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DEDAN KIMATHI UNIVERSITY OF TECHNOLOGY

UNIVERSITY EXAMINATIONS 2014/2015

YEAR TWO SEMESTER II EXAMINATION FOR THE DEGREE OF BACHELOR OF SCIENCE IN INDUSTRIAL CHEMISTRY

 SCH 2203: NUCLEAR AND RADIOCHEMISTRY
DATE: 11TH FEBRUARY 2015                                                     TIME: 11.00AM-1.00PM
INSTRUCTIONS: 

1. Answer question ONE and any other TWO questions. 

2. You may use electronic calculators, but borrowing will not be allowed.

USEFUL DATA:
1 MeV 

= 1.60 × 10-13 J

1 amu 

= 1.6605655x10-24 g

mn 


= 1.67496x10-24 g

Avogadro’s no. 
= 6.022 x 1023 /mol

mp 

= 1.67265x10-24 g

me 

= 9.109535x10-28 g

m(16O) 
= 15.99491 amu

QUESTION ONE (30 MARKS)

a) Balance the following nuclear reactions (show your working):


        (4 marks)

i. Hydrogen reacts with nitrogen-15 to produce an α-particle with γ ray.

ii. Decay of scandium-49 decay to produce a β-particle and a neutron

iii. Positron emission of carbon-11

iv. Electron capture of potassium-40 to produce a γ ray

b) Explain why half-lives of most medical radiotracers are at most in days.  
        (2 marks)

c) Explain the following terms:






        (4 marks)

i. Nuclear fission
ii. Subcritical
iii. Critical
iv. Supercritical
d) High energy particles generated by nuclear decays can cause damage to organisms. Briefly explain two effects that may be realized immediately or years after exposure.
        (2 marks)
e) The half-life of [image: image14.png]


, a thyroid activity radiotracer, is 8.1 days. Determine how long it will take a patient to have her initial dosage of I-131 to decrease to 1%.

        (3 marks)
f) What information about an atom can be used to predict its radioactivity?
        (2 marks)
g) Derive the radioactive decay expression.





        (5 marks)

h) Illustrate and explain how a scintillation counter is used to measure radioactivity.    (4 marks)

i) Discuss any two safety measures taken at a nuclear power plant.

        (4 marks)

QUESTION TWO (20 MARKS)

a) The half-life of plutonium-239 is 24,000 years. What fraction of nuclear energy waste generated today will be present in the 2110?




        (4 marks)
b) Calculate the energy released per mole of Uranium-235 reacted when it undergoes nuclear fission: 
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        (4 marks)
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c) i) Using a graph, estimate how long it would take for 500 grams for protactinium-234 to decay to 10 grams? The half life of Pa-234 is 72 seconds.


        (8 marks)
ii. Calculate the exact time you can use this equation?



        (4 marks)
QUESTION THREE (20 MARKS)

a) Calculate the binding energy for carbon-13 (13.003355 amu) in J/nucleon and MeV/nucleon.











       (5 marks)

b) Explain the practical applications of radiochemistry in the following areas.
      (15 marks)

i. Smoke Detectors and Americium-241
ii. Agricultural Applications - radioactive tracers

iii. Food Irradiation

iv. Archaeological Dating

v. Medical Uses

QUESTION FOUR (20 MARKS)

a) Briefly describe the use of hydrogen in the development of hydrogen bomb.
        (4 marks)

b) Sketch and briefly describe a two-stage thermonuclear bomb design.

        (6 marks)

c) Describe any three reactors used in the production of nuclear energy.

        (6 marks)

d) Discuss any four sources of radiations.





        (4 marks)

QUESTION FIVE (20 marks)

a) Fill the table below.







        (8 marks)

	Radiotracers
	Are of body examined/ Treatment
	Other applications
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	Red blood cells, metabolism
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b) Explain the biological effects of radiations based on their penetrating ability and ionization power.









        (4 marks)
c) A rock once contained 1000 µg of uranium-238, but now contains only 257 µg. given that the half-life for uranium-238 is 4.5 × 109 years, how old is the rock?

        (2 marks)

d) The radioactive decays change the nuclei from one isotope to another depending on which type of radiation was released. Work out the masses of the nuclides represented by letters A-F in the figure below.
 






       (3 marks) 
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e) The fuel used in nuclear power plants is U-235. This in itself is a problem. Explain. (3 marks) 
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