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The Process of Photosynthesis

Transformation of Light Energy During Photosynthesis

= Simple,inorganic compounds are converted into complexorganic ones by photosynthesis
= The energyrequiredis provided by light
= Photosynthesis occursinautotrophic organisms such as plants, algae and cyanobacteria
= Photosynthesisisaformofenergy conversion,fromlight energy to chemical energy,stored in
biomass
= Energy is stored withinthe bonds of these organic compounds and provides most of the
chemicalenergy needed forlife processesinecosystems

O ExamTip

Remember, energyis nevercreated ordestroyed;itis onlyeverconverted fromone formto
another!
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Conversionof CarbonDioxide to Glucose

= Duringphotosynthesis,carbondioxideis converted to glucose usinghydrogenreleased whena

watermoleculeis split
= Oxygenisreleased as awaste product
= Thereactants of photosynthesis are carbondioxide and water
= The products of photosynthesis are glucose and oxygen
Reactantsand productsof photosynthesisdiagram

Photosynthesis as it takes placein a leaf

= We canrepresentthis chemicalreactioninaword equation
Photosynthesisword equation

A word equation to represent photosynthesis
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O Exam Tip

The glucose and oxygenformed during photosynthesis are the reactants of aerobic cell
respiration while carbondioxide and waterreleased duringrespiration are used as the reactants
of photosynthesis

= Respirationis the process bywhich energy is releasedfrom organic molecules inlivingcells

Release of Oxygen

= Photosynthesisis carried outinplants, algae and cyanobacteria
= The oxygenthatisreleased comes fromthe water splitting process which also provides
hydrogento allow the synthesis of glucose
= The paths of the oxygenand hydrogencanbe seenmore clearlywhenlooking at the chemical
symbolequationforphotosynthesis
Chemical symbol equation for photosynthesis

O ExamTip

Note thatyouare onlyexpected to know the word equationforphotosynthesis forexam
purposes
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Separating Photosynthetic Pigments: Skills

Separating Photosynthetic Pigments: Skills

Separation of photosynthetic pigmentsbychromatography

= Plants containseveral different photosynthetic pigments, which absorb different wavelengths

of light
= There are two groups of pigments:chlorophylls and carotenoids
= Carotenoids surround the chlorophyll and absorb both similarand different wavelengths of light

to chlorophyll
= This expands the range of wavelengths that canbe absorbed fromlightforusein

photosynthesis

Chloroplast PigmentsTable

Pigment group Name of pigment Colour of pigment

Chlorophylla Yellow - green
hl hyll
Chiorophylls Chlorophyllb Blue - green
caRseeliend s Bcarotene Orange
Xanthophyll Yellow

= Chlorophylls absorbwavelengths inthe blue-violet and red regions of the light spectrum
= Theyreflect greenlight,causing plants to appeargreen
= Carotenoids absorbwavelengths of light mainlyinthe blue-violet regionof the spectrum
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Chlorophyll and carotenoids absorb light across the visible light spectrum to use in the light-dependent
reaction of photosynthesis

Chromatography

= Chromatography is an experimental technique thatis used to separate mixtures
= Different components within the mixture travel through the material at different speeds
= This causes the different components to separate
= Aretardationfactor(R¢ value) canbe calculated foreachcomponent of the mixture
= Two of the mostcommontechniques forseparating these photosynthetic pigments are:
= Paperchromatography - the mixture of pigments is passed through paper(cellulose)
= Thin-layer chromatography (TLC)- the mixture of pigments is passed through a thinlayerof
adsorbent (eg.silicagel), through which the mixture travels fasterand separates more
distinctly

Page 5 of 20
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Paperchromatographycanbe used to separate photosynthetic pigments althoughTLC gives
betterresults

Apparatus

Leaf sample

Distilled water

Pestle and mortar

Filter paper

Capillary tube
Chromatographysolvent
Propanone

Pencil

Ruler

Method

Draw a straightline in pencil approximatelylcmabove the bottom of the filterpaperbeingused
= Do notuseapenastheinkwill separate into pigments withinthe experiment and obscure the
results

Cutasectionofleafand placeitinamortar
= |tisimportantto choose ahealthy leaf that has beenindirect sunlight so youcanbe sure it
contains many active photosynthetic cells

Add 20 drops of propanone and use the pestle to grind up the leaf sample and release the
pigments
= Propanoneis anorganic solventand therefore fats, such as the lipid membrane, dissolve init
= The combination of propanone and mechanical pressure breaks down the celland
chloroplasts to release the pigments

Extract some of the pigmentusing a capillary tube and spotitonto the centre of the pencilline
you have drawn
Suspend the paperinthe chromatographysolvent so that the levelof the solvent is below the
pencilline and leave the paperuntil the solvent has reached the top of the paper
= The mixture is dissolved inthe solvent (called the mobile phase) and the dissolved mixture
thenpasses through astatic material (called the stationary phase)

