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4 general increase in the binding energy per nucleon
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leus Increases. Thus we can expect that the fusion of
1‘ 1 L) . .
M- a heavier nueloys will be accompanied by release of
CXa : ', 3 . :
Mples, we haye the fusion reactions of neutron - deuteron

and deuteron —trityrop
TH+ 2y
PH +
.2
1 H +

, —— 3He + on + 3.27MeV
tH — 8y 1y + 4.02 MeV
3

H — tye lh +17.6Mev

The ener : P _
T8Y released in each of thege fusion reactions is much smaller than
the average of 200 Me '

repel one another due to their positive charges. They prevent the close contact

_requi_red .for HUCIGaI‘ fusion. The repulsive bartier could be overcome by increasing
the kinetic energy on heating the mixture of light isotopes to a temperature of 100

million °C. At extremely high'temperafures, 108 °C no' atoms exist, and a syétem
contains only a collection of nucle; and electrons called plasma. Efforts are being

made to use strong magnetic fields to force the plasma into a narrow beam and away

from the walls of a conventional container where the plasma would lose its energy.
The sun and stars exist as plasia. | '

In a thermonuclear weapon a fission reaction is used to provide the high
energies needed to initiate fusion. In one device an ordinary fission bomb (i.e.,
hydrogen bomb) is surrounded by a shell of lithium deuteride. Neutrons from the
fission reaction are captured by lithium nuclei, :

g)Li + In > gHe + *H + tremendous energy .

and under high energy conditions suprlied by the fission reaction the tritium (?H)

undergoes fusion with deuterium:
: 9 4 1 "
fH +1H —— 3He + ;n + treme,{_uous energy

In a hydrogen bomb so called fission-fusion-fusion bomb a shell of 23U .
- Surrounds the fu..cn device. Normally, this isotope of uranium will not ‘under go |
fission, but under ehergy rich conditions it will.
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Difference between Nuclear Fission and Fusion Reactions

Nuclear Fission

Nuclear Fusion

1. A heavy nucleus is broken into two
* nuclei of intermediate. L
2.- Slow neutrons are required to

produce fission. _ )

3. Fission reaction is done artificially in

the laboratory. ‘
4. Fusion chain reaction occurs.

5. It produces less energy than fusion
reaction. .
6. Many techniques of fusion reactors
are developed. . R
7. It can be used for peaceful purpose
. and ‘is used for producing power
electricity. '
8. Heavy nucleus is used as fuel.:

. o139 94

1

a+ ,.Kr+3 . n

235 1 236 / 5652 + 36 3“’
U+ n—r ;

92 92

90 144 |
3goT + g4 Xe+2.mn -

9. Atom bomb is based qd the principle
of nuclear fission.

. Two higher nuclei fuse to.form a

single heavier nucleus. :
Very high temperature' i$ required to
start fusion reaction.

Fusion reaction is natural, it is source
of solar energy and terrestrial energy.
Fusion reaction’ occurs as cyclic

" process, no chain reaction.

It produces more energy than fission
reaction.

Fusion reactor construction is in
process. :

. Uptil now the fusion reaction can be
‘used only for the destruction purpose,

i.e., producing hydrogen bomb.

. Lighter nuclei are used as fuel.
" 2H + JH—— 3He +; n +3.27MeV

2H 4+ 2H —— JH+1H + 4.02MeV

2He + SH—— 4He + in+17.6 MeV
Hydrogen bomb' is based on the
principle of nuclear fusion.

8.15 Uses of Radioisotopes -

Some important uses of radioisotopes in various fields are

iven below:
1. Uses of radioisotopes as radioactive Tracers ‘

A radioactive tracer is a very small amount of radioactive isotope added to a

chemical, biological, or physical system to study the system. The advantage of a |

radioactive tracer is that it behaves chemically just as a nonradioactive isotope does,

but it can be detected in exceedingly small amounts by measuring the radiations
emitted.

(i) Uses of tracers in the diagnosis of diseases. Radiéisotopes used for
diagnostic purposes localize in specific organs or tissue within a body. This enables a

specialist with a radiation detector computer system to generate a picture of the
area being studied.

(a) Hemoglobin contains iron. The rate at which injected radioactive *Fe
appears in the blood provides a measurement of the red blood cell production.

(b) Functioning of thyroid gland. Radioisotope of iodine, 13*1 is given to a patiéent
with .thyl'oid disorders. It decays B-rays. Detection of these rays gives an information
regarding the functioning of the thyroid gland.

