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 Analyze Climate Change with Stable Isotopes Guide
The Principal Objective

Explore how differences in the masses of isotopes of hydrogen, carbon, or oxygen in a chemical compound can be an indicator of changes in Earth’s Climate System.

Examples of National Science Education Learning Standards:

· As a result of their activities in grades 5-8, all students should develop an understanding of the properties and changes of properties in matter.

· There are more than 100 known elements that combine in a multitude of ways to produce compounds, which account for the living and nonliving substances that we encounter. (Page 154)
· As a result of their activities in grades 9-12, all students should develop an understanding of geochemical cycles.

· Movement of matter between reservoirs is driven by the earth’s internal and external sources of energy. These movements are often accompanied by a change in the physical and chemical properties of matter…... (Page 189)

· As a result of their activities in grades 9-12, all students should develop an understanding of the structure of atoms.

· The atom’s nucleus is composed of protons and neutrons, which are more massive than electrons. When an element has atoms that differ in the number of neutrons, these atoms are called different isotopes of the element. (Page 178
STEM Contexts include a study of the:
· Water cycle

· Structure of isotopes of an element.

· Difference between stable and unstable isotopes of elements.

· Calculation of the average atomic mass of an element.
· Use of the C-12 isotope as an arbitrary standard for the mass of isotopes of elements and the average atomic mass of atoms of an element.

· Relationships among the temperatures, kinetic energies, masses, and velocities of objects in motion.
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Examples of Student Responses 

Data Table #1: Stable Isotopes of Oxygen
	Isotopes
	# of Protons
	# of Neutrons
	Atomic Mass
	Abundance

	8O16
	8
	8
	15.995
	99.757%

	8O17
	8
	9
	16.999
	0.038%

	8O18
	8
	10
	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.


17.999 amu − 15.995 amu = 2.004 amu

b. Express the difference as a percentage and express the difference in words.


(2.004 amu ÷ 15.995 amu) x 100 = 12.529%


O-18 isotopes are 12.539% more massive than O-16 isotopes.
Question 2: What is the average mass of oxygen atoms in a large sample of stable isotopes of oxygen?
(15.995amu x 0.99757)+(16.999amu x 0.00038)+(17.999amu x 0.00205) = 15.9994amu
Question 3: How does your answer to Question 2 compare with the average atomic mass of oxygen on a Periodic Table of the Elements?

 Many Periodic Tables of Elements indicate that the atomic mass of Oxygen is 15.999 4 amu.
Data Table #2: Stable Isotopes of Hydrogen

	Isotopes
	# of Protons
	# of Neutrons
	Atomic Mass
	Abundance

	1H1
	1
	0
	1.0078
	99.9885%

	1H2
	1
	1
	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. 



2.0141 amu − 1.0078 amu = 1.0063 amu

b. Express the difference as a percentage and express the difference in words.


(1.0063 amu ÷ 1.0078 amu) x 100 = 99.85%


H-2 isotopes are 99.85% more massive than H-1 isotopes.

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

(1.0078 amu x 0.999885) + (2.0141 amu x 0.000115) = 1.00792
Question 6: How does your answer to Question 5 compare with the average atomic mass of hydrogen on a Periodic Table of the Elements?

Many Periodic Tables of Elements indicate that the atomic mass of Hydrogen is 1.00794 amu. This calculation has included only stable isotopes of hydrogen. The average mass of stable isotopes was slightly smaller. Hydrogen-3 is an unstable isotope with a half life of 4500 days.  Its presence in a hydrogen sample will increase the average atomic mass of hydrogen atoms.

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

A combination of Hydrogen-2 and Oxygen-18 isotopes would result in water molecules that would be more likely to form precipitation. As the temperature of water vapor decreases, more massive water molecules would decrease their speed more rapidly. The force of attraction (hydrogen bonds) between water molecules would then form water condensation and the formation of cloud droplets on condensation nuclei. 


Many students may be able to provide an intuitive answer to this question. Some students will have learned that the temperature of water is a measure of the average kinetic energy of the water molecules.


Students may be familiar with relationships among the kinetic energy, mass, and velocity of moving objects. The kinetic energy formula (KE = ½ mv2) can be solved for velocity to reveal that an increase in mass will decrease the value for velocity.
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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.

The total atomic mass of a “heavy” water molecule is 24.0282 amu.  The total atomic mass of a “light” water molecule is 18.0106 amu. The mass difference is 6.0176 amu.  A”heavy” water molecule is 33.41% more massive than a “light’ water molecule
Question 9: Why would it highly unlikely to find water molecules containing both H-2 and O-18 isotopes?


Data Tables #1 and #2 indicate that a very small percentage of each of these isotopes exist in nature.
Question 10: Why would fewer water molecules containing the more massive isotopes reach the Polar Regions during winter months or during an Ice Age?


Water molecules containing one ore more massive isotope of hydrogen and/or oxygen would have had a greater probability of forming precipitation at lower Latitudes as the water vapor is transported toward the Polar Regions.

Examples of Internet Resources
The following website provides information about the masses and percent distribution of stable isotopes and the half life of unstable isotopes in a sample of an element.

· http://www.webelements.com/webelements/elements/text/C/isot.html
Resources that describe the use of isotopes to describe climate include:

· http://www.sciencedaily.com/releases/2007/10/071016090525.htm
· http://www.gi.alaska.edu/ScienceForum/ASF12/1215.html
· http://www.giss.nasa.gov/research/briefs/schmidt_01/
· http://home.earthlink.net/~ponderthemaundercf/
· http://www.ornl.gov/info/ornlreview/rev28_2/text/cli.htm
· http://ams.allenpress.com/perlserv/?request=get-document&doi=10.1175%2F1520-0442(2002)015%3C2821%3ARGAEFR%3E2.0.CO%3B2&ct=1
Temperature and Kinetic Energy Resources

· http://eo.ucar.edu/webweather/molecules.html
· http://en.wikipedia.org/wiki/Kinetic_theory
Mass Spectrometry

· http://en.wikipedia.org/wiki/Isotope_ratio_mass_spectrometry
Ice Drilling and Ice Cores 
· http://www.pbs.org/wgbh/nova/warnings/stories/
· http://www.ncdc.noaa.gov/paleo/icgate.html
· http://bprc.osu.edu/Icecore/
· http://www.ncdc.noaa.gov/paleo/icecore/antarctica/domec/domec_epica_data.html
