
Page 1 of 48  

LIGHT ENERGY 
 

 
 

 

ECOLOGY 
 

13/05/2008 – TEST 1 
 
 
 
 
 
 
 

Country: …………………………………………………………. 

Team: ……………………………………………………………. 

Time: 1hour 15 min: …………………………………………… 

 



Page 2 of 48  

SAFETY ASPECTS OF FIELD WORK 

It is imperative that students should cooperate by behaving responsibly in order to reduce 
the risks of accidents. You are specifically asked to:    

• Observe all safety instructions given by party leaders or supervisors. Anyone not 
conforming to the standards required may be dismissed from the field course.  

• Stay with the party, except by clear arrangement with the leaders. Assemble where 
requested in order to receive specific instructions regarding likely hazards.  

• You must report any injury or illness.  

Illness of Participants in the Field  

Participants must notify a supervisor of any relevant medical problems. Problems may 
include asthma, or other breathing or heart problems, nausea, back problems, limb 
problems and diabetes.  

Heat and sun  

We shall be working under clear skies most of the time, and there will be no shade at 
some sites. It is essential that a cap (provided) or other head covering is worn. Clothes 
that allow you to cover up and are loose should be worn. Sun block on all exposed skin 
will also be needed. It is essential that enough water is drunk during the day as it is very 
easy to get dehydrated. It is suggested that you drink little and often, and do not wait until 
you feel thirsty. Anyone feeling unwell in the field must inform a supervisor.  

Animal bites  

Although snakes are sometimes seen in the grass or on footpaths bites are very rare. If 
you do not disturb them they will not normally attack. Look out for them on rough 
ground. Hospital treatment (anti-venom serum) will be needed in the case of a bite from a 
blunt nosed viper. You must also report any insect (ex. bee) or spider bites.  

First Aid  

Persons leading field trips are nowadays often registered First-Aiders. Suitable first-aid 
kits are available during the field work.  
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Normal field equipment (without all of these items you will not be able to do all of 
the work required) 

 

• Hand lens  

• Hard pencils. Also a spare pencil.  

• Pens with black ink.  

• Eraser  

• Ruler  

• Pencil sharpener  

• Board for writing  

• Your calculator 
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SCIENCE QUESTIONS 1 

Energy exists in many forms: heat, light energy, chemical energy, mechanical energy, 
and electrical energy. Plants use light energy for photosynthesis, which is used to make 
organic molecules. Draw a straight line from each substance to its role in photosynthesis. 
One has been done for you. 

oxygen made in photosynthesis

carbon dioxide stored as starch

chlorophyll found in chloroplasts; absorbs light energy

glucose raw material for photosynthesis

magnesium needed to make chlorophyll

substance role

 
 

(2 marks) 
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SCIENCE QUESTIONS 2 

The diagram below shows a simplified carbon cycle. All life is based on carbon. Proteins 
Proteins, carbohydrates and other molecules essential for life contain carbon, so living 
organisms must have carbon available to them. Carbon cycles between the abiotic and 
biotic components of the environment. 

 

  

 

 

 

 

 

 

 

 

 (a) Each box represents a process. Write the correct letter OR letters which represent 
each process in the table below.  

                      

NAME OF PROCESS LETTER 

respiration  

combustion  

photosynthesis  

           (2 marks) 
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(b) Look inside your quadrat to identify any possible carbon sink without actually 
performing an experiment.  

Draw a circle around the correct answer/answers 

 

A plant 

B snail 
shell 

C minerals 

D organic 
matter in 
soil  

           (2 marks) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page 9 of 48  

 



Page 10 of 48  

SCIENCE QUESTIONS 3 

(a) Grazing mammals have an important role to play in the recycling of nutrients on the 
grassland.   

 

  

  

 

 

Their dung is rich in organic nitrogen-containing compounds. These compounds are 
converted to nitrates. Most plants obtain the nitrogen they need as inorganic nitrate from 
the soil solution. The diagram below shows part of the nitrogen cycle. You are required 
to write the chemical formulae of each substances/ions present in the cycle below. 

                   (4 marks) 

 

A  … … … … … … ....
NITROGEN GAS IN  THE ATMOSPHERE

B … … … …
AMMONIA

C … … … .
NITR ITE

D … … … .
NITRATE
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SCIENCE QUESTIONS 4 

A group of students wanted to produce a pyramid of fresh biomass for a field. They 
carried out the procedure described below. 

• A fine mesh cage was used to enclose part of the field. All the plant material inside 
the cage was cut down to ground level and weighed. All the animals in the enclosed area 
were collected and identified. They were then sorted into herbivores or carnivores and 
weighed. 

