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Binding energy: The total energy given out during
binding up of nucleons in nucleus is known as binding energy.

Mass defect: 1. A stable nucleus has less mass than its
constituent particles. This difference is known as mass defect,
ie.,

Am = sum of the masses of constituents — mass of stable
nucleus

2. The difference in mass is converted into energy
(known as BE) according to Einstein mass-energy relationship,
ie.,
2

E=mc (1)
3. Thus, Binding energy = Am x ¢2 (2)
where, BE is in erg, Amin g and ¢ in cmsec ™'
BE =1.66 x107* (Am’) x (3 x10'°)? erg
(Am’ in amu)

=14.94x107* x Am’ erg
=14.94x107"" x Am’ joule
-11
_14.94x10 X Am' &V
1.602x107"
(- 1.602x107° J=1eV)
14.94 x107"!

=772 xAm’ MeV
1.602 x107'% x108

(- 10® eV =1MeV)

BE =931.478 X Am” MeV .(3)
or 1amumass=931.478 MeV ..(4)
Total BE ®)

4. BE pernucleons=———"—

No.of nucleons

Stability of nucleus

(1) Greater is the mass defect, more is BE, Lesser is the
energy level of nucleus, more is its stability. .

(2) If neutron-proton ratio, i.e., n/p>1.5 the nucleus is
unstable.

(3) The no. of stable nucleide is maximum when both at.
n0. and no. of neutrons are even numbers.

The radioactive emisslons: The radioactive
disintegrations are accompanied with o, B particles and 7y rays.

a-particle emission: 1. An excited nucleus having
higher energy level allows a-particles (mass 4 units, charge 2
units) to come out as energy carrier in order to bring down the
lower energy level to excited nucleus.

2. o-particles are identified as , He*, i.e., fastly moving
He nucleus.

3. n/pratio increases during o.-emission.

B-particle emission: 1. After o-emission, n/p ratio
increases and thus to bring it down, neutron decay occurs
which results in emission of B-particles as '

onl _— HHl +_ e° ;

2. B-particles are identified as fastly moving electrons,
i.e., -1 eo.

3. n/pratio decreases during f-emission.

Y-rays emission: 1. If the resultant nucleus formed
after o, B emission still possesses higher energy level than

required for its stability, the difference in energy comes out in
the form of electromagnetic waves or y-rays.

2. y-rays are represented as Av.
Soddy and Fajan’s Group Displacement Law

(1) Aradioactive element on losing an ci-particle shows a
loss in its mass no. by 4 units and loss in atomic no. by 2 units.

That is why a newly formed element occupies two
positions left to the parent element in periodic table.

gRa% =%,  Rpp222 _-a, 5 P08

11 group 2€r0 group VI group
(2) A radioactive element on decay of a B-particle shows
a gain in its atomic no. by 1 unit, whereas mass no. remains the
same.
That is why newly formed element occupies one position
right to the parent element in periodic table.

szbm ;B) @ Bi2M ;IB* 84P0214
1V group V group VI group
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Note :
periodic table formed after emission of a, B-particles,
one should keep in mind that:

L. Elements with at. no. 89, 90 to 103 are placed in III gp.

2. Elements with at. no. 57, 58 to 71 are placed in III gp.

3. Elemeants with at. no. 26, 27, 28; 44, 45, 46; 76, 77, 78
are placed in VIII gp.

Rutherford’s theory of rate of radioactive
disintegration or rate of decay: Radioactive decays occur
at their characteristic rates, following first order kinetics,
independent of temperature, pressure and all external factors.
The rate of decay depends upon the amount of element present.
Consider, an element 4 undergoes decay to form B.

A— B
t =0, no. of atoms No
t =1, no. of atoms N
No-N

The rate of decay # because rate continuously

decreases with time.
Suppose dN atoms are decayed in an infinitesimal small
time dr, then

Activity or rate ofdecay:—% =A(N) ...(6)
The negative sign indicates for a decrease in no. of atoms
with time. K is characteristic constant for given substance

known as decay constant, independent of all external factors
suchas P, T....., etc.

On integrating Eq. (1) -I%:lj dt
-InN=M+c
at t=0,N=N,
’ c=-In N,
—InN=A-InN,
No
or ln7=7u )
No _ u
or -;,——e ..(8)
N .
or 2.303log o T" =M (9
N M _y-A/2303
or — =" =10 ..(10)

No
Characteristics of Rate of Decay
1. Half-life period: The time required to complete half
N
of the decay, i.e., ift=12, N =—23;

(1)

i 0.693
On substituting these inEq. (1), A= T

2. Averagelife: Average life(t)=% ..(12)

Average life of a radioactive species is the time in which
species reduces to 37% of its initial value.

