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Science 10


Radiation Review Year End


Name:
Atomic Theory, Isotopes, and Radioactive Decay

I. Summary of Key Points


• Radiation refers to high-energy rays and particles emitted by radioactive sources.


• Isotopes are atoms of the same element that differ in the number of neutrons in the nucleus.


• Radioisotopes are natural or human-made isotopes that decay into other isotopes, releasing 
radiation.


• The three major types of radiation are alpha particles, beta particles, and gamma rays.


• A nuclear reaction occurs when radiation is released from the nucleus.


• Radioactivity results when the nucleus of an atom decays.


• If the atom emits one or more protons as it decays, the atom changes into an atom of another 
element.

II. Study Notes

Isotopes and Mass Number

1. Mass number is the total number of protons and neutrons found in the nucleus of an atom.


• Atomic mass is the average total mass of the protons, neutrons, and electrons that make up an 
atom.

2. Isotopes are atomic nuclei of the same element having the same number of protons (atomic number) but different numbers of neutrons.


• Since they have different numbers of neutrons, isotopes have different mass numbers.

Representing Isotopes

1. Isotopes are represented using standard atomic notation, which shows the chemical symbol, the atomic number, and the mass number.

[image: image1.emf]
• The mass number is written above the atomic number.


• The isotope potassium-39 is written          which shows that there are a total of 39 protons and


neutrons
Radioactive Decay

1. Radiation is the high-energy rays and particles emitted by a substance as a result of changes in the

nuclei of its atoms.


• Radioactive atoms emit radiation because their nuclei are unstable. When these nuclei lose 
energy and break apart, radioactive decay occurs.


• Radioactive atoms release energy until they become stable, often as different atoms.


• An element may have only certain isotopes that are radioactive. These are called radioisotopes.

2. Radioactive decay is the process in which the nuclei of radioactive parent isotopes emit alpha, beta, or

gamma radiation to form decay products.

Quick Check

1. Complete the following table.

[image: image28.png]8. Which of the following statements applies to

‘nuclear fission?

A. Nuclear fission produces clean energy with
very little waste.

B. Unstable nuclei release a huge amount of
energy when they spli

C. Heavy, unstable nuclei join together into one
new, larger nucleus.

D. Atypical reaction for nuclear fission is:

3H+ H > $He+ Jn + energy

9. Which of the following statements applies to

‘nuclear fusion?

A. All fusion reactions release massive amounts.
of energy.
B. Unstable nuclei release a huge amount of
energy when they split.
C. Atypical reaction for nuclear fusion is:
In+ U > PKe+ EBa+3 n+ energy
D. A fusion reaction is used in modern nuclear

weapons to generate most of the energy
released in the blast.

10. How can a nuclear reaction be induced?

A. by bombarding a nucleus with alpha
particles, beta particles, or gamma rays

B. by heating the reaction with your lab Bunsen
burner

C. by inserting cadmium rods into the nuclear
reactor

D. by burning the nucleus using oxygen




Alpha Radiation

1. Alpha radiation, [image: image2.emf] is a type of radiation resulting from the emission of helium nuclei from the nuclei of atoms 
[image: image3.emf][image: image4.emf]
2. Alpha particles are positively charged with a charge of 2+ because there are two protons.

• Alpha particles are the most massive of the radiation types.

3. The release of alpha particles is called alpha decay.

4. Alpha particles are slow and have low energy. A sheet of paper will stop an alpha particle.

Beta Radiation

[image: image17.emf]1. A beta particle,                 is a high-speed electron that is emitted by a radioactive nucleus in beta decay
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2. Beta decay occurs when a neutron changes into a proton plus an electron.

• The proton stays in the nucleus, and the electron is released.

3. Electrons are very tiny, so beta particles are assigned a mass of 0.

4. A beta particle has a charge of 1−.

5. A thin sheet of aluminum foil will stop a beta particle.
Gamma Radiation

[image: image18.emf]1. Gamma radiation,       is a ray of high-energy, short-wavelength radiation, emitted from the nuclei of

[image: image19.emf]atoms. 
• The * symbol means that the atom has extra energy.

2. Gamma radiation has no charge and no mass.

• The release of gamma radiation does not change the atomic number or the mass number of a nucleus.

3. Gamma radiation is the highest-energy form of electromagnetic radiation.

4. It takes thick blocks of lead or concrete to stop gamma rays.

5. Gamma decay results from energy being released from a high-energy nucleus.

• Often, other kinds of radioactive decay will also release gamma radiation.

[image: image20.emf]Example:
 Nuclear Equations

1. Nuclear equations are written like chemical equations, with reactants on the left and products on the

right, but they represent changes in the nucleus of atoms.

