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SUMMARY 

Photosynthesis is the process that makes life possible on the planet.  It results in the conversion 

of light energy, water and carbon dioxide into organic material with oxygen as a byproduct.  The 

plants do this by using the photons they take up during photosynthesis to generate protons (H+) 

and electrons (e-).  There is a theoretical thermodynamic maximum for this conversion.  Plants 

achieve a lower conversion rate than the theoretical one; the ratio between the observed rate and 

the theoretical rate is known as the "quantum efficiency" and is in effect the efficiency of life.  

Using the phytoplanktonic alga Rhinomonas reticulata you will determine the efficiency of 

photosynthesis. 

 

BACKGROUND 

The photosynthetic reaction, at its simplest, may be written as:- 

   [ ] 2222 O    OCH    OH    CO +=+  

where [CH2O] is a notation for an organic compound; it is not a compound itself.  Glucose 

(C6H12O6) is an example of a compound produced during photosynthesis - note the ratio of the 

atoms in glucose is the same as in the above notation and this is not accidental. 

 

The first stage in photosynthesis involves the splitting of water, the energy coming from light 

absorbed by the photosynthetic centre of the cell (the chloroplast) 

   2
-

2 O    4e    4H    O2H    photons X ++→+ +  

1/X is the quantum yield and tells us the efficiency of photosynthesis.  All you need to do is to 

measure the number of photons absorbed and the number of molecules of oxygen produced 

multiply the number by four (why) and you can determine the quantum yield. 

 

Easy!!  Well not quite as easy as one might think! 

 

The practical exercise falls into three parts:- 

1. Measuring the quantity of oxygen produced over a period of time. 

2. Estimating of the quantity of light absorbed by the algal culture during the same period. 

3. Sorting out the two rates, so they have the same units so that a conversion yield can be 

calculated and composed with the theoretical value. 

 

THE EXERCISE HAS SOME TOUGH PARTS BUT REMEMBER WE ARE HERE TO HELP



PART I THE MEASUREMENT OF OXYGEN BY THE WINKLER METHOD 

 

The principle of the Winkler titration method is as follows.  Manganous sulphate and alkaline 

sodium iodide solutions are added to the seawater sample; the bottle is stoppered and shaken.  A 

precipitate of manganous hydroxide results (scheme (i)).  The available  oxygen in seawater 

oxidizes some of the hydroxide to a tetravalent manganese compound (scheme (ii)).  Hence, the 

quantity of the manganese compound is a measure of the amount of oxygen in solution.  In order 

to determine the amount of manganese species, the solution is acidified in the presence of iodide, 

which results in the formation of iodine (scheme (iii)).  The amount of iodine is then determined 

through titration with thiosulphate (scheme (iv)). 

 

The nominal reactions are:- 

( )
( ) ( )[ ]

( )[ ]
(iv)                    O2S    4I                                 O4S    2I

(iii)                    2Mn    2I          8H    4I    OHMnO2

(ii)                    OHMnO2                            O    OH2Mn

(i)                         OH2Mn                             4OH    2Mn
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Thus 1 mole of O2 is equivalent to 4 moles of S2O3
2-   .............................................  (1) 

 

 

2. PROCEDURE CHECKLIST 

2.1 Please read and familiarise yourselves with the Hazard statement see 3 on the next page. 

2.2 Fix the oxygen content of the seawater samples  see 4 - (I) 

2.3 Titrate the fixed samples with Sodium Thiosulphate  see 4 - (II) 

2.4 Calculate the Oxygen content of seawater samples see 5a 

2.5 Calculate the change in Oxygen concentration due to photosynthesis  see 5b 

2.6 Complete the worksheets provided. 



3. HAZARD STATEMENT 

 

• 5M Sulphuric Acid  Causes severe burns , handle with extreme care 

• 6M Sodium Hydroxide Causes severe burns , handle with extreme care 

• Sodium Iodide   Irritant to skin and eyes 

• Manganous Sulphate  Harmful by inhalation, irritant to skin and eyes 

• Sodium thiosulphate  Irritant to skin and eyes 

• Starch solution  May stiffen lab coat!! 

 

The two main reagents of concern are the Sulphuric acid (5 Molar) and Sodium Hydroxide (6 

Molar) / Sodium Iodide solution.  Both are very dangerous if ingested or splashed on skin or in 

eyes, causing severe burns.  Take extreme  care when handling these solutions, wear safety 

glasses provided.  DO NOT pipette by mouth under any circumstances; use safety pipette fillers 

provided.  Familiarise yourselves with the Emergency Eye Station. 

