Essential Concepts: Nuclear Chemistry -- Radiation

Chemistry is the study of matter and the changes it undergoes.  “Nuclear” deals with changes that take place among the components of the nucleus, the protons and neutrons. 

Obj 1 Distinguish regular chemical reactions from nuclear reactions.

Regular Chemical Reactions.  Example:    2Mg  +  O2  (  2MgO
When magnesium (Mg) reacts with oxygen (O2), a new substance (MgO) is formed, but it is simply a compound made up of the same magnesium and oxygen atoms.  Only their electron structures have changed.

In regular chemical reactions, electrons do all the work.  Electrons are transferred from one atom to another or are shared by atoms to form bonds.  The subatomic particles that reside in the nucleus, the protons (which determine the atom’s identity) and neutrons, are not involved, therefore atoms are not changed into other types of atoms; their electrons are just rearranged.

Nuclear Reactions.  Example:    U  (  Th  +  He

Nuclear reactions involve the protons and neutrons that are found in the nucleus of an atom.  In nuclear reactions protons and neutrons are gained or lost.  When nuclear reactions involve protons, the IDENTITIES of the atoms change!  For instance, in a nuclear reaction uranium (U, with 92 protons) reacts to form two different types of atoms, thorium (Th, with 90 protons) and helium (He, with 2 protons).

Nuclear Notation 

Obj 2  Use subscripts and superscripts to identify specific isotopes
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Because only certain isotopes of some elements are unstable and are radioactive, it is important to distinguish the different isotopes and indicate which isotopes of the elements are involved when writing nuclear equations.  To do this, write the atomic number (number of protons) as a subscript before the chemical symbol and the mass number (number of protons and neutrons) as a superscript before the chemical symbol.  Thus the equation for the nuclear
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reaction above should read:

U  (            Th  +          He 

Obj 3 List and describe three types of nuclear reactions

We will consider nuclear reactions in two units:

1. Radioactivity, the "decay" of radioactive substances and the release of only small amounts of energy.  This is the topic of the current unit.

2. In the next unit we will discuss nuclear fission (the splitting of nuclei) and (3) fusion (the joining of nuclei) which release a great deal of energy 

Background.  An atom is made up of a tiny nucleus, made of protons and neutrons, surrounded by a relatively huge electron cloud.  The mass of protons and neutrons are about the same (neutrons have a little more mass) while electrons have so little mass we ignore it.  
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Thus all the mass of an atom is concentrated in the very small nucleus.  Protons have a positive charge while electrons have negative charges; the attraction of the two keeps the electrons surrounding the nucleus.  Neutrons have no charge and act as "glue" to hold the nucleus together, preventing the positively charged protons from repelling one another too much.  

The more protons there are in a nucleus, the more neutrons are needed to hold them together.  For light elements, it is sufficient to have about as many neutrons as protons, For heavy elements, extra neutrons are required.  For elements with more than 83 protons (after Bismuth in the Periodic Table), even the addition of extra neutrons cannot stabilize the nucleus and all these elements are radioactive.  

Atoms of an element with different numbers of neutrons are isotopes.  Uranium always has 92 protons; isotopes include U-235 (a total of 235 protons and neutrons) with 143 neutrons, and U-238 with 146 neutrons.

Radioactive Decay

Obj 4  Compare and contrast alpha, beta, and gamma radiation
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Type
	What's emitted
	mass # change
	atomic # change
	periodic table change
	strength
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alpha
	helium nucleus    He
	-4
	-2
	2 places left
	weak

	beta
	electron     e
	none
	+1
	1 place right
	stronger

	gamma
	electromagnetic ray
	none
	none
	none
	strongest


Obj 5  Balance nuclear reaction equations and identify radiation type from nuclear equations.

The release of radiation by radioactive isotopes is called decay.  Three types are alpha ((), beta (() and gamma (() and are described on the next page.

1. alpha (() particles are made of 2 protons and 2 neutrons (and are thus identical to a helium nucleus) and have positive charges.  These particles are easily stopped by clothes or paper.  When an atom emits alpha particles, it loses 2 protons and 2 neutrons and turns into an atom with an atomic number that is 2 less.  
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Look at the nuclear equation above which represents alpha decay.  Notice the number of protons on the left side (92) equals the number of protons on the right side (92 = 90 + 2) and the total number of protons and neutrons on the left (238) equals the number on the right (238 = 234 + 4); thus the equation is balanced.  When alpha decay occurs, both the atomic number and mass number decrease of the radioactive particle.


2. beta (() particles are high energy electrons with the symbol     e and have a negative charge.  Beta particles can penetrate more deeply than alpha particles and can be stopped by sheets of metal, blocks of wood, or heavy clothing.  When beta decay occurs, an unstable neutron (neutral charge) emits a high-energy electron (negative charge) and becomes a proton (positive charge).
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Look at the beta radiation equation above.  Notice again the atomic numbers and mass numbers on the left equal the sum of the atomic numbers and mass numbers on the right.  But the atomic number of the radioactive particle increases by 1 and the mass number (total number of protons and neutrons) stays the same.

3. gamma (() particles are a high-energy forms of electromagnetic radiation (visible light, radio signals, and microwaves are other forms) with no mass and no charge.  They can pass through most types of material and stopping them requires thick blocks of lead or even thicker blocks of concrete!  Neither atomic number nor mass number changes with gamma decay, but it often occurs at the same time as alpha and beta decay.   For instance, gamma radiation is emitted when uranium-238 decays:  



U  (            Th  +          He  +     (
Half-Life

Obj 21.6  Apply the concept of half-life of a radioactive element

Unlike the rate of regular chemical reactions, which are influenced by temperature, pressure and concentration, nuclear decay occurs at a constant rate, which is unique for each radioactive isotope.  The time it takes half of a sample of a radioactive isotope to decay is called its half-life.

Because the rate of decay is constant, the age of fossils and geologic features can be determined.  By comparing the proportion of a radioactive isotope found in, say, a fossil to the proportion found naturally in the environment, the age can be calculated.  For instance, the radioactive isotope carbon-14, which has a half-life of 5730 years, is found in living tissue at a proportion of 1 atom per every 1 million carbon atoms.  If a bone is found to have half as much carbon-14 as living bone does, then approximately 5730 years have passed since the animal was alive.

Obj 21.8  Illustrate medical and nonmedical uses for radioactivity.

Medical uses of radioisotopes are used in diagnosing medical conditions, generating images of organs and glands, treatments of conditions such as cancers, and to identify abnormalities.

Nonmedical uses include nuclear weapons and power plants (which we will discuss in the next unit), radiodating techniques, as tracers to help identify and understand metabolic or ecologic chemical pathways, and for sterilizing food and instruments.

Obj 21.9  Outline problems associated with radioactivity.
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