While reporting the position of a new element in

Numerical Chemistry

3. The time required to disintegrate a definite fraction is

independent of initial concentration, L.e., fi/» < ( Ng)°, where

f,, is time required to complete 1/ n decay. Therefore, half
decay is also written as,

t2 = (No)°
No
4. Amount leftaftern halvcs=37 ~(13)
Amount used in n halves
No _Nol2"-1]
=Nyg-—2=——— -(14)
072 2"

totaltime T
No. of halves (")=m —f_l/:(b-)

.. 0693 x Number of atoms present 1
5.  Activity = Half - life ...(16)

Unit of radioactivity: The unit of radioactivity of an
element is measured by the rate at which it changes into
daughter element. It has been derived on the scale of
disintegration of Ra.

Consider 1 g Ra (;,, =1600 year) undergoes decay, then

Rate of decay = A X No. of atoms of Rain 1 g

_ 0.693 » 6:023x10%

7 1600 x 365 X 24 X 60 X 60 226

=3.7x10" dps =3.7x10'" Becquerrel (orBg.)  ...(17)

=1curie - 3.7x10" dps =1ci) .(18)

=3.7x10* Rutherford (-~ 10® dps =1rd) -(19)

The S.I. unit of radioactivity is dps or Becquerrel. The
other units to express rate of decay are,

Microcurie =10~% curie =3.7 x10* dps
Millicurie =103 curie =3.7 x 107 dps

Radioactive series: A series of radioactive nucleide,
each except the first being the decay product of previous one.
The three naturally occurring series are,

(1) Thorium series or 4n series with parent element Th =

i (2) Uranium series or (4n + 2) series with parent element

U

Also,

s (3) Actinium series or (4n + 3) series with parent element

U
One is Artificial Series

(4) Naptunium series or (4n+1) series with parent
element Np=’

The significance of ‘n°lies in the fact that mass number of
each member of a given series is an integer multiple of n with
residue 0, 1, 2, 3 respectively for 4n, 4n+1. 4n+2 and 4n+3
series. In all the series except Np series, there exists an element
of zero group (at. no. 86) in gaseous state.

Radioactive equilibrium: A state ultimately reached
when a radioactive substance of slow decay yields 2
radioactive product on disintegration. This product also decays
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to give a further radioactive substance and so on to produce a
radioactive series. The amount of any daughter radioactive
product present, after equilibrium has been reached, remains
constant, the loss due to decay being counter balanced by gain
from the decay of immediate product.
A—>B—C
At equilibrium, rate of formation of B =rate of decay of B
A A N A= A. B N B

or Z'_A.=&
A N,
Ad_Np _hios _1g

Apg N4 tpg Ty

Xisdecayconstantandlxlandke:-]—
T Lz

Note: 1. Eq. (2) holds good only when A,>>>Ajz or
;2 A >>> ty,,B. This is called secular equilibrium.
2. Ify,2A=1,, B and A , <Ap,then
Ny _Ap-3,
Ny A,
This is called transient equilibrium.
3. IfA > Agorty; A< ty, B,nostate of equilibrium is
attained.

Maximum yield of daughter element: A radioactive
element 4 decays to give a daughter element B which further
decays to another daughter element C and so on till a stable
element is formed (4 — B — C). Also if number of daughter
atoms at ¢ =0 is zero and parent atom is much more lived than
daughter (i.e., A4 <Ap), where A, and Ap are decay
constants of 4 and B respectively, then number of atoms of
daughter element B after time ¢ is

- Nok 4 —Aat _ At
NB = A-B = k" [e € ]

Maximum activity of daughter element can be expressed

atia s

.(21)

-(22)

2.303 Ap

= 1 at
o Ag =2y o810 [3’,4 ]
Parallel path decay: A radioactive element A decays to

B and C in two parallel paths as:
Say emission of &

(23)

ission of
Say emi B -

The average decay constant for the element 4 can be
expressed as

l.w=lam +lﬂ path (24)
Eq. (24) can be expressed in Eq. (25) and (26) as:
A path = [Fractional yield of B]x Aav. -(25)
Ag pan = [Fractional yield of C]x Aev.  --(26)
4 A27)

Average atomic mass (4)= % Xrom
o
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Nuclear reactions

The phenomenon of interaction of nucleons giving rise to
the formation of a new nucleus or a process in which one
nuclide is converted to another by interaction with another
nuclide. The first ever nuclear reaction in laboratory was
carried out by Rutherford when he bombarded N atoms with
o-particles.

