INORGANIC CHEMISTRY .

500
The determination of the age of a sample of wood consists of determining the
both the piece of wood, i.e., in fresh

rt}tio of the amount of '§C to that of 20 in

(l‘fving) piece and dead (cut) piece. As long as the plant is alive, the ratio of 50 5
. 5C atoms in the wood of the plant is the same as in atmosphere, but when the tree
is cut, the ratio of 13(3 to 1§C begins to decrease continuously due to continuous
1g C in the plant. This decrease in the amount of 1§C is

decrease in the amount of
due to continuous disintegration emitting B-radiation. From this the age of the wood
can be determined.

8.16 Radioactive Dating | | |

Because the half-life of any. particular nuclide is constant, the half-life can serve
as a molecular clock to determine the ages of different objects. Dating wood and
ning objects can be done with radioactive carbon, carbon -14,

similar carbon contai

which has a half-life of 5730 years.

In the upper atmosphere neutrons from cosmic radiation bombard nitrogen 14

nuclei to form carbon:
UN +ln — §C +H
nd decays to form 12N through beta emission:

The carbon nucleus is unstable a
Mo —— N + e ty0 = 5730 years
It is gencrally assumed that the ratio of carbon 14 to carbon 12 has been
constant for many thousands of years and that the 15‘0 gets oxidized to COg,
absorbed by plants, which are then eaten by animals, which excrete the carbon 14
etc, so that the ratio of the two isotopes remains constant during the lifetime of the
plant or animal. But after death, the carbonl4 coatinues decaying in the organism
and is not replaced, so that the 361 12C ratio begins to drop. From the observed
ratio in an ancient piece of wood, bone, etc., the age of the objéct can be determined.
Other isotopes can‘be similarly used to date other types of objects. For example,
it takes 4.5 x 10V years for half of a ample of uranium -238 to decay to lead -206.
The age of rocks containing uraniumr can therefore be determined by measuring the
ratio of lead —206 to uranium _238. If the lead —-206 had somehow become
normal chemical processes instead of by radioactive

incorporated into the rock by
decay, the rock would also contain large amounts of the more abundant isotope lead
of large amounts of this “geonormal” isotope of lead, it is

-208. In the absence
as at one time uranium -238. _
v milligram of

assumed that all (_)fthe lead =206 w ‘
| Example 8.2: [B rock contains 0.257 mg of lead -206 for ever
lead —206 is 4.5 x 109

o i SSommt
aranium —238. The half-life for the decay of uranium -238 to

years. How old 1s the rock? |
ns 1.000 mg of uranium —238 at present.

Solutions: Let assume that the rock contai
_938 in the rock when it was first formed therefore e-quaS'
latter quantity by

at decay to lead —206. We obtain the !
_206 by the ratio of the atomic mas$ °
yed. The total original ZSSU was thu?-

The amount of uranium

1.000 mg plus the quantity th

multiplying the present mass lof lead

uranium to that of lead, into which it has deca
()

238 (957 mg) =1.297mg

EE 238 . ,
Original U = 1.000 mg + 506
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4.5x10° ear 1.5x10 10 b T |

-2.303° N ' : ' i
t=

is 5730 years. What v the q

. - imal bUr
SOIutlonsi From the half.lify ., - al was burl,d?

» W
L 0.603 e can calculatel k.
= T = : 3 '
3 | T m = 1.21x710-4 years
14 e T
C
t=10g-‘ﬁ—£x2'3& = log 1.0 x—__ 2.303
C k.. 0.477 ‘1:21><10"4years
- 03215x9303 = L -
121><10_4years = 6.1x10 years = 6100years .

rgy a : ntrolled fission' chain reactions can be used to run
various ‘industrieg. Research is

: going on to achiave controlled fusion reaction which
will give even more amount of energy, '

3. Discovery of new element

-1 discovered by the artificia] transmutation of
elements. » ‘ '

4. Sterilization. Antibiotics are sterilized b
Preservation sterilization of food is also done for its preservation. '

5. Radiotherapy. Radiation from %Co sources have been used in the treatment of
cancer, Sometimes Y-radiations from 194y are also used. ‘ -
6. Preparation of luminiscents paints, If a radioactive substance like radio
thorium, is mixed with fluorescent is treated with ZnS, it exhibite luminiscence, so

that it becomes visible in the dark. Such mixtures constitute lumimscegge paints. :
These are used to make the pointers.and dials of watches visible during night.

y radiation from radioactive substances.

