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> 1580 x 365 % 24 x 60 x 60 (ii) |

The number of'scconds ofllztlflif;: =

Number of moles of 226Ra = 226 gvmol"

Number of atoms of 26Rain 1 g of it (N) 23 (iii]
) = number moles X 6.02 >; 'IO quqtion 0 )
ion (ii) and (iii) 1 €47 '
and N from equatio (i1) 6.02 % 1023 mol-! x 1 g

Putting /y 5

0693 . oYX -
A=T35g0 x 365 x 24 x 60 % 605 226 g mol
0.693x6.022x1023><1 — dis. s

-A=1580x365x24x60><60><2

A =370 x 1010 dis. 5™ -1
= 5720 yrs), which give 3.7 x 17

I

or

Sample Problem (13.7): -
of I:C atoms (half-life

g
IJ-

disintegrations per second.
' ' isA=AN=
Hint: If the weight of ‘;’c be x gram, then and formula’is A | los
0.693 (6.022 x 10%) x x
3 . y
3.70 x 107 5™ = 5577057365 x 24 x 60 x 608 14
: $ieion
VL

=383 % 10712% 6,022 x 102 x 77

14 x 3.70 x 107 - =
_ _[0.224x 10
X=383x 1012 x 6.022 x 10% & f

3.70 x 107 s

or

13.4 Factor Affecting the Nuclear Stability
Here are some important factors on which the nuclear stability depends,
(i) Packing fraction (f) : :

(ii) Binding energy per nucleon (B)
(iii) Nuclear shell model : Magic numbers
(iv) Even and odd number of protons (p) and neutrons (n)

(v) Neutron - to - protons ratio (n/p ratio);
All these factors are discussed below:

13.4.1 Packing Fraction (F') and Stability of a Nucleus:

Mass spectroscopy (S« ;43 §'=<f) is one of important branches of spectroscopy-
f\las§ SpCCtIé‘grapfl ’has enabled us to determine the extact value of the mass of a given
e (= JLTJHTJS" This is called isotopic mass or actual atomic mass of the isotope
It has bieen fou?d that the isotopic mass (n"‘:/(fh;i)jf) is not the same as the mass numbir:
(#Ul) of the_‘lsotope which is a whole number, because it is the sum of the prot nd
ncutrons. Isotopic mass is determined by mass spectrograph. pro O"_S a

When the difference namely (i i |
, : y (isotopic mass — 7 LTI
mass number, we get what is known as packing fractionn(}?)ssofntll::]ilsjsgp: }I'(l)ml's R
. S -

. .
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packing fraction () L) (f) = Isotopic mass — Mass number)
< %

gince the mass number is the Mass number

f Su : 3
f the isotope (called nucleons) :Eeoafbtcl:: Protons (p) and neutrons (n) present 1 the
’ € equation can also be written as

Isotopi (bt LL’"LU;‘./JJ):JT([?/:}JLJJ’J)

]04=-M-—;—Ax 104

packing fraction (f) = ¢ mass — Mass number
Nucleons x 10%
“M-A
or [= ntp % 104

1342 Variatli)(')ll'] offStabili.ty of a Nucleus with its Packi;lg Fraction:
The stability of a nuclide depends on the value of jts packing fraction as given below.

(@  When value ‘?f packing fraction of a nuclide is a negative quantity (/4 &),
the:16 the nu%lde would be stable. For example, the values of packing fraction
of '°0 and “*Ar nuclides are negative i.c., 160 = —3.6875 and “°Ar = -9.404.
Both these nuclei are very stable. Negative value of packing fraction is
obtained when isotopic mass is less than mass number. '

(b) When a nuclide has a low positive value (e .:ﬁf’) for its packing fraction,
then the nuclide would be stable. i.e., since ?C and 4He both have low
positive values for their packing fraction 12C = +3.1666 and *He = +6.5. Both .
these nuclides are simply stable. Those nuclei which have very high
positive values of packing fraction are unstable and hence such nuclei
undergo spontaneous disintegration.

(B by KBy _Teink y(g/ ;‘d&f-‘g ZineSnlP.F.A)

Let us look at Fig. (13.4), which is a grapli of packing fraction against the mass
number of various isotopes. :

\

4
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Fig. (13.4): Variation of packing fraction of element with their mass nurnber.
From Fig (13.5), the following points are very clearly understood.

