Sci 10 – Unit 2(7.2)

· Half Life (Notes)

Half Life – Notes

What is Radiocarbon Dating?

Radiocarbon dating is the process of determining the age of an object by measuring the amount of carbon-14 remaining in an object.  Carbon’s isotopes include carbon-12 and carbon-14.  When an organism is alive, the ratio of carbon-14 atoms to carbon-12 atoms in the organism remains nearly constant.  But when an organism dies, its carbon-14 atoms decay without being replaced.  The ratio of carbon-14 to carbon-12 then decreases with time.  By measuring this ratio, the age of an organism’s remains can be estimated.  Only material from plants and animals that lived within the past 50,000 years contains enough carbon-14 to be measured using radiocarbon dating.

What is a Half-Life and How is it Used in Radiocarbon Dating?

A half-life is a measure of the rate of radioactive decay for a given isotope.  It is equal to the time required for half the nuclei in a sample to decay.  Its value is a constant for any radioactive isotope.  For example, the half-life of the radioisotope strontium-90 is 29 years.  If you have 10.0 g of strontium-90 today, 29 years from now you will have 5.00 g left.  This is because one half-life will have passed (10.0 g x ½ = 5.0 g).  The shorter the half-life is, the faster the decay rate.  A decay curve is a curved line on a graph that shows the rate at which radioisotopes decay.  
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This decay curve shows how the amount of strontium-90 in a sample changes over time.

What Are Parent and Daughter Isotopes?

A parent isotope is an isotope that undergoes radioactive decay.   The stable product of this decay is called the daughter isotope.  The production of the daughter isotope an be a direct reaction or the result of a series of decays.

Each parent isotope can be paired with a specific daughter isotope.  For example, arbon-12 is the daughter isotope of carbon-14 (the parent isotope).  The following chart lists other common isotope pairs.  It also shows the half-life of the parent and the effective dating range the isotope can be used for.

	Common Isotope Pairs Chart

	Isotope
	Half-Life of Parent (y)
	Effective Dating Range (y)

	Parent
	Daughter
	
	

	carbon-14
	nitrogen-14
	5730
	Up to 50,000

	uranium-235
	lead-207
	710 million
	> 10 million

	potassium-40
	argon-40
	1.3 billion
	10,000 to 3 billion

	uranium-238
	lead-206
	4.5 billion
	> 10 million

	thorium-235
	lead-208
	14 billion
	> 10 million

	rubidium-87
	strontium-87
	47 billion
	> 10 million


How Does the Potassium-40 Clock Work?
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The potassium-40 clock uses radioisotopes, specifically potassium-40 and argon-40, to determine Earth’s age.  Potassium-40 has a half-life of 1.3 billion years.  Its daughter isotope is argon-40.  When rock is produced from lava, all the gases in the molten rock, including argon-40, are driven out.  This process sets the potassium radioisotope clock to zero, because potassium-40 (the parent) is present but no argon-40 (the daughter) is present.  As the molten rock cools over time, it traps gases that form as a result of radioactive decay.  When tested, both potassium-40 and argon-40 are now present in the rock.  As the mass of the parent isotope drops, the mass of the daughter isotope increases.  By measuring this ratio, the age of the rock can be estimated.  For example, if analysis showed that there were equal masses of potassium-40 and argon-40 in a rock, the rock would be 1.3 billion years old, the amount of time it takes half of the potassium-40 to decay into argon-40.
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Sci 10 – Unit 2(7.2)

· Half Life (Notes)

Half Life
Directions:  READ pages 302-309 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;

Daughter Isotope

Decay Curve
Half-Life
Parent Isotope

Radiocarbon Dating

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

   SENTENCES;

a. Complete the following two tables. (5 mks for correctly completing both tables)

	Table 1
	
	Table 2

	Half-Life
	Percent of Parent Isotope
	Percent of Daughter Isotope
	
	Half-Life
	Fraction of Parent Isotope
	Fraction of Daughter Isotope

	0
	
	
	
	0
	
	

	1
	
	
	
	1
	
	

	2
	
	
	
	2
	
	

	3
	
	
	
	3
	
	

	4
	
	
	
	4
	
	


b. Create your own table to solve the following question; A 36 g sample of a radioactive isotope decayed to 4.5 g in 36 minutes.  How much of the original parent isotope would remain after the first 12 minutes.  Show you calculations for full marks  (2 mks for correct response and creation of a table)

c. The half life of the parent isotope is 710 million years.  How old is the rock sample?  How old would a sample be if its parent isotope had a half life of 1.3 billion years and a sample showed 7/8 of its daughter isotope? Hint: Draw a table to help you. (2 mks for correct responses and explanation)
d. When a sample of lava solidified, it contained 28 g of carbon -14.  If that lava sample was later found to contain only 7 g of C-14, how many years had passed since the lava solidified?  Draw a table that demonstrates your answer. (2 mks for correct response and table)

3. Use the following table to create your own decay curve graph.  Be sure to label the x-axis as “Time (a)” and the y-axis as “Mass (g)”.
You will be marked out of 10 for your ability to create a neat and accurate decay graph using the information provide.  You must label your graph completely and accurately and you must do a NEAT job.

	Half-Life
	Time (a)
	Mass (g)

	0
	0
	120

	1
	5
	60

	2
	10
	30

	3
	15
	15

	4
	20
	7.5

	5
	25
	3.75



Total: ____ / 26
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The solid line shows that the parent isotope is decaying the dashed line shows that the daughter isotope is being produced.











