
Photosynthesis

Nearly all of the usable energy on this 

planet came, at one time or another, 

from the sun by the process of 

photosynthesis



Photosynthesis 

• In the process of photosynthesis, plants 

convert the energy of sunlight into the 

energy in the chemical bonds of 

carbohydrates
– Sugars

– Starches 



Auto vs. Hetero
• Organisms that are able to make their own 

food without eating other organisms are 

called Autotrophs(nearly all autotrophs 

use the suns energy through the process 

of photosynthesis)

– Auto = self ;   Troph = nourish

• Organisms that are unable to make their 

own food are called Heterotrophs

because they have to eat other organisms 

to survive

– Hetero = different or other; Troph = nourish



Photosynthesis

• First studied because of the perplexing 

questions, “How does a seedling (with a 

mass of only a few grams) become a huge 

tree (with a mass of many tons)? 

• Where does the mass come from?

• Jan Van Helmont: Devised an answer to 

that question. 



Jan Van Helmont

• Measured the mass of a pot of dry soil and a 
small seedling

• Then watered it regularly for five years

• After the five years, the young tree that grew 
from the seedling gained 75 kilograms

• However, the mass of the soil was practically 
unchanged

• Helmont concluded that most of the mass must 
have come from the water, because it was the 
only thing added to the soil



Carbo-hydrate

• Helmont’s experiment was partially 

correct, the water that he spoke of 

accounts for the “hydrate”

• Where does the carbon for the “carbo” 

come from?

• It comes from the air!!

• Carbon dioxide is the other major 

contributor to the trees gained mass



Joseph Priestly
• Priestly took a lit candle, placed it under a 

glass hood 

• The candle went out in a few minutes

– The candle used up something it needed in 
the air or made something that was 
detrimental to the fire

• Then he placed a plant under the hood, 
waited a short amount of time, and was 
able to re-light the candle

• Clearly the plant did something to the air 
that affected the flame



Photosynthesis & Light

• Jan Ingenhousz later tested a similar 
experiment and found that the experiment 
only worked in the presence of light

• Nearly all organisms on earth depend on 
the sun for energy, but only autotrophic
organisms can use it DIRECTLY to make 
sugars

• Organisms that can not use sunlight to 
make sugar are called heterotrophs



Photosynthesis

• 6CO2 + 6H2O  C6H12O6 + 6O2



Pigments

• The process of photosynthesis begins 

when light is absorbed by pigments

• Pigments are colored substances that 

absorb or reflect light

• The most famous of these pigments 

(found in large amounts in green plants) is 

called 



Energy-storing compounds

• When sunlight is absorbed by matter, it is 

either used to raise the kinetic energy 

(temperature) of the matter,

• Or it is transferred to the electrons in 

matter (by raising the electrons to a higher 

energy level) 

• If the electrons are raised to a new energy 

level, the trapping of the energy in 

chemical bonds happens in one of 2 ways:



The 2 Ways to Store Energy

• 1.  A pair of high energy electrons is passed 

directly to an electron carrier (who can then 

pass them along with most of their energy)

– Plants use an electron carrier called NADP+ (NADPH)

• 2.  Energy is trapped in the creation of 

Adenosine Triphosphate

– AMP  ADP  ATP

• Each new phosphate addition stores more energy

• This is generally the goal of living organisms

– HOWEVER, ATP is not a good STORAGE unit for more than a few 

seconds



ATP & NADPH

• Even though these compounds are high 

energy and easily accessible to plants, 

they are not very good at storing this 

energy

• Therefore, the plants use Dark Reactions

in which they store these high energy 
compounds as glucose (which is far more 

stable)



Chloroplasts

• Photosynthesis takes place in a structure 

called the chloroplast which are filled with 

thylakoids

• Within the chloroplast are saclike 

photosynthetic membranes that capture 

light

• The “Light Reactions” occur within these membranes, 
whereas the dark reactions occur 
outside of these membranes 



4 Steps of the Light 

Reactions
• 1.  Light Absorbtion

• 2.  Electron Transport

• 3.  Oxygen Production

• 4.  ATP Formation



Light Absorption

• The sac-like thylakoids within the 

chloroplasts make up the photosynthetic 

membrane which contains clusters of 

pigments called photosystems

– These are what capture the suns energy

• These contain several hundreds of 

chloroplasts and varying amounts of 

accessory pigments

– These accessory pigments absorb light in 

areas of the light spectrum that chlorophyll 

can not



Light Absorption

• Once the light energy is absorbed by the 

various pigments, their electrons are 

raised to a higher energy level

• This energy is passed down an assembly 

line of transport molecules until it reaches 

a pair of special chlorophyll who process 

the energy into NADPH

• Light color (wavelength) and intensity 

(strength) are essential to how much 

energy photosynthesis can produce



Light Absorption
• Photosystems, which are basically clusters 

of pigment molecules, capture the energy from 

the sunlight

– two different photosystems:  photosystem I and 
photosystem II

• each photosystem has several hundred chlorophyll as 
well as quite a few pigments

