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Major Eons 
· Phanerozoic (543 Ma to present time)
· Multicellular organisms 
· Proterozoic (2500 – 543 Ma)
· Oxygen atmosphere, single celled aerobic organisms 
· Single celled eukaryotes, protozoans 
· Archaean (3800 – 2500 Ma) 
· Anaerobic bacteria life, oxygen starts to accumulate 
· Life forms are able to produce ATP
· One bacterium will figure out how to split a proton from water, making more ATP than the other bacteria 
· This now becomes the preferred way to make ATP
· The excess oxygen molecule will dissolve in the water and oxidize the minerals that are on the bottom surface of the ocean 
· Deposits in the ocean are going to rust and will be scrubbed out of the ocean 
· The oxygen will build up in the ocean and poison the anaerobic bacteria in the ocean and will be driven to unique location in the ocean where they can survive 
· Oxygen in ocean will reach equilibrium with oxygen in the air 
· Hadean (4600 – 3800 Ma)
· Formation of the solar system and planet, ends with the origin of life 
· Rocky barren planet that had either had earth projecting out of the ocean or just completely covered in ocean 

Major Eons (Ma)
· Phanerozoic (543 Ma to present time)
· Cenozoic (65 Ma to present time)
· Dinosaurs disappear, mammals and birds 
· Meteor wipes out all the dinosaurs and causes mass extinction 
· Only the dinosaurs disappeared but insects and plants were still existing 
· Mesozoic (251-65 Ma)
· Flowering plants, dinosaurs, more insects 
· There is a fish that starts crawling on land and the fins become limbs
· Amphibians become reptiles 
· Vertebrates come up on land and dominate the reptiles
· Paleozoic (543-251 Ma)
· Marine invertebrates, algae, “Cambrian explosion”, first land pants and insects
· Single celled algae become multicellular and moves onto land 
· Oxygen has created the ozone layer so there is UV protection so things on land do not get damaged 

Galaxies
· Within the universe, large things are trying to accumulate more material 
· Galaxies are ripping other galaxies apart to take the matter and put it in their own orbits 



Our solar system 
1. Mercury    1        2        3      4


2. Venus 
3. Earth Figure 1. our solar system
Sun

4. Mars   9        8     7     6      5

5. Jupiter
6. Saturn 
7. Uranus
8. Neptune 
9. Pluto 

The Sun is 99.99% of the mass of our solar system. There is so much mass that the Sun is collapsing on itself, starting a nuclear fission reaction. The energy from this reaction powers the Sun and the rest of our solar system. The Sun will continue growing and turn itself into a red star. The red star will explode and emit piles of carbon across the galaxy.
The planets that are closest to the Sun are called mineral planets because they are made of molten minerals (mercury, Venus, Earth, Mars).
The planets further from the Sun are called Gas plants because they are made of frozen gases (Jupiter, Saturn, Uranus, Neptune).
When people started looking at the asteroid belts in our solar system and were checking what they were made of, they thought that the two asteroid belts would be made of the same thing. However, the asteroids were made of material that would have been further out in the galaxy. This was solved people brought moon rocks and studied the ages of the rocks. All of them were around 3.8-4 billion years ago. Therefore, there was a period of time where the moon got bombarded with rocks and during that period of time it was massive and then it stopped. There was a huge amount of asteroid activity many years ago.

Late Heavy Bombardment (The Nice Model)
The original composition of our solar system was a disk that was filled with asteroids and in the middle of the disk of asteroids, planets were forming. As the planets were rotating around the Sun, they would cause the asteroids to move and the asteroids would go shooting and be sucked into a large planet, causing the planet to grow and get a bigger orbit. As the planets grow, their position around the Sun would change. In this period of time, Jupiter and Saturn were spinning around and then all of a sudden, their orbits got into a perfect 1:2 harmonic. As one planet went around, the other went around twice. In their orbits they are adjacent to each other. There are periods of time where they have a combined gravitational pull. This combined gravitational pull had a big impact on the asteroids and set them into motion. The asteroids either shot out of solar system or into other planets. The asteroids were removed and now all that remains is the asteroid belt. 

Habitable Zone 
When everything became stable we got a set of planets that are rotating around the sun and they all have water. If the planet has a certain size, it can hold on with gravitational forces and atmosphere (water vapour). If the planet is too small, the water vapour will disappear and if you’re too big the water vapour will get sucked in. The distance from the Sun is also important because the Sun provides energy. Need the right size to hold an atmosphere and close to the sun so that water can Shift from liquid, gas and solid. The habitable zone is the zone around the sun where water can exist in all three forms. 

