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Determining the Half-Life 
of an Isotope
One type of nuclear reaction is called radioactive decay, in which an unstable isotope of an element changes spontaneously and emits radiation. The mathematical description of this process is shown below.
R(t) = R0e–λt
In this equation, λ is the decay constant, commonly measured in s–1 (or another appropriate unit of reciprocal time) similar to the rate law constant, k, in kinetics analyses. R0 is the activity (rate of decay) at t = 0. The SI unit of activity is the bequerel (Bq), defined as one decay per second. This equation shows that radioactive decay is a first-order kinetic process.
One important measure of the rate at which a radioactive substance decays is called half-life, or t1/2. Half-life is the amount of time needed for one half of a given quantity of a substance to decay. Half-lives as short as 10–6 second and as long as 109 years are known.
In this experiment, you will use a source called an isogenerator to produce a sample of radioactive barium. The isogenerator contains cesium-137, which decays to produce barium-137. The newly made barium nucleus is initially in a long-lived excited state, which eventually decays by emitting a gamma photon and becomes stable. By measuring the decay of a sample of barium-137, you will be able to calculate its half-life.
Important: Follow all local procedures for handling radioactive materials. Follow any special use instructions included with your isogenerator.
OBJECTIVES
· Use an isogenerator to produce radioactive barium-137 for analysis.
· Use a radiation counter to measure the decay of a sample of barium-137.
· Calculate the decay constant and half-life of barium-137.
MATERIALS
Chromebook, computer, or mobile device
Graphical Analysis 4 app
Go Direct Radiation
cesium/barium-137 isogenerator
small paper cup for barium solution
pre-LAB EXERCISE
1. Consider a candy jar, initially filled with 1000 candies. You walk past it once each hour. Because you don’t want anyone to notice that you are taking candy, you take only 10% of the candies remaining in the jar each time you walk by. Sketch a graph of the number of candies for a few hours. 
2. How would the graph change if instead of removing 10% of the candies, you removed 20%? Sketch your new graph.
PROCEDURE
1. Prepare a shallow cup to receive the barium solution. The sides of the cup should be no more than 1 cm high.
2. Launch Graphical Analysis. Connect the Radiation Monitor to your Chromebook, computer, or mobile device.
3. Click or tap Mode to open Data Collection Settings. Change Time Units to min. Change Rate to 2 samples/min and End Collection to 15 minutes. Click or tap Done. Note: Complete Steps 5–6 quickly because the barium-137 sample decays immediately.
4. Prepare your isogenerator for use as directed by the manufacturer. Quickly transfer the barium solution to the prepared cup. Note: Follow all local procedures for handling radioactive materials.
5. Place the Radiation Monitor on top of, or adjacent to, the cup to get a maximum rate of flashing of the red LED. Be careful not to spill the solution in the cup.
6. Click or tap Collect to start data collection. Important: Radiation will be counted for 30 seconds before being graphed. The first data point will be visible after 30 seconds. Do not move the Radiation Monitor or the cup during data collection.
7. When collection is complete, set the Radiation Monitor aside, and dispose of the barium solution and cup as directed by your instructor.
data table
	fit parameters for Y = A exp ( – C*X ) + B
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DATA ANALYSIS
1. Inspect your graph. Does the count rate decrease in time? Is the decrease consistent with an activity proportional to the amount of radioactive material remaining?
2. Compare your graph to the graphs you sketched in the Pre-Lab Exercise. How are they different? How are they similar? Why are they similar?
3. What do the fit parameters, A, B, and C, measure? What are their units?
4. From the definition of half-life, determine the relationship between half-life (t1/2, measured in minutes) and decay constant (λ, measured in min–1). Hint: After a time of one half-life has elapsed, the activity of a sample is one-half of the original activity.
5. From the fit parameters, determine the decay constant λ and then the half-life t1/2.
6. Is your value of t1/2 consistent with the accepted value of 2.552 minutes for the half-life of barium-137?
Extensions
1. How would a graph of the log of the count rate vs. time appear? Using  or a spreadsheet, make such a graph. Interpret the slope of the line if the data follow a line. Will correcting for the background count rate affect your graph? 
2. How long would you have to wait until the activity of your barium sample is the same as the average background radiation? You will need to measure the background count rate carefully to answer this question. 
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