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nucleus b 1 : sty
, y hlg?3 speed a;partlcles gives 7Cl, 14 protons and 16 neutrons. g
o Blageis 2.9011 + oHe —— 3701 + 14 iH+16n ‘ '
c).assi ft-lss;.lcat'mn based on the nature of the bombarding Particle, 7.
] Ication gives the following types of nuclear reactions. ' E
?) Nuclear reactions induced by alpha particles (3He)
a) (o, p) reactions. These reactions are common with the elements of low atqn .
number. Bo
10§ 4 |
b 5.B + oHe — lgC + }H ; f?Na + éHe m—— %gMg + }H
%n) reactions. These reactions are obtained by using more energetjc
particles. ‘ ‘ “
71 . 4 ' '
;.;L1+2He —_— 1gB+‘l)n : 2Be +§He _'_91%C+(1)n .
(e) (oyy) react;ons. A typical example of this type of reaction is given below:
- ali + 3He — 5 1p | oy
(ii) Nuclear reactions induced by protons ((H)-
. TR : ‘
(a) (p, @) reactions: 1 Be + {H ——) ng + gHe
14 Ay
TN+ H—— 5 Yoy S
(b) (p, n) reactions: f‘,’Na +1H — #Mg + In
RO+ {H —— 1§F + In
(e) (p, ¥) reactions. With proton as the projectile, radioactive capture processes of
(P, ¥) type have been observed for a number of lighter elements. ‘
3Li + JH—— 8Be +y ; 2C + H » UN +y

— {Be + {H or D

(d) (p, d) reactions. 1 Be 4 H - |
(iii) Nuclear reactions induced by duetrons (fH or d)
(a) (d, o) reactions. {Li + {H -+ 3He+ 3He ; '§O0+ TH —— 4N + 1He

(b) (d, p) reactions. ;}Na + {H —— %INa + IH

2 27 2 2R
(¢) (d, n) reactions. {;Al + [H — 1451 + n
2, 2 3
1,;(. T ] Il ) l.‘.N +- (l)n

(iv) Nuclear reactions induced by neutrons (In). In these reactions the
neutrons are captured resulting in the emission of any following (a) y-rays (b) ¢-

particle (c) proton (d) neutron.

' 59 ) . ‘
(@) (n,y) radiation: ;7Co + ;n -—— $Co+y ; HAl+In —0p BAl 4y

(b) (n , o) reactions: {0 + ;n —— HC + {He ; HAl+!n ——0op #Na + fHe

(¢) (n, p) reactions: In these reactions, the final product is a new element whose

atomic number is one unit less than the target nucleus and atomic mass is the same.
YN +ln — Y0, iHe "

' 0
§C —— YN« je  (decay reactions)

N ,
7N +in -y UN+1H+ %

Thus we find that the final product is the same as the target nucleus and hence the
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overall effect ig that the bo b
mbar

: jons, g ne
10 MeV, it is able to ;e?(%n the kineti

two neutrons X
238 may be ejected,
92

U 1 ¢
=g +r)n*-~—)]).c +'211_39 1 g 38 1"
oy oMK + n - 5 BK+2 in

In these cases th b
€ product
N - Il . rari
For example; ucleus iny ariably decays with the emission of posit
: A n 3 1ss1on ol positron, -

(b) (t, n) reactions: 81; . 3
© ) e P Tl
: 2
c) (t,n react.lons: 165 + 3H — 3401 + 1p
-(d) (t, @) reactions: 1, . H ", 6y g
’ . e+ ok
(VI)Tllj:ilez;r reactions induced by p2hot6n25 :r Y-rays :
uclear ' i '
iyoe.of mclons ig:g?ons. induced by photons are called photo-disintegration. The-
D . Vo 1C 10n 1nduc<.ed by photons depends on the energy of the incident
p - VAarious types of reactions produced by photons are given below:

a) (Y, n) reactions: 31

(@) &y, n) sions; P+ — ¥pily 2 40y — 5 H 400
N/ o - ” 2[' " N !

(b) (y , p) reactions: Mg + Yy —— ¥Na+ H

(¢) (1, 2p , n) reactions:  {Al+ %y —— 2'Na +2 IH + In

8. 12 Nuclear Fission
The splitting of a heavy nucleus into two nuclei of intermediate mass is termed
nuclear fission. This is accompanied by liberation of some neutrons and enormous

energy. Of the natural nuclides, only 235J undergoes fission when struck by a slcw,
or thermal, neutron. The 2351J nucleus absorbs the neutron, which supplies

sufficient energy to pass the activation e‘nergy6barrier and produce the fission
reaction. The highly activated intermediate 3617 can cleave in several -ways,

depending on its energy level.