(¢) Test of cancer growth. 0Co emits high energy y-fays which are used for
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testing deeply seated cancor g
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rowth,

d) Brain tumors ¢ |
t(.o dvieey certnin]gl(;‘m' be lotated very aceurately heeange
i Rl ¢ unbot,npug =such as " and 6100 fro
e) Circulation of blegg, i0sodi '
study cases of restrictodd (-ilf-:;]l(}lm:-odum’ Na! (B-particle ¢mitter) has been used to
which contains labeleg sodi};in (}11.1(‘;;) f" 'l)l'ond. A small quantity of NaCl solution
and 8 y-ray detectop iy thoh placs ld.“ ) i8 injected into the vein of a patient’s forearm
is normal, the presence of r:\(i'c“‘ ivity is nggn e of bis fect. f blood circulation
rapidly and becomeg maxim ~1011(:le'll,y n hoan: poovered In the blood. It fnereases
impairment, mdionctivitvl willllll-] Within an hour. However, if there 4s any circulatory
in teadliing fhE fogt B;’ " %ncre‘uso slowly showing that blood has some difficulty
- position, of vestrictios, - 1(\)7:(12;‘5})'0 detector to different parts of the body, the
o Usauof radioactive tracer‘; ;:n ‘(l;;ilet:e tzecessary treatment applied.
(a) Rate of exchange reactions: o of
studied by using tracers. For :
Fe?* can be followed by mi
The rate of the exchange

of their greater tendency
m the blood stream.

The rate of some-exchange reactions has been
AV y . h
Or examples, the electron interchange between Fe3* and -
xln 1 -1 r . 2 . . « Ly .

& rafiloactlve Fe3* jons with nonradioactive Fe2* ions.

561 3+ -
Fe® 1 Fe2' ___, 5pg2i -, pgd
, v, : Fe®" "+ Fe’*
. etermine -aki ST v !
o isd d by taking periodic samples of the mixture, separating Fe?+ from Fr3%,

d determini f TIPS , .
?;the Fe(II),l ing how fast the rqdloact1v1ty has decreased in the Fe(IIl) or increased

(bl)8 I_{ydroly51§ of esters. Mechanism of ester hydrolysis has been studied by using
Q isotope. It is observed that when an ester is hydrolysed by water containing O'8
(i.e., H2O18) the alcohol formed does not have any 0!8 while the acid has the whole
of it. The presence of 0!8 in the acid proves that the ~OR’ group in the =sler is
wholly replaced by “-O18H group in H2018, '

S 0 _ .

..............................

.............................

(c) Photosynthesis. The mechanism of the process of photosynthesis taking place
in plants has been studied by reacting CO2 containing 180 (CO}’) with H20. Tn this
process the green plants take up CO2 and H20 in presence of sunligh’ #nd .
chlorophyll to form sugar, giving out Oz gas. :
6CO, + 6H,0 —— CH1206 +'60,
It is observed that O18 present in CO}Z8 goes to sugar and water while that of water .
" is evolved as free oxygen. Thus O2 evolved in the process of photosynthesis comes
from HsO and not from CO2. The reaction shown above sgo'uld be shown as ;
6COL +12H,0 —— CgHypp0p + 6H,0,° +60,
3. Uses of Tracers in Industry.
Radioactive isotopes have found
and in process control. Some of the ap

many applicatioﬁs in industry both in researcl;. )
plications are mentioned below:

enomenon of self-diffusion in metals i.e., the

- diffusion: tals. The ph .
(a) Self-diffusicn of me hin the crystal lattice has been studied with

movement of the atoms of a metal wit

- -

Scanned with CamScanner



TR

o

%

L INORGANIC CHE

E u - S RS VRN g rEl
A » 3 t — o R B3 2w e 2 A R S
IR N AN AR 2 TN S BT RN R P

7 - .
the help of sotopes.

) As eatalyst. yravs obtained from Co® have been used as catalyst i the
Manufacture CyHBr from CyH, and HBr

N W has boe TR 43 ey '~
©) Mechanisms of veactions, Radioactive carbon, ¢ has l‘u en od @A A ‘H\:tH
. 5 N o S : a SUARN : ¥
M studying mechanisms wvalved in many reactions of industrial importance sueh ag
pelymerization, alkylation, « atalytic synthesis, ete,

d) Radioactive isotopes has been used in studying the mechanism of the
effectiveness of various lubricants.

