

Nuclear Chemistry 

Reference Tables N & O
A. Nuclear reactions – the energy released during nuclear reactions is much greater than the energy released during chemical reactions 

1. Radioactive decay 

a.) The stability of an isotope is based on the ratio of neutrons to protons in its nucleus or the binding energy per nucleon.

b.) Nuclei that are unstable spontaneously decay emitting 

radiation.

2. Natural and artificial transmutations or conversion from one element to another 

a.) Natural transmutation occurs because of an unstable ratio of protons to neurons in the nucleus. Modes include: alpha decay, beta decay, positron emissions and gamma radiation
b.) Artificial transmutation occurs by bombarding the nucleus with high energy particles. (Two things in front of the arrow) 



3. Determining decay mode 

a.) Spontaneous decay can involve the release of alpha particles, beta particles, positrons, and/or gamma radiation with these emissions differing in mass, charge, ionizing power and penetrating power



4. Writing nuclear equations showing alpha and beta decay 
a.) Nuclear reactions can be represented by equations that include symbols which represent atomic nuclei - with the mass number and atomic number, subatomic particles - with mass number and charge, and/or emissions such as gamma radiation
b.) By completing nuclear equations missing particles can be predicted



5. Fission 

a.) Involves the splitting of a heavy nucleus with a neutron to produce two lighter nuclei, a neutron and a conversion of mass to energy
b.) Products are radioactive with long half-lives




6. Fusion
a.) Involves the combining of two lighter weight nuclei to form one heavy nuclei and a release of energy

b.) Limitation is that it requires extremely high pressure and temperature - ex/ sun



7. Half-life and calculations 





a.) Each radioisotope has its own rate of decay - half-life

b.) Any of the following can be determined given two of the three variables: initial amount of isotope present, the fraction of isotope remaining after a given amount of time, or the half-life of the isotope


B. The risks associated with radioactivity 

1. Biological exposure – can damage normal tissue and cause mutations that can be passed from generation to generation

2. Long term storage and disposal– Fission reactions create radioactive byproducts with very long half-lives that are difficult to dispose of – most are buried and there is the possibility of leakage

3. Nuclear accidents – possibility of power plant accidents like Chernobyl that poses a threat by releasing radioactive material into the air or water



C. Uses of radioactive isotopes 

1. Medicine – treatment and diagnostic purposes 

a.) I-131 – used for diagnosing and treating thyroid 


disorders 

b.) Co-60 – used for killing cancer cells 

c.) Tc-99 – used to diagnose cancer cells 

d.) Co-60 and Cs-137 – used to kill bacteria like anthrax bacilli medically and other bacteria on food to extend shelf life 




2. Radioactive dating – date can be determine by the isotopes half-life 

a.) C-14/C-12 ratio used to date previously living 

material

b.) U-238/ Pb-206 ratio used to date rocks and other geological formations

3. Biological and chemical tracers – a radioisotope used to follow the path of a material in a system



a.) Biological - P-31 and C-14 used to trace pathways in 





plants
b.) Chemical – Radiation products can be used to determine the thickness of materials such a plastic wrap or to test the strength of a weld

          

 4. Nuclear power – used to produce power with fission 





reactions

