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Beach Sand Mineral in Kerala
Beach sand mineral, monazite, is a rich source of thorium, available in large

quantities in the state of Kerala in India. A typical monazite sample contains about

9% ThO2 and 0.35% U3O8. 208Pb and 206Pb are the stable end-products in the

radioactive decay series of 232Th and 238U, respectively. All the lead (Pb) found in

monazite is of radiogenic origin.

The isotopic atom ratio 208Pb/232Th, measured mass spectrometrically, in a

monazite sample was found to be 0.104. The half–lives of 232Th and 238U are

1.41 ( 1010  years and 4.47 ( 109 years, respectively. Assume that 208Pb, 206Pb, 232Th and 238U remained entirely in the monazite sample since the formation of monazite

mineral.
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Calculate the age (time elapsed since its formation) of the monazite sample.
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4.2
Estimate the isotopic atom ratio 206Pb/238U in the monazite sample. 

[image: image11.wmf]1

e

x

2

/

1

t

/

t

693

.

0

-

=

+













2 marks

4.3
Thorium–232 is a fertile material for nuclear energy. In thermal neutron irradiation, it absorbs a neutron and the resulting isotope forms 233U by successive (– decays. Write the nuclear reactions for the formation of  233U from 232Th.
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1 mark

In nuclear fission of 233U a complex mixture of radioactive fission products is formed. The fission product 101Mo initially undergoes radioactive decay as shown below:
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4.4
A freshly prepared radiochemically pure sample of 101Mo contains 5000 atoms of 101Mo initially. How many atoms of

i) 101Mo

ii) 101Tc

iii) 101Ru

will be present in the sample after 14.6 min? 
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         2 marks

[3 % variation in answers to N2 and N3 will be permitted.]
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� EMBED Equation.3  ���





(i)	The number of atoms of 101Mo (N1) in the sample after one half–life is :


N1 = 2500						             (0.5)








The number of atoms of 101Tc (N2) is given by








                


























At  t = 14.6 min


N2 = 1710	 							    (1)





(iii) 	Number of atoms of 101Ru (N3) at   t = 14.6 min is : 


	N3 = N0 ( N1( N2


	= 790 atoms						         		(0.5)
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232Th 		   233Th �  233Pa �   233U








Let x be the required ratio. 





where t = 2.01 ( 109 years,				     	      (1)


and 	t1/2 = 4.47 (109 years.


	 x = 0.366				 	     	      (1)		


.	
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										      (1)


(No – N) = Total number of  232Th atoms decayed.


   = Total number of 208Pb atoms formed.








										       (1)





										       (1)








( The age of monazite mineral is 2 ( 109 years.
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