 

 

4. METHODS 

 

[I] Fixing of Oxygen in Seawater Samples 

 

You should carry out this procedure on 2 samples i.e.  A & B 

 

• A.  Seawater:  (to familiarise yourself with the Winkler titration). 

• B.  Sample 1:  Algal culture incubated at a known light intensity 

 

Note:  The following has already been fixed:- 

 

• C.  Sample 2:  Algal culture with oxygen content fixed at the beginning of the 

    incubation.  (This is ZERO TIME). 

 

Add 1 cm3 of manganous sulphate, followed by 

 

1 cm3 of the alkaline iodide solution. 

 



During addition, the tip of the pipette should just dip below the water surface.  The dense 

reagents should sink at once and as a result, only seawater is displaced from the bottle.  

Immediately after the second reagent is added, the stopper is replaced, ensuring no air bubbles 

are included.  The bottle is shaken to bring the manganous hydroxide precipitate into contact 

with the whole of the water sample. 

 

The precipitate is allowed to settle once and shaken again.  At this stage the samples may be 

stored. 

 

Take care not to mix the pipettes (colour coded); if either of the reagents forms a precipitate the 

reagent is contaminated and should be discarded. 

 

 

[II] Titration of the Fixed Sample 

It is necessary that the precipitate in the sample bottle has settled 5 cm before the next step is 

started, to avoid reaction with diffusing oxygen near the surface. 

 

Remove the stopper and carefully tilt the bottle, run 1 cm3 of 5M sulphuric acid down the side. 

 

The bottle is re-stoppered and shaken until the precipitate dissolves. 

 

At this stage the sample should be a clear amber colour.  If a precipitate remains see a 

demonstrator for advice. 

 

A 50 cm3 aliquot is removed with a volumetric pipette and run into a 250 cm3 conical flask.  

Some care is needed at this stage because iodine is volatile. 

 

The sample is titrated with the thiosulphate supplied using a 50 cm3 burette.  As before, when a 

pale straw colour is reached, 1 cm3 of starch solution is added.  Continue the titration until the 

blue colour just disappears.  At least two replicates should be titrated from each bottle and they 

should agree to within 0.1 cm3. 

 

Enter the data in the RESULTS SHEET (Part III). 

 



5. CALCULATIONS    -    Enter data into RESULTS SHEET. 

 

a) Oxygen Concentration 

From equation (1) it can be derived that: 

 

  1 cm3 of 1M thiosulphate  =  3 milli-mole of oxygen 

 

The Oxygen concentration of the sample is:- 

 

   36 moles/dm 10    
2)-(V  x  4  x  B

V  x  MA  x  
µ×  

 

where   V = volume of the sample bottle in cm3 

  A = volume of thiosulphate added in cm3 

  M = molarity of thiosulphate = 0.005M  

  B = volume of sample titrated in cm3 

 

 

b) Calculation of Photosynthesis 

Calculate the change in oxygen concentration due to photosynthesis and respiration as follows:- 

 

Photosynthesis  =  [O2]LIGHT  -  [O2]ZERO 

 

Where [O2]LIGHT and [O2]ZERO are the oxygen content of the light and zero time bottles. 

 



Part II THE CALCULATION OF THE LIGHT ABSORBED BY THE CULTURE 

The absorption of light in a solution follows Beer's Law (nothing to do with the beverage) 

 

   Ix   =  Io e-kx
 

 

where Io is the quantity of light entering the solution, Ix is the quantity of light emerging from 

the solution after passing a distance of x cm, k is the all important extinction coefficient. 

 

The quantity of light absorbed by the solution ΣI will be:- 

 

   ΣI = Io  -  Ix  =  Io (1 - e-kx) 

 

Thus all we have to do to determine the light absorbed is to obtain the two values Io and k, and 

know the distance x. 

 

We will give you Io and k and then given x you will determine the quantity of light absorbed. 

 

What could be easier - ha! ha! - just you wait! 

 

The incubation is done in a bottle which is cylindrical and tapered at one end – how do you use 

the above, already complex enough equation with a complex shape 

 

Io

Io

Io

Io

Io

Io

Side View End View  
 



How we solve the Problem 

 

You can solve the problem approximately mathematically using calculus – but it is a tough 

integration.  We will use a simple approach that assumes to bottle to be square in section, rather 

than cylindrical.  To keep the volume and surface areas the same in the two cases we will take 

the width of the square to be 1.77 times the radius of the bottle (i.e. W2 = pR2, thus W=Rvp) ,  

(area of square = W2, area of circle = ΒR2) 

 

Thus the photons absorbed as they pass through our now square bottle will be  

ΣI = I0(1-e-kW), 

 

The total number of photons absorbed in the cylindrical part of the bottle will be  

 

ΣI1 = I0(1-e-kW1) L1 W1, 

 

where L1 and W1 are respectively the lengths and nominal widths of the cylindrical part of the 

bottle. 