4N + He—> yO+ H+Q

Another, method of representing this nuclear reaction is

UN(o:p) 170. Like chemical reactions, nuclear reactions also

involve energy changes, represented by the symbol Q. If Q is
negative , the reaction is endoergic, i.e., energy is absorbed and
if O is positive, energy is released, i.e., exoergic. The value of
Q can be determind from the difference in the total mass of
reactants and products of the reaction.

Types of nuclear reactions

Some of the nuclear reactions are cited below :

() Induced radioactivity : The phenomenon of
converting stable nuclei into unstable one by the interaction of
nucleons or a nuclear reaction yielding a product nuclei of
radioactive nature, is known as induced or artificial
radioactivity (Irene Curie and F. Joliot).

YB+ $He — '3C+ |H Nuclear reaction

YB+$He — N+ bn

l Nuclear reaction,
Vis-a-Vis
3¢+ .Y e Artificial radioactivity

(ii) Nuclear Fission : (a) The phenomenon of splitting
up of a h.eavy nucleus, on bombardment with slow speed
neutrons, into two fragments of comparable mass, with the
release of two or more fast moving neutrons and a large amount
of energy, is known as nuclear fission.

§6Ba+ 3oKr +3hn
'%‘.‘.Xe + ggSr +24n
4Cs + Rb+24n

A loss in mass occurs releasing a huge amount of energy
=2.041x10'°kJ per mol of 25U,

(ii?) Nuclenlj fusion : (@) The phenomenon of joining up
of two light nuclei into a heavier nucleus is called fusion, e.g.,

2 3
iH+ {H— 3He + bn; (AH =-17.6 MeV)

(b) Huge amount of energy is required to overpower the
Coul'omblc fon_‘ces of repulsion in between two nuclei which is
obtained by triggering on nuclear fission.

. (iv) Spa!lat.ion reacton : Spallation is a reaction in
Vl{hlch the excitation energy of the target nucleus is sufficiently
high and results in the emission of several particles such as -
particles and protons, leaving behind a number of product
nuclei of sufficiently smaller masses than the target, e.g.,

BAs+H— EMn+9 H+120n

(b) BU+ pn— BU
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® NUMERICAL PROBLEMS ©

11. Calculate the group of elements formed in the fina

1. Calculate the binding energy for ; H? atom. The mass of
1 H? atom is 2.014102 amu, where 11 and 1p have their
masss 2.016490 amu. Neglect mass of electron.

stage of radioactive changes given below:

< -B
(a) 92Uz35 o 90Th 231 (b) 90-”1 231 R 9IXZJI
111 group

2. (a) Although nucleus is a part of atom but number of ULz
electrons present in the atom has no role in © o X2 25 gAc 27(4) o Th? == g&Ra?
deciding binding energy of nucleus. Explain. 9,}, Foup

(b) The atomic mass of 30'® =15.9949 amu. Calculate
the BE/nucleon for this atom. Mass of 1 and 1p is
2.016490 amu and m, =000055 amu.

3. The atomic masses of Li, He and proton are 7.01823
amu, 4.00387 amu and 1.00715 amu respectively.
Calculate the energy evolved in the reaction,

sLi7 +,p' —52,He? +AE

Given 1 amu =931 MeV.

4. Calculate the energy released in joules and MeV in the
following nuclear reaction:

identify the element. (I1T 2004)

12.

13.

14.

Calculate the number of neutrons in the remaining atom
after emission of an o.-particle from g5 X 238 atoms. Also
report the mass no. and atomic no. of resultant atom.
If a g U nucleus upon being struck by a neutron
changes to s¢Ba'?, three neutrons and an unknown
product. What is the unknown product?

Prove that the time required for 99.9% c_iecay of a
radioactive substance is almost 10 times to its half-life

period. .
Represent and derive mathematically the half-life

2¢1,2 3 1 15.

Rl 2He +°3n period of radioactive substance.
Assume that the masses of ?H, 3He and neutron (n) 16. 1gof - Au'® (1, =65 hr) decays by B-emission to
respectively are 2.0141, 3.0160 and 1.0087 in amu. produce stable Hg.

5. How much heat would be developed per hour from 1 (a) Write nuclear reaction for process.
curie of C'* source if all the energy olfabeta deca?; were (b) How much Hg will be present after 260 hr.
imprisoned? Atomic masses of C* and N™ are 17. The rate of decay of a radioactive sample is 302 x10°

14.00324 and 14.00307 amu respectively. dpm at time 10 min and1.20 x 10° dpm at a time 20 min.

