fully to slow neutrons by an additional 8 cms. of wax in case 3
gives the additional counts (26,012-15,063) = 10,949, In this we assume that
the additional 8 cms. of wax does not reduce the intensity of the slow neutrons pro-
duced by the 10 cms. of wax by any appreciable amount. This assumption is
justified, since the 8 cms. of wax is inserted only between the counter and the source



308 N. K. SAHA & K. GOPALAKRISHNAN: RADIOACTIVITIES OF SILVER

on one side of the 10 ems. radius wax cylinder, just covering the length of the counter.
This extra thickness when distributed uniformally all round the wax cylinder of
10 cms. radius and 20 cms. height, would come only to an equivalent increase in the
diameter of the cylinder by about 0-8 cm. This increase will not reduce the intensity
of the slow neutrons transmitted by the 10 cms. wax cylinder by more than 0-99%,
{Dunning, Pegram, Fink and Mitchell, 1935). We can, therefore, conclude that
the cross-section of the 2-3 minutes period activity for the fast and the slow neutrons
are roughly in the ratio 787 : 10,949, i.e., roughly as 1 : 14.

From columns 5 and 6 of Table I, we see that with 1 mm. thick cadmium filter
(case 1) transmitting only fast neutrons, there are 7,079 counts due to the 2-3 minutes
period activity and 170418 counts due to the 24 minutes period activity under
identical conditions of irradiation. Hence we may conclude that the relative yield
of the 24 minutes period process to the 2:3 minutes period process produced by the
fast neutrons is roughly as 1 to 42.

As already shown, the slow neutrons emerging from the 10 ems, wax cylinder
produce 15,063 counts due to the 2-3 minutes period activity. The fast neutrons
of case 1, responsible for the 787 counts of the 2:3 minutes period activity, may
also be assumed to emerge practically unchanged from the 10 cms. wax cylinder in
case 2. These when fully converted to slow neutrons by an additional layer of 8 cms.
of wax (case 3), produce 10,949 counts of the 2-3 minute period. From this it follows
that about (10,949/15,063) x 100 or roughly 739, of the neutrons emerging from the
10 cms. wax cylinder are slow neutrons of the energy region which produces the
2-3 min. period activity of Ag.

SoMMARY,

Neutrons from a 100 mgm. Ra+4 Be source are used to irradiate the silver cathode of & G-M
counter and the 22 seconds, 2-3 minutes and 24 minutes periods of radiosilver are studied.
The 24 minutes period activity is due to the silver isomer Aglo¢ produced by the reaction

- -+
Agio7 (n, 2n) *A08 BT paros,

The 23 minutes period due to Agl®® can be produced by the simple capture of slow neutrons in
Agl%7 or by the reaction

Ag® (n, 2n) *Agl9 P cquos,

From the observations on the relative intensities of the periods developed under different
conditions of irradiation it is proved qualitatively that:

1. The 24 minute period activity (Agl?®) is produced only by very fast neutrons towards
the upper limit of the Ra+4 Be neutron energy spectrum.

2. About 59, of the usually observed 2-3 minute period activity with neutrons slowed
down by 10 cms. of paraffin wax is due to the fast neutrons transmitted by the wax.

3. The cross-sections of the 2-3 minutes period activity for the fast and the slow neutrons
are roughly in the ratio 1 : 14.

4. The relative yield of the 24 minutes period process to the 2-3 minutes period process
produced by fast noutrons is roughly 1 to 42.

5. TRoughly about 739, of the neutrons emerging from the 10 cms. wax cylinder are
slow neutrons (producing the 2-3 minute period activity of Ag).

We take this opportunity to express our sincere thanks to Dr. R. C. Majumdar,
Head of the Department of Physics for giving us the facilities for carrying out this
work in the Physics Laboratories and for many helpful discussions.
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