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Analyze Stable Isotopes
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Analyzing Climate Change with Stable Isotopes

The water cycle includes the transport of water vapor in the atmosphere from lower latitudes to Polar Regions. As water vapor is transported toward the cold Polar Regions, the cooler air is less able to hold moisture, leading to the condensation of water vapor which coalesce to form precipitation. The precipitation is usually in the form of snow. At high elevations, snow may gradually accumulate each year to form the glaciers and ice sheets of the Polar Regions.   


As layers of snow accumulate over thousands of years, the weight of the upper layers of snow compresses the lower layers of snow.  The lower layers of snow gradually change into layers of ice. 
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Photographs source: http://researchnews.osu.edu/archive/lonthmppics.htm
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Analyzing an Ice Core

The ice core shown in the photograph below provides a lot of climate information. Each layer in the ice core includes a record of annual snowfall, some wind-blown dust, sea salt particles, perhaps some ash from a volcanic eruption or some radioactive isotopes, and chemicals from the atmosphere trapped bubbles of air that can be used to develop a climate history to compare with modern conditions in Polar Regions. 
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Source: http://en.wikipedia.org/wiki/Ice_core


Polar scientists can also use an instrument called a mass spectrometer to determine what stable isotopes of oxygen and hydrogen are found in the water molecules in each layer of the ice core.
Stable Isotopes

Unstable isotopes of an element go through nuclear transformations and change into different elements. Stables isotopes of an element are different than unstable isotopes of an element. Stable isotopes of a chemical element do not change their identity by undergoing a nuclear transformation. 
Stable Isotopes of Oxygen


Data Table #1 provides information about stable isotopes of oxygen.  All isotopes of oxygen have the same number of protons that is 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?
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?
Precipitation Formation

Water vapor molecules will lose kinetic energy and change to a liquid when they come into contact with cold objects. This process is called condensation. You can observe the condensation of water vapor on cool surfaces in a bathroom after taking a shower.  



Water vapor molecules that have evaporated from bodies of water on Earth’s surface will also condense onto small dust particles or salt particles as they rise into the cooler upper atmosphere or are transported toward the cooler Polar Regions.   This is how clouds form in the atmosphere. If cloud droplets become large enough and heavy enough, they will form rain drops but only if temperatures remain above the freezing point of water. 

Snow forms in clouds when the temperatures are below the freezing point of water.  Snowflakes form either by coalescence or by deposition. In coalescence, ice crystal form and then stick to cloud droplets. In deposition, water vapor molecules in the cloud freeze directly onto ice crystals. As the ice crystal grows, the six-sided shape of a snowflake develops. When the snowflake becomes heavy enough, it falls to the ground

Question 7: What combination of stable hydrogen and oxygen isotopes in water molecules could result in water vapor having a greater tendency to form precipitation as it is transported toward a Polar Regions?  Provide a rationale for your answer.

Not All Water Molecules Are the Same

Water vapor contains a mixture of water molecules. Because O-16 and H-1 isotopes are more abundant that O-18 and H-2 isotopes (See Data Table #1), most of the water molecules in the atmosphere have isotopes that weigh less in their structure. However, some water vapor molecules have O-18 and/or H-2 molecules in their structure and are very slightly heavier than molecules that contain lighter isotopes. 
Question 8: How much more massive is a “heavy” water molecule with H-2 and O-18 isotopes in its structure than a “light” water molecule with H-1 and O-16 isotopes in its structure? Express the difference as a percentage.
Question 9: Why would it highly unlikely to find water molecules containing both H-2 and O-18 isotopes?
Changes in the Ice of the Polar Regions

During ice ages, Earth’s atmosphere will be colder and water vapor will have less kinetic energy.  This is also true during the winter months of both the Southern and Northern Hemisphere. 


During interglacial periods, Earth’s atmosphere will be warmer, and water vapor in the atmosphere will have more kinetic energy. This is also true during the summer months of both the Southern and Northern Hemisphere


The  changes in the temperature of Earth’s atmosphere can influence the composition of the water molecules that fall as precipitation are found in the glaciers and ice sheets of the Polar Regions. 

Question 10:  Why would fewer water molecules containing heavier isotopes reach the Polar Regions during winter months or during an ice age?
Ice Core Drilling Projects

How would you design an ice core drilling project to develop a history of changes in Earth’s climate?  What kind of equipment would you need?  When would you drill?  Where would you drill? How deep would you drill into the ice of a glacier or an ice sheet?  How many places would you drill?  How would you prevent the ice core from melting? What kind of instrument you would use to analyze the ratio of isotopes in the water molecules?  These are the some of the many questions that polar scientists need to think about when they plan an ice core drilling expedition. 

	A team of scientists in the photograph on the left are drilling down into ice sheets at a location on an ice sheet. 


    They hope to obtain and study samples of ice that can be used to reveal a climate history. 


   


  





   The scientists in the photograph on the right are removing a cylinder of ice from a hollow drill pipe. The cylinder of ice is called an “ice core”.


    The ice core came from deep beneath the surface of the ice sheet. The structure of the ice core may reveal how warm or how cold the region was many years ago.








