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The Process of Photosynthesis

Transformation of Light Energy During Photosynthesis

Simple, ino rganic co mpo unds  are co nverted into  co mplex o rganic o nes by pho to synthesis

The energy required is pro vided by light

Pho to synthesis o ccurs in auto tro phic o rganisms such as plants, algae and cyano bacteria

Pho to synthesis is a fo rm o f energy co nversio n, fro m light energy  to  chemical energy, sto red in

bio mass

Energy is sto red  within the bo nds o f these o rganic co mpo unds and pro vides mo st o f the

chemical energy  needed fo r lif e pro cesses  in eco systems

Exam T ip

Remember, energy is never created o r destro yed; it is o nly ever co nverted fro m o ne fo rm to

ano ther!
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Conversion of Carbon Dioxide to Glucose

During pho to synthesis, carbo n dio xide  is co nverted to  gluco se  using hydro gen released when a

water mo lecule is split

Oxygen is released as a waste pro duct

The reactants  o f pho to synthesis are carbo n dio xide and water

The pro ducts  o f pho to synthesis are gluco se and o xygen

React ant s and product s of  phot osynt hesis diagram

Photosynthesis as it takes place in a leaf

We can represent this chemical reactio n in a wo rd equatio n

Phot osynt hesis word equat ion

A word equation to represent photosynthesis
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Exam T ip

The gluco se and o xygen fo rmed during pho to synthesis are the reactants o f aero bic cell

respiratio n while carbo n dio xide and water released during respiratio n are used as the reactants

o f pho to synthesis

Respiratio n is the pro cess by which energy is released fro m o rganic mo lecules in living cells

Release of Oxygen

Pho to synthesis is carried o ut in plants, algae  and cyano bacteria

The o xygen that is released co mes fro m the water splitting pro cess which also  pro vides

hydro gen to  allo w the synthesis o f gluco se

The paths o f the o xygen and hydro gen can be seen mo re clearly when lo o king at the chemical

symbo l equatio n fo r pho to synthesis

Chemical symbol equat ion f or phot osynt hesis

Exam T ip

No te that yo u are o nly expected to  kno w the wo rd equatio n fo r pho to synthesis fo r exam

purpo ses
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Separating Photosynthetic Pigments: Skills

Separating Photosynthetic Pigments: Skills

Separat ion of  phot osynt het ic pigment s by chromat ography

Plants co ntain several different pho to synthetic pigments, which abso rb different wavelengths

o f  light

There are two  gro ups  o f pigments: chlo ro phylls  and caro teno ids

Caro teno ids surro und the chlo ro phyll and abso rb bo th similar and different wavelengths o f light

to  chlo ro phyll

This expands the range o f  wavelengths  that can be abso rbed fro m light fo r use in

pho to synthesis

Chloroplast  Pigment s Table

Pigment gro up Name of pigment Colour of pigment

Chlo ro phylls
Chlo ro phyll a

Chlo ro phyll b

Yello w - green

Blue - green

Caro teno ids
β caro tene

Xantho phyll

Orange

Yello w

Chlo ro phylls  abso rb wavelengths in the blue-vio let and red regio ns  o f the light spectrum

They reflect green light, causing plants to  appear green

Caro teno ids  abso rb wavelengths o f light mainly in the blue-vio let regio n o f 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

Chromat ography

Chro mato graphy  is an experimental technique that is used to  separate mixtures

Different co mpo nents  within the mixture travel thro ugh the material at different speeds

This causes the different co mpo nents to  separate

A retardatio n facto r (R  value) can be calculated fo r each co mpo nent o f the mixture

Two  o f the mo st co mmo n techniques fo r separating these pho to synthetic pigments are:

Paper chro mato graphy  – the mixture o f pigments is passed thro ugh paper (cellulo se)

T hin-layer chro mato graphy (T LC)– the mixture o f pigments is passed thro ugh a thin layer o f

adso rbent (eg. silica gel), thro ugh which the mixture travels faster and separates mo re

distinctly

f
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Paper chro mato graphy can be used to  separate pho to synthetic pigments altho ugh T LC gives

better results

Apparat us

Leaf sample

Distilled water

Pestle and mo rtar

Filter paper

Capillary tube

Chro mato graphy so lvent

Pro pano ne

Pencil

Ruler

Met hod

Draw a straight line in pencil appro ximately 1cm abo ve the bo tto m o f the filter paper being used