6. Calculate the loss in mass d“""% the change: Evaluate the decay constant, half-life and average life of

3Li7 + IH‘ —— 2 ,He" +17.25MeV sample.

7. An isotopic species of lithium hydride SLi’His used as 18. A sample of '31, as iodide ion, was administered to a
a potential nuclear fuel f°”°“’12g the nuclear reaction: patient in a carrier consisting of 0.10 mg of stable iodide

SLi 2H—2 3He ion. After 4 day, 67.7% of the initial activity was
Calculate the expected power production of megawatt detected in the thyroid glapd of the patient. What mass
(Mw) associated with 1.00 g of SLi 2H per day per cent of the stable iodide ion had migrated to the
ing 100% efficiency. Given $Li=6.01512 amu; thyroid gland? ¢,,, for I =8day.
r;ssummg o et iy _'400260 - 19. The half-life period of 5;I'* is 60 day. What % of
TH=2.01410 amu ; ; He = 4 o radioactivity would be present after 180 day?

8. Calculate the mass defect and binding 4388338)/ 20. One of the hazards of nuclear explosion is the
micleonfor anaiphe pirltlgi;ag\;/l::imass o am generation of Sr*° and its subsequent incorporation in
mp =1.0073and my =1. p i s necindic bones. This nucleide has a half life of 28.1 year.

9. Calculate mass no., atomic no. a‘}‘l gr:up Inthep Suppose one microgram was absorbed by a new-bom
table for RaC in the following change. child, how much St will remain in his bones after 20

wRa? —% Rn —% Rad —%5 RaB —25 RaC year? (1T 1995)

10. (a) Calculate no. of o and P-particles emitted when ~ 21. At :.Cer;':l)llr; |:1stant,T: ;;lielcferc;f r;fadioact.ive. n;(n)tznal
238 . P Pb2%6. contains atoms. The half-life of material is ay.

92 U** changes into radioactive g, (1T 2000) Calculate the no. of disintegrations in the first second.

234 4:. s : . 22. The activity of a radioactive isotope falls to 12.5% in
(b) Th?* disintegrates and emits 63 —and 7a.-particles 90 day. Compute the half-life and decay constant of

to form a stable element. Find the atomic number isotope.

and mass number of the stable product. Also 23. A radioactive element (t12 =30day) is spread over a

room. Its activity is 50 times the permissible value of
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24.

25.

26.

27.

28.

29.

30.

31

32

33.

35.

safe working. Calculate the number of day after which
the room will be available for safe working.

Calculate the ratio of N / N after an hour has passed
for a radioactive material of half-life 47.2 second.

Two radioactive nucleide P and Q have their decay
constant in the ratio 3:2. 1 mole of each is taken
separately and allowed to decay for a time interval of
three times of half-life of 4. If 0.2 mole of P are left,
what moles of Q will be left?

The activity of a radioactive sample drops to 1/64th of
its original value in 2 hr. Find the decay constant for
sample.

It is known that 1 g of Ra??6 emits 11.6 x10'7 atoms of
o per year. Given the half-life of Ra?*® be 1600 years.
Compute the value of Avogadro’s no.

The disintegration rate of a certain radioactive sample at
any instant is 4750 dpm. Five minutes later, the rate
becomes 2700 dpm. Calculate half-life of sample.

The radioactive disintegration of ¢Pu®’ an

o-emission process is accompanied by the loss of 5.24
MeV/dis. If 1, of ¢4Pu 9 is2.44x10* year, calculate
the energy released per year from 1.0 g sample of
saPu?? inkJ.

1 g Ra?® is placed in an evacuated tube whose volume
is Scc. Assuming that each Ra nucleus yields four
He-atoms which are retained in the tube, what will be
the pressure of He produced at 27°C after the end of
1590 year? t;,, for Ra is 1590 year.

The decay constant for an o-decay of Th?? s
1.58 107" sec™!. Find out the no. of o-decays that

occur from 1 g sample in 365 day.

A certain radio isotope z X # (t;,, =10day) decays to
give 7_,Y A% If one g-atom of z X* is kept in a
sealed vessel, how much He will accumulate in 20 day

at STP? .
10 g-atoms of an o-active radioactive isotope are
disintegrating in a sealed container. In one hour, tl.xe He
gas collected at STP is 11.2 cm?. Calculate half-life of

the radioactive isotope.

. A radioactive isotope z A™ (ty2 =10day) decays to

give ;_¢ B™ stable atom along with o-particles. Ifmg
of A are taken and kept in a sealed tube, how much He
will accumulate in 20 day at STP?