Remove the paperfromthe solventand draw a pencilline markingwhere the solvent moved up to
= The pigmentshould have separated out and there should be different spots onthe paperat
different heights above the pencilline, these are the separate pigments

Calculate the R;value foreach spot
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distance travelled by component (pigment)
distance travelled by the solvent

R value =

= Always measure to the centre of eachspot

Results

= Chromatographycanbe used to separate and identify chloroplast pigments that have been
extracted fromaleaf as each pigment will have a unique R¢ value
= The Rfvalue demonstrates how faradissolved pigment travels through the stationary phase
= Molecules with ahigheraffinityto the stationary phase, such as large molecules, will travel
slowerand therefore have a smaller R value
= Molecules that are more soluble inthe mobile phase will travel fasterand therefore have a
larger Rs value
= Althoughspecific Rfvalues depend onthe solvent thatis beingused,ingeneral:
= Carotenoids have the highest Rs values (usuallyclose to 1)
= Chlorophyll bhas amuchlower R¢ value
= Chlorophyll ahas anRsvalue somewhere betweenthose of carotenoids and chlorophyll b
= SmallR¢ values indicate the pigmentis less soluble and/orlargerinsize
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Paperchromatography is used to separate photosynthetic pigments. These pigments can be identified
by their Rs values. In this example, a line of the mixture (ratherthan a spot) is added to the paper.

Limitations

= Paperchromatographyis notas specific as otherchromatographytechniques
= |tis sufficientto separate and distinguish different pigments and to calculate theirRs value

= Chromatographydoes not give dataonthe amount of each pigment present orthe wavelengths
that theyabsorb

= Colorimetrycanbe used to calculate these values

O Exam Tip

Remember - the pigments themselves have colour(as described inthe table). This is different
fromthe colours of light that they absorb.Youdon't have to rememberspecific Rfvalues, just
know that they differbetweeneachtype of pigment.
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AbsorptionSpectra

AbsorptionSpectra

Lightis made up of amixture of all the visible wavelengths to include red, orange, yellow, green,
blue,indigo and violet
Anabsorptionspectrumis agraphthat shows the absorbance of different wavelengths of light
by a particularpigmentinthe chlorophyll
Withinthe chlorophyll, light energyresults inthe excitationof electrons whichtriggers transferof
electronsleadingto aseries of reactions whichmake up the process of photosynthesis

= Duringphotosynthesis, light energy is transformed to chemical energy when glucoseis

formed

Chlorophylls absorbwavelengths inthe blue-violet and red regions of the light spectrum
Carotenoids absorb wavelengths of light mainlyin the blue-violet regionof the spectrum
The chemical structure of these molecules determines the wavelengths of light that canbe
absorbed
The greenpartof the spectrumis largelyreflected fromthe leaf and this is whyleaves usually
appeargreen

Absorption spectra of chlorophyll A, chlorophyll B and carotenoid pigments
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Absorption & Action Spectra: Skills

Comparing Absorption & Action Spectra
What is an action spectrum?

= Anactionspectrumis agraphthatshows the rate of photosynthesis at different wavelengths
oflight

= Therate of photosynthesisis highest at the blue-violet and red regions of the light spectrum, as
these are the wavelengths of light that plants canabsorb (i.e. the wavelengths of light that
chlorophylls and carotenoids canabsorb)

Diagramtoshowthe action spectrumof chlorophyll pigments

The photosynthetic action spectrum shows the rate of photosynthesis at different wavelengths of light

Comparing action and absorption spectra
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= Thereisastrongcorrelationbetweenthe cumulative absorptionspectraof all pigments and the
actionspectrum:

= Bothgraphs have two mainpeaks - at the blue-violet regionand the red region of the light
spectrumwhich supports the ideathat the most light energy is absorbed at these
wavelengths leading to the fastestrate of photosynthesis

= Bothgraphs have atroughinthe green-yellowregionof the light spectrumwhich supports
theideathat theleast light energy is absorbed at these wavelengths leadingto the slowest
rate of photosynthesis

Diagramtoshowthe correlation betweenactionand absorption spectra

Anoverlay of the photosynthetic absorption and action spectra shows there is a strong cumulative
correlation
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Determining therate of photosynthesis

= Therate of photosynthesis canbe determined by measuring the volume of oxygenproduced or
the carbondioxide consumptionat different wavelengths of light
= Anexperimentcanbe setupsimilarto the oneinvestigating the effect of lightintensityon
photosynthesis
= Rememberthat the lampshould be kept the same distance fromthe pondweed as we are
investigating the effect of different wavelengths of light only
= Placedifferentcolourfilters (covering the fulllight spectrum)infront of the lamp to change
the colouroflightthe pondweed is exposed to
= Measure the volume of oxygen produced orthe numberofbubbles released fromthe
pondweed perminute foreachcolour
= |Include anexperiment withno filterinfront of the lamp to investigate the effect of white
light ontherate of photosynthesis
= Repeatthe experiment several times to obtainreliable results

