NUCLEI

Nucleus contains

more than 99.9% of
the mass of an atom.

1. BASIC STRUCTURE OF NUCLEUS

* The nucleus is the central part of
an atom.

The atomic mass unit (u) is defined as
1/12th of the mass of a 2C atom.

« It contains protons (p) and
neutrons (n).

* Protons are positively charged (+e¢).
Neutrons are electrically neutral.

lu = T mass of 2C ‘

1.992647 x 10 kg

* If Z = number of protons (atomic lu =
number) and N = number of ® 12
Proton (p)
neutrons, th -
——— @ Neutron (2 = 1.660539 x 10%" kg

P A=7+N

Atomic masses of elements are
expressed in 'u’. They are close to
integral multiples of mass of a

hydrogen atom.

A = Mass number (total nucleons)

* The charge of nucleus = +Ze

2. ATOMIC MASS UNIT (u) 3. ISOTOPES, ISOBARS, ISOTONES ' 4. SIZE OF NUCLEUS |

The radius of a nucleus is

* Isotopes : Same Z, different A
1 Z 3 (
eq., i,, + H
(eg 144, 1 1.) R=R0A1/3I
* Isobars : Same A, different Z Where, |
(eq., 40A,. and 40;‘) Ro ~ 1.2 fm = 1.2 x 107 ®m

A = mass number
: Same N, different Z

175 N)

* |sotones

(e.g., ': C and

Volume of nucleus oc A
Nucleus is very small compared
to atom (about 10* times smaller

) in radius).
Isotopes have same chemical

properties because they have

same electronic configuration.

| 5. NUCLEAR DENSITY [ 6. MASS-ENERGY RELATION 7. MASS DEFECT 8. BINDING ENERGY (BE) || 9. BINDING ENERGY PER NUCLEON

* Nuclear density is nearly
constant for all nuclei.

According to Einstein,

Mass E = mc
p —

Volume

Mass and energy are interchangeable.  Where,

p ~ 2.3 x 10" kg/m*
(very high) This relation is the basis of

nuclear reactions.
« It is independent of mass

number (A).

10. BINDING ENERGY PER NUCLEON vs MASS NUMBER(A)

The actual mass (M) of a nucleus is less
than the sum of the masses of its
constituent nucleons,

Am = Zm, +
m, = mass of proton

m,, = mass of neutron

M = actual mass of nucleus

Binding energy is the minimum energy

required to break a nucleus into its BE
constituent nucleons. A
Aot _
Nm, — M BE = Amc?
It gives the average binding
energy of each nucleon.
Unit : MeV (1 u = 931.5 MeV/c?)

It is a measure of stability.
Greater the BE, more stable is the

nucleus.

11. NUCLEAR FORCES

Am is called mass defect.

'y 56 z * Nuclei are held together by strong Nuclear potential
Fe (most stable i <
Bila 9 % ( ; o7 SguLnuch it = = nuclear forces. energy (V) vs distance (r)
MeV BE/A increases with A.
(Me¥) 8 : : : * Properties : fv
—+ Fusion of light nuclei

7 releases energy * Very strong (much stronger than

6 electrostatic force)

; BE/A decreases with A. * Charge independent 0 i

) —» Fission of heavy nuclei * Saturation property (each nucleon

releases energy. interacts with only nearest
1 neighbours)
0
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12. RADIOACTIVITY

Spontaneous disintegration of an unstable nucleus with emission of radiations.,

(i) Alpha («) Decay (i) Beta (B) Decay

B~ decay (emission of electron)
/l X —p A B } + 4He

Aye

- zA o
n—>pte +V

« Emission of a-particle (hefium nucleus).

* A decreases by 4, Z decreases by 2.

236 ¢ ¢ 234 4
3BU — B3Th + $He

— 8

|
a-particle

* A remains same, Z increases by 1.

6C = UN+e +7

Example :

* Example :
B* decay (emission of positron)

p—n+et+v

A remains same, Z decreases by 1.

« Example : l‘\“ — oNo' +et +v

18. NUCLEAR FISSION
Splitting of a heavy nudleus into two lighter nuclei.

17. Q-VALUE (ENERGY RELEASED)

The energy released or absorbed in a nuclear reaction.

— 2 .
Q= (m; —my)c 23;U +on — ';(:Ba - g;‘;kr + 34n + energy

Where,
m, = total mass of reactants

Energy * Large amount of energy (~200 MeV per fission),

» Chain reaction possible.
Py =08 Iham. OF PrOCUCES « Basis of nuclear reactors and atomic bombs.
If Q > 0 — energy released (exothermic)
if Q < 0 — energy absorbed (endothermic)

9 —
Neutron

235
U Fission

KEY POINTS (REMEMBER)

v’ Mass is measured in u
(1u = 1.66 x 1077 kg).

v Nucleus contains protons and

neutrons (A = Z + N). A 2~ 56 (iron).

Maximum BE/A is around
A = 56 (Iron region).

(ilj) Gamma (y) Decay
72X + 7

* No change in A and Z.

* De-excitation of nucleus with
emission of y-ray.

PNV AN 1. HALF-LIFE

v/ BE per nucleon maximum at

—— 22—
Attractive

<>
4

Repulsive

* Attractive at medium distance and
strongly repulsive at very small
distances.

13. RADIOACTIVE DECAY LAW

The number of undecayed nuclei
after time t is 1

N = Nw A
Average life of a
radioactive nucleus,

A=AN

Rate of disintegration

Where,

Ny = initial number of nuclei

N = number of nuclei at time ¢
A = decay constant (s™')

0.693 (decays per second)
Tl/2 = A At
Time in which half of the Relation : A = Age
nuclei decay.

19. NUCLEAR FUSION 20. IMPORTANT GRAPHS

Combination of light nuclei to form a heavier nucleus.

(i) Decay Curve (N vs ) (i) BE/A vs A
: N
H+3H — 3He + }n +17.6MeV "1 Bi/a
JVO (MQV)

* High temperature (~10"—10 K) required. 1

* Occurs in stars (source of solar energy).

(= o o
4....._.__..__7

* Clean source of energy. No
€ . 3
] . !
% - Y 4 /@ . >
3 K ~@ ||e | " 56 (Fe) ¢
faa) : - >
1H :;H ;_He (‘,n L2 2T, Mass number (A)

v Fission of heavy nuclei and
fusion of light nuclei release
large amounts of energy.

v/ Mass can be converted into

E = me?

v/ Radioactivity is a random

process. energy :




