HONORS CHEMISTRY

       Mr. Rivas                                 NUCLEAR CHEMISTRY
Chemists are mainly concerned with electrons because chemical changes involve the transfer or sharing of electrons  when chemical bonds are broken and formed during chemical reactions. However changes also occur in the nucleus. Just like the electrons the nucleus tends to reach its lowest possible energy level and in the process nuclear radiation (desintegration) takes place. 

The competition between the strong (nuclear) force and the electromagnetic force causes particles to be ejected from the nucleus. Those particles carry energy in the form of kinetic energy. Most often high energy EM waves (gamma rays) are also released from the nucleus during the decay process as are electron neutrinos and electron antineutrinos.
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The most common types of radiation are alpha, beta, and gamma radiation but there are some others that we will study. 

There are major differences between chemical and nuclear reaction as shown in the table below.

	Chemical Reactions
	Nuclear Reactions

	Relatively small change in energy
	Huge amount of energy released. In the order of 106 as much as in a chemical reaction

	The mass change in a chemical reaction occurs but it is not detectable.
	Detectable change in mass due to the considerable conversion of mass to energy.

	Chemical reactions can be controlled to a certain extent by temperature, pressure, and catalysts.
	Nuclear decay cannot be controlled.

	Bonds are broken and new bonds are formed during chemical reactions but the elements involved in the reaction remain the same.
	Nuclear decay in most cases involved the conversion of an element into another.

	
	


Our planet has been constantly bombarded by radiation from outer space. Nuclear reactions are abundant and are found all around us and even inside us. See the following chart.


In addition to radioactivity in the surface of the Earth, scientists believe that the source of the tremendous energy responsible for plate tectonics is the natural decay of radioactive material inside our planet. Some evolutionary biologist propose that natural radiation (background radiation) that causes mutations in our DNA may be in part responsible for the evolution of the species.

TYPES OF DECAY

In order to achieve a lower energy level, unstable nuclei can releases energy in

two forms. Nuclei might ejects particles at high speed or they might emit 

radiation in the form of EM radiation. The particles emitted are: alpha particles, 

beta particles (electrons), positrons (positive electrons), and neutrinos. The 

radiation emitted in mainly in the form of gamma rays and less frequently x-rays. 

Alpha particles

An alpha particle is a nucleus of helium 
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a common notation in nuclear reactions is 
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. The alpha particle is ejected from the nucleus with a approximate velocity of 10% the speed of light (0.10c). During α decay the nuclide loses 4 nucleons. Included in these 4 nucleons are two protons. Meaning that the parent nucleus will decrease its mass number by 4 and its atomic number by 2. 
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Example: α decay of Plutonium-240
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Alpha particles are usually mono-energetic but they can have different energies, as in the case of radium-226. This isotope has a small percentage of α particles that don’t have full energy; instead the nucleus is left excited and emits gamma rays. Some of these ray transfer energy to an orbit electron in the process of internal conversion.
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Internal Conversion
In this process, a gamma ray photon is emitted from the nucleus and strikes an orbital electron. The electron absorbs the energy and is then ejected from the atom.

Beta particles (β–)

Beta particles are electrons formed in the nucleus of neutron rich nuclides that are ejected at a velocity close to the speed of light. In these nuclides a neutron is converted into a proton: 
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The net effect of beta emission is the increase in the atomic number by one. The mass number is left unchanged. 

Example: β–  decay of Radium-228
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Positron Emission (β+)

Positrons are positive electrons formed in the nucleus of proton rich nuclides that are ejected at a velocity close to the speed of light. In these nuclides a proton is converted into a neutron: 
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The net effect of positron emission is the decrease of the atomic number by one. The mass number is left unchanged. 

Example: β+ decay of Protoactinium-230
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Electron Capture (EC)

The nucleus “captures” an electron from the lowest energy level (K shell). The “captured” electron is added to a proton to form a neutron. The empty position left by the “captured” electron is filled by an electron from a higher energy level orbital. The drop of the electron causes a photon of X-ray to be emitted. 
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The net effect of an electron capture is the decrease of the atomic number by one. The mass number is left unchanged. 

Example: EC decay of Krypton-81
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There is a difference in mass between the original nucleus and the sum of the mass of the particle and resulting nucleus. The lost mass also called the mass defect (Δm) is converted into energy following E = mc2. The lost energy takes the form of kinetic energy of the α particle and the recoil of the parent nucleus.

Gamma Rays (γ)

Gamma emission usually takes place concurrently with α and β radiation. Gamma rays have no mass and no charge consequently cause no change in the structure of the radioisotope. Gamma emission occurs because the nucleus is left unstable after α or β decay. Some isotopes can exist in two forms. The two forms are identical (nuclear isomers) except for the nuclear energy content. When the high energy isomer relaxes to the lower energy one, pure gamma radiation is emitted. An example of this case are the two isomers of  plutonium-240

[image: image15.png]gamma decay

y-radiation: high-energy
electromagnetic waves





There is a difference in mass between the original nucleus and the sum of the mass of the particle and resulting nucleus. The lost mass also called the mass defect (Δm) is converted into energy following E = mc2. The lost energy takes the form of kinetic energy of the α particle and the recoil of the parent nucleus.
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