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Objective


This particular laboratory exercise is an introduction to nuclear chemistry.  The rate of nuclear decay will be studied by using a cloud chamber that is constructed in class.�


MATERIALS


Disposable polystyrene Petri dishes - one per group


Black paper  (fadeless black paper for bulletin boards)


Clear adhesive tape (1/2 in”)


scissors


13 mm OD heat proof test tubes


Bunsen burner


isopropyl alcohol


dry ice


flashlight - one per group


radioactive sources - such as lantern mantles (must list thorium as an ingredient); lead-210


PROCEDURE


Cloud Chamber Construction


Construction of the cloud chamber is the first requirement.  Each laboratory group needs the tops or bottoms from two Petri dishes, a piece of black paper, clear adhesive tape, scissors, a 13 mm test tube, and a Bunsen burner.


Cut a piece of black paper to a diameter slightly smaller 	than the inside of one of the dish halves.  Place the round of paper into one of the dishes.  It is very important that the paper lie perfectly flat against the bottom, with no 	bulges or buckles.  If necessary, remove the paper and trim off any excess that is preventing it from lying flat against the plastic.


Take the two tops (or two bottoms) of the Petri dishes and put them together, open-side to open-side.  Run a piece of 1/2 in. wide, transparent tape around the dishes at their joint.  (The tape has to be clear so that you can shine a bright light into the chamber from the side.)


Wearing goggles and leather gloves, heat the bottom of a small heat-proof test tube (about 13 mm OD) in a hot flame.  When the tube is hot, remove it from the flame and carefully push it onto the side of the joined dishes so that the tube melts a small round hole.  It is desirable to have this hole somewhat small, about the size of the small end of a #3 rubber stopper, so don’t push the tube all the way through.  This melting process creates some fumes so you may want to do this in a fume hood or outside.


Chamber Cloud Setup


Squirt a small amount of alcohol into the cloud chamber, such that the black paper is thoroughly saturated.  Two or three milliliters usually suffices.


Set the cloud chamber on top of some dry ice.  You want to maximize the contact between the bottom of the dish and the surface of the dry ice.  The more contact, the quicker and more effectively the chamber will respond to the radioactive particles, producing the fog trails.  Slabs of solid dry ice are the least desirable form to use.  Pelletized dry ice that is grind to the consistency of coarse sand with a mortar and pestle works best.  Pour this into a small dish and settle the cloud chamber into the dry ice.  You may want to place an insulating material between the dish of dry ice and your table or desk surface to prevent the extreme cold from doing any damage.


Insert the radioactive source into the opening in the side of the cloud chamber.  Turn off the overhead lights.  Using a flashlight to illuminate the chamber through the sides of the dish, observe the vapor trails caused by the passage of radioactive particles through the air in the chamber.  (Depending on the amount of contact between the bottom of your chamber and the dry ice, these trails could appear immediately, or they could take several minutes.)


Analysis


Insert a lead-210 radiation source “needle” in your chamber.  Describe the appearance of the fog trails it produces.  Notice that all the trails originate from the eye of the needle.  Remove the needle.  What do you observe now?


With the lead-210 radiation source “needle” in your chamber, devise and carry out a procedure for determining the number of disintegrations per minute (dpm) of the source.  Describe your procedure, list your data and conclusions, graph your results, and discuss any errors involved in the process.


With the lead-210 radiation source “needle” in the chamber, devise and carry out an experiment to investigate the ability of various materials to shield the radiation.  Describe your procedure, list your data, and explain your conclusions.


Using the list of contents on the lantern mantle bag and a Handbook of Chemistry and Physics, determine the element(s) responsible for the lantern mantle’s radioactivity.  Determine the decay series for the isotope(s) involved.


Insert a lantern mantle partially through the hole in the side of your chamber and observe the fog trails it produces for several minutes.  Make a list of the different types of trails that you see.


Insert a lantern mantle partially through a hole in the side of a cloud chamber and leave it undisturbed for several minutes.  Remove the mantle and seal off the opening in the side of the chamber with a piece of tape.  Observe the decay trails that appear over the next several minutes.


Safety Precautions


Students do NOT touch the eye of the needle, or disturb it in any way that might loosen any of the radioactive material from inside the needle eye.


Use gloves when handling the lantern mantles.


Be careful handling the hot test tube.  Hot glass looks like cold glass.


Use gloves when handling the dry ice to prevent skin burns.


NOTES TO TEACHERS ON EACH ACTIVITY:


The fog trails are mostly straight lines, though a few appear to curve slightly.  All the fog trails originate from the eye of the needle.  When the student removes the needle from the cloud chamber, no more trails will be visible.  All the decay products of lead-210 are solids at room temperature and, thus remain in the eye of the needle.  This is setting the stage for what the student will observe with the lantern mantle.


