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2.8.1Photosynthesis

Photosynthesis Defined

= Simple,inorganic compounds are converted into complex organic ones by photosynthesis
= The energyrequiredis provided bylight

= Photosynthesis occursinautotrophic organisms such as plants, algae and cyanobacteria
= H,O and COj are the raw materials

= Photosynthesisis aformof energy conversion,fromlight energy to chemicalenergy, storedin
biomass
= Energy is stored withinthe bonds of these organic compounds
= Photosynthesis canbe thought of as the exactreverse of respiration
= Respirationis the process bywhich energy is refeasedfrom organic moleculesinliving cells

= The overallchemical equationforphotosynthesisis as follows:

The basic equation of photosynthesis as it takes place in a leaf

The chemical equation forphotosynthesis
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O Exam Tip

Remember, energyis nevercreated ordestroyed;itis onlyeverconverted fromone formto
another!

Visible Light Wavelengths

= Chloroplasts containpigmentsinorderto absorb light
= Pigments are coloured, whichmeans theyabsorb some wavelengths (orcolours) of the white
light that the Sunradiates
= Theremaininglightis reflected, giving the pigmentits colour

= Chloroplasts containseveral different photosynthetic pigments,so thattheycanabsorb
multiple different wavelengths of light
= The mainphotosynthetic pigmentis chlorophyli

= Violet light has the shortest wavelength of lightin the visible spectrum (around 400nm)

= Red light has the longest wavelength of light in the visible spectrum (around 700nm)

= Greenlight has awavelengthinthe middle of this range (around 550nm)

= The absorptionof light varies withwavelength, as does the rate of photosynthesis that aplant
cancarryout

= Whenplants are exposed to light of a specific wavelength, the rate of photosynthesis canbe
measured as well as the absorbance (the % of the light thatis absorbed by the plants)

= There are peaksinbothplots atthe blue and red ends of the spectrum, where photosynthesis
canoccur

= There are troughsinbothplots forgreenlight,whichis not absorbed and so cannot provide
energy forphotosynthesis
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Chlorophyill

= Plantcells containchloroplasts which are the site of photosynthesis
= The mainphotosynthetic pigmentis chlorophyll

= Chlorophyllabsorbs red and blue light most effectivelyand reflects greenlight more thanother

colours
= Chlorophyllappears greenbecauseitabsorbsred and blue light

« Thegreenlight is reflected away and soleaves appear greentothe eye
= This explains why the majority of plants are green(withvariations inthe shades of green that

we cansee)

= Red and blue light provides the energyneeded forphotosynthesis

= Chlorophyllexists intwo mainforms, aand b

= There are two groups of pigments: primary pigments known as chlorophylls and accessory
pigments known as carotenoids

= Chlorophylls absorbwavelengths inthe blue-violet and red regions of the light spectrum

= Carotenoids absorbwavelengths of light mainlyin the blue-violet regionof the spectrum

= The combinationof pigments maximises the amount of white light energy that canbe captured

Q Exam Tip

Remember - chlorophyllis not the onlyphotosynthetic pigment, others exist to maximise light
energy absorption.

Photolysis of Water

= Oxygenis produced inphotosynthesis fromthe photolysis of water
= Photo - means 'withlight'
= Lysis-means 'breaking apart’

= Wateris brokenapart usinglight energy; thisis called photolysis
= Thisreleases electrons (e”),protons (H*) and the waste product, oxygengas

2H,0 - 4e +4H*+ 0O,

= Whilst oxygenis awaste product,the electrons and protons playacrucialrole inthe further
reactions of photosynthesis
= Thoughoxygenisawaste product,inpractice,aplantwilluse some of the oxygenit
produces inphotosynthesis forits ownrespiration (during the day)
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2.8.2Photosynthesis Continued

Effects of Photosynthesis

= Changesto the Earth’'s atmosphere,oceans and rock depositionoccurdue to photosynthesis
The first life forms emerged around 4 billionyears ago
= Atthetime,there was no oxygeninthe atmosphere

= About 3.5 billionyears ago photosynthetic prokaryotes became the first organisms to carryout
photosynthesis
= Thisbegantherelease of oxygeninto the atmosphere

= Millions of years lateralgae and plants evolved and also carried out photosynthesis
= Around 2.2billionyears ago, the oxygenconcentrationinthe atmosphere reached 2%
= Thisis knownas the Great Oxidation Event

= Otherchanges to the Earthoccurred due to photosynthesis
= Mineralsinthe oceans were oxidised

= Photosynthetic bacteriareleased oxygeninto the ocean

= Whendissolvedironwas oxidised it formed ironoxide whichis ared precipitate thatlies
onthe seabed

= QOvertime adistinctive rock formationwas produced -the banded ironformation. Layers
ofredironoxide alternate with othermineral oxides

