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Photosynthetic Pigments

Pigments: molecules that and
certain wavelengths of light

Photosynthetic pigments in plants:
» Chlorophyll a :absorbs red and blue-violet
wavelengths

» Chlorophyll b :absorbs blue and red-orange
wavelengths

» Carotenoids: absorbs blue-violet and
blue-green wavelengths

Chlorophyll b
Absorption

frraiees Chlorophyll a
chioroplast
pigments.

Wavelength of light (nm)
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Light Energy

ELECTROMA

g

i Q) Q@

s e | AT

» Wavelength of photon determines _‘iiiii
energy level

Light energy:a type of kinetic energy
made up of tiny packets of energy
called

» Shorter wavelength = more energy s
» Longer wavelength = less energy
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Site of Photosynthesis

Stomata: pores on leaf where gas
exchange occurs

Chloroplasts: organelles in plants and
algae where photosynthesis occurs

:membranes within the
chloroplasts

» Location of photosynthetic pigments
Stroma:fluid inside chloroplasts

>
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Changing Seasons Changing Leaves

» Deciduous trees breakdown and
conserve chlorophyll a and b during
fall months.

> left in leaves reflect red
yellow, and orange wavelengths of
light

SPRING

FALL

Lightfrom.
thesun

‘Amount o pigment molecules.
‘present ineaves

Photosynthetic pigments

Photosynthetic pigments
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Role of Stomata

Stoma open Stoma closed
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Two Stages of Photosynthesis

I) Light Reactions: electrons from
are excited by solar energy
and used to power the formation of
ATP and NADPH (electron carrier) — suon
» Takes place in thylakoid membrane
» byproduct

2) Calvin Cycle: energy from light
reactions (ATP and NADPH) used to
convert CO, to carbohydrates

» Takes place in stroma
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Photosystems

» Antenna pigments: chlorophyll Primary electron acceptor
molecules that light energy 'S
to reaction center

» Reaction center: specialized
chlorophyll molecule that losses
when it is excited to a Suniight
higher energy level.

» Primary electron acceptor:  antennae
molecule that initially accepts pigments

Photosystem
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Light Reactions

I) In Photosystem |, energy from
photons excite electrons in
chlorophyll to higher energy level

» Chlorophyll replaces electrons by
splitting water molecules

2) Falling electrons power the

electron transport chain and ATP
production

3) Energy from photons excite
electrons again in Photosystem |

» NADP* acts as final electron
acceptor

Eneroy scale

primary

primary accoptor

anctron
e
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Summary of Light Reactions

Photosystem II
W HYOHY Light

Photosystem I

Thylakoid
membrane  ATP synthase

STROMA
(low H* concentration)
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Summary of Light Reactions

» Electrons excited in Photosystem Il
power membrane proteins, which
pump hydrogen ions (H*) into e e
thylakoid space

» Electrons move down their
concentration gradient through
ATP synthase which forms ATP

» Electrons excited in Photosystem |
are captured by NADP* and
transported to Calvin Cycle

>
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Calvin Cycle

(D Rubisco combines three molecules of
atmospheric carbon with three
molecules of the sugar RuBP. Three 6
carbon molecules broken down into six
3 carbon molecules (3-PGA)

(2) ATP and NADPH from light reactions
energize 3-PGA molecules forming six
molecules the energy-rich sugar G3P

(3) One molecule of G3P exits Calvin Cycle

(@) ATP used to convert remaining G3P
molecules into three molecules of RuBP

>

(o)

3 molecules

3 molscues
‘ofRugP.

a3a0p

8 molecus of
3PGA dervatve

Smolecules
prre )

4 molecie
e 090

glucose nd
other denvatves
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Check Your Understanding

|. True or False: Leaves are green because the green and yellow
wavelengths of light are the only wavelengths absorbed by
plants

2. True or False:The primary purpose of photosynthesis is to
produce ATP

3. True or False:The Calvin Cycle takes place in the stomata
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Check Your Understanding

5.Which of the following best describes the role of water in
photosynthesis?
a.Water acts as the final electron acceptor

b.Water diffuses through the thylakoid membrane through ATP
synthase

c.Water is a byproduct of photosynthesis
d.Water donates electrons to Photosystem Il
e.Water transports electrons to the Calvin Cycle
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Check Your Understanding

4.Which of the following enter the plant through the stomata?
a. Carbon dioxide
b.Oxygen
c.Water
d. Light
e.More than one of the above




image21.png
Vesicie M8 Photosynthesis.
forming in chioroplast

wo <o





image22.png
Photorespiration
» Under hot,arid conditions,

N N i i 3 Heat i 3
plants will close their stomata
to conserve water. /‘
» Photorespiration: process
in which the enzyme rubisco =
binds with instead of

carbon dioxide

» Reduces carbohydrate
production

Closed stomata
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C;, C,, and CAM Plants

C, C, CAM
Photorespiration High Low Low
O, Fixation Rubisco Pep carboxylase
Stomata (day/night) Open/close Open/close
Advantage Efficient use of ATP |  Water conservation |  Water conservation
e
Disadvantage Photorespiration | Requires more energy | e TorC SMEEY:
Slow growth
Examples Most plants Sugarcan, corn, grass | | neapple, cacti

succulents
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Different Photosynthetic Pathways
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Climate Change and Global Warming