If a cloud chamber is properly operating and the source is active, the number of trails visible should be impossible to count directly by eye.  Our intention is that students realize that direct counting methods are impractical and that some averaging technique should be employed.  Common strategies are to divide the cloud chamber into sections and have several students count the trails in different sections and then add together the results, or to count the trails in one small section of the chamber and then multiply the result by the number of sections needed to make up the entire chamber.  Most students count for a time period shorter than one minute and then determine the dpm by calculation.  Student results may be in the range of several hundred per minute.


The cloud chamber could be altered (or a new chamber constructed) to include an internal barrier of paper, aluminum foil, plastic, etc., near which the radioactive source is positioned.  The simplest test we have done is to place the source on top of the cloud chamber.  In such a position faint vapor trails are visible in the chamber that are not seen when the source is removed.  In general, it is easier to prove that the radiation can pass through a material because the trails will be visible.  To prove that a material is an effective shield for the radiation, the students must not only show that not trails exist on the side of the barrier opposite the source, but also that trails would be visible if radiation were on that side of the barrier.


The lantern mantles we have used list “aluminum, calcium, cerium, magnesium, and thorium” compounds present in the mantles, as well as other miscellaneous materials.  Using the “Table of the Isotopes” in the CRC Handbook of Chemistry and Physics, the student should find each element in the mantle contents list, determine which of its isotopes occur naturally and then see if any of those isotopes have a half-life listed in the table, which would indicate that the isotope is radioactive.  Thorium-232 is the only naturally radioactive element in the lantern mantles.  Using the mode of decay listed for the isotope, the Decay Series for thorium-232 may be produced.  Caution:  In some earlier editions of the CRC Handbook of Chemistry and Physics, it cannot be determined that Th-232 is the naturally occurring radioactive isotope of thorium because no percent natural abundance for this isotope is listed.  The 71st Edition (1990-1991) does list thorium-232 as making up 100% of the naturally occurring thorium on Earth.


The behavior observed when the thorium-232 (the lantern mantle) is in the cloud chamber is not as simple as that of lead-210.  During the first few moments of observation, all the vapor  trails will appear to originate from somewhere on the surface of the mantle.  Eventually, however, trails will begin to streak though the chamber that are on paths parallel to the surface of the mantle and could not possible have originated from it.  In the fifth step of decay series, radium-224 decays by alpha emission to produce radon-220, a gas.  It is reasonable to conclude that this decay product is able to diffuse out of the mantle material and enter the gas inside the cloud chamber, where it subsequently decays.  These Rn-220 decays are the likely explanations for the trails in the chamber that do not originate from the mantle.  Students should notice other differences as well.  In particular, they will see trails that are V-shaped, as though two decay particles have emanated simultaneously from the same point.  We think these are the nearly simultaneous, though still sequential, decay emanations of radon-220 (half-life 55.6 s) and its very short-lived daughter, polonium-216 (half-life 0.15 s).


Immediately after removing the mantle, the number of decays can be significant, 10 to 20 in the space of 15 s.  As the student continues to observe the chamber, the number of decays decreases significantly in two or three minutes.   This rapid decrease in the number of decays can be related to the very short half-life of radon-220.  Thus, it is possible to have the students observe an exponential (nearly) decay rate of a radioactive isotope directly.  We direct our students to count the number of decays they observe in sequential 15-s time periods for three minutes.  They plot the information producing curves that roughly approximate exponential decay.  Be ready to explain that the curves are not perfect exponential relationships because of the inclusion of decays by the polonium-216 atoms and the very small numbers of nuclear decays actually observed.  We never have counted much more than 100 trails in the space of two or three minutes.  This is too small a number to expect a statistically  correct exponential decay curve to be described.


Conclusions


Good experimental design requires that the behavior of the cloud chamber be observed when an external source is not present.  Thus, you may want your students to use the cloud chamber to search for background radiation.  Ideally, students should first observe the cloud chamber with no external source present before they begin other investigations.  The difficulty in this is that the students do not know what they should or should not see and will probably not attend to the activity with the perseverance and patience that is it requires.  We would suggest that observation of the background radiation be done after the student has seen the behavior of the lead-210 source and the thorium-232 source.  Chambers that have been used to observe the lantern mantle decays should not be used to observe background radiation be done after the student has seen the behavior of the lead-210 source and the thorium-232 source.  Chambers that have been used to observe the lantern mantle decays should not be used to observe background radiation due to the presence of radon-220 and its subsequent decay products.


� Perry, J.T., Sankey, M.A.  “Cloud Chamber Activities for the High School Classroom”.  Journal of 	Chemical Education.  1995. 72.  339-343.
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