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Fig, (13.5): The variation in binding energy per nucleon. A plot of the negative of the binding
FRETLY per nucleon vs. mass n gmber shows that nuclear stability is greatest in the region near “Fe,

| This is a graph between the binding ct}erg)" per nucleon (in MeV) of 4 number of
isot Opes and their corresponding mass numbers. This plot is called binding energy curve
(G leregn o 1). From the binding energy curve the following points may be noted.
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Important Conclusions: . l; o 1
(i) The nuclei having very low mass numbers i.e., lighter nuclei like H, }"’ ?H g

very 'small B values and hence these nuclei are unstable. Being unstable they combiy
. . ! . "
together to give heavy nuclei and a huge amount of energy '5,3!50 liberated (‘E—d!gn&)‘ This
is fusion (' ¥2_ ) process. Examples of nuclear fusion reactions are
Ih+2y —Fusion, JHe +5.50 MeV
fH +::H —_— ;He +(I)r| +17.6 MeV
4 :H = - 5 gHe +2 +0,e (positron) + 24.64 MeV
. 1
%H+%H —_ gHe-i-on + 3.3 MeV
(i) There'is rapid increase (SLo17) in B values for the nuclei whose mass numbers
are multiplies of ((jmjlf — /) 4 or multiples of helium nucleus. They have equal number of
protons and neutrons *He, 12C, 160, 20Ne, 2*Mg, ?Si etc.
— . 4
B values for the above said light nuclei are high i.e., for ;He = 7.0747 MeV, for 162C =

7.61833 MeV, and for '0 = 7.976 MeV. So, these nuclei are stable.
Do you know that!

: 4 . 8

jBe is an exception. It splits into two alpha particles (4

Be —> 2 3He).

Stability of a-particle
It may also be concluded that helium nucleus has quite stable structure

and this is the reason why a-particles are emitted by many radioactive
elements. '

(iii) At mass number 56, for §2F e, the value of B becomes maximum i.e., 8.542 MeV.
This value shows that the nucleus of iron is exceptionally stable (£&-1¢s* ) and hence iron
is found in large abundance in nature (cq,}'/l/_:'/)’d/i).
(iv) The plot for the nuclei having mass numbers in the range 60 — 80 is almost flat.
, It means that the values of B for the above nuclei do not change very much.
il ~ (v) As the mass number increases beyond 80, the values of B start decreasing hence
: ﬁg these nuclei are unstable. Their unstable nature is evident from the fact that when 2°U
nucleus (B = 7.1 MeV), heavy nucleus, is bombarded by slow moving neutrons (-;u;fz.,‘i.af),
it is splitted (< tbs) into lighter nuclei (U ol £ &) viz. 19Ba and %Xr and a large amount of

energy ({-—dnb/léd-/'lc,.:«}() is released. This‘ process is called fission (W).

235 1 P .
92 U (Heavy nucleus) + gn (slow) _Fission l5369Ba + gzKr + 3(1,n + Energy
W

13.4.7 Calculation of B values for ;HE nucleus:
' The actual atomic mass of He atom is,
M =4.00260 amu.
4
We know that ;He atom contains 2 protons, 2 electrons and 4 — 2 =2 neutrons.
Mass of (2 protons + 2 electrons + 2 neutrons)
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':”2 x 1.007825 + 2 x 1.008665 = 2.015650 + 2.017330
o . = 4.032980 amu
Thus M = 4.032980 amu ; M = 4.00260 amy (given)

Mass defect (AM) =M’ ~ M = 4
Sinc,c { amu = 9315 Mev' 032980 - 4.002600 = 0.0303 80 amu

0.030380 amu = 0.030380 x 9031.5 McV = 28.298 McV

Thus binding energy of helium nucleus (B) = 28.298 MeV
There are four nucleons in He atom | |

. _ ~ 2829
Binding energy per nucleon (B) a__?_ﬁ ~[7.0745 MeV]
Since lev=1.602x 10717}
So, i = 7.0745 x 10° eV = 7.0745 x 106 x 1.602 % 107

B=11.33x10"]

(3.4.8 Magic Number and Stability of Nucleus:

A nuclear shell which contains a specific number of neutro
called a filled shell and this filled shell 1s more stable than othe
numbers are 2, 8, 20, 28, 50, 82 and 126 which arc called magic numbers (J/JJ’W- These

magic numbers indicate that the nucleons exist in pairs in the nucleus. The nuclei having
above are called magic

nuclel and these nuclei arc very stable. Being stable, these nuclei are also called noble nuclci
is confitmed by the following

ns and or protons in it 1s
r shells. These specific

cither protons or neutrons of both equal to the magic numbcers giren

a!. . o , . p
(J £ud /). I'he greater stability associated with these nucle

facts.
(1) The nuclei with magic numbers arc found in greater abundance in nature
(e .;,,‘r':»g,',:.‘.:ﬂ,’} as compared to other isotopic forms of the same clement.
(i) These nuclel cannot caplure # neulron (EE /'L/S-; Fig /u’){) because the

nuclear shells in their respective nucler are already filled with nucleons. So

they cannot contain an extra neutron.
ing the magic number,

There are two groups of nuclet hav
trons are magic numbers. Such nuclei are

(1) Nuclei in which only protons or neu

called single magic number nucle, For example l;() (p=8,n=17-8=9),
29

Wph (p = 82, = 207 - 82 = 125) and 53 Bi (p = 83, n =209 - 83 = 126).

