No 29 Photosynthesis (leaf disks)

Making a range of NAHCO3 solutions

NaHCO has a relative molecular mass (RMM) of 84, so a 1 molar solution of it will contain 84g dissolved in 1 litre of water.  However to keep the  PH constant during the experiment you will use citrate/phosophate buffer instead of water. The buffer solution is made up for you and will keep the PH at 6.8

Given that you will be using 20ml syringes for this experiment; make up 50mls of each of the following solutions.  The buffer and stock solution are provided.

1.   0.01M   50ml stock solution only

2.  0.009M  45ml stock solution               +    5ml buffer

3.  0.008   40ml  stock solution                 +  10ml buffer

4.  0.007    35ml  stock solution                 +  15ml buffer
5.  0.006   30ml  stock solution                 +  20ml buffer

6.  0.005   25ml  stock solution                 +  25ml buffer

7.  0.004   20ml  stock solution                 +  30ml buffer

8.  0.003   15ml  stock solution                 +  35ml buffer

9.  0.002   10ml  stock solution                 +  40ml buffer

10.  0.001   5ml  stock solution                  +  45ml buffer
Preparing Plant material

Choose several healthy leaves from a plant.  Any plant with leaves will do-the illustration on the previous pages show pepper, which works very well. Avoid the cacti.  Remove the leaves carefully and cut out 50 leaf discs using a cork borer (8-10mm)  Cut them on a tile to avoid damaging the benches. Old flooring tiles are suitable for this.  Place the leaf discs in a watch glass of water temporarily to stop them drying out.
Determining the optimum NaHCO3 concentrationm.

1 Transfer 5 discs to a 20ml syringe, replace the plunger and push it almost to the end, but don’t crush the discs.  Draw in 5ml of the first molarity solution (no1).  Hold the syringe with the nozzle upwards and squirt out any air.  The discs will float.

2 Put your finger over the nozzle end and draw out the plunger to the 20ml mark.  Your finger will feel like it is being sucked in.  You are creating a low pressure area inside the syringe.  Tap and shake the syringe while keeping your finger over the end and the plunger pulled out.  You should see bubbles of air escaping from the leaf discs.  After about 30 seconds suddenly remove your finger from the nozzle.  The solution will rush into the leaf discs to fill the air spaces and the discs should sink.  If they don’t repeat the suction process until they do.

3 Push all the air out of the syringe and draw in solution up to the 20ml mark.  Stand the syringe carefully on its handle, nozzle upwards, and stick a label on it stating the molarity of NaHCO3 it contains.

4 Repeat the procedure with the other nine solutions as quickly as you can.  Perhaps a group of you could do a few each at the same time.

5 Place all your syringes, nozzle upwards, at 10cm form a bench lamp shining horizontally.  Ensure some are not shading others.  Start the stop clock and watch the discs carefully.  Those which start to rise first are in the optimum concentration solution.

6 When you have finished this part rinse out your syringes.  Don’t bung up the sink with discarded leaf discs!

The easiest variable to study is light intensity.  You can do others and they are mentioned later but the equipment may not be available at Moor Bank.

1 Set up several syringes (five is a good number) with five discs in each in your previously determined optimum NaHCO3 concentration.

2 Stand these at measured distances from a bench lamp source.  Don’t exceed 50cm as they tend not to work further than that.  Ensure none of your syringes are shading each other.

Light intensity decreases with the square of the distance from a light source.

You can calculate light intensity using the following formula:

Light Intensity =
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Lets say a syringe is 10cm from the light source.
L.I.=
[image: image2.wmf]1

100 

(0.1)2

units

=


3 Time how long it takes for any disc in the syringes at each light intensity to start to rise.

4 Plot a graph of 
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time taken to rise (mins)

 against light intensity (horizontal axis).

You use the reciprocal of time to give the rate of photosynthesis.

If you have been careful (and lucky!) your graph should look something like this:




5 How would you expect this to differ with shade loving or sunloving species?  How do your findings relate to the idea of ‘compensation point’?

Other variables you might like to look at back at school include:

1 NaHCO3  concentration for different species.  You did part of this in the first part of the experiment.

2 Colour – using coloured filters to see which wavelengths are the best for photosynthesis.

3 PH – by altering the buffer used.

4 Temperature – the temperature of the solution used may have an effect on the rate of photosynthesis.

5 Species and varieties used.  You could try shade loving and sun loving species and, or different varieties of the same species.  Perhaps variegated plants such as certain Tradescantias or Perlargoniums would be worth studying.
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