
Teacher Background Information:
Atoms of a given element which have the same number of protons but different numbers of neutrons are called isotopes.  Thus, isotopes have the same position in the periodic table, the same chemical properties and the same atomic charge.
The simplest example of an atom with different isotopes is hydrogen.  The three isotopes of hydrogen are shown below:
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The increasing number of neutrons in the nucleus of the hydrogen atom adds mass to the atom and thus each isotope of a given element has a different mass.

Isotopes can be represented as follows:

For the isotopes of hydrogen, 1H (or hydrogen-1), 2H (or hydrogen-2) and 3H (or hydrogen-3) represent protium (usually just referred to as hydrogen), deuterium and tritium, respectively.

Most of the light elements contain different proportions of at least two isotopes.  Usually one isotope is the predominantly abundant isotope.  For example, the average abundance of 12C is 98.89%, while the average abundance for 13C is 1.11%.  The table below outlines the average isotopic abundances of elements that are most commonly measured for stable isotope measurements. 

Natural Isotopic Abundances of Light Stable Isotopes

	Hydrogen
	Carbon
	Nitrogen
	Oxygen

	1H – 99.984%
	12C – 98.89%
	14N – 99.64%
	16O – 99.763%

	2D – 0.0156%
	13C – 1.11%
	15N – 0.36%
	17O – 0.0375%

	 
	 
	 
	18O – 0.1995%


Average Atomic Mass:

The calculation of the average atomic mass of an atom is performed using the relative abundance data from the isotope of each atom.  

Average atomic mass = 

[(% abundance of isotope)(mass of isotope)] + [(% abundance of isotope)(mass of isotope)]  + [….]
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For example:

The natural abundance for boron isotopes is 19.9% 10B (10.013 amu*) and 80.1% 11B (11.009 amu*). Calculate the atomic mass of boron.
Average atomic mass =     [(19.9%)(10.013)] + [(80.1%)(11.009)]




    

     100
         =  10.811  (note that this is the value of atomic mass given on the periodic table)    
*amu is the atomic mass unit (u, μ or amu), which is defined as 1/12th the mass of a carbon-12 atom.  This value is arbitrary and simply provides a reference point for measuring relative atomic masses.
Stable vs. Unstable Isotopes
There may be several isotopes of the same element. Some of these isotopes are stable while others are unstable or radioactive. Radioactive isotopes emit nuclear radiation in the form of rapidly moving particles or high energy electromagnetic waves. The particles are emitted from the nucleus itself and their removal results in changing the atom from one isotope to another. This change may occur once or emission of particles may continue until the atom becomes a stable isotope.

Some uses of Isotopes

Heavy Water

Hydrogen usually has a nucleus consisting of only one proton. An isotope of hydrogen called deuterium has a nucleus consisting of one proton and one neutron. When deuterium combines with oxygen, it forms what is called "heavy water" because the deuterium component of the water is twice as heavy as if it was simple hydrogen.

Although the amount of heavy water molecules in nature is very small (1 part in 3200), it has been concentrated for use in the development of nuclear weapons. Also, when concentrated, it can be poisonous to plants and animals.

Carbon Dating

Since the Carbon-14 (C-14) isotope is radioactive, the amount of it in an object that was once living can be used to approximate the date of death. While living, a plant or animal renews carbon in its system. Once the object dies, the amount of C-14 only changes as it decays into some other material. Since C-14 decays at a rate where half of it has changed in about 5600 years - known as its half-life - the years since death can be calculated.

Thus, if the object or fossil has only 1/4 of the C-14 in it as compared with living objects, it died around 11,200 years ago.

Of course, since C-14 normally consists of 1/1,000,000,000 of the carbon found in nature, the measurements can be difficult to make and certainly aren't exact. 
Cobalt-60 in Medical Equipment Sterilization and Food Preservation
Cobalt-60, an isotope of cobalt that has one additional neutron in its nucleus compared to stable cobalt-59, has applications in medicine as well as in food preservation. Due to its additional neutron, cobalt-60 undergoes radioactive decay releasing gamma radiation.  Gamma radiation passes through different materials effortlessly and is used to sterilize medical equipment (e.g., gloves, syringes, cotton balls, etc.) by destroying harmful bacteria. In food preservation, gamma rays also destroy harmful bacteria, as well as fungi, molds, and insects, while leaving the food unchanged.  This increases the shelf life of the food. 