2. The sum of the mass numbers does not change.

3. The sum of the charges in the nucleus does not change.
Quick Check
1. Classify each of the following as alpha, beta, or gamma decay.
[image: image7.emf]
Sample Question Explained
[image: image8.emf][image: image9.emf]
Practice Questions. Circle the best answer.
[image: image10.emf]
Half-Life

I. Summary of Key Points

• A half-life can be used to compare the rate of radioactive decay for an isotope.

• The shorter the half-life, the faster the decay rate.

• A decay curve can be used to estimate the amount of parent isotope remaining or the amount of

daughter isotope produced at any time after the radioactive sample first formed

II. Study Notes

The Rate of Radioactive Decay

1. Half-life is the amount of time required for half the nuclei in a sample of a radioactive isotope to decay.

• Strontium-90 has a half-life of 29 years. If you have 10 g of strontium-90 today, there will be 5.0 g remaining in 29 years.

2. The half-life for a radioactive element is a constant rate of decay.

3. Radioactivity provides a method to determine age of objects by measuring relative amounts of remaining radioactive material to stable products formed, such as the ratio of carbon-14 atoms to carbon-12 atoms.

Quick Check

Suppose a 64 gram sample of a certain isotope has a half-life of 1000 years.

1. State what length of time has gone by after:

(a) two half-lives __________________________

(b) four half-lives __________________________

2. How many grams of the isotope are left after:

(a) 1000 years __________________

(b) 2000 years __________________

(c) three half-lives _______________
Using a Decay Curve

1. A decay curve is a curved line on a graph that shows the rate at which radioisotopes decay.

• The curve shows the relationship between half-life and the percentage of the original substance that remains.
Quick Check

1. Use the following decay curve for isotope X.
[image: image11.emf]
(a) Estimate the half-life of isotope X. _______________________________________________

(b) What percentage of the original isotope remains after 50 000 years? ___________________

(c) How many years does it take for the isotope to be reduced to about 10 % of its original quantity? ____
(d) How many half-lives have gone by after 60 000 years? ___________

(e) What is the age of volcanic rock containing element X after two half-lives? _____________
Isotope Pairs

Refer to the Common Isotope Pairs Chart on page 4 of your Data Pages.

1. The parent isotope is the original, radioactive material.

2. A decay product is the product of radioactive decay, which may itself decay to produce another decay product or daughter product.

3. The daughter product/isotope is the stable product of the radioactive decay.

Example: Carbon-14 (parent) decays into nitrogen-14 (daughter)

Example: Uranium-235 (parent) decays into lead-207 (daughter)
[image: image21.emf]Sample Question Explained
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Practice Questions. Circle the best answer.
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Nuclear Reactions

I. Summary of Key Points

• Fission is a nuclear reaction in which a large nucleus breaks apart, producing two or more smaller nuclei, subatomic particles, and energy.

• Fission is the source of energy for all nuclear power generation used today.

• The daughter products are often radioactive and are a significant waste disposal problem.

• Fusion is a nuclear reaction in which small nuclei combine to produce a larger nucleus.

• Other subatomic particles as well as energy are released in this process.

• Fusion is the source of energy in the Sun.

II. Study Notes

Nuclear Fission

1. Fission is the process by which a large nucleus splits into two pieces of roughly equal mass, accompanied by the release of large amounts of energy.

2. Nuclear reactions are different than chemical reactions.

• In chemical reactions, mass is conserved, energy changes are relatively small.

• There are no changes to the nuclei in chemical reactions.

3. In nuclear reactions, the nucleus of an atom changes.


• Protons, neutrons, electrons, and/or gamma rays can be lost or gained.


• Small changes of mass = huge changes in energy
Nuclear Fission of Uranium-235

1. Most nuclear fission reactors and nuclear weapons use neutrons to smash nuclei (Figure 7.4).

Example: A neutron, crashes into an atom of stable uranium-235 to create unstable uranium-236, which then undergoes radioactive decay.

[image: image23.png]SBor Se



After several steps, atoms of krypton and barium are formed, along with the release of three neutrons and huge quantities of energy.
[image: image24.png]in+ BJU> $Kr + ¥Ba+3 n + energy




Chain Reactions

1. Once the nuclear fission reaction has started, it can keep going in a chain reaction.

• In a chain reaction, each neutron released triggers more reactions on other uranium-235 atoms.

2. Nuclear reactors have complex systems to ensure the chain reaction stays at safe levels.

• An uncontrolled chain reaction can result in a violent nuclear explosion.
Hazardous Wastes

1. Nuclear power plants can generate large amounts of electricity.

2. Canadian-made nuclear reactors are called CANDU reactors and produce power from fission.

• The reactors are known to be safe and easy to shut down in an emergency.

