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Class ______________
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Activity GS17: Half-Life of a Radioactive Substance 
(Nuclear Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Radioactivity
GS17 Half-Life.DS
G17 Half-Life
G17_HALF.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Nuclear Sensor (SN-7927)
1
Graduated cylinder
1

Base and Support Rod (ME-9355)
2
Watch glass
1

Beaker, 50 mL
1
Protective gear
PS

Clamp, buret (SE-9446)
1
Other Equipment and Consumables
Qty

Clamp, right angle (SE-9444)
1
Isogenerator (SE-7995)
1

Clamp, three-finger (SE-9445)
1
Water, de-ionized or distilled
10 mL

What Do You Think?

[image: image1.wmf]The purpose of this activity is to determine the half-life of a radioactive substance. How can you use a nuclear sensor (like a Geiger-Müller tube) to determine the half-life of a substance?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

[image: image7.wmf]Radioactive substances randomly give off high-energy bits of matter and high-intensity bits of energy. Alpha particles and beta particles are examples of the high-energy bits of matter. Gamma rays are high-intensity bits of energy. Nuclear sensors such as Geiger-Müller tubes can detect these forms of radioactivity. Each detected bit of radioactivity is called an “event”. The number of events can be counted over a period of time to get an idea of how radioactive one substance is relative to another. 

The half-life of a radioactive substance is the time required for the number of “counts” from a radioactive substance to go down to half of its original value. For example, if the original number of counts is 70, the half-life is the time it takes for the number of counts to become 35.

All radioactive substances have count rates which decrease toward zero counts per time period. Eventually, even the most dangerous radioactive substance becomes safe. This might take only minutes, or it could take thousands or even millions of years, depending on the kind of substance involved. 

Think about popping popcorn. The number of kernels of popcorn that pop is fairly constant as the corn starts to pop, but soon the popping decreases until just a few kernels explode per second. For popcorn, the same fraction of un-popped kernels will pop during each time period. For example, let's assume that one half of the un-popped kernels pop each minute. If you start with 100 kernels, then 50 kernels will pop and 50 kernels will not pop by the end of one minute. In the next minute, half of the un-popped 50 kernels will pop, and half will not, so there are 25 kernels left un-popped, and so on. Fewer kernels per second actually pop but the same fraction of un-popped kernels pop each second. This is similar to the way that radioactive substances give off radioactivity. In each period of time, the same fraction of unchanged radioactive atoms give off radioactivity and change into different elements. Half-life is the time required for the counts per time period of a radioactive sample to fall to half of its original value. 

SAFETY REMINDERS
· Wear protective gear.

· Follow directions for using the equipment.

· Dispose of all chemicals and solutions properly.
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[image: image4.wmf] Caution! Do not let radioactive substances get on your skin or into your eyes or mouth. Inform your instructor of any spills or if you come in contact with the radioactive substance. 

For You To Do

In the Pre-Lab for this activity, prepare an “isotope generator” (called an isogenerator). This device produces the radioactive substance that you will measure. The Pre-Lab takes about ninety minutes.

In the Procedure for this activity, use the Nuclear Sensor to measure the counts (radioactive “events”) from a radioactive substance that has a short half-life. Use DataStudio or ScienceWorkshop to record and display the data from the Nuclear Sensor. 

Use a Graph of counts and time to determine the initial number of counts per time period, and then find the time at which the number of counts is one-half of the inital number. This time is the half-life of the radioactive substance.

Pre-Lab

About the SN-7995 Isogenerator

The isogenerator (short for “isotope generator”) is a device that has a radioactive substance cemented into a porous plug of epoxy. The radioactive substance itself cannot come out of the plug of epoxy. However, the radioactive substance (Cesium-137) produces a radioactive by-product (Barium-137) that has a short half-life. The Barium-137 can be “flushed” out of the plug of epoxy using a special liquid. You can measure the half-life of the Barium-137 by measuring the counts of radioactivity coming from the liquid. 

NOTE: Because the special liquid drains through the isogenerator and picks up the radioactive Barium-137 along the way, the isogenerator is sometimes referred to as a “nuclear cow”.

[image: image8..pict]The isogenerator kit includes three parts:

•
ion exchange column

•
stopcock

•
0.1 Molar EDTA eluant (special liquid) with pH = 9

The ion exchange column is filled with de-ionized water when it is shipped from the factory.
Preparing the Isogenerator

[image: image5.wmf]  REMINDER: Be sure to wear protective clothing (gloves, apron, goggles) when handling or using the isogenerator or the special liquid after it drains through the isogenerator. Follow all instructions for handling and using the isogenerator.

You will need the following items: isogenerator kit, 50-mLbeaker, base and support rod, buret clamp.

[image: image9..pict]1.
Remove the large cap at the top of the reservoir on the ion exchange column. Hold the column upright securely in one hand. Use your thumb to push the large cap upward. Do this slowly so that none of the liquid inside spills out. 

•
Keep the large cap so you can cover the ion exchange column again when you are done with it.