• The fresh biomass of the organisms present is given in the table below. 

(a) Use the data in the table to construct a pyramid of fresh biomass on the graph paper 
on page 11 

 

Organisms Fresh biomass / g 

Green plans 2250 

Herbivores 240 

Carnivores 38 

 

                             
(2 marks) 

(b) Calculate the percentage loss in fresh biomass between the green plants and the 
herbivores.  Show your working. 

  

 

 

 

 Answer  .................................. 

   

                 (2 marks) 
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(c) Draw a circle around the correct answer which explains why only a small percentage 
of the light energy that falls on green plants is incorporated into biomass. 

 

 A   reflected and transmitted  

 B   converted into heat energy which can be used to evaporate water    

     C   some wavelengths are not utilised by chlorophyll in photosynthesis 

 D   the biochemical efficiency is not 100% 

    

      

 

 

      

 

           (1 mark) 

 

 

 

 

 

 

 

 

 

 

 

A A and B are correct 

B B, C and D are correct 

C A, C and D are correct 

D A, B, C and D are correct 
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EXPERIMENT 1 

Bepaal de groep van Convolvulus oleifolius (zie foto en plant die aanwezig zijn in je 
kwadrant) met behulp van de afbeeldingen onderaan en op volgende bladzijde 

Omcirkel de juiste groep 

 

► = ga naar 

 

1. Bladeren zijn samengesteld (compound leaf) ►(ga naar) 2   

Bladeren enkelvoudig (simple leaf) ► 3 

 

2. Blaadjes tegenoverstaand (opposite) ►Groep A   

Blaadjes afwisselend (alternate), spiraalswijze of gevarieerd ingeplant ►Groep B  

 

3. Bladeren tegenoverstaand (opposite) ►4   

Bladeren afwisselend (alternate), spiraalswijze of gevarieerd ingeplant ►5 

 

4. Bladeren met duidelijke bladschijf, gaaf of gelobd ► Goep C  

            Bladeren naaldvormig, stekelvormig of schubvormig ► Groep D  

 

5. Bladeren met duidelijke bladschijf, gaaf of gelobd ► Goep E  

            Bladeren naaldvormig, stekelvormig of schubvormig ► Groep F  

 

 

           (1 mark) 
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 Alternate Opposite 

Simple 

  

Compound 
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EXPERIMENT 2 

(a) Teken op volgend blanco blad een bloem van Cistus creticus (10X) en duid de  
voortplantingsorganen aan. Een assistent zal je een bloeiende bloem tonen, die je moet 
tekenen. Maak een heldere lijntekening zonder gebruik van schaduw). Gebruik voor het 
aanduiden van de onderdelen de letters die hieronder voor elk onderdeel staan (doe 
je dit niet, dan verlies je 3 punten) 

A. Stempel  

B.  Stijl  

C. Ovarium  

D. Helmknop 

E. Helmdraad 

F. Bloemblaadjes 

Materiaal 

• loepe 

• potlood 

• lat 

                     (5 punten) 

 

(b) Selecteer 3 kenmerken, waaruit blijkt dat de bloem van Cistus creticus bevrucht 
wordt door de tussenkomst van insecten. Omcirkel elk juist antwoord 

A.  Grote bloemblaadjes 

B.  Kleine bloemblaadjes 

C.  Hangende meeldraden  

D.  Kleine meeldraden  

E.  Groot aantal stuifmeelkorrels aanwezig 

F.  Klein aantal stuifmeelkorrels aanwezig 

                   

         (3 punten) 
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EXPERIMENT 3 

Lees de volgende passage over de aanpassingen van  Convolvulus deserti aan het leven in 
droge omstandigheden  en schrijf op de stippellijnen de letter die staat voor de term, die 
het best op die plaats komt. 

Planten die leven in een gebied met watertekort hebben vaak ....................................... op 
het oppervlak van hun bladeren, waardoor ze een luchtlaag kunnen vasthouden en zo het 
waterverlies kunnen tegengaan. Een analoog effect kan bereikt worden door de bladeren 
te rollen of te krullen, zodat het bladoppervlak met de meeste ................................, 
waarlangs de waterverdamping gebeurt, aan de binnenkant komt te zitten. Bladeren 
kunnen ook een dikke, wasachtige ......................................hebben om de verdamping 
tegen te gaan. Een andere aanpassing is die waarbij de bladeren een   ............................ 
doordat ze smalle, lineaire bladeren hebben i.p.v. grote, brede bladeren. Dergelijke 
droogteminnende planten noemt men  ..................................................... . 

