Origin of o.-, B-and y-rays
o-, B-and vy -rays are producted by nuclear decay.

(1) Emission of ¢.-rays: Whenana -particle emits from the nucleus, atomic number and mass number of an
element decreases by 2 and 4 units respectively.
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Thus atomie number and mass number of an element deereases by 2 and 4 units respecti ely ot t"l‘"wm

(2) Emission of f-rays: [ -particles are nuclear electrons, When a [1-particles cnnlf from the nucleyg myg
mumber of an element does not change but the atomic number is increased by one unit.
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Ris considered that, when one neutron decays, one electron ( -particle), one proton and antinutrino js Pro.
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Thus due to emission of p ~particle, atomic number of an element increases by one unit but mass numbg,
remains as such.

(3) Emission of y-rays: y -rays are electromagnetic radiations like X-rays. y -rays are produced frop
nucleus during nucleus decay. After emission of « - orp -particles, the element is in excited state. The elemen
in the excited state emit'y -rad fations and comes to the ground state. There is no effect of v -emission og
atomic number and mass number of an element.

Group Displacement Law

Soddy, Fajans and Russell (1911-1913) observed that when an « -particle is lost (called « -decay), a new
element with atomic number less by 2 and mass number less by 4 is formed. Similarly, when B -particle is lost
(called o -decay), a new element with atomic number greater by | is obtained. The element emitting the « or
B particle is called parent element and the new element formed is called daughter element. The above
results have been summarized as ‘Group Displacement Laws’ as follows:

(1) When an « -particle is emitted the new element formed is displaced two positions to the left in the periodic
table than that of the parent element (because the atomic number decreases by 2).

For example, when 23®U nucleus emits an« -particle, thorium nucleus %' Th is obtained.
2 U—— 2Th+} He k)

(i1) When a B -particle is emitted, the new element formed is displaced one position to the right in the periodic
table than that of the parent element (because atomic number increases by 1).

For example, the emission of B -particle by % Th and 'sC may be represented as follows:

S Th——3'Pa+le ..(2)
] R I =9

Chemical equations such as (1),(2) and (3) representing nuclear changes are called nuclear reactions.
Explanation: The results of the group displacement laws may be explained as follows:

Since an o -particle is simply a helium nucleus (containing two protons and two neutrons), therefore, loss of a-
particle means loss of two protons and two neutrons. Thus the new element formed has atomic number less by
2 and mass number less by 4.

Itis believed that for the emission of B -particle to occur, a neutron changes to a proton and an electron ie.,

Neutron —— Proton + Electron ( § -particle)
Asaresult, the number of protons in the nucleus increases by 1 and so does the atomic number.

Increase or decrease in the number of protons in the nucleus (due to loss of o or B particle) is accompanied
simultaneously by the loss or gain of electrons in the extranuclear part (from the surroundings) so that the
electrical neutrality is maintained in the new atom formed.
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+ have been observed are pod ' : d A
that © POsItron (1) emigsion and K-clectron capture, These are bricfly explained
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) Positron (1) emission: A positron te v oo ; ‘ o
U POsitron is a positively charged s -particle, represented by p* or fje. The
e decrense of atomic number by one unit. It is believed-that the
fa proton into a neutron in the nucleus

cmission ot positron, therefore, results in th
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»2C+ B (or Je)

(ii) K-electron capture: In certajy nuclides

the nucleus captures an electron from the K-shell (being nearest
1o the nucleus). The vacancy created is fi ;

lled up with the electron from the higher shells (thereby emitting X-

5). Aresult of K- . By e
rys)- A electron capture, 5 proton in the nucleus is converted into a neutron (P i B ") :

ce atomic nu ; ; e ,
Hence mber decreases by one uni. An example of a reaction involving K-capture is given below:
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K-capture

Emission of neutrino and antineutrino: On the basis of law of conservation of mass and energy, it has been
. postulated that when a B ~-particle is emitted, it is accompanied by the emission of chargeless, massless par-
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ticle, called neutrinoe.g., W SN Tegy

(neutrino)

Similarly, when a positron emission takes place, it is accompanied by emission of a chargeless, massless
particle called antineutrino (which is identical to the neutrino but has opposite spin) e.g.,
N0— N+ Je+V
g - (antineutrino)

Annihilation of a positron and an electron: Positron was the first antiparticle to be discovered. It is similar
tothe electron in all respects exceptcharge. When a positron and an electron collide, they annihilate each other
7-radiation equivalent to the masses of the two particles is produced.

@ Y-rays
Why is electron capture accompanied by production of X-rays? The capture of the orbital electron
leaves a vacancy in the K or L-shell and when an outer electron falls into this vacancy, X-rays emission follows.

Radioactive Disintegration 5, :
Spontaneous disintegration ofa nucleus is called radioactive disintegration or decay.
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Rate of Radioactive Disintegration or Decay:
Radwactive substances spontancoushy disintegrated regularty. Rx;el’ di'simcgmmm dcxm with m_%e
tme. The rate of disintegration depends only upon the nature of radiactive subslame and G_nﬂe;emﬁ 4 !
external conditions such as pressure, temperature catalyst etc. Radicactive decay follows first order
Suppose aradioactive element A decays to form an element B.

A— B
Inttial number of element N N,
Number of elements after time 1

1

R &,
The rate of disintegration at time 1 is given by —*—;ﬂu

or, Ay
dt
where kis the disintegration constant or decay constant.
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If dt=1sec,then k:—T
Timsdis'nﬁqaﬁmcmstmﬁmavbedeﬁnedasdmeﬁaaimoﬂhemcalm.ofa&mofasubsmmepreseman}
time which disintegrates in one second.
Integrating equation (1)
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where C isthe integration constant. '
m.f:O, A"':,;\"‘
memgﬂﬁevalu&sineqmtion(:’o)
-InN,=C
Now put the values of C in equation (3) ‘
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Equation (7) can also be written as




W « = Initial amount of radioactive substance
\ : A & i -
\ a-x = Amount of radioactive substance present at time £.

x = Amount of radioactive substance disinteerated.

. qmli\‘“ (6) canalso be written as
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Or N,=Ng™* {10}




