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Or to mechanical energy 
when you kick a ball 

P30 



 Entropy: is the measure of disorder, or unusable energy, in a system. 

Explain second law of thermodynamics stated as entropy increases? 

 In a food chain, the amount of usable energy that is available to the 
next trophic level decreases. 
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• All of the chemical reactions in a cell are referred to as the 
cell’s metabolism. 





What is the differences between 
catabolism and anabolism? 

Anabolism:  
-The buildup of complex organic 
molecules from simpler ones,  
-require  energy . 
-reactions are called anabolic . 
  
Catabolism: 
- The breakdown of complex 
organic molecules into simpler 
ones, 

-release energy.  
-Reactions are called catabolic  





• ATP is a nucleotide made of an adenine base, a 
ribose sugar, and three phosphate groups. 

 
ATP releases energy when the bond 
between the second and third 
phosphate groups is broken  forming a 
molecule called adenosine diphosphate 
(ADP) and a free phosphate group. 

Chemical energy is stored in ATP , 
chemical energy is converted to mechanical 

energy when the muscle contract  





Learning outcomes : 
Describe how 

energy is stored 
and released by 

ATP  
Success criteria 

can label ATP cycle and 
explain energy release. 
- can compare 
photosynthesis and 
respiration. 

  
 

Vocabs: 
ATP, ADP, Phosphate 
bond, Metabolism, 
Anabolic, Catabolic 



Understand Main Ideas 
6. Which is not a characteristic of energy? 
A. cannot be created nor destroyed 
B. is the capacity to do work 
C. exists in forms such as chemical, light, and mechanical 
D. changes spontaneously from disorder to order 
7. Which organism depends on an external source of organic compounds? 
A. autotroph 
B. heterotroph 
C. chemoautotroph 
D. Photoautotroph 
8. Which part of this food chain provides energy to just one other part? 
A. the chemoautotroph                  B. the heterotroph 
C. the Sun                                          D. the photo-autotroph 
9. What do cells store and release as the main source of chemical energy? 
A. ATP                                                C. NADP+ 

B. ADP                                                D. NADPH 

Understand Main 
Ideas 
6. D 
7. B 
8. D 
9. A 









Photosynthesis  
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Absorption Spectra of Photosynthetic Pigment  
Compare between colorful pigment in 
ability to absorb wavelengths of light. 

Color Absorbed 
wavelengths  

Role in 
photosynthetic 

Pigment 

green major Chlorophyll a 
green major Chlorophyll b 
yellow-
orange 

accessory carotenoids 









enzyme 







Complete (label) the figure of Thylakoid 
membrane. 

Thylakoid space 

Stroma 

Photosystem II 

Photosystem I 

Electron carrier 

Ferredoxin 

ATP  
synthase 

Thylakoid 
membrane 

Lets identify the components of  













At the beginning of photosynthesis, 
which molecule is split to produce 

oxygen (O2) as a waste product? 

A. CO2 
B. H2O 

C. C6H12O6 

D. 3-PGA 

Which mechanism of photosynthesis 
uses the movement of hydrogen 
ions (H+) across a concentration 
gradient to synthesize ATP? 

A. absorption 
B. chemiosmosis 
C. electron transport 
D. C2 pathway 



 
 
 
 
 
 
 













Determine the compound in which energy is stored at the end of the 
Calvin cycle 
 In glucose and other organic molecules (fructose, starch); also 
accept G3P 



Explain rubisco is considered one of  
the most important biological enzymes 

Because rubisco converts inorganic 
carbon dioxide molecules into organic 
molecules that can be used by the cell 

 Plants use the sugars formed during the Calvin cycle both as: 
1- a …………….. of energy  
2- …………….blocks for complex carbohydrates, including ………….., which 
provides structural support for plants. 

Building  
source  

cellulose 



Compare 
between light 
reaction & 
Calvin cycle 

 Light independent reactions 
( calvin cycle) 

 Light dependent reactions 
Stages 

Differences 

Stroma Thylakoid membranes  Location 

CO2   /ATP / NADPH 
 Rubisco (enzyme) 

 light / H20 
Chlorophyll ( photosystem I, 

photosystem II) 
ADP / NADP 

Input 
Requirements 

Suger (Glucose) 
ADP+P  /   NADP+ 

NADPH / ATP(  chemical energy stored) 
Oxygen ( waste product) 

Out put 
Products 





Glucose 

Rubisco 



A.  NADPH 
B.  ATP 
C.  chloroplast 
D.  glucose 

At the end of the Calvin cycle, where 
is energy stored? 