= Bandedironformations are the mostimportantsource ofironores (and consequently
oursupplyofsteel)

= Methane and COslevelsinthe airfell,whichresulted inanlce Age
= Because methane and CO, are important greenhouse gases

= By600 millionyears ago,life had evolved into large multicellular organisms, many of which were
photosynthetic (plants)
= This pushed the oxygenconcentrationofthe airupto 20%, peaking at 35% 300 millionyears ago
= This contributed to the large size of the animals that roamed the Earth at that time

= The currentatmospheric oxygenlevelis around 21%, due to increased humanactivity eg. burning
of fossilfuels,deforestationwhichremove oxygenfromthe atmosphere
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Energy Requirements

= Chemicalreactions canbe exothermic orendothermic

= Photosynthesisis anexample of anendothermic reactionand ananabolic reaction, where the
required energyinputisinthe formoflight energy

= Energyisneeded to produce carbohydrates and othercarboncompounds fromcarbondioxide

= Theenergyisnotlost-itisstoredinchemicalforminthe carbohydrates thatare produced

Limiting Factors

Temperature,lightintensityand carbon dioxide concentration are possible limiting
factorsontherate of photosynthesis

= Fachofthese factors canlimit the rate of photosynthesis whentheyare below the optimallevel
= Temperature
= Lightintensity
= Carbondioxide concentration

= These are known as the limiting factors of photosynthesis
= Alimitingfactoris avariable thatholds back therate of achemicalreaction
= |fthatvariableisincreased,thereactionrate alsoincreases
= Underanysetofconditions,onlyone of these factors will be limiting the rate of photosynthesis
= Atnight, light intensity will be verylow, so thatis the limiting factor
= Onacold,sunnyday,temperature will be the limitingfactor
= Anincreaseinthelightintensitywillnotincrease therate of photosynthesis because the
temperatureis, at that point, the limiting factor

Analogy - Limiting Factors

Imagine you're onagroup hike and you have to stick togetherwith yourtwo teammates.Youare not
allowed to finish the hike separately. If yourlegs are feelingweak, you willbe walking slowly. The other
two hikers willhave to slow downto walk at yourspeed;the teamprogresses atthe speed of the
slowestmember.However, afterlunch,youmaybe feeling strengthened bythe food and yourlegs
feelgood;this time,it's yourteammate who is the slowest, so has takenoverfromyouas the limiting
factor.Yourteamonlyfinishes when all three of you finish, and that determines youroverallrate of
progress.

O ExamTip

Whenwriting about limiting factors,it'simportant to mention 'light intensity', notjust 'light'. Other
aspects of light suchas wavelengthcanplayarole soit's important to specific aboutintensity.
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2.8.3 Skills: Photosynthesis

Absorption & Action Spectrums

Anabsorptionspectrum (foraparticularpigment) shows how muchlight of different
wavelengths is absorbed by the pigment
Anactionspectrumshows how eachwavelength of light affects the rate of photosynthesis that
itcanpower
These are two graphs that use the wavelength of light on the x-axis

= Violetlightis the lowest wavelength of the visible spectrum,at 400 nanometres (nm)

= Red lightis the highest wavelength of the visible spectrum,at 700 nanometres (nm)

Drawing an absorption spectrumfor chlorophyli

Stepl: Drawandlabelthe axes

Draw an x-axis

Labelthe axis wavelength

Add the units /nm

Make 400 the smallest value and 700 the largest value
= |abel500and 600 nmonthe x-axis

Draw a y-axis
Labelit % absorption
Make O the lowest value and 100 the highest value
= No units are required because the y-axis is showing apercentage scale
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Step 1: Draw and label the axes

Step2: Drawthe Plot

= There should be two absorbance peaks
= Onepeakateitherend,inthe blue and red areas of the spectrum
= And atroughinthe middle, whichrepresents greenlight
= Asbelow,withasmoothcurve
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Step 2: Sketch the Curve
An absorbance spectrum forphotosynthesis (colourrange labels are not required)
Drawing an action spectrumfor photosynthesis
Stepl: Drawandlabelthe axes

= Draw anx-axis

= |labelthe axis wavelength

= Add the units /nm

= Make 400 the smallestvalue and 700 the largest value
= |Label500and 600 nmonthe x-axis

= Draw ay-axis
= |abelitRate of photosynthesis / % of maximumrate
= Make O the lowestvalue and 100 the highest value
= No units are required because the y-axis is showing apercentage scale
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Step 1: Draw and label the axes

Step2: Drawthe 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
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Step 2: Sketch the Curve. An absorbance spectrum forphotosynthesis (colourrange labels are not
required)

Q Exam Tip

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

1.Label 400 -700nm onthe x-axis,in100nmincrements
2.Use a% scale onthe y-axis

3.Smoothcurve

4.Peaks at eitherend

5.Troughinthe middle forgreenlight
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Investigating Photosynthesis

