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Exercise #_____:  Nuclear Reactions 

Nuclear chemistry differs from traditional chemistry because elements are changed from one 
type into another. To describe the details of this process, isotopic notation is used. In isotopic 
notation the mass number (A) is written as a superscript and the atomic number (Z) is written as 
a subscript before the element symbol (E).  

Writing nuclear reactions requires that the atomic number, Z, and the mass number, A, add up 
to the same value on each side. In earlier chapters, Z stood for the number of protons. In 
nuclear chemistry it is more general and stands for the charge. (Note: Since protons have a +1 
charge, this generally does not change anything.) The mass number, A, is the sum of protons 
and neutrons. It is used more generally here as the approximate mass in atomic mass units. The 
mass of a proton or a neutron is about 1 amu. Each particle of an atom can be written in 
isotopic notation as follows: 

 
 

Balancing Nuclear Reactions 
 
Two conditions must be met to balance nuclear reactions: 

1. The sum of the masses of the reactants must equal the sum of the masses of the 
products. 
(i.e., the values of A must balance on both sides of the equation.) 
 

2. The sum of the protons for the reactants must equal the sum of the protons for the 
products. 
(i.e., the values of Z must balance on both sides of the equation.) 

 
There are 4 basic modes of radioactive decay: 

 Alpha decay 
 Beta decay 
 Electron capture 
 Positron emission 

A 5th mode of radioactive decay, gamma emission, can occur in conjunction with the other four. 
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Sample Problems could be stated in a variety of ways: 

1. Uranium – 238 decays by alpha radiation to produce what other element? OR 

           _____      He      U 4
2

238
92 +→

2. What element did we start out with if the result of alpha decay is Lead – 214? OR  

         He      Pb        _____ 4
2

214
82 +→
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Watch this neutron 

 

Note how it converts to a 
proton when the negative 
electron is emitted. 

 

Beta decay of a nucleus with n 
protons results in a nucleus with 
an atomic number of (n+1). 

 
Sample Problems: 
 

1. Thorium – 234 decays by beta radiation to what other element?   OR 

          e   ____         Th 0
1-

234
90 +→

2. What element did we start out with if the result of beta decay is bismuth – 214? OR  

          Bi        e        214
83

0
1- +→____
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Note how the top right 
nucleon, a proton, converts 
to a neutron when the 
positron is emitted. 

Think of a proton as the 
sum of a neutrally charged 
neutron and a positively 
charged positron. 

 

Positron emission in a 
nucleus with n protons 
results in a nucleus with an 
atomic number of (n-1). 

 
Sample Problems: 

1. Determine how many positrons are emitted during the following decay process: 

    _____       He     H4 4
2

1
1 +→

2. What element is produced when nitrogen – 14 is bombarded with an alpha particle and 

a positron is emitted?   OR 

   . ____      e      He      N 0
1

4
2

14
7 +→+ +
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Think of the positive 
charge of the proton being 
neutralized by the negative 
charge of the electron, 
resulting in a neutrally 
charged neutron. 

 
Sample Problem: 

1. What element is produced when mercury – 201 captures an inner shell electron with the 
production of a gamma ray to release excess energy?  OR 

         γ0
0

0
1-

201
80       ____      e      Hg +→+
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Complete the following equations. State the type of decay process at work. 
 
                                                                                                             Process 

1.                                    ____________________ 

 

____      e   Au   0
1-

195
79 →+

2.                                ____________________ 

 

____      Xe      I 135
54

135
53 +→

3.             ____________________ 

 

____   Mn      n         Co 56
25

1
0

59
27 +→+

4.                                                ____________________ 

  

e      ____   K   0
1

38
19 +→
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