
Chapter Eighteen:

THE NUCLEUS: A 
CHEMIST’S VIEW



Nuclear Stability 
and Radioactive 
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The Zone 
of Stability



Table 18.1  Number of Stable Nuclides 
Related to Numbers of Protons and 

Neurons
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Types of Radioactive Decay

• alpha production ():

• beta production (): 
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18–

Types of Radioactive Decay

 gamma ray production ():

positron production:

electron capture:
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Table 18.2  Various Types of Radioactive 
Processes Showing the Changes That 

Take Place in the Nuclides
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18–

Decay 
Series



Table 18.3
The Half-
Lives of 
Nuclides 
in the 
23892U 
Decay 
Series



The Kinetics of 
Radioactive Decay
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Rate of Decay

rate = kN

The rate of decay is proportional to the 
number of nuclides.  This represents a 
first-order process.
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Half-Life of Nuclear Decay



Figure 18.4  The Half-Lives of 
Radioactive Nuclides



Brigham 
Young 
Researcher 
Scott 
Woodward 
Taking a 
Bone Sample



A Dendrochronologist Cutting a Section 
from a Dead Tree



Nuclear 
Transformation
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18–

Nuclear Transformation

The change of one element into another.

27 4 30 1

13 2 15 0Al + He P + n

249 18 263 1

98 8 106 0Cf + O X + 4 n



An Aerial View of Fermilab, a High 
Energy Particle Accelerator



The 
Accelerator 
Tunnel at 
Fermilab
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A Schematic Diagram of a Cyclotron
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A Schematic Diagram of a Linear 
Accelerator



A Physicist Works with a Small Cyclotron
at the University of California Berkley



Table 18.4  Syntheses of Some of the 
Transuranium Elements



Detection and Uses
of Radioactivity
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Geiger Counter
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18–

Radiotracers



A Pellet 
Containing 
Radioactive 
131I



The Image of a Bone Scan of a Normal 
Chest 



Thermodynamic 
Stability of the 

Nucleus



Uranium 
Oxide 
(refined 
uranium)
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Energy and Mass

m = mass defect
E = change in energy

If E is negative(exothermic), 
mass is lost from the system.

When a system gains or loses energy it also 
gains or loses a quantity of mass.

E = mc2
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Binding Energy

• The energy required to decompose 
the nucleus into its components.

• Iron-56 is the most stable nucleus and
has a binding energy of 8.97 MeV.
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Binding Energy per Nucleon vs. Mass 
Number



Nuclear Fission and
Nuclear Fusion



Figure 18.10  Both Fission and Fusion Produce
More Stable Nuclides and are thus Exothermic
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Nuclear Fission and Fusion

• Fusion:  Combining two light nuclei to 
form a heavier, more stable nucleus.

• Fission:  Splitting a heavy nucleus into 
two nuclei with smaller mass numbers.
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Nuclear Fission



Figure 18.11  Fission



Figure 18.12  Fission Process in which 
each Event Produces Two Neutrons 



Figure 18.13  Result of Too Small a 
Mass of Fissionable Material
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Fission Processes

 

 

 

Event 

Neutrons 

Causing 

Fission 

 

 

Result 

subcritical < 1 reaction stops 

critical = 1 sustained reaction 

supercritical > 1 violent explosion 
 

 

A self-sustaining fission process is called 
a chain reaction.
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Schematic Diagram of a Nuclear Power
Plant
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Schematic 
Diagram of a 
Reactor Core
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Nuclear Fusion



Image of a 
Portion of the 
Cygnus Loop 
Supernova 
Remnant



Effects of Radiation
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Biological Effects of Radiation

… depend on:

1. Energy of the radiation
2. Penetration ability of the radiation
3. Ionizing ability of the radiation
4. Chemical properties of the radiation 

source



Figure 18.16  
A Plot of 
Energy 
versus the 
Separation 
Distance



Figure 18.17  The Two Models for 
Radiation Damage
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Effects of Short-Term Exposures on 
Radiation



Table 18.7  
Typical 
Radiation 
Exposures for
a Person 
Living in the 
United States
(1 millirem = 
10-3 rem)


