


Life



WHAT IS  LIFE?
• Organized, contained, chemistry 

• Metabolism
– Obtains & uses energy 
– Obtains & uses materials

• Information
– Repair

– Replication
– Inheritance

– Evolution



Surface  or  Deep?
• Darwin’s “warm little pond”

– Sunlight, UV, lightning
– Miller-Urey experiments

– Tides, evaporation, concentration
– Favored by chemists

• Deep sea hydrothermal vents
– Chemiosmotic energy
– Genomics of Last Universal 

Common Ancestor (LUCA)

– Mineral crystal chirality
– Favored by geologists 



Critical Components
• CHONPS

• Water (all biochemistry is aqueous)

• Lipids (oils, fats for encapsulation)

• Proteins (machinery!)
– Chains, rings , sheets, tubes

– 20 amino acids (NITROGEN!)

• Nucleic acids carry information
– RNA (codes amino acids in order)

– DNA (double-helix: makes copies!)



Encapsulation & Membranes
• Lipids are 

hydrocarbons with a 
water-soluble (polar) 
and a water-insoluble 
(hydrophobic) end

• Molecules line up when 
solution dries out

•  Lipid bilayers divide 
the inside from the 
outside



How Old?
3.5 billion years?
• Apex chert western 

Australia 

• 11 complex microbes 
of 5 distinct species

• Depleted in 13C

4.28 billion years?
• Hematite rods from 

undersea vents in Quebec

• Before Late Heavy 
Bombardment!



Evolution of the Atmosphere



Oxygen Doesn’t 
Want to be Free!

• It takes a lot  of energy to free oxygen

• Energy is liberated when oxygen is consumed

• Photosynthesis is energy & chemical source of free oxygen, but …

• net O2 production requires mummification/burial/fossilization 
of organic matter to prevent respiration

• Meanwhile, O2 is consumed by weathering & volcanic gases



Carbon, Life, & Energy
• Photosynthesis uses 

energy from the sun to 
convert inorganic air (CO2) 
to living biomass!

• Almost all of this energy is 
released through 
respiration (back to CO2) 
when plants are eaten by 
animals, bacteria, people

• 1/7 of all CO2 every year!





Cyanobacteria

3.5 billion yr





Respiration

Oxygen

Photosynthesis

B
I
O
T
A

+

Life is  a Circuit



Oxygenation
Faint Young Sun Paradox

Snowball Earth

“Boring Billion”

Cambrian Explosion



Modern 
Stromatolites 

layered 
microbial 
mats 

Shark Bay 
Western 
Australia



Prof. Don Boyd 
Stromatolite Expert













Oxygen! Run Away!



Respiration
The flame that 
releases the stored 
energy of  the Sun, 
harvesting the 
organic stuff  of  
which we’re made





Breathing of 
the Earth





The Solar System



Solar System Origins
• Gravitational 

collapse

• Self-gravitating 
Hydrogen

• Swirling dust of a 
dozen Ur-Minerals

• Volatiles: wet and dry ice beyond the “snowline”

• Heating, hydration, & oxidation of  Ur-Minerals to form 
about 50 primordial minerals

• Accretion, collisions, & vertical differentiation

• Metallic cores, rocky mantles, organic gunk



Organic Chemistry in 
ProtoStar Systems



Condensation/Deposition of Dust





The	Universe

(beyond	H	&	He)

Oxygen:	52	%

Carbon:	23	%

Iron:	5.4	%

Nitrogen:	4.8	%

Silicon:	3.2	%

Magnesium:	2.9	%

Sulfur:	2.2	%

Other:	7	%

Oxygen Carbon Iron Nitrogen Silicon Magnesium
Sulfur Other

meta-chart.com

Our Galaxy
beyond H (74%) & He (24%)



EarthThe	Earth

Iron:	32	%

Oxygen:	29.7	%

Silicon:	16.1	%

Magnesium:	4.8	%

Other:	3.2	%

Iron Oxygen Silicon Magnesium Other

meta-chart.com



Building with Pyramids



Rocks = Oxygen Atoms 
Packed Together!

All other elements fit into the tiny void spaces!



Ingredients

Rocks

LifeGas and Ice

































Vortices within Vortices





Origins



Whoosh!





Lives of the Stars



Gravitational Collapse of 
Stardust Clouds



All Stars 
Are 

Born in 
Clusters



Only Four Forces



Atoms are Empty





What 
Holds 
a Star 
Up?





Where ya from?







Betelgeuse 2019-2020



Where Ya From?

Wisps of alchemy blown on stellar winds
all astro-images by Scott Denning

hydrogen
oxygen

both











Selective 
Transparency

Glass, Air
• Transparent to 

visible light

• Opaque to IR 

Cosmic Dust
• Transparent to IR

• Opaque to UV & Vis

Gas & dust cool by emitting IR to space
Outer layer scatters & absorbs UV/Vis, protects core
Cryogenic cooling (10 K!) allows chemistry, collapse



Cosmic Ice & Dust

Prebiotic Volatiles in the Cryogenic Dark

H2O, CO, CO2, CH4, NH3, and CH3OH

• Mixed-phase chemistry
• Physical protection
• Surface interactions
• Radiation environment 



Star Smoke



What is Carbon?
• Element #6 in the 

Periodic Table

– 6 protons

– 6 neutrons (usually)

– 6 electrons

• All the carbon in the 
universe was made 
inside of stars!

– 2 Hydrogen atoms 
make a Helium atom

– 3 Helium atoms make a 
Carbon atom



Carbon is Central
• Outer electron shell can donate or 

receive 4 “valence” electrons 

• Neither positive nor negative – 
Chains! Rings! Sheets! Tubes!

• Basis for all of organic chemistry & life!



µ Cephei (“Erakis” ~ “Arrakis”)

Herschel’s 
Garnet Star

a carbon 
star



Dust   to   Dust















Dust Factories

photographed from my back yard















Where Do We Come From
• “If you want to make an apple pie from scratch, 

you must first invent the Universe”

• We’re thoroughly bound up with the entire story of creation:
From light to quarks …

to plasma …

to atoms …
to stars …
to dust …

to planets … 
to plants …
to people …



What Are We?
• Descendants of stars …

• Weavers of recycled stuff …

• A flame that dances on the surface of matter

• Lucky mud …

• Current in a circuit flowing from the Sun …

• Heirs to billions of years of biological 
evolution …

• Agents of creation and destruction …



Where Are We Going?
• To dust we shall return

• Our material and energy are eternal

• We flow through it & it is us & 
our stuff will flow on through others 

• We are given the grace of life & love 

• We have the agency to choose how to 
spend our precious time