 

A. Stomata (huidmondjes) 

B. Cuticula 

C. Groot bladoppervlak 

D. Xerophyten 

E. Hydrophyten 

F. Klein bladoppervlak 

G. Mesophyten 

H.  Haartjes 

I.  Cellen 

J.  Proteïne 

                 (5 punten) 
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EXPERIMENT 4 

 

INLEIDING   

ATHALASSA PARK, NICOSIA 

Tijm is inheems in Cyprus, komt veel voor op rotsachtige hellingen, verstoorde bodems 
en soms op zandduinen, in struikrijke gebieden en in bossen. Het is een weinig 
kieskeurige plant, die bodemerosie voorkomt . Sinds de oudheid is de plant gekend als 
een bron van nectar voor honingbijen en voor haar aromatische en medicinal 
eigenschappen (Aristoteles Historia animalium). Herders gebruikten het bij de bereiding 
van een bepaalde kaas. De vraag naar tijm was zo groot dat er een aparte klasse verkopers 
bestond, de “throumpopoulides”  

VISALIA, California:  In de VS verdwenen plots massa’s bijen. Zij vlogen uit op zoek 
naar Nectar en keerden niet terug naar hun kolonies, en niemand weet waarom. 

Onderzoekers zeggen dat de bijen waarschijnlijk stierven door uitputing of de koude 

Telers beginnen te twijfelen of de kwekers wel aan de vraag naar bijen zullen kunnen 
voldoen, omdat anders de bevruchting van hun planten in het gedrang komt. 

Een studie van Cornell University schat dat jaarlijks voor $14 miljard aan zaden, 
vruchten en groenten geproduceerd worden, dankzij de bevruchting door de bijen. 

Telers hebben reeds gepoogd planten te kweken zonder tussenkomts van de bijen. Met 
grote blazers, helicopters of mortieren hebben ze geprobeerd stuifmeel te verspreiden 
over de velden.. 

Ook heeft men gepoogd “zelfbestuivende planten” te kweken of een bijenras dat beter 
aangepast was aan de koude; 

Het aantal bijenkwekers in de US neemt sterk af en het aantal te bestuiven planten neemt 
meer toe. 

Een 15-tal imkers  kwamen deze maand in Florida samen om samen met onderzoekers 
iets te doen aan het dalend bijenbestand. 

Alle theorieën, gaan de van virussen over schimmels, elektromagnetische golven of 
pesticiden worden bestudeerd, maar er is nog geen verklaring gevonden. 

Door Alexei Barrionuevo (aangepast) Published: February 27, 2007 Herald Tribune 
International 

Een Cypriotische amateur imker slaagde er de laatste drie jaar niet in zijn bijenpopulatie 
te laten aangroeien. Het regende dit jaar zeer weinig en Cyprus had te kampen met een 
aanhoudende droogte. Er zwermden geen bijen uit en twee korven van de imker kwamen 
om. De menselijke invloed op het systeem op het milieu blijkt zeer ingrijpend te zijn en 
bijen en planten moeten zich aanpassen aan een wisselend ecosysteem. 
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Het Athalassa Park is het resultaat van een bebossingsproject. Volgens de imker daalde 
hierdoor het aantal tijm- en aanverwante planten, waardoor het bijenbestand door 
voedselgebrek sterk afnam. 

 

Het zou kunnen dat Thymus capitatus planten door overmatige stress in aantal 
afnemen  

We verwachten van je team dat je een onderzoeksplan opstelt, waardoor je in staat bent 
gedurende de komende 5 jaren de dichtheid te schatten van twee specifieke planten 
(Convolvulus oleifolius en Thymus capitatus) die voorkomen in het “ATHALASSA 
PARK” ecosysteem (figuur blz. 19)  

Via “Veldtechnieken”  wordt vastgelegd wat, waar en in welke aantallen iets voorkomt 
binnen een bepaald gebied. De technieken die je gebruikt worden in sterke mate bepaald 
door de aard van het  gebied dat  je onderzoekt en door de organismen die er voorkomen.  

 

(a) Check je definities en koppel de relevante termen met de beschrijving die wordt 
gegeven (enkel de letter invullen) 

 

(A) = Populatie of (B) = gemeenschap 

- Een groep individuen van eenzelfde soort vormen een …………………………………. 

- Alle organismen binnen een bepaald habitat worden omschreven als een ……………. 

 

(C) = aantallen of (D) = dichtheid                   

De grootte van een populatie heeft betrekking op de ……………. binnen de populatie. 

Populatie ……………. heeft betrekking op de aantallen binnen een gegeven oppervlakte 
of volume. 

