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Nuclear Stability

It is noted that nucle
neutrons appear to be very stable.
number. For protons the magic numbers are 2,
Neutrons have these same magic numbers, as wel ppe
number 126. For protons, calculations show that 114, 164 an ol
should also be a magic numbers, When both the number of ?ro 0
and the number of neutrons are magic numbers the nucleus 1s very
stable.
(1)  Elements of even atomic number are more stable a

abundant than neighbouring elements of odd atomi'c nurlnber;
This is known as Harkin’s Rule (The rule applies almos

universally but | H is a notable exception).

(2)  Elements of even atomic number are richer in isotoges and
never have less than three stable isotopes. Elements with odd
atomic numbers often have only one stable isotope and never
have more than two isotopes.

(3)  There is a greater tendency for the number of neutrons and the
number of protons in the nucleus to be even.

(4)  Many radioactive nuclei decay by emitting alpha particles, or

s or
i with certain number of proton

These numbers, called magic
8, 20, 28, 50 and 82.
| as the magic

nd more

3 He nuclei. There appears to be special stability in the ; He

nucleus. It contains 2 protons and 2 neutrons; that is, it contains
a magic number of protons (2) and a magic number of neutrons
(also 2).

(5)  Another piece of evidence is seen in the final products obtained
in natural radioactive decay. For example, uranium 238 decays
to thorium — 234, which in turn decays to protactinium — 234
and so forth. Each product is radioactive and decay to anothe;

nucleus until the final product, 536 Pb, is reached. This nucleus

is stable. Note that it contains 82

protons, which is g magic
number.

Table 7.2 : Number of Stable Isotopes with

Number of Protons and Neutropg
Number of Stable Isotopes

Number of Protons
Number of Neutrong

Even angd Odd

and of stab;}j
(6)  For elements of low atomic nu;;i;-r (upto 7
Plo Z =)

stable nuclei exijst when th 0)
€ nucle - the mosy
of protons P ang Deutrons N, This % conﬂ an equal Num|
(7)  Elements with higher atomic p the ratio NP
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have slight excess of p more 3 4
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torce and also reduces repulsion between protong -

ratio progressively increases upto about |5, 1S the M
When the number of protons becomes very large the
proton repulsions become so great that gtape Ul Otgy,
impossible. Thus, no stable nuclides are knowp with © e
numbers greater than 83. On the other hand 3 clemenys a%ic
equal to 83 or less have one or more stable nyclie, W:h /
exception of technetium (£'=43). the
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Band of stability : The stable nuclides are in a band. Nuclides to the lefiof
the band of stability usually decay by beta emission, whereas those 0 the '_

right usually decay by positron emission or electron capture. Nuclides of 22 ' 1
83 often decay by alpha emission.
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