Chapter 11. Nuclear Chemistry

Overview


Chapter 11 discusses the structure of the nucleus, radioactivity, half-life, artificial transmutation, and induced radioactivity. These concepts are then applied to nuclear medicine, radioisotopic dating, the nuclear bomb, and nuclear power. 

Lecture Outline

11.1 Natural Radioactivity


Background Radiation

The two particles of the nucleus are the proton (+) and the neutron (neutral).

Two atoms with the same number of protons but different number of neutrons are isotopes.
11.2 Nuclear Equations 

The equations are simple if you follow the rule that both mass and charge are conserved. That is, the sums of the nucleons and nuclear charges must be the same before and after a reaction. Another way to think about the problem is that the sum of the superscripts on the left side of the reaction arrow must equal the sum of the superscripts on the right side of the arrow. The same rule holds for the subscripts. 
11.3 Half-Life

The time it takes for half of a radioactive substance to disintegrate.
11.4 Radioisotopic Dating

Use of the half-lives of radioactive isotopes and assumption of constant decay rates over time makes it possible to determine the age of items.
11.5 Artificial Transmutation

Bombardment of various nuclei with protons, neutrons, alpha particles, or other fundamental particles brings about transmutation, each element being changed into another.
11.6 Uses of Radioisotopes

The main use of radioisotopes is as tracers. Because radioisotopes are radioactive, their locations can be traced. 

Radioactive isotopes are used for diagnostic tests as well as for therapy. More people have had their lives improved by the use of radioactive materials than have been killed or injured!
11.7 Penetrating Power of Radiation Gamma > Beta > Alpha
11.8 Energy from the Nucleus


E = mc2


Binding Energy
11.9 The Building of the Bomb


Chain Reactions


The highly secret Manhattan Project was set up to do this.
11.10 Radioactive Fallout
11.11 Nuclear Power Plants

Nuclear power plants cannot explode! To explode, the U-235 must be enriched to 90%. Nuclear power plants use uranium that is only 3% 

U-235.
11.12 Thermonuclear Reactions

Thermonuclear reactions are those involving nuclear fusion. These are the reactions that power the sun and all other stars.
11.13 The Nuclear Age