Do  no t use a pen as the ink will separate into  pigments within the experiment and o bscure the

results

Cut a sectio n o f leaf and place it in a mo rtar

It is impo rtant to  cho o se a healthy leaf  that has been in direct sunlight so  yo u can be sure it

co ntains many active pho to synthetic cells

Add 20 dro ps o f pro pano ne and use the pestle to  grind up the leaf sample and release the

pigments

Pro pano ne is an o rganic so lvent and therefo re fats, such as the lipid membrane, disso lve in it

The co mbinatio n o f pro pano ne and mechanical pressure breaks do wn the cell and

chlo ro plasts to  release the pigments

Extract so me o f the pigment using a capillary tube and spo t it o nto  the centre o f the pencil line

yo u have drawn

Suspend the paper in the chro mato graphy so lvent so  that the level o f  the so lvent is belo w the

pencil line  and leave the paper until the so lvent has reached the to p o f the paper

The mixture is disso lved  in the so lvent  (called the mo bile phase) and the disso lved mixture

then passes thro ugh a static material (called the statio nary phase)

Remo ve the paper fro m the so lvent and draw a pencil line marking where the so lvent mo ved up to

The pigment sho uld have separated o ut and there sho uld be different spo ts o n the paper at

different heights abo ve the pencil line, these are the separate pigments

Calculate the R  value fo r each spo tf
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Always measure to  the centre o f each spo t

Result s

Chro mato graphy can be used to  separate and identif y chlo ro plast pigments  that have been

extracted fro m a leaf as each pigment will have a unique R  value

The R  value demo nstrates ho w far a disso lved pigment travels thro ugh the statio nary phase

Mo lecules with a higher affinity to  the statio nary phase, such as large mo lecules, will travel

slo wer and therefo re have a smaller R  value

Mo lecules that are mo re so luble in the mo bile phase will travel faster and therefo re have a

larger R  value

Altho ugh specific R  values depend o n the so lvent that is being used, in general:

Caro teno ids  have the highest R  values  (usually clo se to  1)

Chlo ro phyll b has a much lo wer R  value

Chlo ro phyll a has an R  value so mewhere between tho se o f caro teno ids and chlo ro phyll b

Small R  values  indicate the pigment is less so luble  and/o r larger in siz e

f

f

f

f

f

f

f

f

f
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Paper chromatography 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.

Limit at ions

Paper chro mato graphy is no t as specific as o ther chro mato graphy techniques

It is sufficient to  separate and distinguish different pigments and to  calculate their R  value

Chro mato graphy do es no t give data o n the amo unt o f each pigment present o r the wavelengths

that they abso rb

Co lo rimetry can be used to  calculate these values

Exam T ip

Remember – the pigments themselves have co lo ur (as described in the table). This is different

fro m the co lo urs o f light that they absorb. Yo u do n't have to  remember specific R  values, just

kno w that they differ between each type o f pigment.

f

f

f
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Absorption Spectra

Absorption Spectra

Light is made up o f a mixture o f all the visible wavelengths  to  include red, o range, yello w, green,

blue, indigo  and vio let

An abso rptio n spectrum is a graph that sho ws the abso rbance  o f different wavelengths o f light

by a particular pigment in the chlo ro phyll

Within the chlo ro phyll, light energy results in the excitatio n o f  electro ns  which triggers transfer o f

electro ns leading to  a series o f reactio ns which make up the pro cess o f pho to synthesis

During pho to synthesis, light energy is transf o rmed to  chemical energy when gluco se is

fo rmed 

Chlo ro phylls  abso rb wavelengths in the blue-vio let and red regio ns  o f the light spectrum

Caro teno ids  abso rb wavelengths o f light mainly in the blue-vio let regio n o f the spectrum

The chemical structure o f these mo lecules determines the wavelengths o f light that can be

abso rbed

The green part o f the spectrum is largely reflected fro m the leaf and this is why leaves usually

appear green

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?