Drawing an action spectrum for photosynthesis

Step 1: Draw and label the axes

= Draw anx-axis

= Labelthe axis wavelength

= Add the units /nm

= Make 400 the smallest value and 700 the largest value
= Label 500 and 600 nmon the x-axis

= Draw ay-axis
= |labelitRate of photosynthesis / % of maximumrate
= Make O the lowestvalue and 100 the highest value

Step 1: Draw andlabel the axes
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Step 2: Draw the plot

= There should be two peaks of rate of photosynthesis
= Onepeakateitherend,inthe blue and red areas of the spectrum
= And atroughinthe middle,whichrepresents greenlight
= Asbelow,withasmoothcurve

Step 2: Sketch the Curve. An action spectrum forphotosynthesis (colourrange labels are not required)

O Exam Tip

Remember - the pigments themselves have adistinctive colour.This is different fromthe colours
oflight that they absorb. Keypoints to remember:

1.Label 400 -700nmonthe x-axis,in 100nmincrements
2.Use a % scale onthe y-axis

3.Smoothcurve

4. Peaks at eitherend

5.Troughinthe middle forgreenlight
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Limiting Factors of Photosynthesis: Skills

Limiting Factors

= Anaquatic plant suchas Elodeaor Cabombais agood choice forinvestigating photosynthesisin
plants,because the rate of photosynthesis canbe measured bycountingoxygenbubbles that
come off acutting of this plant
= Oxygenoutputfromterrestrial plants (that grow onland) would not be observable

NOS: Hypotheses are provisional explanations that require repeated testing

= Ahypothesisis aproposed explanationforanideawhichmaybe true orfalse
= |naninvestigationthe hypothesis canbe tested through observations orexperiments to provide
eithersupportoroppositionto the proposed hypothesis
= Thefollowinginvestigationlooks at the effect of limiting factors onthe rate of photosynthesis
= Asuggested hypothesis foraninvestigationinto the effect of lightintensityonphotosynthesis
could be:
= Lightintensity willhave aneffect ontherate of photosynthesis

Identifying the variables in an investigation

= Whendesigninganexperimentitis crucial that all variables (apart from the independent and
dependentvariables beinginvestigated) are controlled
= Theindependentvariableis the factorthatis deliberately manipulated betweenaspecific
range throughout the experiment
= The dependentvariableis the factorthatis measured duringthe experiment (to seeifitis
affected bythe changes to theindependentvariable)
= Othervariables mustbe controlled so that it canbe said the independent variable is the only
factoraffectingthe dependent variable during the experiment
= Changes inlight intensity,carbondioxide concentrationand temperature are all limiting
factors that affect therate of photosynthesis and canbe altered experimentally to measure the
effectontherate of photosynthesis
= Anyoftheselimitingfactors could be selected as the independent variable inthe
investigation

Effect of light intensity - experimental design

= Basic Experimental Setup
= Aquatic plant cuttinginwater
= Powdered sodiumhydrogencarbonate (NaHCO3)
= Glass funnel
= Boilingtube
= Lamp forillumination
= Glass tank filled withwater
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Measuring the effect of light Intensity on the rate of photosynthesis in pondweed

Research Question

Does therate of photosynthesis (numberof bubbles released permin) of Elodeaincrease as the light
intensityincreases?

Method

= Place apiece of aquatic plant (Elodeaor Cabombaare oftenused),into abeakerof water
= Place alampasetdistance fromthe plant

= Record the numberofbubbles observed inthree minutes

= Repeatthesesteps fordifferentdistances betweenthe lamp and plant

Improvements

= Use agassyringe to collectand measure the volume of gas produced

= Forreliability of data,repeat the experiment atleast twice foreachdistance and calculate the
meannumberofbubbles

= Useofadataloggerto measureresults continuously
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Variables to Be Controlled

= Temperature

= The glass tank filled with waterabsorbs anyheat thatis emitted fromthe lamp

= ModernLED bulbs canbe used as theygive off less heat than filament bulbs
= CO;concentration

= The waterused around the plantis first boiled and re-cooled to remove anydissolved
carbondioxide

Asetmass of sodiumhydrogencarbonate is added to the waterthat surrounds the plant to
make the concentration approx. 0.1moldm™3

= This willensure that the carbondioxide concentrationis notlimiting the rate of
photosynthesis

Results

= Agraphofthenumberofbubbles produced per minute against the distance betweenthe
lamp and the plant used canbe drawnto see the patternortrend