3. The heat energy produced in a CANDU reactor turns electricity-generating turbines.

4. Hazardous wastes produced by nuclear reactions are problematic.

• Some waste products, like fuel rods, can be re-used.

• Some products are very radioactive and must be stored away from living things.

• Most of this waste is buried underground or stored in concrete.

• It will take thousands of years before the material reaches safe levels of radioactivity.

Nuclear Fusion

1. Fusion is the joining of two small atomic nuclei to make a larger nucleus, usually involving the release of a large amount of energy.

2. In the core of the Sun, two hydrogen nuclei join under tremendous heat and pressure to form a helium nucleus.
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• When the helium atom is formed, huge amounts of energy are released.
3. A fusion reaction needs the heat and pressure from a fission nuclear reaction to get it started.

4. Scientists have not yet found a safe, manageable method to harness the energy of nuclear fusion.

• A fusion reaction is used in nuclear weapons to generate most of the energy in the blast.
Sample Question Explained
[image: image15.png]‘The Question i ‘Why It Is Right/Why It Is Wrong

Consider the following induced nuclear reaction.
It BU S+ MCs+3 fn+energy
‘What s the identity of the missing isotope?

A fHe ‘ A. This fragment is too small.

B 9 B. 'This answer is correct.
B ‘The mass numbers on both sides add up to 236.

On the right, 90 + 143 + 3 = 236.
‘The atomic numbers on both sides add up to 92.
On the right, 37 + 55 + 0= 92.

C Bse ‘ C. The mass number is incorrect.

b. 18 ‘ D. Both mass number and atomic number are

. 1Cs

incorrect.




[image: image16.png]The Question

‘Why It Is Right/Why It Is Wrong

1H+ H $He+ Jn+ energy
‘What does this equation represent?

A achemical reaction

B. a fusion reaction

C. a fission reaction

D. a decomposition reaction

A. Chemical reactions do not produce new
elements.

B. This answer is correct. Two small nuclei
fuse to form one larger nucleus (as well as a
neutron).

C. Fission reactions involve a large nucleus
splitting into two smaller fragments of nearly
equal size.

D. This is a nuclear reaction, not a chemical
reaction.




[image: image26.png]2H+ jH> 3He + Jn + energy



Practice Questions. Circle the best answer.
[image: image27.png]‘What is nuclear fission?

A.the process in which two low mass nuclei
join together to make a more massive
nucleus

B.  the process of cell division that results in two
‘new cells that are identical to their parent
cell

C. the splitting of a massive nucleus into two
less massive nuclei, subatomic particles, and
energy

D. the process in which a parent cell splits
into two daughter cells of approximately
equal size, often occurring in single celled
organisms

2. What is nuclear fusion?

A, the process in which two low mass nuclei
join together to make a more massive
nucleus

B, the process of cell division that results in two
new cells that are identical to their parent
cell

C.  the splitting of a massive nucleus into two
less massive nuclei, subatomic particles, and
energy

D, the process in which a parent cell splits
into two daughter cells of approximately
equal size, often occurring in single celled.
organisms

3. Which equation represents nuclear fission?

A K- 8Ca+ S+ energy

B. 2C,H,0H +90, — 6CO, + 8H,0
C. jH+ 3H > §He+ jn + energy
D.

dn+ 35U > ZKe+ WBa+3 I+ cnergy

4.

5.

‘Which equation represents nuclear fusion?
A B BXe+}p

B. U - %4Th + {He +2y

C. 3H+ 3H = $He+ jn +energy

D.

Iny BSU S Mo 4 19 1
. an+ 23U~ WMo+ 'BSn+3 In + energy

‘What i the daughter nucleus to complete the
following nuclear fission reaction?

dn+ U= W+ +3 In +energy
A o
B Bin
C. Y
D. Bin

‘Which of the following is used to control the
rate of the chain reaction that occurs in a nuclear
reactor?

A. Add uranium-235 to the reactor.

B, Use fossl fuels (like gas or coal).

C. Insert cadmium rods into the nuclear
reactor.

D. Remove cadmium rods from the nuclear
reactor.

‘Which statement about nuclear fusion is not
true?

A. Twolightweight nuclei join together to form
a heavier nucleus.

B. Atypical reaction showing nuclear fusion is:

3+ 3H > $He + In + energy

C. Lightweight nuclei will not release excess
energy if the nucleus generated by fusion is
heavier than iron.

D. 'There are many commercial fusion reactors
in the world. Canada has a series of them
called CANDU reactors.