(i) 52C and ;Hc have low positive values for their packing fraction i.e., +3.1666 and +6.5 -

. respectively, hence these are stable r_mclei. g
(i) 160 pag negative value of its packing fraction i.c., =3.6875 and hence its nucleus is
stable. :
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(iii)  The transition elements like 42Mo, 43Tc, 44aRu, 4sRh, 46]"’: 47Ag which _ha‘f_c m
numbers in the neighbourhood of 45 have the lowest negative values (w’-’u’[u

for their packing fraction and hence the nuclei of these clements are highly stape,

(iv) The value of packing fraction is positive (low value) for the elcm.ents having Mass
numbers more than 190 (o Lt =2 PF L A0 Ly 4ot = 1790 AU It becomeg

morc positive as the mass number increases. This shows that the stability

of these isotopes goes on decreasing with the increase in their mass numbers

(q_J{gJﬁ!fo'C‘;fi?‘lJuﬁ’;r{fc.'d.':ﬁIU‘;')-
When the mass number is more than 230, they have very high positive valyes for

(v)
, their packing fraction and hence are highly unstable. Such clements are radioactive
(/€%) and hence undergo disintegration spontancously (&, Ly /360415, 5, 7y

Sample Problem (13.8):
40
Calculate the packing fraction of argon isotope, ;gsAr. Mass of the isotope of

argon is 39.962384 amu. What docs the value of packing fraction imply?

Solution. We know that the
48 0
T Mass of g Ar ~ Mass number of [gAr
Packing fraction of [3Ar isolopes = ———— I < 101
Mass number of [gAr
10962384 - 40
S Sesem— ‘[.._.._,__... ¥ 10 = __()40:
40
w0 « ¢
Negative value indicates that [ Ar is a stable isotope,
13.4.3 Mass-Energy Relationship of amu and Energy in MeV
First of all cakulate that lamu = [ 66 = 107 kg
/;‘t.’cﬂ "= Atomic Mass Units
[ MeV = Ml n Electron volts)
Prove that 1 smu = 1.66 » 1% kg? J:',fu'i.:,_fl'.:,-_f
* W TN o Fq“ o l" .
I atomic mass unit (1 amu) = 1/12th of the massola , C atom
h ’ ’ I »
s ._}f",": ”,‘“,!_M_ . l‘.’g mol”!
- = 12 amu

Now since mass of 4 o C atom = :
L Ve T8i4t 1 rry bes i. 1} 2 a
Avogadro's number 6022 « “}"‘mg] f

We also know that mass of one Coatom = 12 amuy

» ‘3 Ll
So, 12 amy = ————= 5
6.022 x 10°
l 120
{-’r j iﬂ“u - _: £y ﬂ“"'""""}:‘"“'"; il --..-..«._.!...__,______ ¢
1276.022x 107 " 6.022 < 102 8

o 0166 % 107D
0,166 x 107D g - w‘.iiw(;_;f.‘:’w ke

L that L amu= 0,066 x 102 kg = [1.66 x 1027 kg]
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P that | ama =93y
Prove 9L Mevy
LT : IRLE I o)
The relation between mas ( mass
s and corres ;
yinstoin’s Mass-energy relationship vi = FC:E';?; ponding to this is given by
et E-sw:;m'm”‘“‘“"cwnmammm-'msum 10" ms"".
-nergy (E) comesponding 1o 1 amu = (0,166 x 10-2 kg) x (2.998 x 10 ms')

=0.166 x 102 x 8.9880 x 10" kg m?.s~?

555

or

Pamu=14020x 101 [( kg mis?=J
“'C knﬂ“ tha! Icv = 1 (,Oﬁ . lo ‘QJ

(It means eV is a very very small unit as compared to joul). -

14920+ 1010
1 amu = eV 10

602 2 107 €V = (09313 % 107 eV
Here M stands for mullion (10%)
QO 9113 & ][l

L ame = e MeV

(. | MeV = 10%eV)