An actio n spectrum is a graph that sho ws the rate o f  pho to synthesis  at different wavelengths

o f light

The rate o f pho to synthesis is highest  at the blue-vio let  and red  regio ns o f the light spectrum, as

these are the wavelengths o f light that plants can abso rb  (i.e. the wavelengths o f light that

chlo ro phylls and caro teno ids can abso rb)

Diagram t o show t he act ion spect rum of  chlorophyll pigment s

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

Comparing action and absorption spectra
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There is a stro ng co rrelatio n between the cumulative abso rptio n spectra o f all pigments and the

actio n spectrum:

Bo th graphs have two  main peaks  – at the blue-vio let  regio n and the red  regio n o f the light

spectrum which suppo rts the idea that the mo st light energy  is abso rbed at these

wavelengths leading to  the fastest rate o f pho to synthesis

Bo th graphs have a tro ugh in the green-yello w regio n o f the light spectrum which suppo rts

the idea that the least light energy  is abso rbed at these wavelengths leading to  the slo west

rate o f pho to synthesis

Diagram t o show t he correlat ion bet ween act ion and absorpt ion spect ra

An overlay of the photosynthetic absorption and action spectra shows there is a strong cumulative

correlation
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Determining the rate of photosynthesis

The rate o f pho to synthesis can be determined by measuring the vo lume o f  o xygen pro duced  o r

the carbo n dio xide co nsumptio n at different wavelengths o f light

An experiment can be set up similar to  the o ne investigating the effect o f light intensity o n

pho to synthesis

Remember that the lamp sho uld be kept the same distance  fro m the po ndweed as we are

investigating the effect o f different wavelengths o f light o nly

Place different co lo ur filters (co vering the full light spectrum) in fro nt o f the lamp to  change

the co lo ur o f light the po ndweed is expo sed to

Measure the vo lume o f o xygen pro duced o r the number o f bubbles released fro m the

po ndweed per minute fo r each co lo ur

Include an experiment with no  filter in fro nt o f the lamp to  investigate the effect o f white

light o n the rate o f pho to synthesis

Repeat the experiment several times to  o btain reliable results

Drawing an action spectrum for photosynthesis

Step 1: Draw and label the axes

Draw an x-axis

Label the axis wavelength

Add the units / nm

Make 400 the smallest value and 700 the largest value

Label 500 and 600 nm o n the x-axis

Draw a y-axis

Label it Rate o f  pho to synthesis / % o f  maximum rate

Make 0 the lo west value and 100 the highest value

No  units are required because the y-axis is sho wing a percentage scale

Step 1 : Draw and label the axes
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Step 2: Draw the plot

There sho uld be two  peaks o f  rate o f  pho to synthesis

One peak at either end, in the blue and red areas o f the spectrum

And a tro ugh in the middle, which represents green light

As belo w, with a smo o th curve

Step 2: Sketch the Curve. An action spectrum for photosynthesis (colour range labels are not required)

Exam T ip

Remember – the pigments themselves have a distinctive co lo ur. This is di�erent fro m the co lo urs

o f light that they absorb. Key po ints to  remember:

�. Label 400 - 700nm o n the x-axis, in 100nm increments

�. Use a %  scale o n the y-axis

�. Smo o th curve

�. Peaks at either end

�. Tro ugh in the middle fo r green light
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Limiting Factors of Photosynthesis: Skills

Limiting Factors

An aquatic plant  such as Elodea o r Cabomba is a go o d cho ice fo r investigating pho to synthesis in

plants, because the rate o f pho to synthesis can be measured by co unting o xygen bubbles  that

co me o ff a cutting o f this plant

Oxygen o utput fro m terrestrial plants (that gro w o n land) wo uld no t be o bservable

NOS: Hypotheses are provisional explanations that require repeated testing

A hypo thesis is a pro po sed explanatio n fo r an idea which may be true o r false