(i) Nuclei in which protons and neutrons both are magic numbers. Such nuclei

are called double magic number nuclei. Examples are ;He (p=2,n=12), ':
O (p=§, n = 8 14Ca (p = 20,7 = 20), 53 Pb (p = 82, n = 126)

13.4.9 Magic Number and Number of Isotopes:
When a nuclide contains protons of neutrons or both equal to any of the magic

numbers, we say that this nuclide has closed or filled shell. Such a nuclide gives a number of
stable isotopes gSn has 50 protons. It has ten stable isotopes having their mass numbers

»

.
=
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equal to 112, 114, 115, 116, 1

magic number. It h
those nuclei which have
having 6, 14, 28 or 40 protons
protons_or neutrons ar both equa

n =50 or 82.
or ncutrons

| to magic nun

17, 118, 120, 122 and 12

g. The maximum pumi

as six stable isotope
These numbers are
able than those 1

\bers. ‘The numbers namely 6, 14, 28 and 4()
ns or neutrons other than magic

are less sl

The nuclei having proto
less stable.

ber of stable isotopes occur for

also magic numbers, The nuclgj
wiclel which haye

are called semi-magic numbers.

¢ comparatively

numbers or semi-magic numbers ar

The nuclei ,ZH, 3

Do you know that!
vered under this concept of magic

6. . 10 14
Li, ¢ B and ;N are not ¢o

number.
13.4.10 Even (=) and Odd (U»n2=#

There are more than 900 nuclides
are radioacti

). This t

2)

miclidcs are stable while others
four classes as shown in Table (13.3

- odd-p-even-n type nuclei are nearly
only four and hence are not found in na

nuclei. 160 are the stable iso
remaining (56%) isotopes arc of even
isotopes in the maximum percentage in the E

tendency to form p-p and n-n pairs.

-p-odd-n

the same in num
ture. These nuclei are limited (LI

st and are of even-p-even-1 type. The
The presence of even-p-even-it type

topes found in earth’s cru
hows that the stable nuclei have a

arth’s crust s

at present which are
ve. These 272 nuclides h
able shows that the numbe
ber. The nuclei of odd-p-odd-n type are

f) only to light

type.

able Nuclides (isotbpes) ont

Number of Protons and Neutrons
known. Out of these only 272

ave been grouped into
r of even-p-odd-n and

he basis of even and

Table (13.3): Classification of St:
. : odd number of Protons (p) and Neutrons (1)
Nuclide type No. of No. of Mass No. of Examples
protons | neutrons number (A) stable S
@) (n) =(p+n) | nuclidesor
* isotopes
(i) Even-p-even-n Even Even Even 160 4, 24, 16
auclides oHe, Mg, 30,
: 28 .. 0
1S 267 e
208
. ] 82 Pb, efc.
(ii) Even-p-odd-n Even Odd Odd 56 17 25
nuclides ! ' 8 0, 12Ms,
, 57
seFeetc.
(iii) Qdd-p-even—n Odd Even Odd 52 7 .19, 27
nuclides : 3Li, o Fy 3Al
23 39, 3l
11N, 19Ks 15
- : P 26;Cu, etc. '
(iv) _Odd—gfodd-n_ Odd Odd Even 4 2.6 .10
nuclides : H, 3Li, 3B,
14
\ ’ 2 N only.
Total number of nuclides = 272 '
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. 4.11 Neutron-to-Proton Ratio (n/p Ratio) - o

To have a good understanding of nuclear stability (4 47 u.fz__;g.ﬁr(?’lﬁwx £),
ook ot Table (13.4). It contains nlp ratio values for some stable nuclides. This table shows
(hat nlp value for these stable nuclides is Ci]llﬂl to 1 or greater than I (n/p > 1). The value of

. | ' 40 ‘ '
lp o for light stable nuclides up to (Cay is cqual to 1 and for heavy nuclides nlp ratio
yalue i greater than 1,

Let us plot a graph between the number of neutrons (1) and protons (p) present in the
table nuclides of various elements. This graph is shown in Fig. (13.6) and is called Serge
chart. It is also called stability belt (3, (6, g o

The straight line shown in the graph is an imaginary line (& dus#) at which n = p,
ie., nip=1. The strip or the zone shown in the figure is called zone of stability (/4 Kre).
The reason is that most of the stable nuclej i.e., non-radioactive nuclei lic within this zone.
This strip goes on widening (Us12%) as the number of protons increases. The nuclei whose nlp
value lies above or below this belt are radioactive and hence spontaneously disintegrate
to give stable nuclei. The following three cases may be studied in article 13.7.12. '

(_Z_.ﬁui'},_f_i‘_rﬁ‘l,,nz;:!,_/__.jlc_.u:iulcaejgﬁ'f'.ljL!’/!fﬂ)
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Fig. (13.6): Serge chart between number of protons on x-axis and number of neutrons on y-axis.
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