CH142
Chapter 21- Nuclear Chemistry
I. Radioactivity and Nuclear Equations
a. Introduction
i. Nucleons: the subatomic particles that reside in the nucleus, protons and neutrons
1. Atomic number: the number of protons
2. Mass number: number of protons plus neutrons
ii. Nuclide: a nucleus containing a specified number of protons and neutrons
1. Radionuclides: nuclides that are also radioactive
2. Radioisotopes: atoms containing radionuclides 
b. Nuclear Equations
i. Radionuclides are unstable and spontaneously emit particles and electromagnetic radiation
1. Emission of radiation is one of the ways in which an unstable nucleus is transformed into a more stable one that has less energy
a. Alpha particles: helium-4 particles
i. Alpha radiation (decay): the loss of an alpha particle: 
c. Types of Radioactive Decay
i. The three most common kinds of radiation given off when a radionuclide decays are alpha, beta, and gamma radiation
1. Beta particles: high-speed electrons emitted by an unstable nucleus
a. Beta radiation (emission): the loss of a beta particle:  
2. Gamma rays: high-energy photons, which is electromagnetic radiation of very short wavelength
a. Gamma radiation: changes neither the atomic number nor the mass number of a nucleus and is represented as either 
3. Positron: a particle that has the same mass as an electron but opposite charge, 
a. Positron emission: the loss of a positron: 
4. Electron capture: the capture by the nucleus of an electron from the electron cloud surrounding the nucleus: 
II. Patterns of Nuclear Stability
a. Neutron-to-Proton Ratio
i. Strong nuclear force: a strong force of attraction, existing between nucleons at close distances
1. As the number of protons in a nucleus increases, there is an ever-greater need for neutrons to counteract the proton-proton repulsions 
ii. Stable nuclei with atomic numbers up to about 20 have approximately equal numbers of neutrons and protons
1. For nuclei with atomic numbers above 20, the number of neutrons exceeds the number of protons
2. The belt of stability: the region of the proton to neutron graph that represents stable isotopes
a. All nuclei with 84 or more protons are radioactive
iii. Nuclei above the belt of stability can lower their ratio by emitting a beta particle because this decreases the number of neutrons and increases the number of protons
1. Nuclei below the belt of stability can increase their ratio by positron emission or electron capture because both increase the number of neutrons and decrease the number of protons
2. Nuclei with atomic numbers greater than 84 tend to undergo alpha emission, decreasing both the number of neutrons and protons
b. Radioactive Decay Chains
i. Some nuclei cannot gain stability by a single emission
1. Radioactive decay chain: a series of nuclear reactions that begins with an unstable nucleus and terminates with a stable one
c. Further Observations
i. Magic numbers: 2, 8, 20, 28, 50, or 82 protons or 2, 8, 20, 28, 50, 82, or 126 neutrons are generally more stable
1. Nuclei with even numbers of protons, neutrons, or both are more likely to be stable than odd ones
ii. These observations can be understood in terms of the shell model of the ucleus, in which nucleons are described as residing in shells analogous to the shell structure for electrons in atoms
1. The magic numbers of nucleons represent filled shells in the nucleus
iii. Evidence also suggests that pairs of protons and pairs of neutrons have a special stability, analogous to pairs of electrons in molecules
III. Nuclear Transmutations
a. Accelerating Charged Particles
i. Alpha particles and other positively charged particles must move very fast to overcome the electrostatic repulsion between the and the target nucleus
1. Particle accelerators: machines used to accelerate charged particles using strong magnetic and electrostatic fields
b. Reactions Involving Neutrons
i. Most synthetic isotopes used in medicine and scientific research are made using neutrons as the bombarding particles
1. Neutrons are not repelled by the nucleus and so, they do not need to be accelerated 
c. Transuranium Elements
i. Transuranium elements: nuclear reactions have been used to produce the elements with atomic number above 92
1. Because experiments to create new elements are very complicated and produce a small number of atoms of the new elements, they must be carefully evaluated and reproduced before the new element is official
IV. Rates of Radioactive Decay
a. Introduction
i. Radioactive decay is a first-order kinetic process
1. Half-life: the time required for half of any given quantity of a substance to react
a. Half-lives are not affected by external conditions such as temperature, pressure, or chemical state
b. Radiometric Dating
i. Radiometric dating: the method of dating objects based on their isotopes and isotope abundances
1. Carbon-14 dating is based on the formation of carbon-14 as neutrons created by cosmic rays in the upper atmosphere convert nitrogen-14 into carbon-14
2. Carbon-14 then reacts with oxygen to form CO2 in the atmosphere which is taken up by plants and introduced into the food chain through photosynthesis
ii. Because a living plant or animal has a constant intake of carbon, it is able to maintain a ratio of carbon-14 to carbon-12 that is nearly identical with the atmosphere
1. Once the organism dies, it no longer ingests carbon compounds to replenish the carbon-14 lost through radioactive decay and the ratio increases
a. Age can be estimated by comparing this ratio to that of the atmosphere’s 
c. Calculations Based on Half-Life
i. Radioactive decay is a first-order kinetic process and so, rate is proportional to the number of radioactive nuclei, N, in a sample
1. 
a. Activity: the rate at which a sample decays
i. Becquerel: the SI unit for expressing activity
ii. A first order rate law can be transformed into the equation: 
V. Detection of Radioactivity
a. Introduction
i. Henry Becquerel discovered radioactivity because radiation caused fogging of photographic plates 
1. Radiation affects photographic film in much the same way as X-rays do
a. The greater the extent of exposure to radiation, the darker the area of the developed negative
ii. Radioactivity can also be detected and measured by a Geiger counter
1. [bookmark: _GoBack]The operation of this device is based on the fact that radiation is able to ionize matter
2. The ions and electrons produced by the ionizing radiation permit conduction of an electrical current
a. A current pulse between the anode and the metal cylinder occurs whenever entering radiation produces ions