Other uses of isotopes include their use in smoke detectors, in agricultural applications, food irradiation, climatology, biological tracing, structural imaging, explosives detection, pest control and in medical applications, among others.

The link below provides several uses of specific isotopes:

http://www.ne.doe.gov/isotopes/neIsotopes2f.html
The Downside of Isotopes
The downside to any application involving isotopes is how to safely dispose of the radioactive waste generated during processing.  Any nuclear process involves the manufacture of nuclear waste whether they are low level (gloves, cotton balls, hospital gowns) or high level (spent nuclear fuel rods) waste products.  Concern about the management of nuclear waste materials has caused much controversy and concern among government agencies, industrial, scientific and medical users and citizenry who have nuclear repository facilities in their areas.  This becomes a real issue of risks versus benefits. 


The following activities should be completed after slo C11-3-01 (Determination of Average Atomic Mass using Isotopes and their Relative Abundance) as some knowledge about isotopes is necessary to complete the activities.

In this activity students will first research and present on a specific application of isotopes.  They will then be introduced to the Chernobyl Disaster and will write an essay about it.




Consider the following questions:

1. Where are the mass variances in two atoms of the same element?

2. Why do they occur?

3. How are two isotopes the same or different in terms of physical and chemical properties?

What comes to mind when you hear the word “radioactive”?

What is the difference between a “stable” and “unstable” isotope?

What are some uses/applications of isotopes?

Student Activity #1:  Isotopes Research Project

Objective:

· To illustrate the importance of isotopes by researching and presenting on a specific application of isotopes.
In this activity you are to research the importance and applications of isotopes.  You may choose to research a topic from the following list:

· Isotopes in carbon dating

· Isotopes in surface and groundwater investigations

· Isotopes in nutrition

· Medical isotopes used in diagnosis

· Medical isotopes used in treatment of disease

· Isotopic labelling in chemical reactions

· Isotopes in pest control

· Isotopes used in agriculture

· Isotopes in climatology and geology
· Isotopes in nuclear weapons testing

· Isotope use in smoke alarms

· Isotopes in biological tracing

In addition to the research you perform on a specific topic regarding isotopes, also provide a summary about isotopes, including, 

a) What is an isotope?

b) What is the difference between a stable and unstable isotope?

c) Explain what is meant by the “natural abundance” of isotopes.

d) Explain how to calculate the atomic mass of an element containing a mixture of isotopes.

Above are just some of the examples of the importance and applications of isotopes.  You may want to do a quick search first to see which topic gives you enough information to prepare a report and present. Alternatively, you may also combine a few of the topics above or present on a specific isotope of interest.
Some isotopes of interest to research are:

aluminum-26, americium-241, bismuth-213, calcium-42, calcium-44, californium-252, carbon-13, carbon-14, cesium-137, cobalt-60, deuterium (hydrogen-2), fluorine-18, gold-198, iodine-125, iodine-131, iridium-192, krypton-85, lead-206, nickel-62, nitrogen-14, nitrogen-15, oxygen-15, oxygen-16, oxygen-18, phosphorus-82, plutonium-238, polonium-210, promethium-147, rhenium-188, rubidium-82, silicon-32, sodium-24, strontium-90, technetium-99m, thorium-229, tritium (hydrogen-3), uranium-238, vanadium-5. 

Other ideas for research include:

· Investigate a use and misuse of radiation and the resulting impact on society.
· Research all beneficial uses of radiation, or alternatively the not-so-beneficial ones.

· Research the fuel used in a nuclear power plant and how the radioactivity is harnessed for power.

· Research Radon.  Where is it found?  How is it harmful?  How can its risks be reduced?

· Find the meaning of half-life and its uses.    