 

(2 punten) 
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(b) KIES ZEVEN ROMEINSE CIJFERS, DIE DE BESTE METHOD OF PLAN 
WEERGEVEN VOOR ZO’N ONDERZOEK 

 

Omcirkel het juiste antwoord 

 

I.  Systematisch bemonsteren van het gebied met behulp van gelijkmatig verspreide 
kwadranten   

II.   Willekeurige selectie van de gebieden waar de bemonstering zal gebeuren, gebruik 
makend van willekeurig gekozen coördinaten 

III.   Al de biotische componenten bestuderen: temperatuur/lichtintensiteit/relatieve 
vochtigheid/windsnelheid/pH/aard van de deeltjes/voedingsstoffen/humus 

IV.   Gedurende 5 jaren dezelfde zones bestuderen op hetzelfde moment van de dag, 
tijdens hetzelfde seizoen  

V.  Een geschikte zones van 100 m2 bestuderen 

VI.  Standaardkwadranten van 1 m2 gebruiken 

VII.     Standaardkwadranten van 10 m2 gebruiken 

VIII.  Standaardisering van de methode waarmee de staalname gebeurt, bv. 
standaardmanier om insecten met een netje te vangen 

IX.  Eeen geschikte, beschreven methode gebruiken om stalen te verzamelen, zoals een 
val, een vangnet, … 

X.    Een gevoelige methode om het ontsnappen te voorkomen 

XI.  Methode om een soort te determineren, bv. met behulp van een determineersleutel 

XII.  Schade aan het habitat minimaliseren 

            (7 punten) 

(c)   Hoeveel kwadranten binnen een gebied van 100m2 zou je team onderzoeken? 
Omcirkel het juiste antwoord 

• 1  

• 10 

• 50 

           (1 punt) 
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Maak gebruik van het kwadrant dat je werd toegewezen om onderstaande table in te vullen 

 

Kwadrant  

/nummer 

Convolvulus 
oleifolius  

/Nummer 

 

Thymus capitatus  

/Nummer 

 

1   

2   

3   

4   

5   

6   

7   

8   

9   

10   

11   

12   

13   

14   

15   

16   

Totaal aantal exemplaren 
van elke plantensoort 
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Geschatte gemiddelde 
dichtheid 

  

                   (5 punten) 
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(d) Beperkingen van je experiment. Duid telkens aan of de bewering/beperking waar of onwaar 
is (omcirkel) 

 

• Moeilijk om alle biotische en abiotische factoren te controleren  
WAAR of ONWAAR   

 

• Niet alle plaanten warden geteld/moeilijk om ze te identificeren  
WAAR of ONWAAR  

 

•  De geselecteerde oppervlakte geeft misschien de plantendichtheid niet weer   
WAAR of ONWAAR  

 

• Het experiment werd niet herhaald     
WAAR of ONWAAR  

 

• Er kan een seizoensgebonden variatie zijn in de verdeling van de planten 
WAAR of ONWAAR  

 

        

                    (5 punten) 
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Een zeer algemeen voorkomende inheemse plantensoort in Cyprus, die groeit op 
rotsachtige hellingen en in bossen. De klieren op de toppen van de haartjes van Creticus 
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bevatten een aromatische en medicinale harsachtige substantie “ladanum” 

In de lente jagen de herders hun schapen tussen de planten, zodat de ladanum aan hun 
vacht blijft kleven. Later scheren ze de schapen en koken de wol, waardoor de substantie 
wordt afgescheiden.  

Ladanum werd vervoerd naar Egypte en gebruikt bij de productie van parfum en zeep. 
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1. GENERAL DIRECTIONS 

 

� Write your names and all your personal data in the frame at the right corner of the 

first page. Do not forget to note the number of your laboratory station. 

� You have 2 hours to finish the test. Make sure you read the Task Sheet and the 

Answer sheet in advance. You can manage your time whichever way you chose. 

Manage it wisely.  

� There are  19  pages of Task 1B Sheet  and 14 Pages of Task 1B Answer Sheet. 

� Write answers and calculations within the designated areas 

� Additional samples or supplies will be provided with 2p penalty for each item.  

� No additional explanation will be provided. 

� Volume measurements should be as accurate as the instrument you are using for 

measurement. 

� The use of correction fluid and the programmable calculators is prohibited. 

� Use only black or blue pen. 

� You may go to the restroom with permission.  

� After finishing the test, place all sheets (Test and Answer Sheets) in the envelope 

and seal.  

