THE HALF-LIFE OF PROTACTINIUM





Aim:  In this experiment you will be determining the half-life of the radioactive element Protactinium.





Theory:  Protactinium is one of the products which are formed when Uranium decays.  The chain of events is:
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Uranium 238 decays into Thorium 234 very slowly indeed.  The Thorium 234 (Question 2) decays much more quickly but it still takes some time for the amount of Protactinium to build up.  If you start with only Uranium atoms, in a short while there will be a mixture of many radioactive elements. 





We are interested only in the Protactinium.   So, a method is needed to separate the Protactinium if its decay is to be detected.  The mixture is in a bottle, which is referred to as a "Uranium Cow".  It  contains the original Uranium salt, concentrated Hydrochloric Acid, water and and an organic solvent, iso-butyl methyl ketone.  The organic solvent and the water are immiscible (Question 3) with the organic solvent in a layer on top of the water.  The Uranium and Thorium are soluble in water and insoluble in the organic solvent, and Protactinium is the opposite.





Normally when the bottle is resting on the shelf, the Uranium and Thorium will sit in the aqueous layer decaying away producing Protactinium.  When the bottle is shaken vigorously, the water and organic solvent mix, the Protactinium dissolves in the organic solvent and rises to the top as the layers re-establish.  If a Geiger counter is placed at the top, it will detect only the Protactinium and the decay can be observed.





Method: The bottle will be shaken vigorously by the teacher and then turned upside down so that the organic layer near the flat bottom can be placed near the Geiger counter.





As soon as the layers have begun to establish, the counter is started.  The cumulative count is recorded every 20 seconds for about 7 minutes.





After a further few minutes, there will have been more Protactinium produced in the aqueous layer and the experiment can be done by another group.





Typical Results





Background Count = 7 count/ 20 seconds
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0 - 20�
10�
44�
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39 - 7 = 32�
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�
Analysis


1.	Plot a graph of Corrected Count Rate against Mid-Time.





2.	i)	Use your your graph and the table below to determine the half life.  First select a count rate and read off from your graph the value on the Time axis.  Try to read the scale as accurately as possible, even to 1.0 second.  Record the readings in your table.


	ii)	Now halve the count rate and find the corresponding value on theTtime axis and enter these readings in the third and fourth columns.


	iii)	To find the half-life, subtract the values in the fourth and second columns and enter the answer in the last column.  This number represents the time for the count to halve.


	iv)	Do this exercise for three other starting count rates and then find the average half life.
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Questions


1.	Write down the decay mechanism for Uranium 238, Thorium 234 and Protactinium 234.


2.	Look up the values for the half-lives for Uranium 238 and Thorium 234.


3.	Look up the meaning of "immiscible".


4.	Why is the bottle called an "Uranium Cow"?


5.	Why is the background count important?


6.	Describe the graph.


7.	What values do you get for the half-life for each of the 5 initial values.


8.	What do you notice about your results?


9.	What is your average value for the half-life of Protactinium.


10.	Why is the half-life an important feature to know about a radioactive substance?


11.	If you started with 1000 atoms of Protactinium, how many would be left after about 7 minutes?





Submit


1.	Your graph.


2.	Your answers to questions.


3.	Table of measurements of half-lives and the average half-life.