1 g-atom of Ra??® is placed in an evacu:léted tube ?f
volume 5 litre. Assuming that each ggRa’*® nucleus is
an o-emitter and all the contents are present in tube,
calculate the total pressure of gases and partial pressure
of He collected in tube at27° Cafter the end of 800 year.
ty/2 of Ra is 1600 year. Neglect volume occupied by

undecayed Ra.

36

37.

3s.

39.

400 84

41.

42.

43.

45.
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The activity of the hair of an egyptian mummy is
7 disintegration minute™' of C'. Find the age of
mummy. Given tos of c' is 5770 year and
disintegration rate of fresh sample of c" s
14 disintegration minute 4
What mass of C'* with ¢/, =5730 year has activity
equal to one curie?
A sample of 140, was mixed with ordinary 2¢O, for
studying a biological tracer experiment. The 10 mL of
this mixture at STP possess the rate of 1 0* disintegration
per minute. How many millicurie of radioactive carbon
is needed to prepare 60 litre of such a mixture?
0.1 g-atom of radioactive isotope ; X * (half-life 5 day)
is taken. How many number of atoms will decay during
eleventh day?
Po?'® decays with o-particle to g Pb?® with a
half-life of 138.4 day. If 1.0g of g Po*! is placed in a
sealed tube, how much helium will accumulate in
69.2day? Express the answer incm 3 at STP. Also report
the volume of He formed if 1 g of Po?'°0, is used.
(Roorkee 1991)
A solution contains 1 milli curie of L-pheny] alanine C'*
(uniformly labelled) in 2.0 mL solution. The activity of
labelled sample is given as 150 milli curie/milli mole.
Calculate:

(a) the concentration of sample in the solution in
mole/litre.

(b) the activity of the solution in terms of counting per
minute/mL at a counting efficiency of 80%.

The ¢C'* and ¢C'” ratio in a piece of wood is 1/16 part

that of atmosphere. Calculate the age of wood. ty of

C"is 5577 years.

The half-life period of C'* is 5760 year. A piece of wood

when buried in the earth had 1% C'*. Now as charcoal it

has only 0.25% C'*. How long has the piece of wood
been buried?

. A sample of U™® (half-life = 4.5 x10° yr) ore is found

to contain 23.8g of U”® and 20.6 g of Pb?. Calculate

the age of the ore. (Roorkee 1996)

(a) On analysis a sample of uranium ore was found to
contain 0.277 g of 4, Pb>*® and 1.667 g of 4, U=,
The half-life period of U*® is 4.51x10? year.Ifall
the lead was assumed to have come from decay of
92 U%®, what is the age of earth?

(b) An ore of ¢, U?® is found to contain 9 UZ? and
22Pb? in the mass ratio of 1:0.1. The half life
period of ¢, U is 4.5x10° year. Calculate the
age of ore. (IIT 2000)
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47.

49.

51.

52.

53.

SS.

A sample of pitch blende is found to contain 50%
uranium and 2.425% lead. Of this lead only 93% was
Pb2% isotope. If the disintegration constant is
1.52x107'° yr™' | how old could be the pitch blende
deposits?

The isotopes U™ and U occur in nature in the ratio
140:1. Assuming that at the time of earth formation, they
Were present in equal ratio, make an estimation of the
age of earth. The half-life period of U%® and U%S are
4.5x10” and 7.13 x10° year respectively.

. In nature a decay chain series starts with 90Th>? and

finally terminates at g, Pb2%. A thorium ore sample was
found to contain8 x 10~ mL of He at STP and 5 x 10"

of Th*2, Find the age of ore sample assuming that
source of He to be only due to decay of Th?2. Also
assume complete retention of He within the ore.
12Th®? =1.39x10" year. (Roorkee 1992)
The half-life of 3P is 14.3 day. Calculate the specific
activity of a phosphorus containing specimen having
1.0 part per million *?P (Atomic mass of P =31).

. A mixture of Pu®® and Pu®* has a specific activity of

6x10° dps per g sample. The half-lives of the isotopes
are 2.44 x10* year and 6.58 x10° year respectively.
Calculate the composition of mixture.

In a sample of radioactive element, radium disintegrates
at an average rate of 2.24 x 10" oi-particles per minute.
Each o-particle takes up 2 electrons from the air and
becomes a neutral helium atom. After 420 days, the He
gas collected was 0.5 mL measured at27°Cand 750 nm
of mercury pressure. From the above data, calculate
Avogadro’s no.

