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is denoted by Z. The total number of protons and
neutrons in a nucleus is called its mass number of the
element and is denoted by 4.

Number of protons in an atom = Z

Number of electrons in an atom = Z

Number of pucleons in an atom = 4

Number of neutrons in an atom =N = 4 - Z.

Nuclide

e  Itisaspecificnuclens of an atom whichis characterised
by its atomic number Z and mass number 4. It is
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Hlustration 6

(@) Two stable isotopes of lithium gLi and ;Li have

respective abundances of 7.5% and 92.5%. These isotopes
have masses 6.01512 u and 7.01600 u, respectively. Find
the atomic mass of lithium.

(b) Boron has two stable isotopes, °B and ’SIB. Their

respective masses are 10.01294 u and 11.00931 u, and the
atomic mass of boron is 10.811 u. Find the abundances of

IOB nd llB

represented by ZXH where X'1s the chemical Symbol of J Soln.: Abundance Of LI is 7.5% and abundance Of Ll

the element.

Nuclear Radius

e Nuclear radius R = R 4®
where R is a constant and 4 is the mass number.
Nuclear radivs is measured in fermi.

1fin=10-"m

Nuclear Density

e  Nuclear density is independent of 4 and is order of the
107 kg m3.

Isotopes

e Isotopes of an element are the atoms of the element
which have the same atomic number but diffierent mass
numbers. e.g. \H', H H? are the three isotopes of
hydrogen.

Isobars

e  Isobars-are the atoms of different elements which have
the same mass number but different atomic numbers.
e.g. Na® and  Ne®

Isotones

e Isotones are the nuclides which contain the same
number of neutrons e.g. ,CI¥” and K*.

Mlustration 5

Given the mass of iron nucleus as 55.85 uand 4 =
find the nuclear density?

Soln.: m, = 55.85, lu = 1.66 x 10727 kg
The density of matter in neutron stars (an
astrophysical object) is comparable to this density.
This shows that matter in these objects has been
compressed to such an extent that they resemble a
big nucleus.

56,

mass of nucleus

nuclear density =
volume of nucleus

__A><11;1_
4
3

Axlu

. (1;,{)‘41/3)3

nRB

_5585x1.66x1077 1 _ 229 %101 kgm™
ij'E><(1.2><10_15)
3
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i$ 92.5%
hence atomic mass of lithium

_ 7.5(6.01512u) + 92.5 (7.01600 u)

100
Atomic mass of lithium

_45.1134+64898

100
A4=6941u

(b)Let abundance of B is x% than abundance of

LB will be (100 —x)%
Atomic mass of boron
x[10.01294 u} + (100 — x)[11.00931 u]

100
100 x 10.811u=1100.931 u—-0.99637x u
Solving we get, x= 42831 =
0.99637

So, relative abundance of gOB isotope = 19.9%

Relative abundance of }'B isotope = 80.1%

RADIOACTIVITY

e The phenomenon of spontaneous emission of
radiation or particles from the nucleus is called
radioactivity. The substances which emit these
radiations are called as radioactive substances. It was
discovered by Henry Becquerel for atoms of radium.
Later it was discovered that many naturally occurring
compounds of heavy elements like radium, thorium
etc also emit radiations.

e  Atpresent, it is lmown that all the naturally occurring
elements having atomic number greater than 82 are
radioactive. For example some of them are; radium,
polonium, thorium, actinium, urapium, radon etc. Later
on Rutherford found that emission of radiation always
accompanied by transformation of osie element
(transmutation) into another. Actually radioactivity is
the result of disintegration of an unstable nucleus.
Rutherford studied the nature of these radiations and
found that these mainly consist of a, B, v rays.

e o-Particles (;He) '

O These carry a charge of +2e and mass equal to
4m . These are nucle;j of helium atoms. The energies
of oc-partlcles vary from 5 MeV to 9 MeV and their
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velocities vary from 0.01-0.1 times of ¢ {velocity of
light). They can be deflected by eleciric and
magnetic fields and have low penetrating power
but high ionizing power.

