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Medical radioisotopes
Yttrium-90 (90Y) is an important radioisotope that is used to treat liver cancer. Tiny glass beads or microspheres filled with 90Y are placed inside the tumour’s blood supply, delivering a high dose of radiation to the cancer whilst blocking the blood supply – thereby killing it. This targeted delivery of radiation kills the cancerous cells while minimising exposure to healthy tissue.
90Y is formed when strontium-90 (90Sr) undergoes radioactive beta minus (β-) decay, which in turn undergoes β− decay to form stable zirconium-90.

The short half-life (t½) of 90Y means that it can be implanted in the cancer and deliver a high dose of radiation in a relatively short time period. 90Sr has a longer half-life and would require a lot more material to deliver a similar radiation dose.
Beta minus decay (β-)
β- decay occurs when a radioisotope has too many neutrons. In order to reach a more stable state, one of the neutrons decays into a proton and an electron (conserving charge and mass/energy). The proton stays within the nucleus but the electron is emitted with a lot of energy. This high energy electron is very penetrating and can easily pass through the body but can be stopped by a thin sheet of aluminium.
Half-life (t½)
The half-life is simply the time it takes for a quantity of radioisotope to reduce to half its original amount. In this experiment, we have 90Sr which undergoes β- decay to form 90Y. 90Sr has a half-life of 29 years. This means that after 29 years, half of the 90Sr will have decayed away.
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The quantity of material remaining after a given time, can be calculated using the equations below. 
	


	
λ = decay constant (s-1)
N0 = initial quantity
Nt = remaining quantity after a time, t
t = time interval (s)
t½ = half-life (s)



Capacity Factor (k’)
The capacity factor describes the migration rate of an analyte on a column. In this experiment, the concentration of nitric acid (HNO3) affects the rate at which 90Sr passes through the column. At high HNO3 concentrations, 90Sr resides in the stationary phase (k’ = ~70) but it resides in the mobile phase in weak HNO3 (k’ < 0.1).
	Solvent
	Capacity Factor (k’)
Sr-90                   Y-90

	3 M HNO3
	~ 70
	< 0.4

	0.0001 M HNO3
	< 0.1
	< 0.4



Experimental Set-up

Apparatus
	Solution containing 90Sr and 90Y
Syringe (to inject the solution)
Three valves to control the solvent (V1, V2, V3)
Peristaltic pump

	Solvent bottles (3 M and 0.0001 M HNO3)
Separation Column (contains Sr resin)
Geiger Counter (measures ionising radiation)
Waste container



Familiarise yourself with the experiment and use your understanding of column chromatography to fill in the blanks.

Experimental Procedure
Prepare the column
Open valve 3 (V3) in order to start the experiment.
Set the solvent flow rate to ________.
Select _________ solvent.
Click on “start solvent pump” to begin pumping the solvent onto the column. Use the camera feed to check that the pump is turning and droplets of solvent are landing on the slide.
Allow the solvent to run for 5 minutes to ________ the entire column.
Whilst waiting, set up your measurement parameters by going to the measurement tab. Set the measurement time to 3600 seconds (the duration of your experiment, 1 hour) and the counting interval to 10 seconds (this is how often the Geiger counter will record the activity).
Click on “start measurement”.
Make a note of the _________.
 Separation of 90Y from 90Sr
After 5 minutes, stop the solvent pump.
Click on ‘inject activity!’ The syringe will administer the 90Sr/90Y solution onto the top of the column.
Start the solvent pump. Use the video to check that the solvent is flowing and that the measurement table is being filled.
Allow the first peak in the chromatogram to build up and dissipate back to the background count rate.
Select __________ solvent.
Allow the second peak to build up and dissipate.
[bookmark: _GoBack]The experiment is now complete. Email the data and log book to your school email address.
Click on ‘logout and exit’.









Questions
In your experiment, which component is the mobile phase and which is the stationary phase?
Why is it important to wet the column at the start of the experiment?
Draw and label a sketch of your results.
Calculate how many neutrons and protons there are in 90Sr, 90Y and 90Zr.


Using a noble gas core [Kr], complete the electron arrangement for the following elements/ions:
Sr
Y
Sr2+
Go to the MolView website (http://molview.org). Use the left-hand panel to draw the crown ether used in this experiment. The chemical formula is C28H52O6. Click on 2D to 3D to convert your diagram into a 3D shape. Use the right-hand panel to estimate the diameter of the resin’s cavity (Jmol, then “distance”, then click between the atoms).

The atomic radius of Sr2+ is 2.21Å. Why do you think Y3+ shows very little affinity towards the crown ether resin?
What order did you add the acid solvent to the column and why?
What is the problem with storing yttrium-90 for too long before using it?
Why does 90Sr accumulate in bones?
What hazards are associated with this experiment?
If you were carrying out this experiment in person, what precautions would you take?
How would you improve the design of the experiment?
Research another radioisotope and give an example of its application.
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