‘I . N . o i e " notre §
(e} Uniform mixing. Uniformity of mxang  duving  the 1“0!\‘?\“3 of U:\“{‘l“‘\
lubricating oils and greases ote. has been achioved by labelling ape of the
constituents with a radioactive tracer.

(0 Determination of the wear of piston rvings. The wear of pi.stnn rings and of
gears In engines and its prevention by means of suitable lubricants l\a\‘\'u l‘u\m
studied by radioactivity. A steel piston ring is made radioactive by exposing \t‘ to
neutrons 1 a nuclear reactor. The piston ring is then fitted into t.hv c_\'lmdm.‘ nf{nn
internal combustion engine which is operated normally with a l‘*““““““}' tubricating
oil. By determining the radioactivity removed by the oil, the amount of piston weay
can be determined.

4. Uses of Tracers in Agriculture

(a) Uptake of phosphorus by plants. When a plant grows, it absorbs phosphorus
both from the soil and from the added phosphatic fertilizer. In order to check the
usefulness of the fertilizer, it is important to know what proportion of phosphorus
comes from cach source. When radiophosphorus (P¥) is added in the phosphatic
fertilizer, the exact proportion taken up by the plant can be determined accurately,
The efficiency of different phosphate fertilizers can be compared with the help of
radioactive phosphorus being used as a tracer clement. Fertilizer which is absorbed
quickly 1s more efficient. |
(b) Transporation of mineral in plants. The

transporation of mineral from roots
to leaves and 1ts subsequent redistrib

ution within the plants can be followed
through the use of radioactive 1sotopes by means of radioatography, By this

technique the distribution of 895, supplied in the form of sulphate, in sugar beet
plants has been followed.

3. Uses of Tracers in Analytical Techniques.

Radioisotopes have number of applications in chemical analysis

(a) Isotope dilution, ¢ technique to determine the quantity of a substance in a
mixture or of the total volume of solution by adding a known <mount of an isotape to
. After removal of a portion of the mixture, the fraction by which the isotope has
been diluted provides a way of determining the quantity of substance or volume of
solution. Suppos: we want to deterr. e the amount of NaNOj3 present in a solution.
First a known quantity of addiuonsl NaNO; containing radioactive sodium 24 1§
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dissolved in the solutj

stal ) ) - ratio of origi o -
Tystals must be 97:3. But this must also be the rg&lg li?laltltz

© from the quantity of radionetiv:
y T} r d <
guantity of NaNQOg originally present can};)e deiermmqicile:llty e N;\NO:; added, the

(b) Nentron activatio

the conversion of stable isotopes to radioactiye

neutrons. Human hajr contains trace amounts
amounts and the positjo

the hair comes from. Qg
when the natural isotq
52 As is obtained,

N analysis | S o
YSIS s an analysis of elements in 4 sample based on

isotopes by bombarding q sample with

of elements By determinin
' . . By the exact
n of the elements in the hair shaft, we can ideriify whom

nsider th ] 2 : :
po Tas . : gnalg'sls of hl-lman hair for arsenic, for example,
348 1s bombarded with neutrons, a metastable nucleus

75 1
33AS + (n — As (metastable)

; 1t can identify as little as 109 of As. -

6. Radlotherapy (uses of radiois_otopes in the treatment of diseases).

The treatment of diseases by the use of radioisotopes is called radiotherapy.
Some examples of radiotherapy are mentioned below: . ’ :

(a) Treatment of thyroid complaints. Radioactive iodine I'3! has been used for
the treatt.nent of certain thyroid complaints. Stable iodine and radioactive iodine are
preferegtlally absorbed by the thyroid gland. Radioactive iodine destroys-abnormal
tissuf}s1 in the thyroid gland more rapidly and in. this way checks the abnormal
growth. '- ' E

(b) Treatment of cancer growth. Radiocobalt (6°Co) is now used in the treatment
of cancer. Sg‘Co is a B- and y emitter and the radiation is focused on malignant

tissue to destroy it. 4 ' __
(c) Radioactive phosphorus in the form of phosphate is widely used in the treatment
of certain blood disorder. - ok
(d) Radiophosphorus (3°P) is used for skin diseases. .
7. Determination of the age of the earth by rock dating method.

The age of a rock gi\-r'es an approximate idea-of the age of the earth provided that
't is assumed that the rock or the mineral is as old as the earth. '

3. Determination of the age of recent objects by radiocérbon dating method.

The age of recent objects such as those of animal or _vegetable origin like a P_i‘?ce
f wood or animal fossil can be determined by radio-carbon dating method, since
ock dating method is useful only for the minerals or rocks of considerable age.
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