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1.5.4 Binding Energy per Nucleon

TFo-form-an_atom _from requisite number of electrons, protons and neutrons, somé amount of
energy is required. The energy comes from the mass defect. The energy that keeps the nucleons
together in a bound state is known as the binding energy of the nucleus. Tt can be calculated as:
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The mass of constituent particles of an atom 4.X is sum of masses of Z protons, 4 — Z neutrons
and Z electrons. Masses of one proton and one electron can be written as mass of one hydrogen
atom (Mj;). So masses of Z protons and Z electrons can be written as ZM,}. Therefore, the binding
energy of 2X with mass M(4, Z) is given as

BE=[ZMy +(A-Z)M, -M(A, Z)|* | . - (1.18)

In driving this equation, we have neglected binding energies of the electrons in an atom, as
these energies are comparatively very small. This binding energy is in amu. For converting it into
MeV, we use the fact that | amu = 931.47 MeV. So, binding energy BE in MeV is

BE =[ZMy +(A-Z)M, — M(A. Z)] x 931.47 Mcv“ (1.19)

Now binding energy per nucleon is given as

BE _[ZMy +(A—Z)M, — M(A, Z)] X 93147
A A

“ MeV/nucleon (1.20)

Binding energy per nucleon versus mass number A has been plotted in Figure 1.4, from which
the following conclusions can be drawn:
1. Barring few exceptions, like *He, '>C, '%0, etc., the values of binding energy per nucleon
lie on a smooth curve.
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Figure 1.4 Binding energy per nucleon (in units of MeV) versus mass number A.




image9.png
When mass number is small, i.e. 4 <12 the binding energy per HEXEEEE =5 ST L rise
rapidly with increasing 4. :
Around 4 = 50, there is a flat ma binding energy per nucleon jg
approximately 8.8 MeV. It slowly drops down to 8.4 MeV at 4 = 140. The average vajye
of binding energy per nucleon between 4 = 50 and 4 = 140 is close to 8.5 McV.

Above 4 = 140, binding energy per nucleon starts decreasing and at A =238, its value i

7.6 MeV. It further reduces as A increases.
There are sharp peaks for 4He, $Be, e, 160, etc. nuc

are more stable than the neighbouring nuclei.
If we take two lighter nuclei (say le, binding energy ~ 1.1 MeV/n) and fuse them
together to form iHe, (binding energy ~ 7 MeV/n). there is a gain in binding energy.
This indicates that fusion of lighter nuclei is energetically feasible.

If we take a heavy nucleus say 4 = 240 (binding energy ~ 7.6 MeV/n) and break it into
two lighter nuclei of 4 ~ 120 (binding energy ~ $.2 MeV/n), again there is a net gain in
binding energy. Therefore. fission of heavy nuclei is again energetically feasible. It is left

as an exercise to sh lei is not feasible.

ximum, where

lei. This indicates that these nuclej

ow that fusion of heavy nuc
|
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1.5.1 Mass Defect

Mass of the atom is concentrated in the nucleus, which is at the centre of the atom. Asdiscussed-
earlier, nucleus is constituted by neutrons and protons. It has been observed that the mass of the
nucleus is always less than the sum of the masses of all nucleons present in the nucleus. The
difference in the sum of masses of all the nucleons present in the nucleus and the nuclear mass is

known as the mass defect (Am).
If M’(Z, N) is the mass of the bare nucleus consisting of Z protons and N neutrons, the mass

defect Am is given as
Am = ZM, + NM,, — M’(Z, N)

[An=2m, + (A= 2 4, -M'Z ) (L14)

It is convenient to introduce the mass of Z atomic electrons into the right-hand side of this

equation, so that it becomes

[ Am=ZMy + (A= Z)M, - M(Z, N) (1.15)
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In this equation My and M(Z, N) are the masses of neutral hydrogen and the nucleus under
investigation.
Let us calculate the mass defect of deuterium jH. It has one proton and one neutron in its

nucleus. Thus, we would expect that the mass of deuterium to be there equal to the mass of one

neutron plus mass of ordinary hydrogen atom.
Mass of |H atom = 1.007825 amu
Mass of neutron = 1.008665 amu

mass of deuterium = 2.016490 amu
of 1H is found to be 2.014102 amu. The mass difference in these masses

fore, in deuterium mass defect is 0.002388 amu. This missing mass may
s. which would be converted into energy, if a particular atom is to be
mber of electrons, protons and neutrons. This is also equal to the
break up the atom into its constituents. Therefore, mass defect is a
an atom. More the mass defect, more tightly the nucleons are bound

Therefore, expected

The measured mass
is 0.002388 amu. There
be regarded as the mas
formed from the requisite nu
amount of energy required to
measure of binding energy of
in the nucleus.
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1.5.2 Packing Fraction

ot convey much information about nuclear stability, and it is misleading to say
defect, more tightly bound nucleons exist in the nucleus.'Yor example,
002604 amu (= 2.4249 MeV), while that for 33U it is 0.04396 amu
e is much more stable than 33U. The term packing fraction was
n about the nuclear stability. Packing

(Mass defect does n
that higher the mass
mass defect for $He is 0.
— 40.930 MeV). But 4H
introduced by Aston in 1926 which gives better informatio

fraction is defined as

Atomic mass — Mass number

Packing fraction f = (1.16)

Mass number

. Am _ Mass defect
or A A

The smaller the value of packing fraction the more stable is the nucleus and vice versa. A plot
fversus mass number 4 is shown in Figure 1.3, from which we can draw the

(1.17)

of packing fraction
following conclusions:

1. For very light nuclei, like 3H. 3 cking fraction is e, hence nucleons in
these nuclei are loosely bound. In fact, out of all known stable nuclei, nucleons in 3H are
most loosely bound.

2. As mass number 4 increases (up to 4 = 16), the packing fraction goes on decreasing till
it becomes zero for 4 = 16, i.e., for 'S0 nucleus.
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3. As A further increases, for nuclei with 16 < 4 < 180, packing fraction becomes negative,/
The nucleons in these nuclei are strongly bound in the nucleus. There is a flat minimum
for 60 < 4 < 80. Negative packing fraction also means that in order to break these nuclei
into the constituents, we must supply external energy.

4. Beyond 4 > 180, packing fraction again is positive. Thus, most of the nuclei with
A > 235 are unstable.
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Figure 1.3 Packing fraction £ versus mass number A.
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