� At the end of the laboratory period, you must discard all waste and rinse out all  

reusable glassware with ethanol (in the wash bottle provided)  

� Replace all equipment on the bench and sign them off in the list provided.  
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2.  RULES TO BE FOLLOWED IN LABORATORIES 

• Wear safety goggles, protective gloves and lab coat, during the entire 

duration of your stay in the laboratory. 

• Follow safety and risk phrases. 

• Never go into a stock solution with the same pipette twice 

• Do not sniff reagents. 

• Dispose used chemicals in the plastic bottle labeled “WASTE”. 

• Discard used test tubes and broken glasses in the “GLASS WASTE 

DISPOSAL”. 

• It is not permitted to eat or drink in the laboratory. 

• Do not move from your place and do not borrow any chemicals or 

instruments from the other competitors. If you need any kind of help do not 

hesitate to ask the lab assistant. 

• Penalty points will be applied for the violation of safety rules or for any 

damaged glassware or broken instruments. 

• Always follow Invigilators directions. 

• Where you see Invigilator!!!!  On your task sheet, Raise your hand and wait 

for the invigilator to see your experiment before you proceed.  

• In any other need of the invigilator simply raise your hand and wait. 
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3. LIST OF CHEMICALS AND APARATUS  

 

Reagent Quantity   Placed in Labeled 

Distilled water 500mL Plastic wash bottle Distilled Water 

ethanol 10 mL Glass vial ETHANOL 
99.8% 

Petroleum ether  Glass bottles in each 
extractor hood 

Petroleum ether 

Petroleum ether:chloroform:acetone 3:1:1 20mL In the developing 
chamder 

 

 

 

4.  SAFETY REGULATIONS, S-PHRASES, R-PHRASES 

PETROLEUM ETHER R 11-45-65 and  S 9-16-29-53-45 

ETHANOL R 11 and S 7-16 

CHLOROFORM R22-38-40-48 20/21/22 and S36-37 

ACETONE R 11-36-66-67 and S 9-16-26 

 

Risk phrases (R)  

R 11                 Highly flammable.  

R 22                 Harmful if swallowed 

R 26                 Very toxic by inhalation 

R45                 May cause cancer.  
R38                Irritating to skin.  
R40               Limited evidence of carcinogene effect.  
R48               Danger of serious damage to health by prolonged exposure.  

Must have brought over with you: Quantity 

Lab coat 1 

Safety goggles 1 

Pencil 1 

Pen 1 

calculator 1 
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R65               Harmful : may cause lung damage if swallowed.  
R66               Repeated exposure may cause skin dryness or cracking.  
R67               Vapours May cause drowsiness and dizziness.  
 

Combination of risk phrases(R) 

R20/ 21/22    Harmful by inhalation and in contact with skin and if swallowed. 

Safety phrases (S)  

S 9                 S 9                 S 9                 S 9                 Keep container in a well-ventilated place.  

S7                   Keep container tightly closed.  
S 16                 Keep away from sources of ignition - No smoking.  

S 22                 Do not breathe dust. 

S 23                 Do not breathe gas/fumes/vapor/spray (appropriate wording to be 
specified by  
 the   manufacturer).  

S 25                 Avoid contact with eyes. 

S26   In case of contact with eyes, rinse immediately with plenty of water and 
seek medical advice.  
S29   Do not empty into drains.  
S36   This material protective clothing.  
S37   Wear suitable gloves.  
S 45                 In case of accident or if you feel unwell, seek medical advice immediately 
(show the label where possible). 

S53                  Avoid exposure-obtain special instructions before use.  
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5. GENERAL INTRODUCTION AND THEORY 

We all know that plants make their food by a process known as photosynthesis. This 
word derives from two greek words phos and synthesis which translates into making 
with light . Plants use light as the energy source to produce their food, glucose (C6H12O6).  
In actual fact photosynthetic organisms capture light and convert it to chemical energy 
within the glucose molecule. The raw materials used by plants to make glucose are CO2 
and H2O.  

The equation for photosynthesis is:       CO2 + H2O → C6H12O6 + O2  

How can living plants capture light though and use it up for such a vital process? Is light 
something you can get hold of and keep?  

Light is a form of electromagnetic radiation. Visible light is a combination of many 
wavelengths in the range of 380 - 750 nm that we see as different colors. Each 
wavelength is associated with a specific photon, or particle of energy. The energy of a 
photon is calculated by the following formula E = h.c/λ where: 

 h is  Plank’s constant= 6.626 ⋅  10-34 joules⋅sec, c is the speed of light =3⋅ 108 m/s,  

and λλλλ is the wavelength. 

