Review:    Nuclear Chemistry

A nucleus consists of positively charged proton(s) and neutron(s). Exception?

Stability of an isotope is based on the ratio of  n to p in its nucleus.

Nuclei with atomic number greater than _?_ have no stable isotopes.

An unstable nucleus decays spontaneously. It emits particles such as 

alpha particles, beta (-) particles, positrons and/or gamma rays.

Power of penetration: gamma radiation > beta particle > alpha particle 

Power of ionization: alpha particle > beta particle > gamma rays

Symbols used in Nuclear Chemistry: Table O. 

Define the terms: 1. Transmutation and 2. Half -life.

Major types of natural transmutations: ( single nucleus decay)

   (1) Beta ( – )decay  (2) Positron ( beta+ ) emission  (3) Alpha decay            

Each radioisotope has a specific emissions (decay mode) and 

rate of decay (half-life); Reference Table N
Exercise: 

Writing and Balancing Nuclear Equations

  (a) Beta decay of Pb-210          (b) Alpha decay of Rn-222  

  (c) Below are the steps in the production of Pu-239 from U-238. Identify the 

       nuclides in the equations that are represented by the letters W, X, and Y.

     (1)   238 U + W à X          (2)   X à  –1 e + Y         (3)   Y  à  –1 e +  239 Pu

Frequently Asked Questions

  (a) half-life (b) mass remaining (c) original mass (d) identify a radioisotope

Exercise:

  (1) A sample of radioactive N-16 has a mass of 1 g after 36 sec. 

       What was the original mass of N-16?

  (2) At the end of 11.46 days, 1/8 of an original sample of 

       a radioisotope remains. Identify the radioisotope.

Artificial Transmutation will have two reactants ; a nucleus is bombarded 

by a high speed particle such as a proton, an alpha particle or a neutron.

Complete the following nuclear equations and 

identify natural or artificial transmutation.

  (a) U-232 decays by alpha emission.

  (b) Tritium (H-3) is prepared by bombarding Li-6 with a neutron.

  (c) Nickel-58 is bombarded with a proton and an alpha particle 

        is emitted in the transmutation process.

Interpretation of graphs: Decay Series of U-238 to the stable nuclide Pb-206 

and Radioactive decay curve—mass (or percent) remaining versus time.

Device used to detect and measure radiation: Geiger counter.

Nuclear reactions: (1) Fission and (2) Fusion
In both types of reactions, the total nuclear mass of product(s) 

is less than the total nuclear mass of the reactant(s).

In reality, this mass (called mass defect) is not lost, it is 

converted to energy (called nuclear binding energy.)  E = mc2  

Nuclear Fission Reaction
(1) Chain reaction—A self-sustaining nuclear or chemical reaction in which

                 the product from each step acts as the reactant for the next step.

(2)  Critical mass—the minimum mass needed to produce a chain reaction.

(3)  Fissionable fuel— U-233, U-235 and Pu-239  

(4)  Breeder reactors— could produce more fissionable fuel.

  Examples:

  (1) Atomic bomb ( uncontrolled fission chain reaction)

  (2) Fission nuclear reactor ( controlled fission reaction)

Nuclear Fusion Reaction:

  Examples:

  (1) Hydrogen (thermonuclear) bomb and (2) reactions in the Sun

           Condition: Extremely high temperature and high pressure.

Nuclear fusion explosion ( _____ bomb) is estimated to be about 15 times 

the energy released from a nuclear fission explosion ( _______ bomb.)

Uses of radioisotopes:
 (1) Formerly living organism dating: 

           C-14 to C-12 can determine the age of a sample of wood, or bone. 
 (2) Medical: Tc-99 (locate brain tumors ), I-131 (diagnosis thyroid 

           disorders), Co-60 (treatment of cancer), and Cs-137 (killing bacteria).

           They have a short half-life and are quickly eliminated by the body.
 (3) Geological dating: U-238 / Pb-206

           The amount of Pb-206 present represents the amount 

           of U-238 that has decayed. Calculations based on this 

           method indicate that the Earth is at least 4.5 billion years old.
 (4) Tracer: C-14, can be located at various stages of chemical reaction.
 (5) Plant research; Fertilizer: P-31
Fission products from nuclear reactors are very radioactive
and must be safely stored for a very long time.
Long half-life isotopes, such as Cs-137 with half-life of 30 
years and Sc-90 with half-life of 39 years are encased in special 
containers for permanent storage underground.
Gaseous wastes, such as Rn-222, Kr-85, and N-16 are stored
until they decay to safe levels. They are then released into the air. 

            Characteristics of Chemical and Nuclear Reactions

	
	Chemical Reactions
	Nuclear Reactions

	1. 
	Bonds are broken and formed.
	Nuclei emit particles or/and rays

	2. 
	Atoms (types and numbers) 

remain unchanged.
	Nucleus of one element is transformed 

into a nucleus of different element. 

	3. 
	Involve only valence electrons.
	May involve protons, neutrons or electrons.

	4.
	Associated with small energy change.
	Associated with large energy change.

	5.
	Reaction rate is affected by pressure, temperature, concentration and catalyst.
	Reaction rate (Half-life) is not affected  

by pressure, temperature, concentration 

and catalyst.