2.
Put a buret clamp on a base and support rod. Put the ion exchange column into the buret clamp. Turn the ion exchange column so you can see the small marks that are on the back of the reservoir.

3.
Place the beaker under the small cap at the bottom of the ion exchange column.

[image: image10..pict]4.
Carefully remove the small cap from the bottom of the ion exchange column. Let the de-ionized water drain out of the ion exchange column into the beaker. 

5.
Put the stopcock onto the end of the ion exchange column. Turn the valve on the stopcock so the valve is horizontal and the stopcock is closed. 

6.
Remove the small cap from the top of the squeeze bottle that contains the EDTA eluant. Fill the ion exchange column with the EDTA eluant to the 5 mL mark on the reservoir of the ion exchange column.

7.
Allow the ion exchange column to sit for one hour with the EDTA eluant in it. (This allows more of the Barium-137 to move down the column.)

Computer and Equipment Setup

PART I: Computer Setup
1.
Connect the ScienceWorkshop interface to the computer, turn on the interface and then turn on the computer.

2.
Connect the Nuclear Sensor stereo phone plug to Digital Channel 1.

3.
Open the file titled as shown;


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

GS17 Half-Life.DS
G17 Half-Life
G17_HALF.SWS

•
The document opens with a Digits display and a Graph display of Counts versus Time.

•
The DataStudio document also has a Workbook display. Read the instructions in the display.

•
Data recording is set at one sample per second and will stop automatically at 600 seconds.

PART II: Sensor Calibration and Equipment Setup
•
You do not need to calibrate the Nuclear Sensor. 

Equipment Setup

[image: image11..pict]1.
Put the Nuclear Sensor into a three-finger clamp. Use a right angle clamp to mount the Nuclear Sensor on a base and support rod. Turn the Nuclear Sensor so it is vertical and the Geiger-Müller tube is pointing down. 

2.
Carefully remove the protective plastic cap from the end of the Nuclear Sensor. Place the watch glass below the end of the Nuclear Sensor. 

3.
Adjust the position of the Nuclear Sensor so that the end of the sensor is 1 or 2 cm above the watch glass.

4.
Remove the watch glass temporarily and place it under the stopcock at the bottom end of the ion exchange column that has 5 ml of EDTA eluant in it. Adjust the ion exchange column so the bottom end is 3 to 4 cm (less than 2 inches) above the watch glass. 

5.
Open the stopcock and let 2 ml of eluant drain down into the watch glass. Close the stopcock again as soon as the eluant drains out. 

•
If the isogenerator is going to be used again right away, refill the reservoir with eluant to the 5 ml mark. Wait between 15 and 30 minutes before draining more of the eluant out of the ion exchange column.

•
If the isogenerator is NOT going to be used again right away, drain the rest of the eluant into a beaker. Close the stopcock. Fill the reservoir to the 10 ml (top mark) mark with de-ionized water. Put the large cap back on the reservoir tightly. Store the isogenerator in an air tight container. 

6.
Put the watch glass back underneath the end of the Nuclear Sensor. 

PART III: Data Recording
1.
Start recording data. (Click ‘Start’ in DataStudio or click ‘REC’ in ScienceWorkshop .)

•
Data recording will stop automatically after ten minutes. Run #1 will appear in the Data list. 

--------------------------

Ending the Activity

Equipment Clean Up

•
Check with your instructor about cleaning and putting away the equipment for this activity. 

•
Follow all instructions for the handling and disposal of the chemical used in this activity. DO NOT pour any chemicals down the drain unless you are told to do so.

Computer Shutdown

When you have finished, you have several options. 

1.
You can select ‘Quit’ from the ‘File’ menu to end the activity. 

2.
You can select ‘Save’ or ‘Save As…’ from the ‘File’ menu to save your data for this activity and the changes you’ve made to the document. 

•
The original document is “locked”, so you should give your document a new filename.

Analyzing the Data
1.
Rescale the Graph to fit the data. (Use ‘Scale to Fit’ in DataStudio or ‘Autoscale’ ([image: image6.png]


) in ScienceWorkshop.) 

2.
Use the Graph’s built-in analysis tools to find the half-life of the substance. 

•
Hint: Use the ‘Smart Tool’ or ‘Smart Cursor’ to find the value of counts at the beginning of the run. Move the ‘Smart Tool’ or ‘Smart Cursor’ along the plot of counts until the ‘Y’ coordinate is approximately one-half of the original value. Record the value of the ‘X’ coordinate as the ‘half-life’ time. 

[image: image12..pict]Record your results in the Lab Report section.

Lab Report - Activity GS17: Half-Life of a Radioactive Substance

What Do You Think?

The purpose of this activity is to determine the half-life of a radioactive substance. How can you use a nuclear sensor (like a Geiger-Müller tube) to determine the half-life of a substance?

Data Table

Initial Count
counts per second

Half-Life
minutes

Questions

1.
How does your value of half-life time for the Barium-137 compare to the accepted value (about 2.6 minutes)?

2.
How long will it take for counts from the Barium-137 to decrease to 1/4th of the original counts?
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