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Photosynthesis
Introduction and the light reactions In the Beginning

• Research into photosynthesis began centuries 
ago with a simple question
– When a tiny seedling grows into a tall tree with a 
mass of several tons where does the tree'smass of several tons, where does the tree s 
increase in mass come from? From the soil? From 
the water? From the air?

What is photosynthesis?

• The process of converting solar energy into 
chemical energy.
– Can use only water and carbon dioxide to create 
sugars = chemical energysugars   chemical energy.

• Responsible for removal of ~ 200 billion tons 
of Carbon from the atmosphere yearly.

Adenine Ribose 3 Phosphate groups

Section 8-1Adenosine Triphosphate
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Simplified Version Equation

6CO2 + 12 H2O + light C6H12O6 +6O2 +6H2O

•you should memorize this equation!! you will see it again

O2
= oxygenic photosynthesis

Steps

• Light strikes leaf

• Light enters chloroplasts – captured by 
chloryphyll in grana

• Inside grana some energy used to split• Inside grana some energy used to split 
water into hydrogen and oxygen

• Oxygen released into air

• Hydrogen taken to the stroma with grana’s 
remaining light energy 

Carbon dioxide enters the leaf and passes 
into the chloroplast
Remaining light energy is used to combine  
hydrogen and carbon dioxide to make 
carbohydrates
Energy rich carbohydrates are carried to 
the plant’s cells
These carbohydrates are used to drive 
plants life processes

Two Main Stages
• Water molecules 
are split into 
hydrogen and 

d

• Hydrogen 
combines 
with carbon 

oxygen, and 
oxygen is 
released into the 
atmosphere.

dioxide to 
form the 
carbohydrate 
glucose.

Video Clip
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How does photosynthesis work?

2 stages of photosynthesis
– Light reactions and Dark reactions

Li ht ti t li ht i t h i l• Light reactions convert sunlight into chemical 
energy (ATP + NADPH)

• Dark reactions use those products to form 
sugars (aka: stored chemical energy)

Chloroplast

Light CO2

ADP + P
NADP+Chloroplast

Photosynthesis: An Overview

O2

Sugars

Light-
Dependent 
Reactions

Calvin
Cycle

NADPH
ATP

ADP + P

Two Two SteppinSteppin’ with Photosynthesis’ with Photosynthesis

• Light Reactions (Light Dependent 
Process) require the direct energy 
of light to make energy carrier 
molecules that are used in the 
second process. 
–Light Reactions occur in the grana 

Hydrogen
Ion Movement

Photosystem II

Inner

ATP Synthase

Chloroplast

Light-Dependent Reactions

Inner
Thylakoid
Space

Thylakoid
Membrane

Stroma
Electron 
Transport Chain Photosystem I ATP Formation

Light Independent ReactionsLight Independent Reactions

• (aka Dark Reactions) 
• Occurs when the products of the Light 
Reaction are used to form C‐C covalent 
bonds of carbohydrates. y

• The Dark Reactions can usually occur in 
the dark if the energy carriers from the 
light process are present. 
– take place in the stroma of the chloroplasts

CO2 Enters the Cycle

Energy Input

Calvin Cycle

5-Carbon
Molecules
Regenerated

Sugars and other compounds

6-Carbon Sugar
Produced
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Photosynthesis
includes

take place in
takes place in usesuse

Light-
dependent
reactions

Calvin cycle

Concept Map

of

take place in

to produce to produce

Thylakoid
membranes Stroma NADPHATPEnergy from

sunlight

ATP NADPH O2 Chloroplasts High-energy
sugars

What  produces photosynthesis?

•Prokaryotes
•Prokaryotes have both anoxygenic and oxygenic
•Cyanobacteria have oxygenic 

Photos nthesis on th lakoids (from plasma-Photosynthesis on thylakoids (from plasma 
membrane)

•Eukaryotes
•Oxygenic only
•Takes place in chloroplasts

Factors Affecting Photosynthesis

• Many factors affect the rate at which 
photosynthesis occurs. 

• Because water is one of the raw materials of 
photosynthesis, a shortage of water can slow orphotosynthesis, a shortage of water can slow or 
even stop photosynthesis. 

• Plants that live in dry conditions, such as desert 
plants and conifers, have a waxy coating on their 
leaves that reduces water loss.

(Prentice Hall)

• Temperature is also a factor. 
– Photosynthesis depends on enzymes that function 
best between 0°C and 35°C. 

– Temperatures above or below this range may 
damage the enzymes, slowing down the rate of g y , g
photosynthesis. 

– At very low temperatures, photosynthesis may 
stop entirely.

(Prentice Hall)

• The intensity of light also affects the rate at 
which photosynthesis occurs. 
– increasing light intensity increases the rate of 
photosynthesis. 

– After the light intensity reaches a certain level, 
however, the plant reaches its maximum rate of 
photosynthesis. 

– The level at which light intensity no longer affects 
photosynthesis varies from plant type to plant 
type. 

(Prentice Hall)

• The rate at which a plant 
carries out photosynthesis 
depends in part on its 
environment. 

• Plants that grow in the 
shade carry out 
h h i lphotosynthesis at low 

levels of light. 
• Plants that grow in the 
sun, such as desert plants, 
typically carry out 
photosynthesis at much 
higher levels of light.
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Chloroplast Morphology Chloroplast Morphology‐Terms

• Inner Membrane

• Outer Membrane

• Thylakoid• Thylakoid

• Thylakoid lumen

• Stroma

• Granum

How can light provide energy for plants?

• Light is composed of particles: photons 

• Light behaves like a wave
–Can be described w/ wavelength & 
frequency

– Only a small portion of the electromagnetic 
spectrum.

The Electromagnetic Spectrum

PAR = photosynthetically available radiation

What Are Pigments

• Pigment 
– A light absorbing molecule
– Associated with the thylakoid membranes

• ChlorophyllChlorophyll
– Chl a and Chl b (Chl c in some algae)

• Xanthophylls
• Carotenoids

– ß‐carotene

Pigments absorb  light differently
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Pigments absorb light differently Why are plants green?

…because they 
absorb all of the 

colors of the 
visible spectrum 

t thexcept the green 
color (aka they 

reflectreflect the green 
wavelengths).


