
Topic 12: Nuclear 

 

1. The stability of an isotope depends on the ratio of protons to neutrons in the nucleus.  

 ALL elements 83 and above are unstable and have radioactive isotopes. 

 Most nuclei are stable, but some are unstable. These nuclei will spontaneously decay, emitting 

radiation.  

 Stable isotopes have a 1:1 ratio of protons and neutrons. Most radioactive isotopes have twice as 

many neutrons as protons.  

 

2. Each isotope has a specific mode and rate of decay. (see Table N) Natural decay (will do it on its own) 

– only one reactant. 

 You MUST be able to WRITE DECAY equations – remember set it as a math problem, what is on 

the left must = what is on the right (top AND bottom numbers – use periodic table for bottom) 

 The rate of decay is called half life. You MUST be able to CALCULATE half life equations (use 

the arrow method or the HAT on wheels)  

 Half-life is a constant that can never be changed.  

 Half life is the measure of the time it takes exactly one half of an amount of isotope to decay.  

 The amount of substance will never decay to zero.  

 

3. A change in the nucleus of an atom changes it to a new type of atom (i.e. a new element). This is called 

transmutation. Transmutation can occur naturally or artificially.  

 Artificial transmutation requires the bombardment of a nucleus by high energy particles (2 

reactants: an isotope and something from Table O) 

 Natural transmutation occurs without any help (only 1 reactant) Table N 

 

4. Spontaneous decay can involve the release of different particles from the nucleus.  

 The types of particles, as well as their masses and charges, can be found on Table O.  

o Alpha - 42He; low power, 4amu mass;+2 charge 

o Beta – 0-1e; moderate power, no mass; -1 charge (electron) 

o Gamma - 00ᵞ; high power, no mass, no charge 

o Positron- 0+1e; moderate power, no mass, +1 charge 

o Neutron – 10n; no charge, 1amu mass 

o Proton – 11H; +1charge, 1amu mass 

 

5. Nuclear reactions include natural and artificial decay, nuclear fission and nuclear fusion.  

 Nuclear fission occurs when the nucleus of an atom is split. This can be caused artificially by 

“shooting” the nucleus with a neutron.  U + n = _____ + _____ + _____ 

o Problem – produces radioactive waste 

 Nuclear fusion combines two light nuclei to form heavier nuclei. Nuclear fusion is the process that 

powers the sun. H + H = He 

o Nuclear fusion requires very high temperatures, and is not yet ready for practical use. The 

main advantage it offers is that the products are not radioactive wastes (as with fission).  

 

6. Nuclear reactions can be represented by equations that include symbols which represent atomic nuclei 

(with mass number and atomic number), subatomic particles (with mass and charge) and emitted particles.  

 

7. Energy from nuclear reactions comes from the very small fraction of mass that is lost – the reaction 

converts matter into energy.  



 

8. The energy released from nuclear reactions is much greater than that released from chemical 

reactions.  

 

9. The risks associated with using radioactive isotopes include biological exposure (which may cause 

radiation poisoning and cancer), long-term storage and disposal, and nuclear accidents.  

 

10. Radioactive isotopes may be used in medicine (tracing chemical and biological processes), radioactive 

dating, industrial measurement, nuclear power, and detection and treatment of disease. 

 I-131  Thyroid 

 C-14   Dating previously living organisms (Organic) 

 U-238 Geological Dating 

 Co-60 Cancer 

 Tc-99 Brain Tumors 

o We want isotopes with SHORT Half-lives that are QUICKLY eliminated but that is not 

always the case. 

 

 

 