Be sure to organize your information in a meaningful way.  Included are some useful websites to guide you in your research.  You may need more information than what is provided on these sites to complete your report.  Also include references.
Working individually, you are to summarize the information and present it to the class.  Your summary and presentation will be marked according to the following rubric:  

Sample Presentation Rubric:

	Criteria
	Levels of Performance

	
	1
	2
	3
	4

	1. Organization and Clarity: 

The isotope application is outlined both clearly and orderly.
	The report / presentation is unclear in most parts
	The report / presentation is clear in some parts but not overall
	The report / presentation is mostly clear and orderly in all parts
	The report / presentation is completely clear and orderly

	2. Content:

The isotope application studied contains pertinent information
	Content is poorly  researched and does not contain all required information
	Content is inadequately-researched and only contains some of the required information
	Content is adequately-researched and contains most of the required information
	Content is well-researched and contains all required information

	3. Presentation Style: 

Tone of voice, use of gestures, and level of enthusiasm are convincing to audience.
	Few style features were used; not convincingly
	Few style features were used convincingly
	All style features were used, most convincingly
	All style features were used convincingly


Student Activity #2:  The Chernobyl Disaster
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       Chernobyl before the accident
   

           Chernobyl at the time of accident
The following activity is adapted from:  http://pulse.pharmacy.arizona.edu/math/chernobyl1.html
The following information serves as an introduction to the horrific nuclear power plant disaster at Chernobyl in the Ukraine, part of the former Soviet Union. 

Background Information:


On April 26, 1986, due to a combination of the construction of the power plant and human error, there was a melt down inside the reactor in Unit #4 of the Chernobyl Nuclear Power Plant. The subsequent steam explosion and fire blew the 1000-ton roof off the building and allowed radioactive material to escape. How much radiation were those workers in direct proximity exposed to?  At the time of the explosion at Chernobyl, one source says that “on the roof of the destroyed reactor building, radiation levels reached a frightening 100,000 R per hour!”

The number above means little, unless you put it in terms of normal radiation exposure. According to a report from the National Council on Radiation Protection and Measurements, the annual average effective dose equivalent received in the United States is approximately 360 mrem (millirems) per person.
 
Teacher-Directed Discussion:
1. Begin by telling your students the following story: 
On 4/28/86 at the Forsmark Nuclear Power Plant, which is 60 miles north of Stockholm, Sweden, suddenly signs of abnormally high levels of radiation were found. Up to five times the normal amount of radioactive emissions were found in the soil and greenery around the plant. Even further north in Sweden and Finland, where rain and snow were falling, the same disquieting signals were discovered. The original fear was that the Forsmark Plant was leaking radiation somehow. After extensive searches, the scientists decided that the plant was not losing radiation. It had to be coming from somewhere else!
Examining the wind patterns for those days, the wind had come up from the Black Sea, across the Ukraine, across the Baltic Sea and into Scandinavia. In other words, something terrible had happened in the Soviet Union, and the Soviet officials were not telling anybody about it. That disaster was Chernobyl.
2. Ask your students if they have ever heard of Chernobyl. Since most of them were not born when the Chernobyl disaster occurred, over 20 years ago in 1986, do not expect them to know much, if anything, about Chernobyl. 

3. Share with the students the following: 
On April 26, 1986, due to a combination of the construction of the power plant and human error, there was a melt down inside the reactor in Unit #4. The subsequent steam explosion and fire blew the 1000-ton roof off the building and allowed radioactive material to escape. 
4. Discuss the various ways of measuring radiation. Tell the students that radiation has several different units of measurement: 
a) The roentgen (R) is a unit of radiation exposure in air. 
b) The rad (roentgen-absorbed-dose) is a unit of absorbed radiation or a unit of dose. A roentgen in air can be approximated by 0.87 rad in air, 0.93 rad in tissue, and 0.97 rad in bone. Doses are commonly expressed in rads/hr or mrads/hr or R/hr and mR/hr.
c) The rem (roentgen-equivalent-man) is a unit of dose equivalent. The rem is the absorbed dose in rads corrected for the equivalent absorption in living tissue. The rem is equal to the rad multiplied by a weighting factor depending upon the type of radiation.
d) For x-rays, the weighting factor is one. Therefore, for x-rays, one rem is equal to one rad. 
Following the above introduction to Chernobyl, students will explore three different isotopes that were released into the atmosphere and contaminated numerous parts of Europe. In a written essay students attempt to sympathize with those affected by these radioactive contaminates. 