Greenhouse gases: gases that
in the atmosphere
Carbon dioxide

Methane

Nitrous oxide

Fluorinated gases

Solarradiation
paror hrovsh he
o amosphers

» Greenhouses gases reflect
back to
earth’s surface
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Distribution of C; and C, Plants

DISTRIBUTION OF PHOTOSYNTHESIS METHODS

» C4 plants outcompete
C3 plants in hot,dry
regions

» Global warming
predicted to expand the
ranges of

B C3 plants dominant
5 Ca plants dominant
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Carbon Dioxide and Global Warming

» Atmospheric CO2 has increased
above 300 ppm for first time in
recorded history
» Reached in2013!

» Correlation or Causation?
» Intergovernmental Panel on Climate
Change (IPCC)

“Scientific evidence for the warming of
the climate system is unequivocal”

Global Temperature (°F)

Global Temperature and Carbon Dioxide
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Sources of Greenhouse Gases

» Carbon dioxide: burning of fossil fuels, "“"‘"W-/'“;'_‘:'“
solid waste, trees and wood products.

%

» Methane: decomposition in landfills,
production of coal, natural gas and oil,
agriculture

» Nitrous oxide:agriculture and
, combustion of fossil fuels

» Fluorinated gases: ,
aerosols

From wwiepagov
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Sources of Carbon Dioxide

Electricity: burning of fossil fuels to
produce electricity Agrculture

J—
» Renewable energy i

» Increased energy efficiency

Electricity

Transportation: combustion of fossil fuels 30%

» Alternative fuels T~

» Increased fuel efficiency

» Reduced travel Transportation

26%

Industry: burning fuel for power of heat
» Alternative fuels

From wwiepagov
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Evidence for Climate Change

Sea level rise — global sea levels rose about
6.7 inches in the last century

Global temperature rise — of the
warmest years on record have occurred
in the last 12 years

Warming oceans — Oceans have warmed by
0.3°F since 1969

Shrinking ice sheets — Greenland and
Antarctica ice sheets declined by more than
30 cubic miles between 2002-2005

Ocean acidification — acidity of oceans surface
has increased by % since industrial revolution

> ¥information above from climate.nasa.gov
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Sources of Global Greenhouse Gas Emissions

Global Greenhouse Gas Emissions by Sector, 1990-2010

» Greatest increase in s0000
greenhouse gas emissions
come from sector

» Developed and developing
nations require energy to fuel
population and industrial
growth

From wwiepagov
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Global Greenhouse Gas Emissions

» Globally the greatest
increases in greenhouses
gases have come from

IR IR IR

Emissions (million metric tons
of carbon dioxide equivalents)

Global Greenhouse Gas Emissions by Gas, 1990-2010

1990 1995

2000
Year

B HECS, PFCs, andSF
5 Nivous oxide

W ethane

W Carbon dionde.

2005 200
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Carbon Dioxide Capture and Sequestration

Carbon sequestration:
the of
atmospheric carbon dioxide
in oceans, terrestrial
environments, or geologic
formations
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Carbon Dioxide Emissions by Region
Global Carbon Dioxide Emissions by Region, 1990-2012

» US., Europe and Asia
account for 88% of total
global emissions in 2012

Austrata snd Oceis

LtinAmericaand the Caribbesn

» Carbon dioxide emissions
are increasing in developing
nations (ex: China and India)

Emissions (million metric tons)

190 199 1994 199 1998 2000 2002 2004 2006 2008 2010 2012

Year
From wwiepagov
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Carbon Dioxide Capture and Sequestration

» Carbon sink: anything that
more carbon dioxide

than it s 2 oy
S
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Cellular Respiration and Photosynthesis

Cellular Respiration: aerobic harvesting of energy
Aerobic = requires

Photosynthesis: conversion of solar energy to chemical energy

Photosynthesis

+ Light energy +
Cellular Respiration
+ _ + + +
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“Failure is an event,not a person.Yesterday ended last night”
-Zig Ziglar

“To improve is to change; to be perfectis to change often”
-Winston Churchill

The Green World’s Gift: Photosynthesis

Chapter 8
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Exergonic and Endergonic Reactions

Cellular respiration: process by which  Cellular Respiation:

all living things extract energy stored in iy *
the chemical bonds of molecules and O i _J

use it to fuel cellular processes. .08 ..

Photosynthesis: conversion of
energy to energy > O .09
(@ Photosynthesis:
== — (Endergonic)
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Cellular Respiration and Photosynthesis

Energy from slmlI'M

Chioroplast

In photosynthesis,
light energy is used
to convert carbon
dioxide to
carbohydrates

Cellular respiration
converts energy
stored in

80 oMo carbohydrates to ATP

ATP powers
chemical reactions
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Role of Photosynthetic Organisms

/:%
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Pho(osyn(hetic organisms
make up the base of all
food webs.
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What organisms can photosynthesize?

Conifers.





