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Nuclear Chemistry

Chapter 25
Chemical vs. Nuclear Reactions

Chemical Reactions Nuclear Reactions

1. Bonds are broken and formed

2. Atoms may rearrange, but remain 

unchanged

3. Involve only valence electrons

4. Small energy changes

5. Reaction rate is influenced by 

temperature, pressure, concentration, 

and catalysts.

1. Nuclei emit particles and/or rays.

2. Atoms are often converted into atoms of 

another element

3. May involve protons, neutrons or electrons

4. Large energy changes

5. Reaction rate not usually affected by 

temperature, pressure, or catalysts

Radioisotopes
Isotopes of atoms with unstable nuclei.

They emit radiation to attain more stable configurations in a 

process called radioactive decay

During radioactive decay, unstable atoms lose energy.

Types of Radiation
During radioactive decay, unstable atoms lose energy by 

emitting one of several types of radiation.

The 3 most common types are:

1. Alpha

2. Beta

3. Gamma

Charge of Radiation Penetration of Radiation
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Characteristics of Radiation
Alpha radiation consists of helium nuclei that have been emitted 
from a radioactive source. These emitted particles, called alpha 
particles, contain two protons and two neutrons and have a 
double positive charge.

–

Alpha Radiation

Beta Radiation
Beta particles are fast moving electrons emitted from the neutron of 
an unstable nucleus

The mass number stays the same, but the proton number increases 
by 1, therefore changing the element.

Beta Radiation

The neutron changing into a beta particle and a proton.

Gamma Radiation
A high-energy photon emitted by a radioisotope is called a gamma ray.

The high-energy photons are electromagnetic radiation.

The emission of gamma rays does not change the mass number or the 

atomic number.

Alpha and/or beta radiation usually accompany gamma rays

Nuclear Stability
Nucleons: protons and neutrons

The stability of a nucleus can be correlated to the 

neutron:proton ratio.

Atoms that do not have the proper ratio may undergo 

radioactive decay to achieve stability.

All atoms with atomic number greater than 83 are considered 

radioactive.
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Types of Radioactive Decay
Alpha Decay: All nuclei with more than 83 protons

The neutrons and protons must decrease to achieve a stable 

nuclei.

Beta Decay: Occurs when a radioisotope has too many neutrons

Carbon-14 has too many neutrons, therefore undergoes beta 

decay  and becomes a stable nitrogen atom.

Alpha Decay

Beta Decay Balancing Nuclear Equations

All elements with atomic numbers greater than 

83 are radioactive.  As you can see, Thorium 

decayed producing Radium and Helium.

Complete the Following Complete the Following
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Complete the Following Transmutation
The conversion of an atom of one element into an atom 

of another element.

Occur in two ways:

1. Induced Transmutations

2. Radioactive Decay

Induced Transmutation

Induced Transmutation Induced Transmutation
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Transuranium Elements
The elements following uranium on the periodic table

Have atomic numbers of 93 and greater.

Produced in the laboratory by induced transmutation

Transuranium Elements

Radioactive Decay Rates
All radioactive isotopes are continuously unergoing 

radioactive decay.

Half-life is used to measure radioactive decay.

Stable atoms have a long half-life

Unstable atoms have a short half-life.

Using Half-Life

The time required fo one-half of a radioisotopes 

nuclei to decay into products.

The half-life of Strontium-90 is 29 years.

Using Half-Life
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Calculating Half-Life

The half-life of Strontium-90 is 29 years. Given 355.0-g, how 

much Strontium-90 remains after 116 years has passed?

(t=time elapsed, T=half life)

amount remaining = initial mass(1/2)t/T

Calculating Half-Life
The half-life of Iron-59 is 44.5 days. How much of a 2.0 mg 

sample remains after 133.5 days.

amount remaining = initial mass(1/2)t/T

The splitting of a nucleus into fragments

Used by nuclear power plants.

Nuclear Fission

The combining of atomic nuclei.

Releases a large amount of energy.

The sun is powered by hydrogen atoms fusing to form helium.

Nuclear Fusion