N

r'%Ba + yKr + 3,0
w;r,U S [236 ] g

-l + n ‘)2 5
92 0 Mg 144 1

'mati smaller nuclides from the 23"5U ;bhe products are more stable
thaxlmnt;x};efgzggg?ﬁxgtfargoing fission, that is, t—hglbmdmg energies are grcialtter a'nd
i 4 thermic by 1.787 x 1013 J mol‘ , or 1,737 x .1010 ]e_J mol™?, w}.uc’h
opbar T out 106 than the energy released in highly exothermic
ass of che product is less than the mass 0

s gr by a factor of about
* pueater 3 fission reaction, the m ‘ '
fect. A loss of mass about 0.2 amu per ulr&n}tl:llfi
which

processes. In these o mass de
the reactaats due zzrie:ponds» to aloss of 0.2 8 mol”}, or 2.0 x 107 kg mol”

atom occurs which
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492 = INORGANIC CHEMISTRY
1s released as energy. On the average, however, approximately 200 Me V of energy
and 2.5 neutrons are released in the fission of 235’ U. '

~ The fission of each uranium atom produces two to three neutrons if each of thege
neutrons is captured by other fissionable nuclei (other 235U nuclei), the process
continues, and the result is a chain reaction in which the sudden fission of many
nuclei and the resulting production of huge quantities of energy produce a nuclear
explosion. In the atomic bomb a certain quantity, the critical mass , of a fissionable
nuclide is suddenly assembled by the bomb mechanism. If the mass is less than the
critical mass, too many neutrons escape and the chain cannot be sustained. One way
of triggering a bomb-is to use a chemical explosion to blow two separate subcritical

masses of fissionable materia] at each other, so that the critical mass is suddenly
exceeded. Both uranium-235 and plutoniu

Plutoniurp-239 1> made by bombarding
nuclide %% Puis also fissionable. |

'233 U + (l)n

uranium-238 with neutrons. The synthetic

2391y !
> ‘9o U

29U then decays in two steps to form 239Pu
239 239
92U — “93Np + _‘ie
| 29Np . — 239 Pu +2 e _
Sinc‘e the neutron bombardment of the nonfissionable but relatively
abundant 23U produces 239p

. U in good quantity and with reasonable case, and hence

this nuclide is used extensively for fission reactions. A

233U, formed from 233 Th, also rather.abundant._ ‘ '
0Th + 1n — 283my

233Th —_— glPa + _Oe

iPa —— "PU + e

1 , :
A fission reaction where the neutrons from a previous step continue to

propagate and repeat the reaction is called nuclear chain reaction.

The minimum - amount of fissionable material required to sustain the chain
reaction is called the ecritical mass, Masses below "critical mass are said to be
subecritical, and masses larger than critic

al mass are said to be supercritical. The
energy released by the fission of nuclei is called nuclear fission energy or nuclear energy.

third fissionable nuclide is

Vast * Vast
enjgy Qb‘g? | energy
0. 2~/ e
\ ® . ® M
ggBa ggBa
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For a chai '
LN Feants iN Pannis

e enougl reaction ¢, Teactions of 1J.935 .
larg ugn to capty, / occur -235 producing energy.
€ the

neutrons will escape ;
' ‘ape from i
n it

the g

. rzezlgr~()/,'l(g Sample of the. fissionable material
the critical mass, OF @ fiecs S Surface ”lnte;-nally. If the sample is to0 sma .
uncontrolled ﬁssiona fissionapy, nzzgl' ;erfeby breaking the chain. A cortain quantity;
explosion and is us O{‘t @ S"I«’(fl‘cr*itié ll(e s required to sustain a chain reaction. The
reactors as an ener: edin nucleqr at mass of a fissionable nuclide results in an
Cr8Y source to IJOwZiC;};O-ns' Controlled fission s used in the nuclear

ups and generate electricity.

