












The Milky Way is a spiral 
galaxy comprised of 200 

billion stars.!
!

It is 90,000 light years in 
diameter.!

!
(The speed of light is 

186,000 miles per second!)!

Our star is located in!
the fourth spiral (Orion).!























ΔG is always negative when ΔH  is (-) and ΔS is (+).!
ΔG is always positive when ΔH  is (+) and ΔS is (-).!

Consider some process, A           B!



CH3(CH2)14COOH (s) + 23 O2 (g) 16CO2 (g) + 16H2O (l)
palmitic acid:

a sixteen-carbon (C16) saturated fatty acid

chemical structure of palmitic acid

chemical structure of n-octane (eight carbons)
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2 C8H18(l) + 25 O2(g) 16CO2(g) + 18 H2O(g)

CH3-CH2-CH2-CH2-CH2-CH2-CH2-CH3

n-octane

One gallon of gasoline produces about 19.4 lbs 
(8.8 kg) of CO2 (a greenhouse gas).

The ratio of H to C determines the energy content
of a given fossil fuel; natural gas (CH4) has a higher H/C ratio (4) than

does n-octane (2.25), and thus when equal amounts of both are 
combusted, CH4 produces more heat per carbon atom released than

does n-octane (i.e., less CO2 is emitted per quantity of energy produced).



Thermodynamics of Fossil Fuel Combustion

For methane
!Go = -801 kJ/mol
!Ho = -802 kJ/mol
!So = -5 J/K/mol

802 kJ/mol/carbon

For propane (LPG)
!Go = -2074 kJ/mol
!Ho = -2044 kJ/mol
!So = +101 J/K/mol
681 kJ/mol/carbon

For octane (gasoline)
!Go = -5218 kJ/mol
!Ho = -5075 kJ/mol
!So = +487 J/K/mol
634 kJ/mol/carbon

CH4(g)  +  2O2(g) CO2(g)  +  2H2O(g)

C3H8(g)  +  5O2(g) 3CO2(g)  +  4H2O(g)

2C8H18(l)  +  25O2(g) 16CO2(g)  18H2O(g)

For carbon
!Go = -394 kJ/mol
!Ho = -393 kJ/mol
!So = +3 J/K/mol

393 kJ/mol/carbon

C(s)  +  O2(g) CO2(g)

A. G. Lappin!





CH4 CH3R R1CH2R2 C R-C-H R-C-OH CO2
-4 -3 -2 0 +1 +3 +4

O O

increasing carbon oxidation number
decreasing energy yield per carbon

highly reduced carbon

highly oxidized carbon

R = carbon substituent



K. M Sayre, Unearthed, UND Press, 2010!

Note the different amplitudes of incoming radiation:  ~1/4 of!
solar wavelengths are useful for photosynthesis, and about!

1% of these contribute to biomass production.!







One additional wrinkle……  

Earth operates far from thermodynamic equilibrium  
(non-equilibrium thermodynamics; Earth is not an isolated system).  



A B flux is 10 units
10.01 (vf)

0.01 (vr)

non-equilibrium reaction in vivo

A B flux is 10 units
100 (vf)

90 (vr)

near-equilibrium reaction in vivo