• the pigments absorb the light in the regions of the 
spectrum where the chlorophyll doesn’t and it allows for 
more energy to be used 

• photosystem pigments absorb light, only 
chlorophyll molecules can 
process it



Electron Transport

• Upon their release from the chlorophyll in 

the photosystems, the high energy 

electrons are transferred along a series of 

electron carriers in the photosynthetic 

membrane

• The carriers are called electron carriers

• At the end of the chain NADP+ is 

converted to NADPH

• NADPH is used by the dark reactions 



Oxygen Production

• The photosynthetic membrane contains a 
system that provides new electrons 
(because, the old ones were passed 
along) to chlorophyll to replace those lost 
in the electron transport chain.

• These electrons are taken from water

• 4 electrons are removed from 2 water 
molecules leaving 4 hydrogen ions (H+)

• The 2 remaining oxygen atoms are 
released



ATP Formation

• The hydrogen molecules left behind (after 
the water molecules are split) build up 
inside the membrane

• These molecules create a concentration 
gradient 

• When the H+ ions are ejected from the 
photosynthetic membrane (because like 
forces repel) the motion (kinetic energy) is 
used to convert ADP into ATP (stored in 
the bond between the 2nd and 3rd

phosphate)

• This is the second way energy is captured



Production of ATP

1. First step to the production of ATP involves 

using AMP (adenosine MonoPhosphate)

2. A second phosphate group is then bonded 

with AMP producing ADP (Adenosine 

DiPhosphate

3. The third step is that a third phosphate group 

is then bonded with the ADP, producing the 

final result of ATP (Adenosine TriPhosphate



Production of ATP (cont.)

• You can think of AMP as an uncharged 

battery

• ADP is like a half charged battery

• ATP is like a completely charged battery

– (All energy in every compound can be released 

by breaking the chemical bonds between the 

different atomic groups)



Summary of Light 

Reactions
• light reactions use: 

water, ADP, and 

NADP+

• light reactions produce: 

O2, ATP, and NADPH



Dark Reactions

• Dark reactions use the energy stored in NADPH and 

ATP to produce glucose

– Glucose can store more energy than either 

NADPH or ATP

– Glucose is also much more stable and safer

• Dark reactions don’t require light, but they can occur 

in light

• The organic molecule carbon dioxide is used to 

make complex molecules

• Dark reactions provide the raw material needed for 

the cell



Calvin Cycle Background

• Dark reactions form a cycle, or 

a circular series of reactions

• The American chemist is 

credited with the cycle known 

as the Calvin Cycle (chemists 

name was Dr. Melvin Calvin)



Calvin Cycle

• First reaction:  a 5-carbon sugar (C5) combines 

with CO2 to form two 3-carbon compounds (C3)

• The first reaction is usually slow, but the 

chloroplast is loaded with enzymes that speed up 

this reaction

– The enzyme that speeds this reaction up is called 

rubisco

• Second and Third reaction:  using the energy in 

ATP and NADPH, the two 3-carbon compounds 

are converted to PGAL (phosphoglyceraldehyde)



Calvin Cycle (cont.)
• PGAL molecules are usually recycled for the dark 

reactions

• 1 PGAL out of every 6 PGAL molecules are used 

to make glucose or other ending products, the 

others are cycled along

• The cycle has to repeat 6 times to make a single 

molecule of glucose

• Some other things the Calvin Cycle produces are 

sugars, amino acids, and even lipids, 

• but the one we are concerned with in this chapter 

is GLUCOSE



Glycolysis, Respiration,

the Electron Transport Chain

If energy is stored in molecules of 

glucose, how do they get the 

energy out when they want to use 

it?



Cellular Respiration

• Plants, bacteria, and 

protists may be the 

only organisms who 

can store the suns 

energy in the bonds 

of sugars

• But ALL of life must 

be able to use that 

energy (in sugars) to 

do life processes



Cellular Respiration

• The energy stored in the bonds of sugars 

can be utilized (used) by breaking those 

bonds and transferring the energy back 

into ATP.

• In this process sugar is broken apart and 

the energy is transferred back into ATP 

and electron carriers

• The process of cellular respiration has 

three steps.  The First is glycolysis.



Glycolysis

• The first step in cellular respiration.