Nuclea
I reactor j
. -Lor 1s :
nuclear fission reactions, usuz 1iiewce to obtain the nuclear energy in
y used to generate power. In other words, Nuclear

Reactor 1is :
usually us‘eda? -€quipment for carrvi g
. 1o generate pow rying out controlled nuclear fission reactlons
neutrons emitted when a ny ler. In a nuclear reactor, no more than one of the
another fissionable nucleus 11(1: telil;s undergoes fission is allowed to be captured by
parts (components) of g nuciear relsc\g’ay the reaction is kept under control. The basic
‘ : or are : :

(i) The Fuel.Inac . _
is uranium oxides ngg;‘}llerlllthnal nuclear reactor used for power generation, the fuel
2357J. The enrichment is n ave been .ennched to contain approximately 3 percent
235U is only 0.7 percent of?:;?SSarB‘r ,'.sln2ce the natural abundance of the fissionable
2357 , produces heat e heavier 238U, which is not fissionable. The fission of
’ : energy and neutrons that start the chain reaction.

down neutrons quickly and

neutrons IS called «a
hich serves to moderate
and convert them to
235(J, Graphite rods
hich slows neutrons
due to collisions

should he
/1, most

a controlled

L(;;L)iChNI(Z;:e;';tor. A material that has the ability to slow
5 e same time, has little tendency to absorb
moderator. The most commonly used moderator is water w
the energy of the fast neutrons emitted by the fission process,
slow (neutrons) which are more effective in inducing fission of
are sometimes used. The most efficient moderator is helium W
but does not absorb them all. Neutrons slow down by losing energy

with atoms / molecules of the moderator.
re of the reactor is removed by u

(iii) The Coolant. The heat generated in the co
"Coolant". Water used in the reactor serves both as moderator and coolant. Since

water absorbs neutrons, it is not satisfactory for coolant purpose. Liquid sodium,
- liquid alloy of Na and K are recommended as coolants for use at high temperatures.
Various other coo ir, CO,,CHy, He and benzene are also used. “

(iv). Control Rods (The Control System). The reactor is kept under control by
trusting the positions of conttol rods which are inserted among the nuclear fuel
element in the reactor. These control rods are usually made out of cadmium or

boron, which are highly efficient for‘a neutron absorptiop. . |
(v} The Radiation Shield. Since the reactor is highly radioactive, it has to be -
shiclded to prevent es\cape of radiations. The reactor is housed in 2 thick concrete

(about 8 feet thick) which acts as the shield. There is also an internal shield usually
el }]ini.ng, which 1s used in high power reactors to protect the fwalls

consisting of a ste

]lants such.as a

iq -
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of the reactor vessel from radiation damage.

Light - Water Nuclear Power Plant

i or reactor’. In this type of

Most commercial power plants today are Tlight \?"att'xqter o

reactor, 235U fuel rods are submerged in water. Hf.‘lf, .\ ‘,1 el
moderator. "The control rods of B-10 are inserted or remove

Spaces in between the fuel rods.

The heat emitted by fission 23U in the fuel core is absorbed by the coolan,

‘ 5 ser. Here the coolg
The heated coolant {water at 300°C) then goes to the exc éfﬁgésteam then turns :}I:t
transfer heat to sea water which is converted into steam. tinue to function ‘m?
turbine, generating electricity. A reactor once started can co et

supply power of generation.

PTPIPFPIIPPIPPIIPIZIPIIVIIFIIZ Tl.lrbi ne
‘I:'Iovable é generator
oron-10 H ‘ g
Z tea
control P Coolant . _—&
A
r
ods Water
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fuel rods : water
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Steel Z Coolant s
shield ¢ < 6] \)
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Concrete § '
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Y/
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and moderator
Fig. 8.9A light water reactor producing electricity.
8.14 NUCLEAR FUSION ‘

A nuclear process.in which two lighter nuclei merge or fuse to form a single
heavier nucleus with release of energy is called nuclear fusion. Nuclear fusion
reactions are also called thermonuclear reactions as these reactions.occur at
ultrahigh temperatures about 108 °C. Such very high temperatures are reached in

~stars where fusion reactions of light nuclei are source of the radiant energy,

and in

nuclear fission explosions used to trigger nuclear fusion bombs. The source of energy
in the Sun is a series of reactions, the net result of which is the fusion of four protons:
to form a single gHe nucleus. The reaction undoubtedly takes place in steps. |

iH+1H — H + %

‘H+ 1H — 3He

SHe+ JH—— #He + ie

Net: 44 H— 3He + 2 1e (positrons)
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