®»  fP-Partieles (2%

O These are fast moving electrons having charge
equai to ~e and mass m, = 9.1 x 10 kg, Their
velocities vary from 1% to 99% of‘:he velocity of
light {c}. They can also be detlected by electric and
magnetic fields. They have low ionizing power but
high penetrating power. §” particles are positrons.

s  y-Radiation (Y%}

O These are electromagnetic waves of nuclear origin
and of very shest wavelength. They have no charge
and no mass. They have maximum penetrating
power and minimum ionising power. The energy
released in a nuclear reaction is mamly emitted in
the form of 7y radiation.

LAYES OF RADIOACTIVE DECAY

Rutherford-Soddy Laws (Statistical Laws}

@  The disintegration of a radioactive substance is random
and spontaneous.

a« Radioactive decay is purely a nuclear phenomenon
and is independent of any physical and chemica!l
conditions.

The radicactive decay follows first order kinetics, i.c.,
the rate of decay is proportional to the number of
undecayed atoms in a radioactive substance at any
time ¢, If V' be the number cf atoms (nuciei}
disintegrating in time d*, the rate of decay is givea as

P . N i
d¥ /dt. From #rstorderof kinetic rate lavy iy =- kN,

where 4. is called as decay or disintegration constanti.

®  Let N, be the number of nuclei at time 7 = § and &, be
the number of nuclei after time &, then accordmo to
mtegfated first order rate law, we have

N, = Ny™ g Ne

Yoy i
1 AT
#  The half life (¥, ,) period of a radioac&ve substance is
deSried as the time in which one-half of the radiocactive
substance is disintegrated. I{ 4, be the number of
radioactive nuclei at 7 += 0, then in & half lifs 7, .a» the
aumber of nucie: decayed will be ¥;/2.

N, s Nz )
\? v AL, .o
= 7—-3\ g . i)

From (i} and (i}, we get
HT " 7
N, 1) w1
N, iz

n = number o f half lives

# The mean life {7} of a radioactive substance is equal
to the sum of life times of all atems divided by the
number of all atoms. It is given by

(W8]
(e ]
a3

The mean iives of a radio active substance are 1420 and

405 years for w~emission and B-emission respectively. Find

out the time during which three fourth of 2 sample will

decay if it is decaying both the s-emission and $-emission
simultaneously.

Selm.: When a substance decays by & and § emission
simpultapeously, the average rate of disintegration 2,
is givenby
e ?u;
where 2, = disintesation consiant f#r &-emission onty,
Ay = disintegration constant for B-emission only.
Mean life is given by

2
T, ==
Y
= A=A A = I SR
el T T, T
et el _308x10®
1620 405

1
At = 2383 log ié);ﬁ

(3.08 %10}t =2.303 log 363
7

e

1

= = 2303« g4 = 450.17 years.
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Soddy Fajan Laws (Group-Displaczemant Laws)
&  When a nuclide emits one &-particle (He"), its mass
number {4} decreases by 4 unifs and atomic number
{Z} decreases by 2 units.
AKX 5, YA 4 He' + Energy
s  When a nuclide emits a B-particie, its mass numier
remains unchanged bur atomic number increases by
one unit,
A + _‘18 +

287 > 2aY
where U antineutrino.
¢ In the nucleus, due to conversion of neutrom into
proton, antizeutrino is produced. It has no charge or
mass, but has momentum:. When a proton is cenverted
TG a neutron, a neutron and a +ve B-particie is
produced, which is called as positron. B rays arg
electrons and #* are the antielecarsns or positrons.
.

.+ T + Erergy

1 1 S .
ot =Pt + € 40 lantineutrino}

3?1 2 ' ++1:'. (positron} + v{ neumino }

2  Antineutrino and neutrino share the energy of
electrens and positrons. That is the reason why the
energy of 3 is coniinuous and f rays has a maMmum
energy .

“When a ¢ particle is preduced, both atomie and mass
winiber remain constant,

Activity of a Radicactive isstope

® The activity of a radioactive substance {or
radioisotope) means the rate of decay per second ox
the number of nuclei disintégrating per secord. It is
generally denoted by 4. '



