
Unit 10



 = series of nuclear rxns that begins with an unstable 
nucleus and results in the formation of a stable 
nucleus.

 Continue until a stable nucleus is formed.





 Measured in half-lives

 Half-life = time required for one-half of a radioactive 
isotope’s nuclei to decay into its products.



 N = N0(1/2)n

 Where N is the remaining amount

 N0 is the initial amount

 n is the number of half-lives that have passed. Can also 
be expressed as t/T where t = elapsed time and T= 
duration of the half life.

 This is known as exponential decay.



 Stronium-90 (half-life = 28 years) is produced during 
nuclear  weapon testing. When it is ingested, it is 
assimilated into the bones of the body where it 
damages healthy tissue. In 1963, several countries 
signed a treaty banning above-ground nuclear testing. 
Using 1963 as time zero, when the maximum amount 
of Sr-90 existed in the environment (100%), calculate 
the amount of the radioisotope remaining after each of 
the first 10 half-lives. Why is strontium easily absorbed 
into bones?



 Bandages can be sterilized by exposure to gamma 
radiation from cobalt-60, which has a half-life of 5.27 y. 
How much of a 10.0 mg of cobalt-60 remains after one 
half-life? Two half-lives? Three half-lives?

 If the passing of two half-lives leaves 25.0 mg of a 
strontium-90 sample, how much was present in the 
beginning?



 The process of determining the age of an object by 
measuring the amount of a certain radioisotope 
remaining in that object.

 Any issues???



 Nuclear rxns can be induced in a process called 
INDUCED TRANSMUTATION.

 Involves striking nuclei with high-velocity particles.

 All the transuranium elements (atomic number = 93 
and above) have been discovered in laboratories by I.T.



 E = mc2

 Because speed of light is large, a small change in mass 
results in a large change in energy.

 The mass of the nucleus is always less than the sum of 
the protons and neutrons that comprise it.

 Difference between the mass of the nucleons and the 
nucleus is called the mass defect.



 When nucleons combine together to form an atom, 
the energy corresponding to the mass defect is 
released. 

 Conversely, energy is needed to break apart a nucleus 
into its nucleons.

 Nuclear binding energy = amount of energy needed 
to break one mole of nuclei into individual nucleons.

 Larger binding energy per nucleon = more strongly 
held together = more stable nucleus.



 Less stable atoms have lower binding energies per 
nucleon.

 Harder to break apart a nucleus with a high binding 
energy than a nucleus with a low-binding energy.

1 megaelectron
volt = 1.60217646 ×
10-13 joules



 Usually in chemical rxns, the energy produced or 
consumed is so small that accompanying changes in 
mass are negligible.

 Nuclear rxns have significant mass changes and 
associated energy changes.

 The energy released from the nuclear rxn of 1 kg of 
uranium = the energy released during the chemical 
combustion of of 4 billion kg of coal!!!