In an investigatio n the hypo thesis can be tested thro ugh o bservatio ns o r experiments to  pro vide

either suppo rt o r o ppo sitio n to  the pro po sed hypo thesis

The fo llo wing investigatio n lo o ks at the effect o f limiting facto rs o n the rate o f pho to synthesis

A suggested hypo thesis  fo r an investigatio n into  the effect o f light intensity o n pho to synthesis

co uld be:

Light intensity will have an effect o n the rate o f  pho to synthesis

Identifying the variables in an investigation

When designing an experiment it is crucial that all variables (apart fro m the independent and

dependent variables being investigated) are co ntro lled

The independent variable is the facto r that is deliberately manipulated  between a specific

range thro ugho ut the experiment

The dependent variable is the facto r that is measured  during the experiment (to  see if it is

affected by the changes to  the independent variable)

Other variables must be co ntro lled  so  that it can be said the independent variable is the o nly

facto r affecting the dependent variable during the experiment

Changes  in light intensity, carbo n dio xide co ncentratio n and temperature  are all limiting

facto rs that affect the rate o f pho to synthesis and can be altered experimentally  to  measure the

effect o n the rate o f pho to synthesis

Any o f these limiting facto rs co uld be selected as the independent variable  in the

investigatio n

Effect of light intensity - experimental design

Basic Experimental Setup

Aquatic plant cutting in water

Po wdered so dium hydro gencarbo nate (NaHCO )

Glass funnel

Bo iling tube

Lamp fo r illuminatio n

Glass tank filled with water

3
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Measuring the effect of light Intensity on the rate of photosynthesis in pondweed

Research Question

Do es the rate o f pho to synthesis (number o f bubbles released per min) o f Elodea increase as the light

intensity increases?

Method

Place a piece o f aquatic plant (Elodea o r Cabomba are o ften used), into  a beaker o f water

Place a lamp a set distance fro m the plant

Reco rd the number o f bubbles o bserved in three minutes

Repeat these steps fo r different distances between the lamp and plant

Improvements

Use a gas syringe  to  co llect and measure the vo lume o f gas pro duced

Fo r reliability  o f data, repeat  the experiment at least twice fo r each distance and calculate the

mean number o f bubbles

Use o f a data lo gger to  measure results co ntinuo usly
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Variables to Be Controlled

Temperature

The glass tank filled with water abso rbs any heat that is emitted fro m the lamp

Mo dern LED bulbs can be used as they give o ff less heat than filament bulbs

CO  co ncentratio n

The water used aro und the plant is first bo iled and re-co o led  to  remo ve any disso lved

carbo n dio xide

A set mass o f  so dium hydro gencarbo nate  is added to  the water that surro unds the plant to

make the co ncentratio n appro x. 0.1 mo l dm

This will ensure that the carbo n dio xide co ncentratio n is no t limiting the rate o f

pho to synthesis

Results

A graph o f the number o f  bubbles pro duced per minute  against the distance between the

lamp and the plant  used can be drawn to  see the pattern o r trend

Distance between the lamp and the plant is linked to  the light intensity

2

-3

A graph of distance from the lamp against number of bubbles per minute
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A graph can also  be drawn sho wing the effect o f different light intensities o n the rate o f

pho to synthesis

It can be seen that:

As light intensity increases so  to o  do es the rate o f pho to synthesis (po sitive co rrelatio n)

At this stage light intensity is the limiting facto r

At so me po int, there will be no  further increase in the rate o f pho to synthesis if the light

intensity is increased

No w temperature o r carbo n dio xide co ncentratio n may be limiting facto rs

The e�ect of light intensity on the rate of photosynthesis

Carbon dioxide concentration

The same basic experimental setup  can be used, but with varying use o f the fo llo wing variables

Start with bo iled and re-co o led water as befo re

Add successive masses o f  so dium hydro gencarbo nate  to  increase the co ncentratio n in

increments o f 0.01 mo l dm , and reco rd the rate o f pho to synthesis in bubbles minute

Keep the temperature co nstant  at 25°C using a water bath, mo nito ring with a thermo meter in the

water surro unding the aquatic plant

Keep the light intensity co nstant  by keeping the lamp a �xed distance fro m the plant