= Distance betweenthe lamp and the plantis linked to the lightintensity

A graph of distance from the lamp against number of bubbles per minute
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= Agraphcanalso be drawnshowingthe effect of differentlightintensities ontherate of
photosynthesis
= |tcanbeseenthat:
= Aslightintensityincreases so too does therate of photosynthesis (positive correlation)
= Atthis stagelightintensityis the limitingfactor
= Atsome point,there willbe no furtherincrease inthe rate of photosynthesis if the light
intensityisincreased
= Now temperature orcarbondioxide concentration may be limiting factors

The effect of light intensity on the rate of photosynthesis

Carbondioxide concentration

= The same basic experimentalsetup canbe used, but withvaryinguse of the following variables

= Startwithboiled andre-cooled wateras before

= Addsuccessive masses of sodiumhydrogencarbonate to increase the concentrationin
increments of 0.01moldm™, and record the rate of photosynthesis in bubbles minute™

= Keep the temperature constant at 25°C using awaterbath, monitoringwith athermometerinthe
watersurrounding the aquatic plant

= Keep thelightintensity constant by keepingthe lamp afixed distance from the plant

= Agraphoftheeffectofcarbondioxide concentrationagainstthe rate of photosynthesis shows
asimilartrend to what was observed withlightintensity
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The effect of carbon dioxide concentration on the rate of photosynthesis
Temperature

= The same basic experimental setup canbe used, but with varyinguse of the followingvariables

= Start withboiled andre-cooled wateras before,withsodiumhydrogencarbonate at a fixed
concentrationof0.lmoldm=3 and record the rate of photosynthesis in bubbles minute!

= Vary the temperature from5°C to 50°C usingwaterbaths, monitoringwith athermometerinthe
watersurrounding the plant

= Keep thelightintensity constant by keepingthe lamp afixed distance from the plant

= |tcanbeseenfromagraphofthe effectoftemperature ontherate of photosynthesis that:
= Anincreaseintemperature willresultinanincreased rate of photosynthesis
= Thisis due to theincrease inkinetic energy of enzyme and substrate molecules which
resultsinmore collisions and formation of more enzyme-substrate complexes
= Thisincrease will continue untilthe optimumtemperature forthe enzyme is reached
= Anyfurtherincreaseintemperature willsee adecrease inthe rate of photosynthesis
= Asenzymes beginto denature,theycannotformenzyme-substrate complexes anymore
and therefore cannot catalyse the reaction
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The effect of temperature on the rate of photosynthesis

O Exam Tip

The keyto this part of the spec is to appreciate how an experimental investigationcanbe

controlled so that anyeffects we observe are directly due to the one variable that we are
deliberatelychanging.
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Carbon Dioxide Enrichment Experiments

Carbon Dioxide Enrichment Experiments

= Futurerates of photosynthesis and plant growth canbe predicted using experiments such as
= enclosed greenhouse experiments
= free aircarbondioxide enrichment experiments (FACE)
= Due to theimpact of globalwarmingalreadydocumented andrisinglevels of greenhouse gases,
includingcarbondioxide,itis fundamental that studies are carried out to establish the effect of
carbondioxide onplant growthand photosynthesis to develop aclearerideaof the potential
future risks that we mayencounter

Enclosed greenhouse experiments

= Monitoringphotosynthesis and growthcanbe done usinganenclosed greenhouse or
polytunnelsetup
= This allows variables to be manipulated orcontrolled inorderto establish the impact of
differentfactors
= Onlysmallspecies that canbe contained inagreenhouse canbe studied using this method
= Variables that would be manipulated mightinclude
= |ight
= carbondioxide
= temperature
= wavelengths of light
= Othervariables should be controlled so as to ensure that the effect of onlyone variable is being
considered atanyone time

Free air carbon dioxide enrichment experiments (FACE)

= These experiments are carried outin naturalecosystems where carbondioxide is pumped into
the areato increase the localised carbondioxide concentrations
= Thissetupallows largerplants and trees to be studied
= Othervariables cannotbe controlled inthese scenarios but theycanbe monitored to establish
anyrelationships that maybecome apparentinthe data
NOS: Finding methods for careful control of variables is part of experimental
design

= |nanexperiment,avariable is anyfactorthat could change orbe changed
= Theindependent variable: the onlyvariable that should be changed throughout an
experiment
= The controlled/confoundingvariables:anyothervariables that mayaffect the results of the
experiment that need to be controlled ormonitored

= The dependent variable:the variable thatis measured to determine the outcome of an
experiment (the results)

= |tis essentialthatanyvariable that mayaffectthe outcome of anexperimentis controlled inorder
fortheresults to be valid

= Preliminary research and preliminary studies canbe used to identify variables within an
experiment and to determine ways of controlling these variables effectively

= The science surroundingtheissue/problembeinginvestigated is likelyto containinformation
aboutdifferent factors orvariables that may exist
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