An experiment requires minimum f-activity produced at
the rate of 346 P-particles per minute. The half-life
period of 4, Mo® which is a B-emitter is 66.6 hrs. Find
the minimum amount of 4 Mo®® required to carry out
the experiment in 6.909 hours.

A solution contains a mixture of isotopes of
XM (1, =14days) and X *? (1), =25days). Total
activity is 1 curie at r =0. The activity reduces by 50% in
20 days. Find:

(a) the initial activities of X *' and X 2.

(b) the ratio of their initial no. of nuclei.

What amount of energy is evolved by one curie of Rn
(an o-emitter) in:

(a) one hour (b) its mean life?

Given that kinetic energy of one a-particle is 5.5 MeV
and A =2 x107® sec™' for Rn.

54.5 mg of Na; PO, contains P*? (15.6% of sample) and
p?' atoms. Assuming only P*? atoms radioactive,

56.

57.

58.

59.

60.

61.

62.

63.

Numerical Chemistry

calculate the rate of decay for the given sample of
Na3PO,. The half-life period for P¥ =143 day; molar
mass of Na;PO4 =161.2.

10K consists of 0.012% of the potassium in nature.
The human body contains 0.35% potassium by mass.
Calculate the total radioactivity resulting from ;oK%
decay in a 75 kg human. Half-life for oK* is
1.3x10° year.

32 mg of pure o4 Pu?>*0, has an activity of 6.4 x10’
dps. Calculate (i) the half-life of o4Pu®®. (ii) the
amount PuO, left, if 100 mg of PuO, is kept for
5000 year.

A small amount of solution containing Na?* radio
nucleide with activity 4 =2 x 10? dps was administered
into blood of a patient in a hospital. After 5 hours, a
sample of the blood drawn out from the patient showed
an activity of 16 dpm per cc t),, for Na 24 =15 hrs.Find:

(a) Volume of the blood in patient.
(b) Activity of blood sample drawn after a further time
of 5 hrs. (IIT 1994)

There is a stream of neutrons with kinetic energy
0.0327eV. If the half-life of neutron is 700 sec, what
fraction of neutron will decay before they travel a
distance of 100 metre? m, =1.675x107%" kg.

Nuclei of a radioactive element A are being produced at
a constant rate .. The element 4 has a decay constant A.
At time ¢ =0, there are N nuclei of element 4.

(a) Calculate the number of nuclei (V) of 4 at any time
L.

() Ifa=2X N, calculate the number of nuclei of 4
after one half-life of 4 and also the limiting value of
Nast— oo,

A radionucleide of **P with half-life 14.3 day are

produced i;\ a nuclear reactor at a constant rate,

¢=2.7x10" nuclei per second. How soon after the
beginning of production of that nucleide will its activity

be equal to 1.7 x10° dis / s?

At radioactive equilibrium, the ratio between two atoms
of radioactive elements 4 and B are 3.1x10°: 1 If

half-life period of 4 is2 x10'° year, what is half-life of
B?

In an experiment on two radioactive isotopes of an
element (which do not decay into each other), their
molar ratio at a given instant is 3. The rapidly decaying
isotope has larger mass and an initial activity of L0 uCi.
The half-lives of the two isotopes are 12 and 16 hr
respectively. What would be the activity of each isotope
and their molar ratio after two day?
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83.
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64. Thenucleidic ratioof , H’ to | H' in a sample of water is

67.

69.

70.

n.

72.

8.0x107'® : 1. Tritium undergoes decay with a half-life
period of 12.3 year. How many tritium atoms would

10.0 g of such a sample contains 40 year after the
original sample is collected? (IT1992)

. The mean lives of a radioactive substance are 1620 year

and 405 year for o-emission and B-emission
respectively. Find out the time during which three
fourth of a sample will decay if it is decaying both by
a-emission and B-emission simultaneously.

. Consider an a-particle just in contact with a 5 U

nucleus. Calculate the coulombic repulsion energy (i.e.,
the height of coulombic barrier between UZ® and
a-particle) assuming that the distance between them is
equal to the sum of their radii.
With what velocity should an a-particle travel towards
the nucleus of a copper atom so as to arrive at a distance
107" metre from the nucleus of the copper atom?

