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Hadean Eon 

Adhesion

· Any attraction process between dissimilar molecular species that can potentially bring them in close contact
· The tendency of dissimilar particles and/or surfaces to cling to one another
· Dispersive adhesion, chemical adhesion, and diffusive adhesion
· Example: dew droplets on grass
Archaen Eon

· Geological Eon after the Hadean Era from 3800 Ma - 2500 Ma
· First photosynthesizing bacteria
· Oldest fossils
· Small continents form
· Continents begin shifting
· First eukaryotes 
· Bacteria on land
· Banded iron formations - Oxygen in atmosphere 
Biomonomers

· Simple molecules that are the building blocks for longer polymers
· Simple sugars that compose carbohydrates
· Amino acids that are strung together to form proteins
Biopolymers

· More complex biological molecules that are composed of many - sometimes thousands of monomers
· Proteins, DNA
Carbon

· Element made by nuclear fission in stars
· Basic building block of life
· Able to make 4 covalent bonds, allow for complex organic molecules
Central Dogma

· DNA ----> transcription ----> RNA -----> translation ------> Protein
· One way process of the transfer of sequence information from DNA to RNA to make Protein
Chemical Evolution (abiotic)
· Synthesis and accumulation
· Polymerization
· Aggregation
· Origin of Heredity
Cohesion

- The hydrogen-bond lattice of water results in water molecules staying toegether

· Like molecules sticking together due to intermolecular attraction
· Water because of its polar make up - positive hydrogen attracts negative oxygen
· This allows surface tension - some insects can walk on water
Crystal Lattice of Water

· Due to polar structure and Hydrogen bonds
· Hydrogen bonds form readily between water molecules in both liquid water and ice
Liquid Water 

· Each molecule establishes about 3.4 hydrogen bonds forming a water lattice. 
· The hydrogen bonds constantly break and form allowing the water molecules to break loose from the lattice, slip past one another, and reform the lattice in new positions.
Ice

· The water lattice is a rigid crystalline structure. Each water molecule forms 4 hydrogen bonds. 
· The rigid ice lattice spaces the water molecules farther apart than in water molecules, resulting in ice being less dense than water - ice floating the surface.
Emergence

· The way complex systems and patterns arise out of a multiplicity of individual parts interacting together.
· The whole is greater than the sum of its parts
· Swarming - No centralized decision making, each organism is an autonomous unit that reacts depending only on its local environment and the genetically encoded rules for its variety of species, but many organisms together exhibit uniform behavior that make up a complex pattern. 
· Examples: flocks of birds, schools of fish, colonies of ants
Evaporation

· A type of vaporization of a liquid that occurs only on the surface of a liquid
· Evaporation is an essential part of the water cycle. Solar energy drives evaporation of water from oceans, lakes, moisture in the soil, etc..
· Evaporation of water occurs when the surface of the liquid is exposed, allowing molecules to escape and form water vapor, this water vapor can rise up and become clouds
· For moecules of a liquid to evaporate, they must be located near the surface, be moving in the proper direction, and have sufficient kinetic energy to overcome liquid-phase intermolecular forces
Geological Time Scale

· Provides a system of chronologic measurement relating stratigraphy to time, that is used to describe the timing and relationships between events that have occurred during the history of the Earth.
· The geological time of Earth’s past has been organized into various units according to events which took place in each period
· Each era on the scale is separated from the next by a major event or change, such as extinction
Green House Gases

· Gas in an atmosphere that absorbs and emits radiation within the thermal infrared range
· Most abundant greenhouse gases in Earth’s atmosphere are water vapor, carbon dioxide, methane, nitrous oxide, and ozone.
· Greenhouse gasses greatly affect the temperature of the Earth, without them, Earth’s surface would be on average about 33 degrees Celsius colder than at present.
· Carbon dioxide levels in the atmosphere have greatly increased since the beginning of the industrial revolution due to the burning of fossil fuels.
Hadean Eon 

- 4.8-3.8 Billion years ago

· Formation of the solar system and planets
· Escaping gases build early atmosphere (no oxygen)
· Great oceans form
· Ends with the appearance of the first life forms
Hydrogen Bond

