Nuclear Chemistry Facts

· Natural radioactivity (background radiation); everything is very slightly radioactive
· Cosmic radiation from stars (including the sun)
· Building materials (wood, brick, concrete, glass, etc.)
· Food
· Soil; soil containing uranium produces radon gas which rises into basements of houses; this is a problem
· Not the same as EMF radiation (from cell towers and cell phones)
· Sources of hazardous radiation (moderate to severe intensity)
· Nuclear reactions in nuclear power plants (severe if direct exposure)
· Nuclear waste (bad but less severe than direct nuclear power plant radiation)
· Medical procedures (moderate; not too hazardous but don’t overdo it)
· Dental x-rays
· Cat scans
· Medical images generated with radioactive isotopes used as contrast agents
· Types of nuclear reactions
· Fission
· Heavy (large) atoms like plutonium and uranium are exposed to neutrons which causes them to break apart making smaller atoms, more neutrons, and heat 
· Energy from nuclear power plants produced this way
· Radiation from fission is dangerous because it produces neutrons and gamma rays (more dangerous and higher energy than x-rays)
· Waste from fission reactors is dangerous for millions of years
· Fusion
· Light atoms like hydrogen are forced together making larger atoms and heat
· Very difficult to do; requires temperatures of hundreds of millions up to a billion degrees
· Expected to become workable within a decade
· In some cases does not generate any hazardous radiation or waste
· Will eventually provide almost limitless amounts of cheap clean energy
· Will probably lead to creation of a “hydrogen economy” where fusion produces electricity, electricity produces hydrogen and oxygen from water, and hydrogen and oxygen are bought and sold and used to create electricity in battery-like devices called fuel cells; hydrogen can also be burned like gasoline, oil, or natural gas to produce heat and move vehicles, without generating greenhouse gases (no climate change)
· Subatomic particle transmutation
· Convert protons and electrons into neutrons or neutrons into protons and electrons
· Currently not useful for creating energy
· Neutron transfer reactions (also known as “neutron stripping”)
· A neutron is transferred from one atom to another atom
· An example involves reacting deuterium (21H) with helium-3 (32He) to make helium-4 (42He), protium (11H) and lots of heat
· This reaction transfers a neutron from deuterium to helium-3
· It is completely clean (no hazardous radiation, or radioactive waste)
· It is still difficult; requires temperatures of over 100 million degrees
· Is easier to do than clean fusion reactions; will probably generate energy before they can be made workable
· This works because helium-3 is very unstable (has much more energy) relative to helium-4 
· Applications
· Radiocarbon dating of age of old objects
· Medical procedures
· Electricity generation
· Food sterilization
· Research (radiolabeling in biochemistry/biomedical research)
· Weapons
· Hazards
· Cancer (slow to develop)
· Radiation poisoning (develops more rapidly)
· Waste storage (hazardous for millions of years)
· Reactor meltdowns (Three Mile Island in US, Chernobyl in Russia, Fukushima Daichi in Japan)
· Environmental contamination
· Waste may leak into the environment
· Radioactive isotopes from reactor meltdowns do contaminate the environment (ie. radioisotopes from Fukushima meltdown has been found in Pacific Ocean off the California coast)
· Balancing nuclear reactions
· abW + cdX  efY + ghZ; a + c = e + g and b + d = f + h in balanced reaction
· Example: 32He + 21H  42He + 11H (neutron transfer reaction)
· Superscripts and subscripts must add properly
· Subscripts (proton counts) and element symbols must match proton counts with correct elements
· Fusion approaches (one or more will provide energy in near future)
· FRC plasma collision and compression (my guess; Helion Energy approach)
· Tokamac (large plasma torus)
· Inertial confinement (National Ignition Facility laser-initiated fusion in US)
· Stellerator (twisted loop plasma torus)
· Z-pinch (high-energy lightning bolt generation)
· Projectile fusion (shoot fuel at a target with powerful gun)
