Chapter 9 Nuclear Chemistry

Occurrence and Types of Radioactivity

Radioactivity was not discovered until 1896.

Natural emissions consist of three types that emanate from the atomic
nucleus of some very heavy elements.

Alpha particles contain two protons and two neutrons and are thus
the same as helium nuclei. They have an atomic number of 2.
Beta particles are electrons. Betaradiation is a stream of
electrons.

Gammarays are a high energy form of electromagnetic radiation.

Electromagnetic radiation is described as oscillating perpendicular
electric and magnetic fields characterized by wavelength (A) and
frequency (v) moving at the speed of light (c). A = c/v.

Natural Transmutation

Know how to write and use isotopic symbols.

Lighter elements (low atomic numbers) require about the same number
of neutrons and protons in the nucleus. Heavier elements require more
neutrons than protons in the nucleus for stability. Above element #82,
Pb, all elements have radioactive nuclel. These nuclei decay to more
stable nuclei by several processes depending on whether the
proton/neutron ratio in the nucleusis too high or too low by the
following processes.

Beta decay or beta emission
Alpha decay or alphaemission
Positron emission

Electron capture

Beta emission transforms the nucleus into another with the same mass
number but an atomic number that is one unit greater.

In order to balance nuclear equations, the sum of the mass numbers as
well as the sum of the atomic numbers must be the same on both sides
of the equation.



Alpha emission transmutes the nucleus into another that has a mass
number four units lower and an atomic number that is two units lower.

A positron has a mass the same as that of an electron but a positive
charge (+1).

Positron emission transmutes the nucleus into another that has the same
mass number but an atomic number one unit less. The result isthe
same for electron capture.

Gamma emission does not cause a nuclear transmutation. Itisthe
result of the relaxation of an excited nucleusto alower energy state.
The nuclear excitation may be the result of one of the transmutation
causing nuclear processes.

Half-Life

Each radioactive nucleus has a definite decay rate. The time that it
takes for one half of any sample of radioactive material to decay is
called the half-life. Half-lives depend only on the identity of the
nucleus and vary from fractions of secondsto billions of years.
Radioactive decay cannot be slowed down or sped up.

Radioactive nucle with short half-lives are environmentally less
threatening and are often useful in medicine and other applications.

Characteristics of Radiation

Nuclear radiation can be detected based upon its ionizing character.
The radiation knocks electrons off of atoms to create positively charged
particles. These positive charges can be detected electrically.

Theintensity of nuclear radiation is measured by ionization of agas
(helium or argon) in a sealed chamber with electrodes to register
conductivity as ‘counts’. The tool is called a Geiger-Midiller counter.
Radiation intensity is measured in counts/time.

Radioactive dating is based on the change in intensity of the
radioactivity with time.



Effects of Radiation on Human Health

A common unit of radiation intensity is the curie (Ci) which is equal to
3.7 x 10" counts per second, the enormous amount of radiation given
by one gram of pure radium-286. Thisterm is commonly reduced to
millicuries or microcuries.

The effects of radiation on the human body are described in terms of
roentgens, rads and rems.

The number of roentgensiis the effective radiation dose delivered

and is a measure of exposure to a particular form of radiation.

Rad stands for ‘radiation absorbed dose’ and is a measure of the
lonizing effectiveness of radiation and potential damage to
tissues.

Rem stands for roentgen equivalent in man and is a measure of
the effect of the radiation when one roentgen is absorbed by a
person. Different types of radiation will have different extents of
absorption and affect body tissue differently.

Medical Uses of Radioactive Materials

Radioactive isotopes are use in medical diagnosis as tracers based on
the preferential uptake of some by a particular organ, or to indicate the
chemical fate of ingested matter such as a drug.

Radioactive isotopes are used in medical therapy to selectively destroy
pathological cells and tissues like cancer cells that divide rapidly.

Nuclear fusion, Artificial Transmutation

In the process of nuclear fusion small nuclei (e.g., hydrogen or helium)
are combined under conditions of extremely high temperature and
pressure (Note that these are counteractive conditions.) to produce
nuclei with higher atomic and mass numbers.

This is the process by which the sun produces energy and by which
most of the elements were created.

Attempts are underway to produce useful energy on earth by the
process of nuclear fusion. The hydrogen bomb is a nuclear fusion
device.



Nuclear Fission, Atomic Energy

Nuclear fission is the fragmentation of heavy elementsinto less
massive elements by bombarding them with neutrons. It isthe process
currently used with uranium-235 for the production of atomic energy.
Atomic bombs are fission bombs.

Nuclear power plants produce energy by controlled fission. The
biggest problem is the radioactive waste produced by the process. The
long lasting emission of radioactivity cannot be turned off.



