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2.8.1 Photosynthesis

Photosynthesis De�ned

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

H O and CO  are the raw materials

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

Pho to synthesis can be tho ught o f as the exact reverse o f  respiratio n

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

The o verall chemical equatio n fo r pho to synthesis is as fo llo ws:

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

2 2

The chemical equation for photosynthesis
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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!

Visible Light Wavelengths

Chlo ro plasts co ntain pigments in o rder to  abso rb light

Pigments are co lo ured, which means they abso rb so me wavelengths  (o r co lo urs) o f the white

light that the Sun radiates

The remaining light is re�ected, giving the pigment its co lo ur

Chlo ro plasts co ntain several di�erent pho to synthetic pigments, so  that they can abso rb

multiple di�erent wavelengths o f  light

The main pho to synthetic pigment is chlo ro phyll

Vio let light  has the sho rtest wavelength o f light in the visible spectrum (aro und 400nm)

Red light  has the lo ngest wavelength o f light in the visible spectrum (aro und 700nm)

Green light  has a wavelength in the middle o f this range (aro und 550nm)

The abso rptio n o f  light varies with wavelength, as do es the rate o f  pho to synthesis  that a plant

can carry o ut

When plants are expo sed to  light o f a speci�c wavelength, the rate o f  pho to synthesis  can be

measured as well as the abso rbance (the %  o f the light that is abso rbed by the plants)

There are peaks in bo th plo ts at the blue and red ends o f the spectrum, where pho to synthesis

can o ccur

There are tro ughs in bo th plo ts fo r green light, which is no t abso rbed  and so  canno t pro vide

energy f o r pho to synthesis
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Chlorophyll

Plant cells co ntain chlo ro plasts  which are the site o f pho to synthesis

The main pho to synthetic pigment is chlo ro phyll

Chlo ro phyll abso rbs red and blue light mo st e�ectively and re�ects green light mo re than o ther

co lo urs

Chlo ro phyll appears green because it abso rbs red and blue light

T he green light is re�ected away and so leaves appear green to the eye
This explains why the majo rity o f  plants are green (with variatio ns in the shades o f green that

we can see)

Red and blue light pro vides the energy needed fo r pho to synthesis

Chlo ro phyll exists in two  main f o rms, a and b

There are two  gro ups  o f pigments: primary pigments kno wn as chlo ro phylls  and accesso ry

pigments kno wn as caro teno ids

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 co mbinatio n o f pigments maximises the amo unt o f  white light energy that can be captured

Exam T ip

Remember – chlo ro phyll is no t the o nly pho to synthetic pigment, o thers exist to  maximise light

energy abso rptio n.

Photolysis of Water

Oxygen is pro duced in pho to synthesis fro m the pho to lysis o f water

Pho to  - means 'with light'

Lysis  - means 'breaking apart'

Water is bro ken apart using light  energy; this is called pho to lysis

This releases electro ns (e ), pro to ns (H ) and the waste pro duct, o xygen gas

2H O → 4e  + 4H  + O

Whilst o xygen is a waste pro duct, the electro ns and pro to ns  play a crucial ro le in the f urther

reactio ns  o f pho to synthesis

Tho ugh o xygen is a waste pro duct, in practice, a plant will use so me o f the o xygen it

pro duces in pho to synthesis fo r its o wn respiratio n (during the day)

- +

2
- +

2
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2.8.2 Photosynthesis Continued

E�ects of Photosynthesis

Changes to  the Earth’s atmo sphere, o ceans and ro ck depo sitio n o ccur due to  pho to synthesis

The �rst lif e f o rms  emerged aro und 4 billio n years ago

At the time, there was no  o xygen in the atmo sphere

Abo ut 3.5 billio n years ago  pho to synthetic pro karyo tes became the �rst o rganisms to  carry o ut

pho to synthesis

T his began the release o f  o xygen into  the atmo sphere

Millio ns o f years later algae and plants evo lved and also  carried o ut pho to synthesis

Aro und 2.2 billio n years ago , the o xygen co ncentratio n in the atmo sphere reached 2%

This is kno wn as the Great Oxidatio n Event

Other changes to  the Earth o ccurred due to  pho to synthesis

Minerals  in the o ceans were o xidised

Pho to synthetic bacteria released o xygen into  the o cean

When disso lved iro n was o xidised it fo rmed iro n o xide which is a red precipitate that lies

o n the sea bed

Over time a distinctive ro ck fo rmatio n was pro duced - the banded iro n fo rmatio n. Layers

o f red iro n o xide alternate with o ther mineral o xides

Banded iro n fo rmatio ns are the mo st impo rtant so urce o f iro n o res (and co nsequently

o ur supply o f steel)

Methane and CO  levels in the air fell, which resulted in an Ice Age

Because methane and CO  are impo rtant greenho use gases

By 600 millio n years ago , life had evo lved into  large multicellular o rganisms, many o f which were

pho to synthetic (plants)

This pushed the o xygen co ncentratio n o f the air up to  20% , peaking at 35% 300 millio n years ago

This co ntributed to  the large siz e o f  the animals  that ro amed the Earth at that time

The current atmo spheric o xygen level is aro und 21% , due to  increased human activity  eg. burning

o f fo ssil fuels, defo restatio n which remo ve o xygen fro m the atmo sphere

2

2
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Energy Requirements

Chemical reactio ns can be exo thermic  o r endo thermic

Pho to synthesis is an example o f an endo thermic reactio n and an anabo lic reactio n, where the

required energy input is in the fo rm o f light energy

Energy is needed to  pro duce carbo hydrates and o ther carbo n co mpo unds fro m carbo n dio xide