Objectives:

· To describe an isotope and radioactive isotope in a written essay.
· To describe the health effects of the following: 
a) Cesium 137, 
b) Iodine 131 and 
c) Strontium 90 
· To describe how a specific country or region was affected by radioactive contamination in a written essay
Background Information:


The most hazardous isotopes released in the Chernobyl incident were Cs-137, I-131, and Sr-90. These isotopes have half-lives sufficiently long to allow them to migrate into the human body or, in the case of Iodine, have the tendency to accumulate in the thyroid gland. 

The plume from the burning graphite initially traveled in a northwest direction toward Sweden, Finland and Eastern Europe, exposing the public to levels up to 100 times the normal background radiation. A very serious concern involves the contamination of grain and dairy products from fallout. This contamination may cause permanent internal contamination. Both Sr-90 and I-131 migrate to vital organs in the body where they are impossible to remove, serving as a constant source of radiation and a cause of cancer or other diseases. 

Student Activity:


1. Ask students what caused the environmental health problems that resulted from the incident.  Direct them towards the emission of radioactive isotopes. 

2. What do they know about radioactive isotopes?

3. Explain there were three radioactive isotopes causing many of the problems. They are going to define what an isotope is, what makes it radioactive and some of the specific features of Cesium 137, Iodine 131, and Strontium 90. Have them refer to: http://www.bt.cdc.gov/radiation/isotopes

4. Have students then go to http://users.owt.com/smsrpm/Chernobyl/glbrad.html and look at the contamination of Iodine and Cesium radioactive isotopes in Europe.

5. Each student should imagine themselves in a European country on May 1st, 1986. Students should write an essay about Chernobyl including how they might feel and giving specific details about the contamination of their country.
Essays can either be handed in or presented to the class.
Extension Activities regarding Isotopes:  (Optional)
1. Radiation Exposure, Radioactive decay and Half-Lives

a)  Calculating your Personal Radiation Exposure

b)  Pennium-123 (A Radioactive Decay Simulation)

c)  Half-Lives

While not part of the Manitoba curriculum, the three activities at the website below would be of interest to students if time permits.

http://www.ocrwm.doe.gov/info_library/program_docs/curriculum/unit_2_toc/48.pdf
2. Narrative:  Perspective of an Isotope
Have students write narrative papers from the perspective of an isotope.  

Student Instructions:

Imagine that you are the proud member of a family of isotopes.  As a member of the family you are to write a narrative paper from the perspective of an isotope.  You, the isotope, will describe members of your “family” that have the same number of protons but different numbers of neutrons.  You are all related but different in mass.  Some of your “family members” are radioactive, so you will explain the probable causes of instability for those isotopes and describe the process of nuclear decay.
3. Average Atomic Mass Worksheet (with answers):

http://g-orbital.net/hw/WORK%20-%20Average%20Atomic%20Mass.pdf
Other Interesting Online Activities:

1. Date a Rock – An age dating simulation

Follow the activity at the link below:

http://www.indiana.edu/~ensiweb/lessons/date.les.html
2. The Tooth behind Stonehenge:

http://www.pbs.org/wnet/secrets/previous_seasons/lessons/lp_stonehenge.html
3. Frosty the Snowman Meets His Demise: An Analogy to Carbon Dating
http://www.sciencenetlinks.com/pdfs/snowman_actsheet.pdf  and

http://www.sciencenetlinks.com/lessons.cfm?DocID=171
Online Resources
Isotopes in the News:

Canada Acts to Reopen Reactor Producing Medical Isotope 

http://www.nytimes.com/2007/12/13/business/worldbusiness/13reactor.html?_r=1&adxnnl=1&adxnnlx=1229526313-E24NZWC2jPzBPOOGK7OPwA
Reactor Shutdown Causing Medical Isotope Shortage
http://www.nytimes.com/2007/12/06/business/worldbusiness/06reactor.html
Telltale Isotopes in Marijuana Are Nature’s Tracking Devices

http://www.nytimes.com/2007/08/21/science/21mari.html
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Fantastic Voyage: A new nanoscale view of the biological world
http://www.nanowerk.com/news/newsid=884.php
On the Trail of the Monarch, With the Aid of Chemistry

http://query.nytimes.com/gst/fullpage.html?res=9C03E1DC143FF93AA15751C1A96E958260
Meeting the nation’s demand – LANSCE extends run cycle for medical radioisotopes
http://pearl1.lanl.gov/external/Research/isotopes.shtml
Isotope Online Resources:
Berkeley Table of Isotopes:

http://ie.lbl.gov/education/isotopes.htm
Modern Uses of Radioactive Isotopes:

http://www.chem.duke.edu/~jds/cruise_chem/nuclear/uses.html
Isotope uses:  19 Examples:

http://www.ne.doe.gov/isotopes/neIsotopes2f.html#Actinium-225
Uses of Radioisotopes:
http://www.ausetute.com.au/nuclesum.html
Medical Isotopes:

http://www.menstuff.org/issues/byissue/isotopes.html
Medical Uses of Isotopes:
http://theory.uwinnipeg.ca/mod_tech/node186.html
Use of Isotopes in Nutrition:

http://kidsnutrition.org/consumer/nyc/vol_2004_2/isotope.htm
http://jn.nutrition.org/cgi/reprint/119/1/7.pdf
The Use of Isotopes in the Study of Milk Secretion:
http://journals.cambridge.org/download.php?file=%2FPNS%2FPNS33_01%2FS0029665174000061a.pdf&code=ed880d2caac2c43bad870197ef071dd8
Use of Stable Isotopes to Trace the Migration of United States Tree Bats

http://www.fort.usgs.gov/resources/research_briefs/bat_isotopes.asp
The Use of Isotopes in Pediatric Research:

http://www.pubmedcentral.nih.gov/picrender.fcgi?artid=1718760&blobtype=pdf
The Uses of Stable Isotopes in Petroleum

http://comp.uark.edu/~ksteele/gochemfiles/Present/Uses%20of%20Stable%20Isotopes%20in%20Petroleum2.pdf
The Use of Stable Isotopes of Water in Determining Sources of Water and Plant Transpiration

http://www.clw.csiro.au/publications/technical2001/tr05-01.pdf
Industrial Uses of Isotopes:

http://www.urenco.com/content/65/Industrial-uses.aspx
Stable Isotope Tracing:

http://www.ehponline.org/members/2006/9277/9277.html
CDC Radioactive Isotopes: 
http://www.bt.cdc.gov/radiation/isotopes
An Interesting Radiation Timeline:

http://www.radiation-scott.org/timeline/table.htm
Chernobyl Nuclear Power Plant Incident:

Chernobyl Home:

http://www.iaea.org/NewsCenter/Focus/Chernobyl/
Frequently Asked Questions about the Chernobyl Incident:

http://www.iaea.org/NewsCenter/Features/Chernobyl-15/cherno-faq.shtml
Global Radiation Patterns: 
http://users.owt.com/smsrpm/Chernobyl/glbrad.html

Other Chernobyl-Related Websites

http://agls.uidaho.edu/etoxweb/resources/Case%20Study/Chernob6.pdf
http://www.chernobyl.info/index.php?userhash=1608972
http://www.chernobyl.info/index.php?userhash=9653388&navID=16&IID=2
http://archive.greenpeace.org/comms/nukes/chernob/read13.html
http://www10.antenna.nl/wise/index.html?http://www10.antenna.nl/wise/449-450/4.html

Note:  Appendix 3.1-3.4 of the Manitoba Chemistry 30S Curriculum provides excellent isotope applications resources as well.  See link below:
http://www.edu.gov.mb.ca/k12/cur/science/found/gr11_chem/t3_appendices.pdf
Applications of Isotopes
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