(IIT May 1997)
a-particles accelerated by 3x10° volt bombarded a
boron target. This results in the nuclear reaction.

sHe* +5B'Y — (% 4, H' +y

If the combined energy of '*C and H' is 5%10° eV,
calculate the energy, frequency and wavelength of
y-rays. 1x 10° eV energy is used in penetrating the
nucleus.
(He =4.0026 amu, B=10.0129 amu, C =13.0036 amu)
A positron and an electron collide and annihilated to
emit two gamma photons of same energy. Calculate the
wavelengths corresponding to this gamma emission.
Ac? has a half-life of 22 year in its radioactive decay.
The decay follows two parallel paths, one leading the
Th? and the other leading to Fr 223 The percentage
yields of these two daughters nucleides are 2% and 98%
respectively. What is the rate constant in yr !, for each
of the separate paths? (11T 1996)
84 Cu (half-life = 12.8 hr) decays by p ~-emission (38%),
B*-emission (19%) and electron capture (43%). Write
the decay products and calculate partial half lives for
each of the decay processes.
A follows parallel path I order reactions giving B and C
as:

A
SR ..
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SOy

If initial concentration of A is 0.25 M, calculate the
concentration of C after 5 hour of reaction. .
Given, A, =15x10"s"", A, =5%x107"s"

© sB 4+ ,He — 5 NU 4 on!

13 0
C + €

(d) 3As™ + \H? — 2sMn ¢ +9,H' +12n'
To which radioactive series the fo!
during disintegrations:

llowing appears

28,
89 AC™?; gAc??’
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73. There is a stream of neutrons with a kinetic energy of
0.0327 eV. If the half-life of neutrons is 700 second,
what fraction of neutrons will decay before they travel a
distance of 10 km? (Mass of neutron

=1.675x107% kg). )

74. The isotopic masses of | H? and ,He* are 2.0141 an
4.0026 amu respectively. Calculate the quantity of
energy liberated when two mole of | H? undergo fission
to form 1 mole of , He*. The velocity of light in vacuum
i52.998 x10°® m / sec.

75. The half-life of Pb?'? is 10.6 hour. It undergoes decay to
its daughter (unstable) element Bi?'? of half-life
60.5 minute. Calculate the time at which daughter
element will have maximum activity.

76. Match the tellowing:

1. Isotopes A. 3016 and 30'7

2. Isobars B. Na*, Mg®,F~
3. Nuclear isomers C. H%and ,H?

4. Isosters D. U, and Uy

5. Isotones E. CO; and N,O

6. Isoelectronics F. 4 X z, a2X S
7. Isodiaphers G. 5Ca* and ,K*

77. Naturally occurring B consists of two isotopes, whose
atomic masss are 10.01 and 11.01. The atomic mass of
natural boron is 10.81. Calculate the % of each isotope
in natural boron.

78. C1* and C1%" are the naturally occurring Cl isotopes,

what % of CI** accounts for the atomic mass of 35.453
in mixture?

79. The gb}mdance of three isotopes of oxygen, each
containing 8, 9 and 10 neutrons respectively has the %

of one isotope (containing 8 neutrons) 90%. What are
the other % if the atomic mass of oxygen is 16.12?

80. Write equations for the following transformations:
@ 7N" (n, p) ®) 15K* (p,0)
(¢) K-electron capture  (d) B*-decay by ,, Na?
81. Complete the following:
(1) nU™ 4on' — AW 4 B2y

g (IIT 2005)
(2) 2)H’ — ,He* +...

82

(3) 14Se® — . +2_¢° (IIT 2005)
82. Name the process represented below:

(8) |3A127 + 2He‘ — ]5P30 + onl

L’ |4Si30 + +|l.'0

®) sB+ He' —s "+ K

Numerical Chemistry

. Following reactions are given. Which one is more

hazardous for civilization?
Fission :
U 4 on! > 6Ba'"! + 5 Kr? +
2~3on' +200 MeV
Fusion: \H? + |H> — ,He* + on' +17.6 McV



Radioactivity

." PSS 0 (JTIONS (Numerical Problems) MR "-

1. Mass of neutron and proton in ; H? =2.016490 amu
Actual mass of | H? =2.014102amu
Mass defect = 2.388x 10~ amu
Binding energy = 2.388x 107> x 931 MeV
=2.2232 MeV
2. (a) Although binding energy is referred to nucleus, it is
more. conyem'ent to use the mass of whole atom
(nuclide) in calculation. If m, is the atomic mass of
atom X and m, is mass of electron
, Moyciens =My —Z XM, (1)
Also for | Hatom, my_yom = m,

M e = = e ..«(if)

where m, is mass of proton

Now for a nucleus having Z protons and (4-2)
neutrons where Z and 4 are atomic number and mass
number of given atom

Massdecay:me:Hm" +(A=Z)Xm, = Myyieus

(i)
By (i), (ii) and (iii)
Mass decay
=Zxmy—Zxm, +(A=Z)Xm, —m, +ZXm,
—mep+(A Z)xm, —m, .(iv)
o BE.=[Zxm, +(4-Z)m, —m, ]xc (V)
It is thus evident that electron’s mass has no role in
calculating binding energy.