“OI3 - 10" MeV = 9313 MeV
fe. 1omu=93 3 Moy

~ Tk : . ) . i , ‘
For the sake of comvenience, in our calculations we shall be using the relation:

e

l ame = 931 45 “,\,

1144 Mans Defect (AM) (f0v Lay) and iinding Encrgy:

The meciew of 8 stom comlaim protoms and neutrons. The mass of clectron is
meghpble (I O o 200 7 becamse almost the entire mass (o J4-) of the atom is
{«'rn{:‘;’.};la'lt*-.f (e o4 7} o e macieas 1Y the mass of the clectron is also considered, then it has
boen found St the scteal mase (M) of 28 atom 23 determined by mass spectrograph is
nhlp fens than the sum of the masses (M) of all protons, neutrons and electrons
presesl is the stom [o ofher words, M = M The difference in masses viz (M~ M) is
called mas defect, mase bose (i o ), or man deficit (AM). Thus'

Mess defoct = i Wasses of all Protofs * MACS O { all neutrons + masses of all rlt‘\.lmni)
{ Acies! somue mass of the atom )

AM= A - M

Actually whes neckeons Le, seulrons and proton, combing to form the mucleus
of an atom, mass rqmnl to (M7 - M) s Joat.

s - i ‘_ ¥ r 4 - fv
U:"';\‘&. "»“"ﬁ_’"L"T\-‘ .-:-;p" .-"b{ fJ‘.Hw"mh-—""i’ "f' ’ZU" rj(ﬁ.n‘}'..")

(~etentys

(A} (‘-kmmm of Mass Defect of Helium Atom
}*h‘ contains 2 protons, 2 electrons and 2 peutrons

- M’ = mass of 2 protons + mass of 2 electrons + mass of D neutrons
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=2 % Enm:.'":;_ul‘ one proton -+ mass of one electron) + m

= 2 x mass of a [T-atom +
troscopy)

- mass of 2 neutrons.
(2.01560 + 2.017330) amu = 4.032980 amuy

(2% 1,007825 +2 x 1.008665) amu =

i Mass defect (AM) of He atom = (
(n) Caleulation of Mass Defect of O-atom
I,;h() contains 8 protons, 8 neutrons and 8 electrons. Thus
mass of 8 protons = 8 1.007277 = 8.058216 amu
8§ » 1008665 = 8.069320 amu

mass ol 8 neutrons =
mass of § electrons = 8 < 0.0005486 = 0.004388 amu

M’ = 8.058216 + 8.069320 + 0.004388 = 16.131924 amu
M = 15.994910 amu (Determined by mass spectroscopy)
Mass defeet (AM) of O-atom = 16.131924 - 15.994910 = [0.137014 amu|

M = 4.002600 amu (Determined by mass spec
4.032980 — 4.002600) amu = [0.030380 amu]

[ Some |
' Mass of one proton (m,)) = 1.007277 amu

(x) J = kg.m?.s72
| amu = 1.4920 < 10°19J=931.5 McV

(xi)
(xii) eV = 1070 MeV = 23.06 k cal = 1.602 x 10712 J = 1.60 x 10721 erg

(1

(i1) Mass of one neutron (m,)) = 1.008665 amu

(i) Mass of onc clectron (m,) = 0.0005486 amu

(iv) Mass of a helium nucleus, ;Hz =4,0026 amu

(v) Mass of a deuterium nucleus, fH =2.01471 amu

(vi) Mass of onc H-atom :Il (my;) = Mass of onc proton + Mass of one electron
= 1.0072770 + 0.0005486 = 1.0078256 amu

(vii)  Avogadro’s number = 6.022 x 1023 '

(viii) 1 amu=0.166x 1020 kg = 1.66 x 107" kg

‘ . 2.997 x 10"° |
(ix)  Velocity of light (¢) = 2.997 x 10'% cms™! =——ﬂ)>z)—— ms~! =2.997 x 10® ms™!

(xiii) 1 MeV = 1.602 x 10 1 kJ

Nuclear I!in(l‘ing Energy (B) (u’./'f(faljl‘#flfw‘fx‘):

As discussed carlier that the mass is lost in the process of combination of nucleons to

form the nucleus. This mass is converted into energy and is released in the process. The
energy released in this way is called binding energy of the nucleus or nuclear binding

cncr;}y (B) (g.'.JMJ}lJif{,Lﬁ:.f_d-ﬂ@jdjfufém’?flfu_lﬁf).

It should be evident (tx 76 Jils) from the above discussion that when a nucleus is
broken up dnto ils constituents neutrons and protons, energy is needed (c:.J?.:m/:’JJ./'J) and
- . . 3 ‘ ?
this energy is equal to the binding energy of the nucleus (.;_'.dm:l/.édil..fﬂ&/'l..).
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