1. Determination of Avogadro number. The Y-rays from radioactive matéf".'._al\- |
ave been used to deternuane Avogadro number and the value has been found out to- -

6-922 x1023 from *his method. ‘
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8. Radi o : e ; _INORGANIC CHEMISTh
“‘"“(‘Uhl'ﬁ\d by thiv‘:: ) ¢ ‘c art 1 Iu.l\ wostimatod by this method, The e of the ¢
. VIR method comes out to be 2-8 nilion yones,

N :‘..lm‘m“\‘wﬂ‘!‘n!s of the lovel of Hguids, The lovel of liquide ean be moasured |

radionctive souree, A eadionetive sotures i plaesd on the surfaee of a lic md.f W
closed container, The dotoctor oatride the veonsel will dotect the l(‘Vh‘r (;’r‘!‘l H
radioactive source, which will ho the lovel of liquid inside the contniner T‘}“f"
technique is used to know the lovel of oil in relinerios, : g

age

10, Preparation of nuclenr batteries. Radionclive onergy is convertod i
eloetrical energy in these batterios. Two eloctrodos nre used in an "Vil(:l'lutwi
‘chn.mbm‘. One of the electrodes ix eathode with [} = emitter, The flow of 3~ l)llrti(;ig.
mnside the chamber, result in the phassage of current in the external cireuit cnn.nuct,o(i
with those electrodes. .
11, Traecer applieations. In these applications, the radioactive isotope is used ag 4
fabel to study the behaviour of some material . These are the most importan
application of radioactive isotopes in various branches of applied sources.
12. Mutation induced by radintions. If the plants and seeds are irradiated by
radioactive source, the rate of mutation is greatly increased and development (;f
stains is achieved in a fraction of time taken otherwise.
13. Measurcement of thickness of material. A source of f-or V- rlnys 1s placed
on one side of the material whose thickness is to be measured and tihe detector on
the other side. The force experienced by the radiation is a function of the thickness
through which it is pnssnd. Heuece from the measurement of force the thickness «f
the absorbing material can be obtained.
8.18 Biological Eifccts ol Nuclear Radiation
We are continually bombarded by nuclear radiation from both natural and
artificial sources. For example, we are exposed to infrared, ultraviolet and visible
radiation from the sun, radio waves from radio and television stations, microwaves
from microwave ovens and X-ravs from various medical producers. In addition, we
are also exposed to radioactivity from the soil and other nntura.l materials, ’I"he
different energies of these various kinds of radiation are important in understanding _
their different effect on matter. |
When matter absorbs radiation, the energy of radiation can cause e.nﬂ.ler
excitation or ionization of the matter. Excitation occurs when the a})sorbed radiation
excites electrons to higher energy states or increases the motion of mole‘cules,
causing them to move, vibrate or rotate, lonization occurs whcn tho mdmti(;r;
removes an electron from an atom or molecule. In general, .radu}tmn catus :
ionization, called ionizing radiation, is far more harmful to biological 8ys oms
than radiation that does not cause ionization, called nonionizing radiation. z
he of ' radiation on livi is highly dependent on the frequency
The effect of radiation on living systems is hig y dep . ot
radiation. Because the energy ‘?f photops:ix;greases ‘w1th 1201'9&8;}118’ f;;*?f;;&.(g ny
heﬂlth"mlamd 1f" .44 goncerning vadlz}txon have“ ﬁgll;iiror?:;gne:ic ridiation with
" T IRE TR J x rem, e ] i ,
short wavelengti) of th~ alewts .,:rmgneQL. apec:t,m'{ , | |
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NUCLEAR CHEMISTRY

uency gre ,
fZrelcellller) )isg;e?:: ihan 1016 H7 ( ' _ 503
sncludes gamma : ly l'eferred o and. thi?refore Wavelength on the order of 10nm or
zlamage because ita)ir: ' “Tay anq asigll? Mzing radiation. lonizing radiation-wh_iCh
chemical bonds, jncludeil:lergeﬁic enbughe&ergy ultraviolet light-can cause bl"lgg":‘}i
and microwave rad those ; . Ject electrons from atoms and to bre

Most living tisgyg o “40 also gyec et Material such g5 DNA. Strong infrared
R & lssue Contajp 2uSe biologieq] da
is lr_ragla?e'd, most of ¢ e ens a ! leas 70 percent wa?igl? When living tissue
Thus.’ }onlzmg Tadiatigy, is B of the radiation_ig La.[)sc)),rl‘t?:lissk; water molecules.
requiring a m1¥11mmn nerg Clined 44 radiatiop that can iom’ziny water, a process
as X rays an hlgher-ene i’l 12512. /mol, Alpha, betg and ga;gnma ra:vs (as well
kJ/mol anfl a%'e‘ therefore forms oatlﬂ\;lol?t;ra lation) posgess energies in excess of 1216
When ionizing radiation g, 08 Tadiation, .
water molecule, forming oy oo through livin

another water molecyle t,, flg 1 Teactiop H,0*

. orm as H o+
Hy0% +H,0 3
2 2 HaQ+ +O0H

g tissue, electrons are removed from
lons. An Hy0"% ion can react with
10n and a neutral OH molecule