Which mechanism of photosynthesis 
uses the movement of hydrogen 
ions (H+) across a concentration 
gradient to synthesize ATP? 

A.  absorption 
B.  chemiosmosis 
C.  electron transport 
D.  C2 pathway 

A.  They accelerate photosynthesis. 
B.  They release more oxygen. 
C.  They help the plant conserve water. 
D.  They reduce the requirement for ATP. 

How are the C4 pathway and the CAM 
pathway an adaptive strategy for 
some plants? 

At the beginning of photosynthesis, 
which molecule is split to produce 
oxygen (O2) as a waste product? 

A.  CO2 
B.  H2O 

C.  C6H12O6 

D.  3-PGA 



Which molecule helps provide the 
energy that drives this cycle? 

A.  3-PGA 
B.  CO2 

C.  NADPH 
D.  rubisco 

Which product of the Calvin cycle is used 
for the production of glucose and other 
organic  compounds? 

A.  ADP 
B.  CO2 

C.  G3P 
D.  NADP+  







 The four carbon compounds are transferred to special cells where CO2 
enters the Calvin cycle. 
This allows for sufficient carbon dioxide uptake, while simultaneously 
minimizing water loss. 

Explain why C4 photosynthesis is advantageous in hot, dry conditions? 

Explain why CAM photosynthesis is advantageous 
in environments where access to water is limited? 
 At night, CAM plants fix CO2 into organic compounds.  
During the day, CO2 is released from these compounds and 
enters the Calvin cycle.  
This pathway allows for sufficient carbon dioxide uptake 
while minimizing water loss. 
How do CAM plants differ from both C3 and C4 plants? 

CAM plants open their stomata at night, whereas C3 
and C4 plants open their stomata during the day. 









Glycolysis 

-The reactants are:  
one molecule of glucose, two ATP,  
two NAD+, and four ADP. 
-The products are:  
two ADP, two NADH, four ATP, and  
two pyruvates. 

Glycolysis begins with the input of two 
molecules of ATP. 









1 

4 
3 

2 



 Protons and electrons are transferred to O2 to form H20. 
 Oxygen is the final electron acceptor. 

ADP+P 
32 

½ O+2H 

H2O 

O2 

Splitting of oxygen to form water. 





Net: 
•2 ATP 
•2 NADH 
•2 Pyruvate molecules 

Net: 
•6 CO2 
•2 ATP 
•8 NADH 
•2 FADH2 

Net: 
•Each NADH =3ATP 
•Each FADH= 2ATP 
•O2 +H2O 

 How many ATP, NADPH, and FADH2 are produced in each glucose molecules?. 

34-2 

Cellular 
respiration 

Learning 
outcomes : 
Explain the 
stages of 
cellular 

respiration and 
ATP production. 
Success criteria 
. State the cellular  

respiration equation 
(reactants/products)

.Identify stages, 
locations, and ATP 

yield. 
 Key Vocabs  

Glycolysis-Pyruvate-
Krebs Cycle-Acetyl 
CoA-NADH-FADH₂-
Electron Transport 

Chain-Chemiosmosis 



Electron Transport System CO2 6 
 
NADH 10 
 
FADH2 2 
 
ATP 4 

used to make ATP 

Each Glucose Molecule 



Electron Transport System 

CO2                6 
 
NADH      10 
 
FADH2          2 
 
ATP           4 

used to make ATP 

Each Glucose Molecule 

Overall ATP Production 

Electron Transport System                              34 
Citric Acid Cycle                                               2 
Glycolysis                                                         2 
SUBTOTAL    38 
 
When Pyruvate transport into Mitochondrion use NADH -2ATP 
 
TOTAL 36 

Glycolysis 
Net: 

•2 ATP 
•2 NADH 
•2 Pyruvate molecules 

Krebs Cycle 
Net: 

•6 CO2 
•2 ATP 
•8 NADH 
•2 FADH2 

Electron Transport 
Net: 