= Anaquatic plant suchas Elodeaor Cambobais agood choice forinvestigating photosynthesisin
plants,because therate of photosynthesis canbe measured by countingoxygenbubbles that
come off acutting of this plant
= Oxygenoutputfromterrestrial plants (that grow onland)would notbe observable

NOS: Experimentaldesign - controlling relevant variablesin photosynthesis
experimentsisessential

= 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 during the experiment (to seeifitis
affected bythe changes to the independent variable)

= Othervariables mustbe controlled so thatit canbe said the independent variable is the only
factoraffectingthe dependent variable during the experiment

= Changesinlightintensity, carbondioxide concentrationand temperature are all limiting
factors that affect therate of photosynthesis and canbe altered experimentally to measure the
effectontherate of photosynthesis

Effect of lightintensity - experimental design

= Basic Experimental Setup
= Aquatic plant cuttinginwater
= Powdered sodiumhydrogencarbonate (NaHCO3)
= Glass funnel
= Boilingtube
= Lamp forillumination
= Glasstank 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 abeakerofwater
= Usealightasetdistance fromthe plant

= Record the numberofbubbles observed inthree minutes

= Repeatsteps fordifferentdistances

Improvements

= Useagassyringe to collectand measure the volume of gas produced

= Forreliability of data,repeat the experiment atleasttwice foreachdistance and calculate the
mean numberof bubbles

= Useofadataloggerto measure results continuously
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VariablestoBe Controlled

= Temperature
= The glass tank filled withwaterabsorbs anyheat thatis emitted from the lamp
= ModernLED bulbs canbe used as theygive off less heat than filament bulbs

= COjconcentration
= Thewaterused around the plantis firstboiled and re-cooled to remove anydissolved
carbondioxide
= Asetmassofsodiumhydrogencarbonateis added to the waterthat surrounds the plant
= To make the concentrationapprox.0.1moldm=3,whichis not alimiting concentration

Results

= Agraphofthe numberofbubbles 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 light intensity

Carbon dioxide concentration

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

= 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 thetemperature constant at 25°C using a waterbath, monitoringwith athermometerinthe
watersurrounding the aquatic plant

= Keep thelight intensity constant by keeping the lamp a fixed distance from the plant

Temperature

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

= Startwithboiled and re-cooled wateras before, withsodiumhydrogencarbonate at a fixed
concentrationof 0.Imoldm=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 thelight intensity constant by keepingthe lamp afixed distance from the plant

= Therate will tail off afteraround 40°C due to the denaturation of important proteins involved in
photosynthesis

Q ExamTip

The keyto this part of the specis to appreciate how an experimental investigationcanbe
controlled so thatanyeffects we observe are directly due to the one variable that we are
deliberatelychanging.
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2.8.4 Skills: Separating Photosynthetic Pigments

Practical 4: Separation of Photosynthetic Pigments

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 chlorophylland absorb both similarand different wavelengths of light

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

photosynthesis

Chloroplast Pigments Table

= Chlorophylls absorbwavelengths inthe blue-violet and red regions of the light spectrum
= Theyreflectgreenlight,causingplants 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 usein the light-dependent
reaction of photosynthesis

Chromatography

= Chromatography is anexperimental technique thatis used to separate mixtures
= Different components within the mixture travel through the material at different speeds
= This causes the differentcomponents to separate
= Aretardationfactor(Rs value) canbe calculated foreachcomponent of the mixture

= Two ofthe mostcommontechniques forseparatingthese photosynthetic pigments are:
= Paperchromatography - the mixture of pigmentsis passed through paper(cellulose)
= Thin-layer chromatography (TLC)- the mixture of pigmentsis passed through athinlayerof
adsorbent (eg.silicagel), through which the mixture travels fasterand separates more
distinctly
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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 notuseapenas theinkwill 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 combinationof propanone and mechanical pressure breaks downthe celland
chloroplasts to release the pigments

Extract some of the pigmentusing a capillarytube and spotitonto the centre of the pencilline
you have drawn
Suspend the paperinthe chromatographysolventso 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 pencil line 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 Rf 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 aunique Rt value
= The Rfvalue demonstrates how faradissolved pigment travels through the stationary phase
= Molecules with ahigheraffinityto the stationaryphase, suchas 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 R¢ 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 anR¢value somewhere betweenthose of carotenoids and chlorophyll b
= SmallR¢ values indicate the pigmentisless soluble and/orlargerinsize
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Paperchromatography is used to separate photosynthetic pigments. These pigments can be identified
by their R¢ values. In this example, a line of the mixture (rather than a spot) is added to the paper.

Limitations

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

= Chromatographydoes notgive dataonthe amount of each pigment present orthe wavelengths
that theyabsorb

= Colorimetrycanbeused to calculate these values

Q Exam Tip

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