In general, shorter wavelengths have more energy than longer ones. Look at Figure 1: 
electromagnetic and light spectrum.  

 
Figure 1: electromagnetic and light spectrum 

The machinery that living plants use for capturing light and converting it into chemical 
energy are certain pigment molecules embedded in the thylakoid membranes inside the 
chloroplasts. In simple terms, these pigments absorb photons. The energy in these 
photons boosts some of the pigment electrons out of their low energy stable shell into 
higher, unstable energy levels. These electrons are captured by other neighboring 
molecules in the thylakoid membrane, and transported gradually to a lower energy state 
thus converting the initial light energy into electrical energy. This is used down the line in 
making covalent bonds, chemical energy, using the starting materials from air (CO2) and 
the soil (H20) to synthesize compounds, the final compound being glucose. 
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Not all pigments ones found in plants are used for capturing light energy and drive 
photosynthesis. The pigments of the leaf have the property of absorbing and transmitting 
certain light waves, while reflecting others. The “color” we see is the combination of 
wavelengths of light reflected by the pigment molecules. The range of wavelengths 
absorbed by a pigment (such as a chlorophyll) is known as that pigment's absorption 
spectrum. Look at the table below to study some examples of natural pigments. 

Red lettuce (Lollo rosso, Lactuca Sativa) has very dark green/red leaves, indicating very 
high concentration of photosynthetic pigments. What pigments are there in the red 
lettuce, which are their properties, do they all take part in photosynthesis or do they have 
other roles, do they all exist in the chloroplast membranes? Do you think all plants have 
the same pigment concentrations and in the same ratios?? Think of these questions as you 
extract the secrets of the red lettuce. 

At the first stage of these experiments, you have to extract the pigments out of the lettuce 
leaves. In the next stage of the experiment you will try to identify all the pigments in red 
lettuce and then separate them on the basis of their solubility in non-polar solvents. Lastly 
you will investigate the properties of the pigments and try to extrapolate their usefulness 
within living cells. 

 

Leaf Pigment 
family 

Chemical Structure  of known examples Absorption Spectrum 

Carotenoids 

 
 

Chlorophylls 
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Anthocyanins 

 

 

 

Table 1: Natural Pigments 
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6. EXPERIMENTS 

1. EXPERIMENT 1: Rate of photosynthesis in the presence of 
different light intensities 

Experiment 1 has been done for you. We tested the ability of Red Lettuce Leaves to carry 
out photosynthesis. Two leaves were put in an air tight bottle, along with a CO2 sensor. 
The concentration of CO2 in parts per million (ppm) in the air contained in the bottle was 
recorded in the absence, (points A to B) and presence (from points B to C) of artificial 
light, as a function of time. The results are shown in the following graph: 

 

Y –axis is showing the concentration of CO2 in ppm (parts per million) 

X-axis is showing the time in seconds.  

� Answer Sheet Question Set  1 
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2. EXPERIMENT 2: Extraction and identification of pigments-from 
red lettuce leaves using thin layer chromatography (TLC) 

Approximately 30 min 

Introduction and theory 

Natural pigments are usually organic molecules, which have different molecular 
structures, physical and chemical properties. Looking at the structure of molecules one 
can determine if they are polar or not, for instance fatty acids are non polar, hydrophobic 
compounds which don’t mix with or dissolve in water, but more readily mix in non-polar 
solvents. In contrast, nucleic acids being generally polar compounds are hydrophilic and 
mix better with water.  It is possible then for organic compounds to be separated and 
identified, based on their polarity, according to how readily they mix with various non-
polar solvents, and how readily they stick to a polar surface. This process is known as 
Thin Layer Chromatography (TLC) . Oh! No yet another greek word. This literally 
means Colour Script. TLC separates a mixture of compounds based on their different 
affinities for an immobilized polar surface (the thin layer of silica immobilized on a 
strip ) and their differential solubility in a non polar mobile phase (an organic liquid 
solvent). In your case, you will separate the potentially polar and non polar 
photosynthetic pigments in a red lettuce chloroplast using TLC.  

 

 

 

 

 

 

 

 

 

 

Materials for pigment extraction 

1 test tube 15 cm-long 

1 measuring cylinder 10 mL  

Tissue paper 

1 Small container containing 10 mL of 
Absolute Ethanol, labeled ethanol 99.8% 

1 tube rack 

1 Non-wash out pen 

2 glass vials 5 mL with caps 

1 mortar and pestle 

2  round filter papers 50 mm diameter 

1 Glass funnel 

1 Wash bottle with distilled water 
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Materials for TLC chromatography 

1 TLC strip (12 cm long 2.5 cm wide) 
(this should be your immobilised polar 
silica phase). Wrapped in Foil 

1 Pencil 

1 pair of Forceps  

1 transparent Ruler 

Pipette Tips - p10  

Plastic Pasteur pipettes 1 mL and 3 mL 

Conical Flask 250 mL (to be used as) 
developing chamber- with 15 mL mobile 
phase (petroleum ether, acetone, 
chloroform,  3:1:1.) 



