AP Chemistry Study Guide: Chapter 19, Nuclear Chemistry
Students should be able to... 

· Define and identify: alpha and beta particles; gamma rays; fission; fusion; radioactivity, positron, neutron, proton 
· Complete and balance nuclear equations for alpha, beta, and gamma decay 
· Discuss the makings of a nuclear power reactor. 
· Discuss various applications of radioisotopes. 
· Calculate rate of decay and half life. 

Free Response problem from 1991 AP exam (Copyright College Board)

9) Explain each of the following in terms of nuclear models. 

(a) The mass of an atom of 4He is less than the sum of the masses of 2 protons, 2 neutrons, and 2 electrons.

(b) Alpha radiation penetrates a much shorter distance into a piece of material than does beta radiation of the same energy.

(c) Products from a nuclear fission of a uranium atom such as 90Sr and 137Cs are highly radioactive and decay by emission of beta particles.

(d) Nuclear fusion requires large amounts of energy to get started, whereas nuclear fission can occur spontaneously, although both processes release energy.
Multiple choice problems from 1989 AP exam (Copyright College Board)

18. For the types of radiation given, which of the following is the correct order of increasing ability to penetrate a piece of lead?

(A) Alpha particles < gamma rays < beta particles
(B) Alpha particles < beta particles < gamma rays
(C) Beta particles < alpha particles < gamma rays
(D) Beta particles < gamma rays < alpha particles
(E) Gamma rays < alpha particles < beta particles 

38. 98-Cf-251 ---> 2n + 54-Xe-131 + __

What is the missing product in the nuclear reaction represented above?
(A) 42-Mo-118
(B) 44-Ru-118
(C) 42-Mo-120
(D) 44-Ru-120
(E) 46-Pd-122 

Nuclear Chemistry (AP) FAQ

Q:  How do I identify the type of a nuclear reaction?

A:  First of all, you need to identify the particle (alpha, beta, gamma, positron, proton, neutron, electron).  Capture is when the particle is added to the main atom in order to make it split (a reactant).  Emission is when the split produces the particle (a product). 

Here are the possible types of reactions (examples are in your book on page 999)

Beta emission – a beta is produced (right side)

Positron emission – a positron (positive electron is produced (right side)

Alpha emission – a Helium ion is produced (right side)

Gamma emission – energy is produced (right side)

Electron capture – an electron is absorbed (left side)

Neutron capture – an neutron is absorbed (left side)

Q:  How do I handle multiple reactions?

A:  Many nuclear reactions are actually a series of reactions.  You write them one step at a time.  For instance:

U-238 underdoes alpha, alpha, and beta

First, take U-238 and write an equation for alpha decay (lose a He ion).  Then, take what is left and do another alpha.  Then, take what is left from the 2nd reaction and do a beta.
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Q:  How do I do half-life problems?

A:  Half life (t 1/2) is the time it takes for one half of a substance to decompose.  After one half-life, half of the substance has decayed.  After two half lives, half of the reminaing half decays, which leaves one fourth.  After three half lives, half of the half of a half remains, which leaves one eighth, and so on.  Some problems you can just figure out the number of half lives.  If there is only a partial half-life, you have to do the math.

A = Ao e –kt  ;  A is the amount, Ao is the original amount, k is the rate constant, and t is the time.

k, the rate constant, is usually first order for radioactive decay.  It can be found using t ½ = 0.693 / k.  If you are not given k, you will want to find it first.  Then, plug into the main equation.

Q:  How do I do the AP type questions, especially the free response?

A:  First, know the material.  The things we cover in class will relate to the question.  Then you have to use your best judgement to apply what you know to the question.  Try a couple of practice problems.  Write down what you do know, it will get you some partial credit.  Even if you can’t answer the question, write down what you do know about the topic.  Not only may it count for partial credit, but it may lead you onto the right track.

Here are some other tips:

1. Be as specific as possible in your answer. Look for clues in the question as to what is really important. 

2. Answer the question. State exactly what you are asked not what you would like to answer. 

3. Do not simply restate the question. 

4. Remember that you will be getting partial credit. Answer any part about which you have any knowledge. 

Here are the answers to the sample questions on the study guide:

9) a) two points

When nucleons are combined in nuclei, some of their mass is converted to energy (binding energy) which is released and stabilizes the nucleus. (Key concepts: mass defect; binding energy)

b) two points

Alpha particles have a greater mass than beta particles. Thus their speed (penetrating potential) is less. (Alternate explanation could be based on charge.)

c) two points

The neutron/proton ratio in Sr-90 and Cs-137 is too large and they emit beta particles (converting neutrons to protons) to lower this ratio.

d) two points

Large amounts of energy are neded to initiate fusion reactions in order to overcome the repulsive forces between the positively charged nuclei. Large amounts of energy are not required to cause large nuclei to split.
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