• It is the process in which one molecule of 

glucose is broken in half

• The 2 halves of glucose are called 2 

molecules of PYRUVIC ACID, a 3 carbon 

molecule

• To do this, the cell must actually spend a 

little energy (2x ATP)

• When Glycolysis is finished, 4 ATP and 2 

NADH are produced





Glycolysis

• Glycolysis starts with one molecule of 

glucose and 2 molecules of ATP

• It creates 4 ATP, 2 NADH, & 2 molecules 

of pyruvic acid
• That is a NET GAIN of ONLY 2 ATP



After Glycolysis

• Once completed, the molecules of pyruvic 

acid either go to

– (If oxygen is present) the Krebs Cycle (Citric 

Acid Cycle)

– (If oxygen is not present) the fermentation 

cycle



The Krebs Cycle 

(Oxygen must be present)

• During the Krebs cycle, also called the 

Citric Acid Cycle, pyruvic acid must be 

broken down into carbon dioxide in a 

series of energy extracting reactions

• It starts when the pyruvic acid (made in 

Glycolysis) enters the mitochondria



The Krebs Cycle

(Citric Acid Cycle)
• At the start of the Krebs cycle, 2 carbons 

from the pyruvic acid join 4 carbons 

already in the cycle, forming citric acid

• The cycle occurs when carbon (and other 

compounds)is removed from the citric acid 

• When the bonds are broken, the energy is 

used to form high energy compounds like 

ATP, FADH2, & NADH

• The carbons are then combined with O2 to 

create waste molecules called CO2



The Krebs Cycle

• The end energy tally from a single 

molecule of pyruvic acid is 

– 4 NADH

– 1 FADH2

– 1 ATP

• **And remember, you get 2 molecules of 

pyruvic acid from EACH molecule of glucose



NADH & FAHD2

• The high energy electrons released from 

the pyruvic acid are passed to the electron 

carriers NADH & FADH2 during the Krebs 

cycle

• Those electron carriers take the electrons 

to the final step of respiration called the 

Electron Transport Chain



The Electron Transport Chain

• The job of the electron transport chain is to 

transfer the energy from the high energy 

electron carriers (FADH2 & NADH) into the 

more useable ATP.

• It does this in a similar way to how the 

light reactions of plants make ATP.



The Electron Transport Chain

• The high energy bonds of the NADH and 

FADH2 are broken and the charged 

electrons are used to force the H+ into the 

inner membrane space

• This makes the inner membrane space 

highly positive and the outer space very 

negative

• This concentration gradient uses a protein 

channel similar to the one used in the light 

reactions to make ATP



The electron transport chain

• As the H+ ions move through the protein 

channel, the energy causes a protein 

called ATP synthase to spin

• This spinning positions a molecule of ADP 

and a phosphate correctly and helps 

change the kinetic energy of motion into 

the third chemical bond of ATP



In the END
• At the end of cellular respiration, each high 

energy electron carrier is able to use its energy 

to create usable ATP

• NADH = 3 ATP

• FADH2 = 2 ATP

• Because Glycolysis makes 2 NADH & 4 ATP

• And the KREBS cycle makes 8 NADH & 2 

FADH2

• Cellular Respiration is able to make 36 ATP out 

of one molecule of glucose (2 Atp from 

glycolysis = 38



Cellular Respiration



Fermentation

What about when O2 isn’t present?

If all of the oxygen on Earth came from 

photosynthesis; can things survive w/o O2?



A world without OXYGEN

• Many organisms are able to survive when 

O2 is not present.

• These organisms are called Anaerobic

organisms

• To many of these organisms, oxygen is 

actually poisonous to them and they can 

only exist if oxygen is not present

• If this is the case, we call them 

– Obligate Anaerobes



Alcohol Makers

• These obligate anaerobes are able to do 

Glycolysis, but rather than do the Krebs 

(which requires oxygen)

• They do a process called 
• ALCOHOLIC FERMENTATION 

• After Glycolysis, they use the pyruvic acid 

+ a molecule of NADH to make a small 

amount of ATP

– They also produce a waste product called 

ethyl alcohol (and CO2)



Alcoholic Fermentation

• This process produces only a small 

amount of ATP and a single NADH that is 

recycled back into the process

• This makes Fermentation VERY wasteful, 

but it allows for life to exist even when 

oxygen is not present

• The waste product, alcohol, still has a lot 

of energy left in it, but also contains toxic 

OH groups which make it harmful when 

consumed



Lactic Acid Fermentation
• We also are able to produce some energy 

when oxygen is scarce (or not present)

• Like alcoholic fermentation, it is a very 

wasteful process that only makes 2ATP

• However, it makes a waste product called 

Lactic Acid

• Lactic Acid is a toxic waste product that 

can cause muscle damage if left within a 

cell too long

• This is what causes you to be sore after 

you workout