· Non-covalent bond formed by unequal electron sharing between hydrogen atoms and oxygen, nitrogen, or sulfur atoms
· Can occur between molecules (intermolecularly), or within different parts of a single molecule (intramolecularly)
· Stronger than van der Waals interaction, but weaker than covalent or ionic bonds
· Examples: DNA and Water 
Hydrophilic

· Polar molecules that associate readily with water
· A molecule that is attracted to, and tends to be dissolved by water, and other polar substances
· Often capable of hydrogen bonding
Hydrophobic

· Non-polar molecules that are repelled from water
· In water, hydrophobic molecules often cluster together to form micelles
· Don’t dissolve in water, do dissolve in non-polar solvents
· Examples: alkanes, oils, fats
Hydrothermal Vents

· Areas where the continental plates have shifted leaving fissures that act as vents
· Located in the deepest parts of the ocean
· Through the vents, the planet releases gasses and molten rock from the core 
· The temperatures of the water reach hundreds of degrees Celsius, but the water doesn’t boil (remains liquid) because of the tremendous weight and pressure of the miles of water above the vents
· Ideal conditions for the formation of organic molecules, and would be a possible source for the organic molecules as the precursors to the biopolymers of life
· Extremophile bacteria 
Interstellar Organic Compounds

· Many organic compounds have been discovered in interstellar gas - giant molecular clouds that are the sites of star and solar planet formation 
· Meteorites on Earth have been found to contain organic compounds
· The origins of life could have come from space - Panspermia 
Interstellar Space Dust

· Fine particles of solid matter occurring throughout interstellar space
· Collects into clouds of extremely low density
· Gravitationally pulled together to form planets and stars
Micelles

· A sphere composed of a single layer of lipid molecules
· Contain a droplet of water inside
· Can maintain its integrity in a polar (water) environment
· Lipophilic tail (hydrophobic) face inside
· Hydrophilic head surround the outside shielding the interior hydrophobic micelle
· Surfactant molecule (part hydrophobic, part hydrophilic) that decrease the surface tension of a liquid
Miller-Urey Experiment

· Stimulated hypothetical conditions on early Earth 
· Abiotic (no oxygen), methane, water vapor, ammonia, and hydrogen gas that would have been present on early Earth, plus a spark (lightening)
· More success when added CO2
· Tested for the occurrence of the chemical origins of life - specifically the synthesis of organic compounds from inorganic precursors.
· Organic compounds were formed - pyruvate, amino acids, nucleotide base pairs, and basic sugars
· Nucleic acids were not formed
Non-polar Compound
· A compound comprised of molecules linked through chemical bonds in such a way that the distribution of charges are symmetrical, or there is almost no polarity in the bonds - atoms share electrons equally.
· Nonpolar compounds do not exhibit polarity
· Do not convert into ions in a solution
· WIll not readily dissolve in water
· Examples: Lipids, fats, oil, petrol
Panspermia

· The theory that the earth was contaminated by a living organism of some sort that already had the central dogma within it
· The origins of life on earth was extraterrestrial
· Could have arrived on a meteorite that landed in a rich organic soup that was the beginning of life on earth
· Extremely tough organism to withstand the conditions of space travel, and the journey through the Earth’s atmosphere
· Small bacteria has been discovered in meteorites
Phanerozoic Eon (543 Mya - Present)

Paleozoic Era (543 - 251 Ma)

· Cambrian explosion
· Marine invertebrates
· Algae
· First land plants and insects
· Geological Periods: Cambrian, Ordovician, Silurian, Devonian, Carboniferous, Permian
Mesozoic (251 - 65 Ma)

· Flowering plants
· Dinosaurs
· More insects
Cenozoic (65 Ma - Present time)

- Disappearance of Dinosaurs

Polar Compound

· A compound that has atoms with polar bonds due to differences in electronegativity between atoms. One atom is more negative due to a stronger hold on the electron, and the other atom has a net positive charge due to its very weak hold/proximity to the shared electron
· Polarity can be a result of an asymmetric arrangement of nonpolar covalent bonds
· Polarity can also arise from non-bonding paris of electrons
· Polar molecules dissolve in polar solvents 
· Example sugar dissolving in water
Prebiotic Soup