A graph o f the e�ect o f carbo n dio xide co ncentratio n against the rate o f pho to synthesis sho ws

a similar trend to  what was o bserved with light intensity

-3 -1
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The effect of carbon dioxide concentration on the rate of photosynthesis

Temperature

The same basic experimental setup  can be used, but with varying use o f the fo llo wing variables

Start with bo iled and re-co o led water as befo re, with so dium hydro gencarbo nate at a fixed

co ncentratio n o f 0.1 mo l dm , and reco rd the rate o f pho to synthesis in bubbles minute

Vary the temperature f ro m 5°C to  50°C using water baths, mo nito ring with a thermo meter in the

water surro unding the plant

Keep the light intensity co nstant  by keeping the lamp a fixed distance fro m the plant

It can be seen fro m a graph o f the effect o f temperature o n the rate o f pho to synthesis that:

An increase in temperature will result in an increased rate o f pho to synthesis

This is due to  the increase in kinetic energy  o f enz yme and substrate mo lecules which

results in mo re co llisio ns and fo rmatio n o f mo re enz yme-substrate co mplexes

This increase will co ntinue until the o ptimum temperature  fo r the enz yme is reached

Any further increase in temperature will see a decrease in the rate o f pho to synthesis 

As enz ymes begin to  denature, they canno t fo rm enz yme-substrate co mplexes anymo re

and therefo re canno t catalyse the reactio n 

-3 -1
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The effect of temperature on the rate of photosynthesis

Exam T ip

The key to  this part o f the spec is to  appreciate ho w an experimental investigatio n can be

co ntro lled so  that any effects we o bserve are directly due to  the o ne variable  that we are

deliberately changing.
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Carbon Dioxide Enrichment Experiments

Carbon Dioxide Enrichment Experiments

Future rates  o f pho to synthesis and plant gro wth can be predicted using experiments such as

enclo sed greenho use experiments

free air carbo n dio xide enrichment experiments (FACE)

Due to  the impact o f glo bal warming already do cumented and rising levels o f greenho use gases,

including carbo n dio xide, it is fundamental that studies are carried o ut to  establish the effect o f

carbo n dio xide o n plant gro wth and pho to synthesis  to  develo p a clearer idea o f the po tential

future risks that we may enco unter

Enclosed greenhouse experiments

Mo nito ring pho to synthesis and gro wth can be do ne using an enclo sed greenho use  o r

po lytunnel set up

This allo ws variables to  be manipulated o r co ntro lled in o rder to  establish the impact o f

different facto rs

Only small species that can be co ntained in a greenho use can be studied using this metho d

Variables  that wo uld be manipulated might include

light

carbo n dio xide

temperature

wavelengths o f light

Other variables sho uld be co ntro lled so  as to  ensure that the effect o f o nly o ne variable  is being

co nsidered at any o ne time

Free air carbon dioxide enrichment experiments (FACE)

These experiments are carried o ut in natural eco systems where carbo n dio xide is pumped into

the area to  increase the lo calised carbo n dio xide co ncentratio ns

This set up allo ws larger plants and trees to  be studied

Other variables canno t be co ntro lled in these scenario s but they can be mo nito red to  establish

any relatio nships that may beco me apparent in the data

NOS: Finding methods for careful control of variables is part of experimental
design

In an experiment, a variable is any facto r that co uld change o r be changed

The independent variable: the o nly variable that sho uld be changed thro ugho ut an

experiment

The co ntro lled/co nf o unding variables: any o ther variables that may affect the results o f the

experiment that need to  be co ntro lled o r mo nito red

The dependent variable: the variable that is measured to  determine the o utco me o f an

experiment (the results)

It is essential that any variable that may a�ect the o utco me o f an experiment is co ntro lled in o rder

fo r the results to  be valid

Preliminary research and preliminary studies can be used to  identif y variables  within an

experiment and to  determine ways o f co ntro lling these variables e�ectively

The science surro unding the issue/pro blem being investigated is likely to  co ntain info rmatio n

abo ut di�erent facto rs o r variables that may exist
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