Hadean Eon 
· Building phase 
· Constant heating and cooling of the planet 
· Meteorite bombardment 
· Water is vaporized and held in an atmosphere 
· Crust starts to form 
· Water cools and moisture coats crust in water becoming the primitive oceans 
· Stabilizing phase 
· There are still massive asteroids coming in 
· The asteroids punch a hole through earth’s crust but are not catastrophic 

Earth 4000 Ma
· Earth covered in water
· Continents have not developed yet 
· Surface of the earth was completely submerged in water 

Origins of life on Earth 
· Special creation 
· Like the biblical story
· But we say what was originally there and everything evolved from that 
· Extraterrestrial origins (Panspermia)
· There was an extremely hearty bacterium in the water of the asteroid
· The bacterium started the all the life processes on the plant 
· Chemical evolution 
· How the bacterium was risen?
· Where do inorganic chemicals come from?
· Where do organic chemicals come from?
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Figure 2. Origins of life on Earth



Wacky Water 
· Cohesion, adhesion and surface tension 
· Solvent properties
· Ice formation 
· Temperature 

Polar bonds and Hydrogen bonding 
· Nonpolar covalent 
· Polar covalent 
· Cohesive – stick to itself
· Adhesive – stick to other objects 

Surface tension 
· At the surface of water, the water molecule cannot interact equally in all directions.
· The interactions of adjacent water molecules at the surface and stronger
· This creates surface tension 
· A barrier for things entering the water
· Some bugs can walk across the water 

Solvent properties 
· Every molecule in the solvent is surrounded by water and does not clump with other molecules similar to it
· Causes even dispersion through solution 
· Reactions will happen uniformly 

Ice and water formation 
· As water cools, the molecules become more tightly packed
· At 4 degrees Celsius, a lattice is formed
· When water freezes, it has a smaller density than liquid water 
· When water freezes, it floats on the surface 
· Ice creates an insulated blanket that keeps the liquid water underneath from freezing 
· Only water does this, no other compound 

Temperature
· The amount of heat that must be added to water in order to raise it one degree Celsius is very high 
· There is a lot of heat in the Pacific Ocean causing the density to change
· A lot of heat energy is released into the atmosphere and raises the temperature of the earth 
· El Niño effect 

Organic evolution 
· Carbon is very central to life
· Carbon is the atom that links everything together (organic chem)




Miller-Urey Apparatus 
· Researchers tried to mimic earth’s atmosphere at the end of the Hadean 
· There was methane gas, ammonia, water vapour was out in a reaction vessel along with two electrodes to simulate the lightning 
· At the same time, they were boiling water so water vapour was constantly added
· The gases were also being condensed so they were returning to liquid form and then being reheated into gas. 
· When they pulled the liquid out, they had water that contained small organic compounds 
· You could take the carbon in the gases, provide energy and generate small organic chemicals 
· There were gases missing in this experiment such has cyanide and sulfur
· As more gases were added, you could spontaneously generate amino acids, nitrogenous bases and carbon sugars, carbon chains that are associated with the Krebs cycle 

Origins of organics (monomer)
· Prebiotic soups 
· Water at the beginning of life, could form organic molecules
· Hydrothermal vents
· Bubbling out was carbon dioxide, methane, hydrogen sulfide
· The water in the hydrothermal vents was also generating organic molecules as well
· We didn’t need lightning 
· Interstellar organics
· There was already another planet with a prebiotic soup and the asteroid carried part of the soup onto Earth 
· Maybe proves that the basic molecules of life are produced spontaneously 

Biopolymers (macromolecules)
· Proteins 
· Nucleic acids
· Carbohydrates
· Lipids

Central Dogma of Biology 
1. Replication 
2. Transcription 
3. Translation 

Biotic Chemistry (polymers)
· Panspermia 
· The RNA world
· coded information that allowed them to self-replicate & fold so they catalyze reactions 
· Proteins first 
· An amino acid string that was self-catalyzing and could replicate itself
· Clays 
· Contains highly charges sediments and minerals 
· Elements form lattices 


Evolution of information flow from an RNA world
· RNA with catalytic abilities and has a function 
· Maybe the first replicating catalytic macromolecules were RNA strands
· Overtime RNA became a sequence that produced a protein 
· RNA surrendered its catalytic role to proteins 
· Through reverse transcriptase, RNA created DNA

Bubble Hypothesis for cells
· Microsphere
· A lipid layer thick with aqueous environment in them 
· Micelles (liposomes)
· Protobionts (protocells)

Micelle Replication 
· Two investigators took two water soluble compounds that spontaneously react with each other to create a water non soluble compound formed
· The took a water soluble compound and shook with the water insoluble compounds together
· The oily substance formed a membrane and trapped inside were the original water soluble compounds 
· The water insoluble substance incorporated itself into the membrane and the cell grew

Protobionts 
· Similar to micelles but there is a phospholipid bilayer
· Out enzymes in the bilayer of protobiots
· Glucose phosphate squeezed through the bilayer and the phosphatase would cleave off the phosphate and the amylase starch reaction occurred and maltose formed 
· Maltose diffused out 
· Possible to take biochemical reaction and put them in the bubbles, put the substrate on the outside and the product would come out  

What is life and emergence’?
· Organicists (1930) – vital force replaced by genetic program and the importance of emergence 
· Emergence- more than the sum of the parts

What is Life?
· Organized – with the cell as the fundamental unit 
· Metabolizing – capturing and releasing energy 
· Self-regulating – a delicate balance
· Reproduce – life from life 
· Evolving – adapting and changing 
· Responding – sensing and interacting with the surrounding world 
· Growth – increase in size 



