CHAPTER 21: NUCLEAR CHEMISTRY





Megan Bishop & Sunny Xu

I. Radioactivity

· Radioactive: when nuclei change spontaneously; emit radiation

· Nucleons: protons and neutrons

· Radionuclides: radioactive nuclei
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Radioisotopes: atoms containing radioactive nuclei

· Alpha particles: particles that are identical to helium-4 nuclei and consist of two protons and two neutrons; has a charge of 2+

-Alpha decay is when a nucleus spontaneously decomposes by losing an alpha particle 

-Example: radium-226 undergoes alpha decay
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Beta particles: high-speed electrons emitted by an unstable nucleus; has a charge of 1-

-Beta emission results in the release of a beta particle, which increases the atomic number

-Example: carbon-14 decays to form nitrogen-14
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Gamma radiation (rays): high-energy photons (electromagnetic radiation of very short wavelength)

-Accompanies other radioactive emission because it represents the energy lost when the remaining nucleons reorganize into more stable arrangements; not shown when writing nuclear equations
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Positron: a particle that has the same mass as an electron, but an opposite charge

-Positron emission causes the atomic number to increase

-Example: potassium-19 undergoes positron emission
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· Electron capture: capture by the nucleus of an electron from the electron cloud surrounding the nucleus
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-Because the electron is consumed in the process it is shown as a reactant 

-Has the effect of converting a proton to a neutron

-Example: potassium-40 undergoes electron capture
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II. Patterns of Nuclear Stability 

· Belt of stability
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· Radioactive series (or nuclear disintegration series): a series of nuclear reactions that begins with an unstable nucleus and terminates with a stable one

· Magic numbers: nuclei with 2, 8, 20, 28, 50, or 82 protons or 2, 8, 20, 28, 50, 82, or 126 neutrons; results in very stable nuclei

· Nuclei with even numbers of nucleons are generally more stable than those with odd numbers of nucleons

-Example 2: List the following elements in greatest to least stability: sodium-24, helium-4, calcium-40

helium-4 (two magic numbers, both even) > calcium-40 (one magic number, both even) > sodium-24

III. Rates of Radioactive Decay

· Half-life: the time required for half of a sample of a particular radioisotope to decay

· More stable nuclides decay slowly and have longer half-lives; less stable nuclides decay quickly and have shorter half-lives

· Radioactive decay is a first order kinetic process; rate is proportional to # of radioactive nuclei in the sample

· Rate=kN; k is the decay constant; N is the # of radioactive nuclei

· Activity: the rate at which a sample decays
· ln(Nt/ N0) = -kt; t is the time interval of decay; N0 is the initial # of nuclei; Nt is the remaining # of nuclei
· k = 0.693/ t½ is the relationship between decay constant and half life

IV. Detection of Radioactivity

· Geiger counter: a device that can detect and measure radioactivity

-Operation is based on ionization of matter caused by radiation

-Ionization permits the conduction of an electric current

-Current pulse is counted as a measure of the amount of radiation

· Scintillation counter: used to detect/measure radiation by the fluorescence it produces in a fluorescing medium

-Fluorescence is magnified electronically and counted to measure the amount of radiation

· Radiotracer: a radioisotope that can be used to trace the path of an element

V. Energy Changes in Nuclear Reactions


· Nuclear binding energy: energy required to decompose an atomic nucleus into component protons and neutrons

VI. Nuclear Fission

· Fission: the splitting of a large nucleus into two smaller ones

-Example: Atomic bomb

· Chain reactions: a series of reactions in which one reaction initiates the next

· Critical mass: the amount of fissionable material necessary to maintain a chain reaction

· Supercritical mass: an amount of fissionable material larger than the critical mass

VII. Nuclear Fusion

· Fusion: the joining to two light nuclei to form a more massive one

-Example: Hydrogen bomb

· Thermonuclear reactions

-Fusion reactions require energy that is achieved by high temperatures in order to overcome the repulsion between nuclei

-Nuclei above the belt can lower their neutron to proton ratio by emitting a beta particle (undergoes beta emission)


-Nuclei below the belt can increase their neutron to proton ratio by positron emission or electron capture


   -Positron emission is more common among lighter nuclei


   -Electron capture becomes common as nuclear charge increases


-Nuclei with atomic numbers ≥ 84 tend to undergo alpha emission


-Example 1: Predict the mode of decay of carbon-14


Beta emission; Carbon has an atomic number of 6, so carbon-14 has a neutron-to-proton ratio of 8:6. High ratio with low atomic # = beta decay
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Example 1: The half-life of cobalt-60 is 5.3 yrs. How much of a 1.000 mg sample of cobalt-60 is left after a 15.9 yr period?


Equation 1: elapsed time = (# of ½ lives) x (½ life)


15.9 yrs = (# of ½ lives) x (5.3 yrs)


# of ½ lives = 3


Equation 2: 


Remaining mass = Initial mass/ 2^(# of ½ lives)


Remaining mass = 1.000 mg/ 2^(3)


Remaining mass = .125 mg of cobalt-60





Example 2: If we start with 1.000 g of strontium-90, 0.953 g will remain after 2.00 yrs. (a) What is the half-life of strontium-90? (b) How much strontium-90 will remain after 5.00 yrs?


Equations: ln(Nt/ N0) = -kt


	k = 0.693/ t½


(a) k = -1/t x ln(Nt/ N0)


k = -1/ (2.00 yrs) x ln (0.953 g/ 1.000 g)


k = .0241/yr


t½ = 0.693/ (0.0241/yr) = 28.8 yrs


Note: the mass of a particular radioisotope is proportional to the # of radioactive nuclei, thus you can substitute mass for Nt/ N0 


(b) ln(Nt/ N0) = -(0.0241/yr)(5.00 yrs) = -0.120


Nt/ N0 = e^(-0.120) = 0.887 g


Nt = (0.887 g) x (1.000g) = 0.887 g of strontium-90

















Example: How much energy is lost or gained when a mole of cobalt-60 undergoes beta decay? The mass of cobalt-60 atom is 59.933819 amu, and that of a nickel-60 atom is 59.930788 amu.�


Step 1: Determine the mass of the nucleus for each isotope (mass of an electron = 5.4858x10^-4 amu)


Cobalt has 27 electrons: 59.933819 amu – (27 x 5.4858x10^-4 amu) = 59.919007 amu


Nicole has 28 electrons: 59.930788 amu – (28 x5.4858x10^-4 amu) = 59.915428 amu


Step 2: Determine Δm from the equation Δm = (mass of products) – (mass of reactants)


Δm = (mass of electron) + (59.919007 amu) + (59.915428 amu) = -0.003031 amu


Step 3: Determine the quantity of energy released per mole of cobalt-60


Equation: ΔE = c² Δm


ΔE = (3.00x10^8 m/s²) x (-0.003031 g) (1 kg/1000 g) = -2.724x10^11 J








