Sci 10 – Unit 2(7.1)

· Atomic Theory, Isotopes and Radioactive Decay (Notes)

Atomic Theory, Isotopes and Radioactive Decay – Notes

What is Radioactivity?

Radioactivity is the release of high-energy particles and rays of energy from a substance as a result of changes in the nuclei of its atoms.  Radiation refers to high-energy rays and particles emitted by radioactive sources, including radio waves, microwaves, infrared rays, visible light, and ultraviolet rays, that are found on the electromagnetic spectrum.  Light is a form of radiation that humans can see.

What are Isotopes?

Isotopes are different atoms of a particular element that have the same number of protons but different numbers of neutrons.  The mass number of an atom is an integer (whole number) that represents the sum of the atom’s protons and neutrons – so isotopes have different mass numbers.  The mass number of an isotope is found by adding the atomic number (number of protons) to the number of neutrons.

Mass number = atomic number + number of neutrons

To find the number of neutrons of an isotope, subtract the atomic number from the mass number.

Number of neutrons = mass number – atomic number

How Are Isotopes Represented?

Chemists represent isotopes using standard atomic notation (also called the nuclear symbol), a shortened form involving the chemical symbol, atomic number, and mass number.  The mass number is written as a superscript on the left of the symbol.  The atomic number is written as a subscript (below to the left).  For example; 
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In this example, the mass number of the potassium isotope is 39.  The atomic number is 19.  An isotope of potassium with a mass number of 39 can also be represented as postassium-39, or K-39
How is Radioactive Decay Expressed?

Radioactivity results when the nucleus of an atom decays.  There are three radioactive decay processes;
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Alpha Decay:  The emission of an alpha particle (the same particles found in the nucleus of a helium atom) from a nucleus is a process called alpha decay.  When a radioactive nucleus emits an alpha particle, the atomic number of the product nucleus is reduced by two, and its mass number by four.  However, the sum of the atomic numbers and the sum of the mass numbers on each side of the arrow remain equal.
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Beta Decay:  In beta decay, a neutron changes into a proton and a beta particle, an electron.  The proton remains in the nucleus while the electron leaves the nucleus.  Since the proton remains in the nucleus, the atomic number of the element increases by one – it has become an atom of the next higher element on the periodic table.  However, its mass number does not change, as a proton of almost equal mass has replaced the neutron.

3. Gamma Decay: Gamma decay results from a redistribution of energy within the nucleus.  Gamma radiation consists of rays of high-energy, short wavelength radiation.  A gamma ray is given off as the isotope changes from a high-energy state to a lower energy state.
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(the * means that the nickel nucleus has extra energy that is released as a gamma ray)
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Atomic Theory, Isotopes and Radioactive Decay
Directions:  READ pages 286-299 in your text book BC Science 10 (McGraw-Hill Ryerson -2008) and answer the following questions;

1. On a separate piece of paper, provide definitions for the following terms;

Alpha Particle
Beta Particle
Gamma Radiation
Isotopes

Light

Mass Number

Radiation

Radioactive Decay

2. On a separate piece of paper, answer the following questions using COMPLETE 

   SENTENCES;

a. In your own words, describe what all isotopes of the same element have in common and describe how isotopes of the same element differ. (2 mks for quality of response and descriptions of commonalities and differences)

b. In your own words, describe what radioactive decay is and list the three types of radioactive decay.  (2 mks for description and list of 3 types)

c. Complete the following table. The first one has been done for you.  (3 mks for correctly completing the table)

	Isotope
	Standard Atomic Notation
	Atomic Number
	Mass Number
	Number of Protons
	Number of Neutrons

	carbon -14
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	6
	14
	6
	8

	
	
	27
	52
	
	

	nickel-60


	
	
	
	
	

	
	
	
	14
	7
	


d. Complete the following table by identifying the penetrating power of the three forms of radioactive decay products (alpha particle, beta particle, or gamma ray).  The first one has been done for you.  (5 mks for correctly completing the table)
	Description
	Alpha Particle
	Beta Particle
	Gamma Ray
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	(

	Is a helium nucleus
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	Is a high-speed electron
	
	
	

	Can be stopped by aluminum foil
	
	
	

	Is affected by electric and magnetic fields
	
	
	

	Is not affected by electric and magnetic fields
	
	
	

	Is the highest energy form of electromagnetic radiation
	
	
	

	Is emitted from the nucleus
	
	
	

	Has low penetrating power (can be stopped by paper)
	
	
	

	Has the greatest penetrating power (can only be stopped by lead or concrete)
	
	
	


3. On the following page, identify each nuclear equation as alpha decay, beta decay, or gamma decay, and then complete the nuclear equation.
You will be marked out of 10 for correctly filling in the blanks.

	Remember the following two rules when working with nuclear equations;

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

	2.  The sum of the charges in the nucleus does not change.


Total: ____ / 30
Identify each nuclear equation as alpha decay, beta decay, or gamma decay, and then complete the nuclear equation.

You will be marked out of 10 for correctly filling in the blanks.

	Remember the following two rules when working with nuclear equations;

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

	2.  The sum of the charges in the nucleus does not change.
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