(b) Mass of In+1p = 2.016490 amu
’ Mass of 87+ 8p = 8x (2.016490)amu
Total mass of 0'® nucleus = m(p+n)
= 8x(2.016490)=16.13192amu
Mass defect = 16.13192—15.9949 = 0.13702amu
BE = Mass defect x 931.478 MeV
=0.13702x931.478=127.63 MeV
Total BE

No. of nucleons

=127.63 _7 977 MeV
16

BE/nucleon =

3. Mass of reactants = mass of Li + mass of p
=17.01823+1.00715= 8.02538amu

Mass of products = 2 x mass of He = 2% 4.00387
=8.00774 amu

Mass loss during change = 8.02533— 8.00774
=0.01764 amu

Energy evolved during reaction

=0.01764 x 931=16.423 MeV
4. Am=[2X 2.0141] - 3.0160— 1.0087

=3.5%107> amu

AE = Am % 931 478
AE=354107" x93147%
=3.260 MeV
Also AE=5223x10"" 4
(;C” =y 7NIA . _'eu
= 14.,00324 - 14.00307 = 000017 amu
Energy produced during this decay of 1 atom
= Amx 931 478 MeV
=0,00017x931.478 MeV
=0.158 MeV
=0.158x10% eV
=0.158x10° %1.602x107" j
=2.53x107"J
Now, | curie of C'* means decay of 3.70x10' dps
Thus, energy produced during decay of 1 curie mass of C*
=3.70%10" x2.53x107 Js~!
=936x107*J

Energy produced during 1 hr
=9.36x10" x60x60=337J

. Total energy change during reaction =17.25 MeV

Energy = mass defect x 931

Now, AE = Amx 931
) _AE _1725_
o5 = 95y = 0.0185amu

=0.0185amu=3.07x10% g

. Mass decay, Am per molecule of LiH

=m($Li ’H)-2xm,He*
=(6.01512+2.01410)—2x 4.0026
=0.02402 amu

Thus, energy produced during this mass decay
=Amx 931.478
=0.02402% 931.478 = 22.35 MeV
=22.35%x10% eV
=22.35x10° x1.602x107" J
=3.58x1071 ]

Now energy produced for 1 mole of LiH
=3.58x107" x6.023x10%
=21.55%10" Jmol™

Energy produced for 1 g of
11
6L| 2H=21'55Txm Jg-‘ pcrday
Energy produced for 1 g of ® Li *H per sec
= 2155101 4 o1
8x24x3600 °
=3.12x10° wg ™'

=3.12Mwg"'

s =1w)
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8. o-particle has 2P and 2N

Mass of 2P + 2N in a-particle
=2x1.0073+2x1.0087 = 4.032 amu
Actual mass of a-particle (given) = 4.0028 amu
Mass defect = 4.032-4.0028 =0.0292 amu
BE = Mass defect x 931
=0.0292x 931
=27.1852 MeV
BE/nucleon = w =6.7963 MeV

Now,

Emission of an & shows a loss in mass no. by 4 units and
loss in at. no. by 2 units.

Emission of a B shows a gain in at. no. by one unit; mass
No. remains same.

Thus, for change

4
wRa2s 2ty o o wRadg?!s ie’
11 group zero group VI grouwp
4
“mzls -2He &,RnCZ"
VI growp V growp
At. no. of RaC =83
Mass no. of RaC = 214

Group of element RaC is V from configuration 2, 8, 18,
32,18, 5.

The no. of electrons in outer shell of an element suggest
for its group.

10. (a) Let x o and y B-particles be given out during the

change.

U — o, Pb¥®
Equatmg mass no. on both sides,
% 238=206+4x+ yx0

x=8

Equating atomic ro. on both sides
92 82+ 2x+ (—1)=82+2x 8+ y(-1)
% y=6
-. No. of a-particles =8

No. of B-particles =6

wTh® —5 7,He* +6_,e"+; 4™
Equating atomic number
90=14+6x(-1)+2Z
’ Z=82
Equanng mass number
234=28+m
¢ m= 206
Thus. the element with atomic number 82 and mass
number 206 is g Pb™®.
(8) 02U — Th®' + ,He'
Elements 89 and 90 to 103 are in III gp. known
as actinides.
Th is in I1I gp.

() o X2 isalsoin Il gp.
“c) goAc® isalsoin 11 gp.

+x, He' +y _,e°

(b)

13.

14,

15.

16.

Numerical Chem