•Each NADH =3ATP 
•Each FADH= 2ATP 
•O2 +H2O 



Overall ATP Production 

Electron Transport System 34 
Citric Acid Cycle 2 
Glycolysis 2 
 
SUBTOTAL 38 
 
When Pyruvate transport into 
Mitochondrion use NADH -2ATP 
 
TOTAL 36 











 enzymes convert the pyruvate in 
glycolysis to lactic acid  

 pyruvate is converted to ethyl 
alcohol and carbon dioxide 

Two main types of Fermentation 

Lactic acid 
fermentation  

Alcohol 
fermentation  





Alcohol 
fermentation  

2Acetaldehyed 

CO2 

2 Ethanol 

Conversion of pyruvic acid into alcohol (ethanol) 
and carbon dioxide .Transfer high energy 
electrons and H+ from NADH (as well as NAD+) 

Ex: Occurs in yeasts 
and microorganisms 



Compare and contrast lactic acid fermentation and alcohol 
fermentation -Lactic acid fermentation replenishes (restore)the supply of NAD+ by 
converting pyruvate to lactic acid.  
-Alcohol fermentation converts pyruvate to ethanol and carbon dioxide 
to replenish NAD+.  
-Both occur without oxygen. 







Feature Photosynthesis ETC Cellular Respiration ETC 

Location Thylakoid membrane (chloroplast) Inner mitochondrial membrane 

Electron source H₂O NADH, FADH₂ 

Final electron acceptor NADP⁺ O₂ 

Energy input Light (photons) Chemical energy (reduced 
coenzymes) 

Proton gradient site Thylakoid lumen Intermembrane space 

ATP synthesis site Stroma Matrix 

Main products ATP, NADPH, O₂ ATP, H₂O 





In which metabolic process 
are molecules broken down 
to produce carbon dioxide 
and water?  

A. photosynthesis 
B. cellular respiration 
C. homeostasis 
D. fermentation 

At the end of the Calvin cycle, 
where is energy stored? 

A. NADPH 
B. ATP 
C. chloroplast 
D. glucose 



Why is cellular respiration  
a catabolic pathway? 

A.  Energy is used to form  
 glucose and oxygen. 

B.  Energy is converted from  
 water to carbon dioxide. 

C. Energy that is lost is  
 converted to thermal energy. 

D. Energy is released by the  
 breakdown of molecules. 

A. to make ATP 
B. to process H2O 
C. to store glucose 
D. to deliver oxygen 

What is the overall purpose of 
cellular respiration? 



A. It captures light energy  
 from the sun. 

B. It is produced in anabolic  
 pathways. 

C. It stores and releases  
 chemical energy. 

D. It converts mechanical  
 energy to thermal energy. 

Why is adenosine triphosphate (ATP) such an  
important biological molecule?  



Which represents the general sequence of  
cellular respiration? 

A. TCA cycle →  
 chemiosmosis → glycolysis 

B. glycolysis → Krebs  
 cycle → electron transport 

C. electron absorption →  
 catalysis → phosphorylation 

D. aerobic pathway →  
 anaerobic pathway →  
 fermentation 



A. chemiosmosis 
B. electron transport 
C. glycolysis 
D. production of G3P 

Which is not a process that 
occurs in both cellular 
respiration and glycolysis? 

A. glycolysis 
B. Krebs cycle 
C. electron transport 

Which stage of cellular 
respiration is the anaerobic 
process? 



What is the final step of 
cellular respiration? 

A. O2 and H+ form H2O. 
B. Electrons and H2O  

 generate ATP. 
C. C6H12O6 is broken  

 down into CO2. 
D. NADH and FADH2  

 gain electrons. 

What prevents pyruvate from 
entering the Krebs cycle and 
instead results in this pathway? 

A. a buildup of CO2 
B. a lack of oxygen 
C. an excess of  

 glucose 
D. an increased  

 demand for ATP 



A. CoA 
B. CO2 

C. FADH2 

D. NADH 

Which molecule 
generated by the Krebs  
cycle is a waste product? 



During the Krebs cycle,  
pyruvate is broken down  
into what compound?  

A. H2O 
B. O2 

C. CO 

D. CO2 
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