The total number of photons absorbed in the conical part of the bottle will be  

 

ΣI2 = I0(1-e-kW2) L2 W2, 

 

where L2 and W2 are respectively the lengths and mean nominal widths of the conical part of the 

bottle 

The total number of photons absorbed by the bottle will be the sum of the two i.e. ΣI1 + ΣI2 

 

 

Think this through very carefully beforehand. 

 

 

Again we are here to help 



Calculation of the Quantity of Light Absorbed 

 

Values given 

 

Io  =    (give units) 

x  =      (give units) 

Incubation time  =    (give units) 

 

 

Measurement of dimension of the bottle (in Centimetres) 

 

Cylindrical part 

 Length      (cm) 

 Diameter     (cm) 

 Nominal Width = 1.77D/2=   (cm) 

 Photons absorbed in the cylindrical part of the bottle= 

 

    (give units) 

 

 

Conical part 

 Length      (cm) 

 Max Diameter     (cm)  

Min Diameter     (cm) 

Mean Diameter    (cm) 

 Nominal Width = 1.77D/2=   (cm) 

 Photons absorbed in the conical part of the bottle = 

 

    (give units) 

 

Total Quantity of Light Absorbed during the Incubation  =     (give units) 

 



Part III Calculation of Oxygen Concentration 

 

A. Seawater - Practice Sample 

 

 Replicate 1 Replicate 2 Replicate 3 

Final Burette Reading    

Initial Burette Reading    

Vol of Thiosulphate added    

 

Mean Volume of Thiosulphate added =  VT2     

 

 

B. Sample 1 

 

 Replicate 1 Replicate 2 Replicate 3 

Final Burette Reading    

Initial Burette Reading    

Vol of Thiosulphate added    

 

Mean Volume of Thiosulphate added  =  VT 2 

 

 

C. Sample 2 

 

 Replicate 1 Replicate 2 Replicate 3 

Final Burette Reading    

Initial Burette Reading    

Vol of Thiosulphate added    

 

Mean Volume of Thiosulphate added  =  VT 2 

 

 



DETERMINATION OF DISSOLVED OXYGEN IN SEAWATER 
 

TEAM:  ___________________________________________ DATE:  __________________________ 

 

 

Sample 

 

Volume of 

Thiosulphate 

used in 

Titration 

(cm3) 

(A) 

 

Molarity of 

Thiosulphate 

(Moles) 

(M) 

 

Volume 

of 

Bottle 

(cm3) 

(V) 

 

Volume of 

Fixed Seawater 

Titrated for O2 

Content 

(cm3) 

(B) 

 

No. Moles of 

Thiosulphate 

Reacting 

with 1 Mole 

of Oxygen 

(4) 

 

Volume of 

Bottle !  

2cm3 

(V !  2) 

 

A x M x V   x  106 

B x 4 x (V !  2) 

 

Conc. of O2 

(:moles/dm3) 

 

Amount of 

O2 Produced 

(:moles/dm3) 

 

Incubation 

Time 

(Hours) 

    _____ 

 

ZERO 

TIME 

(Z) 

 

       

 

_______ 

 

(Z) 

 

 

 

 

 

 

 

LIGHT 

(L) 

___ Watts 

 

       

 

______ 

 

(L) 

 

 

______ 

 

(L ! Z) 

 



Part IV THE CALCULATION OF QUANTUM YIELD 

When doing the calculations use power or e format i.e. YY 10ZZ or YYeZZ and only work to two 

digits. 

 

1. The starting Information 

Quantity of Oxygen Produced  =    (give units) 

 

Quantity of Light Absorbed  =    (give units) 

 

2. Getting the Units the Same - Calculation of the Number of Molecules of Oxygen 

produced in the bottle. 

Use the Volume of the bottle to convert the moles of oxygen produced per litre to the moles of 

oxygen produced in the volume of bottle  

        (give units) 

 

Use Avogadro's number to convert the number of moles of oxygen  to number of molecules of 

oxygen produced during the incubation. 

        (give units) 

 

Use Avogadro's number again to convert the number of Einsteins (moles of photons) of light 

absorbed to the number of photons absorbed during the incubation. 

 

        (give units) 

 

3. Getting the Quantum Yield 

Quantum Yield  =  Number of Molecules of Oxygen produced x 4 

   Number of Photons Absorbed 

   ____________________________________ 

 

What sort of value should you get, it should not be less than 10-3 or greater than 103.  

Finally we divide this by the theoretical value to get the quantum efficiency  

 

 

 