Page 42 of 48  

 

Method  

1. Receive a lettuce leaf, and record how much it weighs on your answer sheet.  

2. Rinse the leaves with distilled water and dry them thoroughly with tissue paper, but 

do not be too harsh on them.  

3. Homogenisation: Using the mortar and pestle, homogenize the leaves as well as 

possible, while adding 2 mL of ethanol (use the plastic pipette). Carefully decant the 

extracted solution into the filter paper and funnel into the 10 mL measuring cylinder. 

Take extra care while you filter your preparation, not to transfer any solid material or 

any liquid out of the filter paper. Repeat this procedure three times, until you 

homogenized the leaves completely (use maximum of 6 mL of the ethanol).  

4. By the end you should have in the measuring cylinder  less than 6 mL of  filtrate, 

which contains your extracted pigments. This is your EXTRACT . Record the volume 

of this extract in your answer sheet. 

Invigilator!!!!  EXTRACT  

5. Using a graduated plastic Pasteur pipette transfer 0.25 mL into a glass vial, cap it and 

label it TLC ,and add your team number  

6. transfer another 0.25 mL into another vial, dilute it by adding 2 mL of ethanol, cap it 

and label it total, and add your team number.  

7. Transfer the remainder of the extract from the measuring cylinder into a 15 cm-long 

test tube and keep it safely on the rack.  

Invigilator !!!!  Vials and tube from steps 5, 6 and 7.  

Keep the vials and tube from steps 5, 6 and 7. You will need all these in the 
following experiments 

� Answer Sheet Question Set  2 

 

 

Method continued: Separation of pigments by thin layer chromatography 
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CAUTION!!! The TLC strip should be dealt with great care. The white side of it should 
not be handled with bear hands, should not be scratched with the pencil or the pipette tip, 
and no liquid should be spilled on it!!! 

8. Wearing gloves, take the TLC strip out of the foil. Holding it by the edges place its 

silver side facing down with the white side up on a clean sheet of paper. Figure 2: 

TLC preparation. 

9. At 2 cm from the edge lightly  draw a straight line with a pencil across the strip. This 

will be your starting point, point 0. From there on, pencil-mark lightly  every 

centimeter along its length on the edge of the strip. Consider the side of your starting 

point, the bottom of the strip whereas the opposite side, is the top.  

 

 

B 

 

 

 

Figure 2: TLC preparation 

10. Take the TLC strip, the vial labeled TLC, and the p10 tips to the extractor hood.  

11. Look at Figure 4 B. Only one person of each group will be in the extractor hood at a 

time. You need the tip to load the extract TLC. Simply touch the tip in the extract, 

and then touch it vertically onto the pencil drawn line on the strip. This will load a 
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dot. Apply a second dot (no more than 2-3 mm diameter, and 5 mm apart) onto the 

pencil drawn line and spread them 5mm away from each other. Let the dots dry. Re-

apply the solution on the dots many times, until the spot is a very dark color– it takes 

around 20 applications. Be careful not to scratch the silica gel with the capillary tip!! 

Write your team number on the Top of the strip. 

Invigilator!!!  TLC strip with the applied dots  

12. Your developing chamber is in the extractor hood. Do not open it unless you are 

ready to proceed. Gently roll it around so that the solution inside it has wetted the 

walls of the bottle. Using forceps pick up the loaded TLC strip from its top side, 

remove the lid and carefully place the TLC strip into the developing chamber – 

bottom side into the solvent mobile phase, but BELOW THE PENCIL DRAWN 

LINE. Replace the lid promptly. Do not move this developing chamber.  

13. Allow the solvent to migrate upward until the solvent front is at the 4 cm mark. This 

should take approx 5 min 

14. Remove the strip and mark the solvent front IMMEDIATELY ! Then as quickly as 

possible mark with the pencil, in the centre of each band, the position of every visible 

band, and note in your answer sheet their colour, in the order at which they migrated 

from top to bottom.   When the strip dries it will be difficult to see the coloured 

bands. 

