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Analyze Stable Isotopes
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Analyzing Climate with Stable Isotopes
Isotopes


The study of the concentration of stable isotopes of oxygen, hydrogen, or carbon in molecules of water or carbon dioxide can provide clues about changes in the temperature of Earth’s atmosphere and oceans.  Stable isotopes of chemical elements do not change their identity by undergoing a nuclear reaction.
Stable Isotopes of Oxygen


Data Table #1 provides information about stable isotopes of oxygen.  All isotopes of oxygen have 6 protons as indicated in the subscript number at the lower left corners of the symbols for oxygen in Data Table #1. The superscript numbers at the upper right corner number of the symbols for oxygen indicate the total number of protons and neutrons in the nucleus of each isotope of oxygen.  
Use Data Table #1 to determine and record the number of protons and neutrons for each stable isotope of oxygen.

Data Table #1: Stable Isotopes of Oxygen

	Isotopes
	# of Protons
	# of Neutrons
	Atomic Mass
	Abundance

	8O16
	
	
	15.995
	99.757%

	8O17
	
	
	16.999
	0.038%

	8O18
	
	
	17.999
	0.205%


Question 1: How much more massive is an O-18 isotope than an O-16 isotope? 


a. Express the different in atomic mass units.

b. Express the difference as a percentage.

Question 2: What is the average mass of oxygen atoms in a large sample of stable isotopes of oxygen?

Question 3: How does your answer to Question 2 compare with the average atomic mass of oxygen on a Periodic Table of the Elements?
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Stable Isotopes of Hydrogen


Two hydrogen atoms and one oxygen atom combine to form a water molecule with the formula H2O. Use Data Table #2 to determine and record the number of protons and neutrons for each stable isotope of hydrogen.
Data Table #2: Stable Isotopes of Hydrogen
	Isotopes
	# of Protons
	# of Neutrons
	Atomic Mass
	Abundance

	1H1
	
	
	1.0078
	99.9885%

	1H2
	
	
	2.0141
	0.0115%


Question 4: How much more massive is a H-2 isotope than a H-1 isotope? 


a. Express the different in atomic mass units.

b. Express the difference as a percentage.

Question 5: What is the average atomic mass of hydrogen atoms in a sample of stable isotopes of hydrogen?

Question 6: How does your answer to Question 5 compare with the average atomic mass of hydrogen on a Periodic Table of the Elements?
Question 7:  What combination of stable isotopes of hydrogen and oxygen would form water molecules that would evaporate at the slowest rate?  Provide a rationale for your answer.
Question 8:  What combination of stable isotopes of hydrogen and oxygen would form water molecules in the vapor state that would travel the greatest distance before returning to Earth’s surface as precipitation?  Provide a rationale for your answer.
Stable Isotopes of Carbon


Use Data Table #3 to record the number of protons and neutrons for stable isotopes of carbon.

Data Table #3: Stable Isotopes of Carbon

	Isotope
	# of Protons
	# of Neutrons
	Atomic Mass
	Abundance

	6C12
	
	
	12.000 
	98.93%

	6C13
	
	
	13.003 
	1.07%


Question 9: How much more massive is a C-13 isotope than a C-12 isotope? 


a. Express the different in atomic mass units.


b. Express the difference as a percentage.

Question 10:  What is the average mass of carbon atoms in a sample of stable carbon isotopes?

Question 11: How does your answer to Question 10 compare with the average atomic mass of carbon on a Periodic Table of the Elements?

An Isotopic Study of Bristlecone Pines


A bristlecone pine tree called "Methuselah" is almost 5,000 years old and is probably the oldest living organism on Earth.  Several climatologists are analyzing the percentage of O18 isotopes found in the cellulose molecules of bristlecone pines in the White-Inyo mountain range of California.  Changes in the percentage of the O18 isotopes can provide clues about the temperature of the oceans that provides the water vapor for the rainfall and snowfall in the west coast region of the U.S.

   The map shown below indicates that there are three principal sources of moisture for the White-Inyo mountain range.  The water molecules in evaporated ocean water contain either O16 or O18 isotopes of oxygen. 

The warmest Pacific Ocean water that provides that moisture is commonly referred to as the “Pineapple Express”. The water vapor in the pineapple express is water that evaporates from the warmed waters in the Latitude of the Hawaiian Islands.  The other two sources of moisture are from the colder ocean water of the northern and southern Pacific Ocean.
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Question 12: Why would water evaporating from warmer water have a higher concentration of O18 isotopes than water evaporating from colder ocean water?

Question 13: How would the molecular motion be affected by the type of isotopes found in carbon dioxide molecules?
Question 14: Why would it be more effective to study stable isotopes of an element instead of unstable isotopes of an element when conducting research of Earth’s patterns of climate change?