· The early Earth had a chemically reducing atmosphere
· This atmosphere, exposed to energy in various forms (lightening, sunlight) produced simple organic compounds (monomers), such as amino acids
· These compounds accumulated in a “soup”, which may have been concentrated at various locations (shorelines, oceanic vents)
· By further transformation, more complex organic polymers (and ultimately life) developed in the soup
· Miller-Urey experiment supports this theory of the origin of life
Proteins First Hypothesis

· Initially favored first because proteins had been the only known enzymatic catalysts
· Protein interactions were the first form of self-reproducing life, and nucleic acids evolved later as memory molecules
· In the mix of proteins formed would have been a specialist that duplicated the other proteins
· Proteinoids: protein-like molecules formed inorganically from amino acids
Proterozoic Eon (2500 - 543 Ma)

· Oxidation produces “red beds”
· Oxygen levels increase
· Eukaryotes
· True algae
· Soft bodied animals
· Protective ozone layer in place
· Vendian extinction
Protocells

· A primitive cell-like structure that has some of the properties of life and might have been the precursor of cells
· Lipid membrane
· Capable of metabolic reactions
· Scientists have artificially embedded proteins in the membrane of the vesicle that allow exchange with the external environment so that substrate and product can be generated for prolonged periods of time.
· Have not yet been able to evolve
Reducing atmosphere

· Condition of early Earth during Hadean and most of Archaean Eons
· Atmospheric condition in which oxidation is prevented by absence of oxygen 
· Atmosphere consisted of methane, ammonia, hydrogen gas
· Conducive to the formation of organic molecules necessary for the origin of life
· Atmospheric molecules would give up electrons
RNA World

· RNA as the key beginning of self replication, that would eventually form the Central Dogma that exists now of DNA to RNA to Protein
· Proposes that RNA is the first polymer/replicating molecule
· From it, proteins were produced, then DNA
Specific Heat
· The amount of heat required to increase the temperature of a given quantity of water
· Water has a relatively high specific heat capacity
· As heat flows into water, much of it is absorbed in the breakage of hydrogen bonds
· The temperature of water increases relatively slowly as heat is added
· High temperatures, and the addition of considerable heat are required to break enough hydrogen bonds to make water boil
Spontaneous Origins

- The theory that living organisms developed from nonliving matter

· Louis Pasteur discredited this theory
· Still relevant as a possibility of occurring once to start all of life
Surface Tension

· The force that places surface water molecules under tension, making them more resistant to separation than the underlying water molecules
· Related to cohesion
· A measure of how difficult it is to stretch or break the surface of a liquid
· The water molecules at surfaces facing air can form hydrogen bonds with water molecules beside and below them but not on the side facing air
· This unbalanced bonding produces a force that places the surface molecules under tension, making them more resistant to separation than underlying water molecules
· The force is strong enough to allow small insects such as water striders to walk on water
Surfactant

· Compounds that lower the surface tension of a liquid
· Usually organic compounds that are amphiphilic  - contain both hydrophobic groups (tails) and hydrophilic groups (heads)
· Portion that is water soluble and non water soluble (but oil soluble)
· Surfactant molecules will migrate to the water surface
· Foaming agents
· Micelles
Vesicles

· A small, membrane-bound compartment that transfers substances between parts of the endomembrane system 
· Most vesicles have specialized functions depending on what materials they contain
· Vesicles store, transport, or digest produce and waste
· Can fuse with the plasma membrane to release they contents outside of the cell
· Transport vesicles: can move molecules between locations inside the cell - i.e. proteins from the rough endoplasmic reticulum to the golgi aparatus
· Vacuoles: vesicles which contain mostly water
Volcanic Outgassing

· The release of gases into the atmosphere during volcanic eruptions
· As the earth cooled, its surface formed a crust through which were vented the various gasses from the molten central core
· Much of our atmosphere came from outgassing