� Answer Sheet Question Set 2  

15. Allow the chromatogram to dry. You need to attach this to your answer sheet. 
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3. EXPERIMENT 3: Separation of Pigments by Differential 
Solubility 

Approximately 10 min 

Introduction 

As you know from the previous exercise, the various pigments have different solubilities 
in various non-polar solvents.  In this exercise, you will be able to separate the polar from 
the non-polar pigments. 

Materials 

Your filtered extract in the 15cm-long tube on the tube rack from Experiment 2  

2 test tubes 10 cm-long and 2 test tubes 15 cm -long 

Pasteur pipettes with tits (inside the extractor hood) 

Plastic graduated 1 mL and 3 mL pipettes (inside the extractor hood) 

Petroleum ether (in a labeled vial inside the extractor hood) 

Masking tape for labelling 

Method 

1. Your total extract is still in the 15 cm –long test tube, on the rack. Your rack should 

also have the empty 10 cm and 15 cm-long test tubes. Take your rack and tubes to the  

extractor hood 

The rest will be done in the extractor hood: 

2. Add petroleum ether to your extract to nearly fill it (a couple of cm from the top). 

3. Cover the test tube opening with your thumb (wearing a glove) and gently invert the 

tube 3 – 4 times so the contents are completely mixed. DO NOT SHAKE IT. 

Gradually lift your thumb to release pressure build-up caused by the highly volatile 

ether (CAUTION : release with care to avoid spraying ether all over yourself and 

anyone who happens to be nearby!). Add 0.5 mL of ethanol and mix again. Label 

your tube and your rack with masking tape and the permanent pen, with your team 

number!!!! 

4. Allow the contents to settle until two distinct clear layers form. Do not proceed until 

separation is complete.  

Invigilator!!!  Two distinctly separated layers. Record the colours of the upper and 
lower layers in your Answer Sheet Question Set 3. 



Page 46 of 48  

� Answer Sheet Question Set  3  

 

5. Now this step should be done very carefully. You need to separate the two layers:  

Using a Pasteur pipette, transfer carefully the top layer into a fresh 15 cm tube. It is 
important that you isolate a clean fraction of the upper layer. You must not transfer any 
of the sludgy material at the interface.  Label this tube Upper.  

To the lower layer, add some more petroleum ether and repeat as above adding more 
petroleum ether. This time though, discard the top layer in the waste container, you also 
need    to remove and discard the ‘sludgy’ interface, which might contain unwanted 
material. It doesn’t matter if you lose some of the lower layer as long as what is left, is 
clean. Now transfer the lower layer into a fresh 10 cm test tube. Label this tube Lower 

Invigilator!! ! Your pigment solutions must be clear, with no turbidity. You need 
both the upper and lower layers for the next step.  

� Answer Sheet Question Set 3 
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4. EXPERIMENT 4: Record the absorption spectra of your 
separated pigment fractions 

Approximately 10 min 

Materials 

The test tube with the upper layer. Do not take it out of the hood 

The test tube with the lower layer. Do not take it out of the hood 

The vial from Experiment 2 labeled total 

Three plastic 1mL cuvettes in the polystyrene rack labeled with your station number. 

Method 

1. You need to transfer 1 mL of each of the three solutions Upper, Lower and total into 

three separate cuvettes.  

Note: do not dispose of the leftover of your three solutions. The Upper layer 
solution will be needed in the next section 

2. Label each of your cuvettes , 1, 2, and 3 for Total,  Upper, and Lower respectively. 

Mark them with small writing near the top.  

3. One of your colleagues should take the three cuvettes to the Invigilator to read the 

percent absorbance (in arbitrary units Au) of each fraction at all wavelengths between 

400nm and 700nm 

Invigilator !!!!  Let them know you are ready for reading the absorbance 

Your colleague will come back with the spectrum of absorption for each of the 
three fractions all on one printed out sheet�������� 

� Answer Sheet Question Set  4 
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5. EXPERIMENT 5: What happens when pigments absorb light? 
Fluorescence capture and release of solar energy 

Approximately 2 min 

Introduction 

The pigment molecule in your upper layer, which was isolated from its cozy 
membrane home in the chloroplast, absorbs photons emitted by the halogen lamp. 
What happens to the energy of these photons? 

Materials 

Halogen Lamp 

The remainder extracts labeled UPPER from Experiment 3 

Directions 

In the extractor hood you will find a halogen lamp. Position it away from your eyes and  switch 

it on.  Take the tube labeled UPPER and place it close in front of the lamp.  

You should observe a change when you place the tube with the green extract in front of 
the light. 

� Answer sheet Question Set  5 

 

That was fun and colourfull huh!!! 

Now answer the specific and general question on the answer shee 


