Lab Activity: Radioactive Dating


Name: ______________________________






Period: _____

Date: ___________

Today you will work in small groups to graph the decay of a newly discovered “radioactive” element called Roadrunnium.  Roadrunnium is a newly discovered element with “radioactive” isotopes.  It has been determined by rigorous investigation that Roadrunnium is a clear red liquid at room temperature with a “radioactive” half-life of 2.0 minutes.  Roadrunnium is not a naturally occurring element, but because of its short half-life and chemical properties, it can be used to replace specific amino acids in protein molecules to help determine their age. 
 Each small group of students will receive a 50 ml sample of Roadrunnium in a 100 ml beaker, and use a Vernier LabQuest interface equipped with a temperature probe to measure the “radioactive” decay of their sample.  This decay will be determined by measuring the drop in temperature of the sample. 

The LabQuest interface should be adjusted to take samples every minute for a period of 15 minutes.  The sample of Roadrunnium will then be placed into a cold water bath and the temperature probe should be held in the sample for the duration of the 15 minutes.  As soon as the probe is inserted into the sample the LabQuest interface should be set to start collecting data.  Once each group’s 15 minute run is complete they will then set their LabQuest interface to display data and record their data in the table below.  



Decay of Roadrunnium

Time (min)

Temperature (degrees Celsius)

0 ______

1 ______

2 ______

3 ______

4 ______

5 ______

6 ______

7 ______

8 ______

9 ______

10 ______

11 ______

12 ______

13 ______

14 ______

15 ______

In order to determine an accurate rate of decay for Roadrunnium numerous samples need to be measured.  To do this each group will record their data on the white board in the front of the classroom.  Once all the groups data have been collected the mean (class average) temperature needs to be determined for each half-life and displayed on the chart below.  

Class Data for the Decay of Roadrunnium      
Time



Group (Temperature)
(min)

1
2
3
4
5
6
7
8
9
10
AVG
0

___
___
___
___
___
___
___
___
___
___
___
2

___
___
___
___
___
___
___
___
___
___
___
4

___
___
___
___
___
___
___
___
___
___
___
6

___
___
___
___
___
___
___
___
___
___
___
8

___
___
___
___
___
___
___
___
___
___
___
10

___
___
___
___
___
___
___
___
___
___
___
12

___
___
___
___
___
___
___
___
___
___
___

14

___
___
___
___
___
___
___
___
___
___
___
Looking at the data displayed above, is any of the data suspect?   _____  

Identify any specific data points (group and time) that the data illustrated above may indicate an outlier or experimental error.   _______________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

On a sheet of graph paper graph the Decay of Roadrunnium using the data collected above using the class average.  Make sure to include the units and a topic name for you graph.  

Once you have completed your graph you can now use it to determine the age of specific protein molecules called prions.  Because of its short half-life (2 min) and chemical activity (replaces specific amino acids in protein molecules) scientists believe that Roadrunnium to be an ideal “radioactive” marker to determine the age of these protein molecules.  It was only recently that scientists determined that several neurological diseases were caused by prions. 

Prions are mutated or misshapen protein molecules that have the ability to act as an enzyme, which changes normal enzymes into prions.  Prion infections infect nerve cells and cause them to burst.  This will eventually lead to death in the infected organism.  Roadrunnium is especially useful in determining the age of specific prion molecules because its short half life can be used to track the onset and spread of diseases like mad cow disease.   Scientists hope that the use of Roadrunnium to determine the age of prions will eventually lead to a cure for the disease. 
Below are three different sets of data that were experimentally generated to help you determine the age of three prion samples.  Use the graph you developed to determine the age of each of the three samples.  

Sample A:  It was determined that sample A had a relative temperature of 17 degrees Celsius.  How old are the prions in sample A?
 ____________________________

Sample B: It was determined that sample B had a relative temperature of 31 degrees Celsius.  How old are the prions in sample B?
_____________________________

Sample C: It was determined that sample C had a relative temperature of 12.2 degrees Celsius.  How old are the prions in sample C?   
_____________________________

Materials:
hot plate

ice

100ml beakers
red food coloring


1000 ml beakers
ice bath

hot water bath



Graph paper

white board
Vernier LabQuest



Temperature probe
Lap top computer
LabQuest Emulator
Procedure:


Pre-lab:

Use the LabQuest Emulator to demonstrate to the students how to adjust the mode settings on the LabQuest for interval and sample time (15min experimental run with samples every min).  Describe the procedures for the lab.

1. Prepare several ice baths before class (30 min to 1 hour before class)

2. Using the hot plate and 1000ml beaker prepare a hot water bath with a temperature of 50 degrees Celsius.

3. Pour 1000 ml of water and one or two drops of red food coloring to the 1000 ml beaker.  Then heat the beaker to 50 degrees Celsius. 

4. Pass out lab handout sheets to each student.

5. Have one student from each group pour 50 ml of “Roadrunnium” into a 100ml beaker.

6.  Have the students place their beaker into the hot water bath.
7. Distribute the LabQuest interface and temperature probes to each student group.  Instruct them to adjust the mode setting we demonstrated in the pre-lab. 

8.  Have the students record the temperature of the “Roadrunnium” in their beaker using the temperature probe.

9. Adjust temperature of the hot water bath to ensure all of the 100ml beakers have a temperature as close to 50 degrees Celsius as possible.

10. Instruct each group to remove their beakers from the hot water bath and place them into one of ice baths.  As soon as they place their sample into the ice bath they should start their experimental run on the LabQuest interface.
11. Each group will hold the temperature probe in the sample of “Roadrunnium” until the experimental run is over.

12. Students should then set the LabQuest interface to the data table and record their data on their handout.

13. Students will then send a representative from their group to the white board to record their group’s data on the board.

14. When each group has filled in their data, each student will record the class data on their data sheet and calculate the class average for each data point.

15. Students will then make a graph of the class data illustrating the “decay Rate of Roadrunnium”.

16. Students will then answer the questions on their handout sheets concerning outliers, of experimental error.

17. Students will use their graph to determine the age of various samples of Roadrunnium.