‘ . ctiv SRR ‘ . . '
substance with one o more yp ¢ OH molecyle 1s an example of free radical, a

iting i, ; O —H. The presence of the unpaired
. iting th, i o . , _

tissues, such particles cap, attach j hoe Species, with a single dot, s GH. In cells and
free radical, which in ty

. st of sﬁrrounding biomolecules tc produce new
) rn, a taCk yet Othe y 4
single free radical cap i SYHIer compounds. Thus, the formation of a

Hence, neither is as danigerous as gamma rays are, unless th

e radiation source
somehow enters the body. Within the body, alpha rays are particularly dangerous

because they transfer their energy quickly to the surrounding tissue, initiating
considerable damage. |

In general, the tissues that show the greatest damage from radiation are those

that reproduce ot a rapid rate, such es bone marrow, blood forming tissue, and
lymph nodes, The principal effect of extended exposure to low doses of radiation jg
to induce cancer, Cancer is caused by damage to the growth-regulation mechanism
of cells, including cells to reproduce in an uncontrolled manner, Leukernia, which is
characterized by excessive growth of white blood cells, is prokably the ‘m\a‘jor cancer
Problem associated with radiation, |

In light of the biolog .al effects of radiation it is important to determine whether
any levels o f*exposure.a re safe. Unfortunately, we are hampered in our attempts to

set realistic stancards by our lack of understanding of the effects of long-term -
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exposure to radiation. Scientists concerned with setting health standards have used
the hypothesis tha' the effects of radiation are praportional to exposure even down
1o low deses. An_ amount of nuclear radiation is assumed to cause some finite rsk of
inj ry, and the affects of high dosage rates are extrapolated to those of lower ones,
C ner scientiste however, believe that there 1s a threshold below which there are no
ro nation risk. Until weientific evidence enables us to settle the matter with some

eo.dence |, it is sazior t) assume that even low levels of radiation present some
danger

B.19 Nuclear hazacds and Safety measures

Wuclear weapons are harmful. In August 1945 the united states dropped atomic
bembs on two Japanese cities, Hiroshima and Nagasaki, which ruined the cities.

The nuclear acdident that occurred at the Chernobyl reactor, on April 26, 1986,
reve ed fears in some about the =zafety of nuclear reactors. It 18 unportant to
nrdecsiand the aature of the aceident at Chernobyl. A nuclear reactor using normal
e elements cannot become an atomic bomb. However, without proper design and
safeguards, 3t s posmble for a malfunction of a reactor to disperse dangerous
r.’arho:wtivn)‘ over a populated area. This s infact what occurred at (fhf‘l'!lﬂ&}’l. The
cost of the Chernobyl aeadent was enormous. Many people died, and severa]

Pundred were Mo pitalized. Thousands of people hird to be evacuated and resetiled
The acadent wus the direct result of a faulty reactor coupled with a disregard o
reactcr sufety procedures

The radieactive noble gas radon 1« a potential risk to health. Radon -222 is 4
product of the nuclear dioantegration seres of uranium -235 and 1 continually
generated as uramunm n socks and sorl decays. Bemng a noble gas. radon s extremely
free to escape {rom the ground without cherieally
av It o readily aihaded and exhaled soilh ac divece chemical
Hewewer, the half iy §

A gy
nall-hile of radon 222

& 2
siphu-particle Joss into a ¢

unreaclive and s therefor,
reacting along the «
of¥ere i short: 3 82 duy% It dt'l‘:ly-i th;‘mlgia
adimnctope of polonium

s Ra v “2ilo + tHe

Because radon has such a short halfhife and alpha particles have a high RBE
v % hinlamiral wf¥eard s v ae 3 % » . ; .
relative bioogieal eflectiveness of the rudiation, abbreviated RBE), inhaled radon is

e couse of lung cancer. Even worse, however, is the fact that the
decay product, pelonium ~218, ts an alpha-emitting solid

2k § 4 .
4”515‘ m—— ":tl'() - 1”1‘

The atoms of Po ~218 ea

considered a probat

I8 2¢3

B become traoped in the lungs, where they continually bathe
the delicate tissue with harmful alpha radiation. The resulting damage is estimated
to result as many »s 10 percent of lung cancer deaths

Radistion hazards arise from 1

- 0~

, he exposure of the body by external and internal
sources of radiations and its consequentional Biological effeets. The hazards &re
ategorized & external and internal depending upen the source being external or
internsl to the body. Sources of penetrating radiations such as gamma ray emitters
3 \ s

pose 1> general more external hazard that those emitting nonpentrating such &
aiphe emutier which exhibri more irternal hazard.
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