Chapter 21: Nuclear Radiation

Learning Objectives:
1) Understand the concept of radioactive decay
2) Know the change associated with an alpha, beta or gamma decay of a nucleus
3) Write the product of a nuclear reaction involving alpha, beta or gamma emission




3 Types of Nuclear Decay Processes

Model 1: The Nuclide Symbol

Information

m  Radioactivity is the spontaneous decay of an unstable atomic nucleus.

B The decay of the nucleus is usually in the form of some emitted particle. The loss of this particle may alter the
contents of the nucleus, potentially changing the atomic number and, thus, the symbol representing the atom.

m  With the exception of Hydrogen ( /), each nucleus contains both protons and neutrons.

B The nuclide symbol of an atom characterizes the atom by its

atomic number and mass number, as shown in model 1.

|
Critical Thinking Questions

1)

Using the nuclide symbol, how do you determine
the number of neutrons in an atom?

Information
]

The nuclide symbol for hydrogen is shown in parenthesis, above.

2)

Mass number—_, ,

Atomic _y <
number

An isotope of strontium has 38 protons
and 52 neutrons. What is the nuclide
symbol for this atom of this isotope?

Though there are others types, we will consider only three of the nuclear decay processes that are the cause of

radioactivity. These three types have been termed alpha (a), beta (), and gamma (y) emission.

the presence of an electric field. This is depicted in model 2, be

low.

By emission, it is meant that each process ejects (or emits) a particle (a, B or y) during the decay process.
When directing each type of particle between to oppositely charged plates, two of the particles are seen to curve due to

Model 2: Deflection of radioactive emissions by an electric field
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3 Types of Nuclear Decay Processes

Critical Thinking Questions

3)
4)
o)
6)

Based upon the experiment in model 2, which particle has no charge? a B y
Based upon the experiment in model 2, which particle has a positive charge? a B Y
Based upon the experiment in model 2, which particle has a negative charge? a B Y

Model 3 displays three reactions that represent the alpha emission process.

a)
b)

c)

d)

g)

Model 3: Sample alpha decays
F - PN +a

For a-emission, does the mass number increase, decrease or stay the same?

For a-emission, does the atomic humber increase, decrease or stay the same?

226 222
whd — wRn+a
Why is the right hand side of the first reaction in model 3 showing the atom
as being nitrogen, when the reactant atom is fluorine? wSe - DX +a

Does the alpha particle contain any protons from the nucleus of the radioactive element? Justify your
response.

Does the alpha particle contain any neutrons from the nucleus of the radioactive element? Justify your
response.

Are all alpha particles composed of the same number of protons and neutrons? If so, how many of each?

Based upon what you’ve deduced, what is the actual symbol for “X” in the third reaction of model 3?
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3 Types of Nuclear Decay Processes

Information

m  alpha emission is the emission of a helium nucleus (;/e) or an a-particle.

m  The a-emission of fluorine from model 3 can now be written as: JF - SN + JHe.
B o-emission is usually seen in atoms with atomic numbers greater than 83.

Critical Thinking Question

7) Thorium-232 decays by emitting a single alpha particle. Write the nuclear equation for the decay of Thorium-232.

Information

B A beta particle is a high speed electron ejected from the nucleus. Since the nucleus does not contain electrons,
B-emission is usually considered equivalent to the conversion of a neutron to a proton.

®  This conversion can be written as: 01/7 - 11,0 + _fe
= Here, the subscript is the charge of the particle and the superscript is the mass of the particle
B The mass of the fundamental particles are:
m, = 0.0009109x10-%" kg m, = 1.6726231x102 kg m,, = 1.6749286x10%" kg

Critical Thinking Questions
8)  Which subatomic particle is most massive, the proton or neutron?

9) What is the difference in the mass between these two particles?

10) Is the difference in CTQ9 enough to account for the “production” of an electron in B-emission?
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3 Types of Nuclear Decay Processes

after undergoing beta emission? |

11) How would the nucleus to the right look >

12) How will emitting a beta particle alter the number of protons in an atom?

13) How will emitting a beta particle alter the number of electrons in an atom?
14) How will emitting a beta particle alter the number of neutrons in an atom?
15) What is the symbol used to display the [-particle?

16) Suppose the generic atom X ( /X) undergoes B-emission. AX
To the right, complete the reaction that represents this process. 4 -

17) Suppose fluorine-19 undergoes beta decay. Write the reaction that represents this process.

Information

m  Both a and (3 decay often leave the resulting atom with an energetic or excited nucleus. This excess energy can be
given off, lowering the nucleus to a lower, and more stable, energy state.

B A gamma particle is actually not a ‘particle’ at all (see chapter 7). Instead, a gamma particle represents the emission
of a high energy form of light (electromagnetic radiation) from the excited nucleus.

m  The symbol for the gamma particle in nuclear reactions is

Critical Thinking Questions:
18) How will emitting a gamma particle alter the number of protons in an atom?

19) How will emitting a gamma particle alter the number of electrons in an atom?

20) How will emitting a gamma particle alter the number of neutrons in an atom?
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3 Types of Nuclear Decay Processes

21) What is the mass of a gamma particle? What is its charge?

22) In alpha decay, the atom undergoing the decay changed to a different atom. Will the same thing happen to an
atom that undergoes gamma decay? Explain.

23) Suppose the generic atom X ( /X) undergoes y-emission. AX .
To the right, complete the reaction that represents this process z

24) Suppose fluorine-19 undergoes gamma decay. Write the nuclear equation that represents this process.

Additional Problems
1. Thorium-234 can be produced from the alpha decay of which uranium isotope? Write the reaction for this process.
2.  Write the 3 different radioactive decay reactions (a, 3 and y decay) for a carbon-14 atom.

3. Apply each of the three radioactive emissions discussed in this activity to the given nucleus (on the left). Fill in the
respective nuclei to the right with the proper number and type of subatomic particle.

a decay B decay y decay

@ o= O O O
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