The energy is no t lo st - it is sto red in chemical f o rm in the carbo hydrates that are pro duced

Limiting Factors

Temperat ure, light  int ensit y and carbon dioxide concent rat ion are possible limit ing
f act ors on t he rat e of  phot osynt hesis

Each o f these facto rs can limit the rate o f  pho to synthesis  when they are belo w the o ptimal level

Temperature

Light intensity

Carbo n dio xide co ncentratio n

These are kno wn as the limiting f acto rs  o f pho to synthesis

A limiting facto r is a variable that ho lds back the rate o f a chemical reactio n

If that variable is increased, the reactio n rate also  increases

Under any set o f co nditio ns, o nly o ne o f these facto rs will be limiting the rate o f pho to synthesis

At night, light intensity  will be very lo w, so  that is the limiting facto r

On a co ld, sunny day, temperature  will be the limiting facto r

An increase in the light intensity will no t increase the rate o f pho to synthesis because the

temperature is, at that po int, the limiting facto r

Analogy - Limit ing Fact ors

Imagine yo u're o n a gro up hike and yo u have to  stick to gether with yo ur two  teammates. Yo u are no t

allo wed to  �nish the hike separately. If yo ur legs are feeling weak, yo u will be walking slo wly. The o ther

two  hikers will have to  slo w do wn to  walk at yo ur speed; the team pro gresses at the speed o f the

slo west member. Ho wever, after lunch, yo u may be feeling strengthened by the fo o d and yo ur legs

feel go o d; this time, it's yo ur teammate who  is the slo west, so  has taken o ver fro m yo u as the limiting

facto r. Yo ur team o nly �nishes when all three o f yo u �nish, and that determines yo ur o verall rate o f

pro gress.

Exam T ip

When writing abo ut limiting facto rs, it's impo rtant to  mentio n 'light intensity ', no t just 'light'. Other

aspects o f light such as wavelength can play a ro le so  it's impo rtant to  speci�c abo ut intensity.
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2.8.3 Skills: Photosynthesis

Absorption & Action Spectrums

An abso rptio n spectrum (fo r a particular pigment) sho ws ho w much light o f di�erent

wavelengths is abso rbed by the pigment

An actio n spectrum sho ws ho w each wavelength o f light a�ects the rate o f pho to synthesis that

it can po wer

These are two  graphs that use the wavelength o f light o n the x-axis

Vio let  light is the lo west wavelength o f the visible spectrum, at 400 nano metres (nm)

Red  light is the highest wavelength o f the visible spectrum, at 700 nano metres (nm)

Drawing an absorpt ion spect rum f or chlorophyll

St ep 1: Draw and label t he 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 % abso rptio n

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
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Step 1 : Draw and label the axes

St ep 2: Draw t he Plot

There sho uld be two  abso rbance peaks

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
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Step 2: Sketch the Curve

An absorbance spectrum for photosynthesis (colour range labels are not required)

Drawing an act ion spect rum f or phot osynt hesis

St ep 1: Draw and label t he 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
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Step 1 : Draw and label the axes

St ep 2: Draw t he 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
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Step 2: Sketch the Curve. An absorbance 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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Investigating Photosynthesis

An aquatic plant  such as Elodea o r Camboba 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 � 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: Experiment al design - cont rolling relevant  variables in phot osynt hesis
experiment s is essent ial

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 speci�c

range thro ugho ut the experiment

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

a�ected 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 a�ecting 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 a�ect the rate o f pho to synthesis and can be altered experimentally  to  measure the

e�ect o n the rate o f pho to synthesis

E�ect  of  light  int ensit y - experiment al 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 �lled with water

3
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Measuring the E�ect of Light Intensity on the Rate of Photosynthesis in Pondweed

Research Quest ion

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?

Met hod

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

Use a light a set distance fro m the plant

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

Repeat steps fo r di�erent distances

Improvement s

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

Page 12 of 18
For more help visit our website www.exampaperspractice.co.uk



Variables t o Be Cont rolled

Temperature

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

Mo dern LED bulbs can be used as they give o � less heat than �lament bulbs

CO  co ncentratio n

The water used aro und the plant is �rst 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 , which is no t a limiting co ncentratio n

Result s

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

Carbon dioxide concent rat ion

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

-3 -1

Temperat ure

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 �xed

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 �xed distance fro m the plant

The rate will tail o � after aro und 40°C due to  the denaturatio n o f impo rtant pro teins invo lved in

pho to synthesis

-3 -1

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 e�ects we o bserve are directly due to  the o ne variable  that we are

deliberately changing.
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2.8.4 Skills: Separating Photosynthetic Pigments

Practical 4: Separation of Photosynthetic Pigments

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

Plants co ntain several di�erent pho to synthetic pigments, which abso rb di�erent 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 di�erent 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

Chlo ro plast Pigments Table

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

They re�ect 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

Di�erent co mpo nents  within the mixture travel thro ugh the material at di�erent speeds

This causes the di�erent 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 �lter 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 di�erent spo ts o n the paper at

di�erent heights abo ve the pencil line, these are the separate pigments

Calculate the Rf value fo r each spo t

Page 16 of 18
For more help visit our website www.exampaperspractice.co.uk



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 a�nity 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 speci�c 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 identi�ed

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 speci�c as o ther chro mato graphy techniques

It is su�cient to  separate and distinguish di�erent 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 di�erent

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

kno w that they di�er between each type o f pigment.

f

f

f
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