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Emergent 
properties of 
water facilitate 
life on Earth

Cohesive behavior Ability to moderate 

temperature

Expansion upon 

freezing

Versatility as a 

solvent



Cohesion of Water 
Molecules



Cohesion of Water 
Molecules





Moderation of Temperature 
by Water



Moderation of Temperature 
by Water



Water’s High Specific Heat

• The specific heat of a substance is the amount of heat that must be absorbed or lost for 1 g 

of that substance to change its temperature by 1ºC

• The specific heat of water is 1 cal/(g • ºC)

• Water resists changing its temperature because of its high specific heat

• Water’s high specific heat can be traced to hydrogen bonding

• Heat is absorbed when hydrogen bonds break

• Heat is released when hydrogen bonds form

• The high specific heat of water minimizes temperature fluctuations to within limits that 

permit life



Moderation of 
Temperature by Water



Evaporative Cooling



Expansion upon freezing
• H2O at 4ºC - highest density

• H2O at 0ºC - molecules are locked into a 

crystalline lattice

• The hydrogen bonds keep the molecules far 

enough apart to make the ice ~10% less dense 

than liquid water

• Ice floats in liquid water because hydrogen bonds in 

ice are more “ordered” 

• Ice insulates the water bellow

• If ice sank, all bodies of water would eventually 

freeze solid, making life impossible on Earth



Cryosphere

Cryosphere:
krios – cold
sphere – globe

Greenland

Alaska
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Russia
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Versatility as a solvent

• Water is a versatile solvent due to its polarity

• When an ionic compound is dissolved in water, each ion 

is surrounded by a sphere of water molecules called a 

hydration shell

• Water can also dissolve compounds made of nonionic 

polar molecules

• Even large polar molecules such as proteins

can dissolve in water if they have ionic and

polar regions



Hydrophilic and 
Hydrophobic Substances

• Hydrophilic substances have affinity for water molecules

• Hydrophobic substances repel water molecules

Oil molecules are hydrophobic – 
many nonpolar bonds

Hydrophobic molecules are the major 

components of cell membranes

Aqueous outside the cell
(extracellular)

Aqueous inside the cell 
(intercellular)



2.14 The Chemistry of Life Is Sensitive to Acidic 
and Basic Conditions
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Ocean Acidification

• This reaction reduces the carbonate ion 

concentration available to corals and other 

shell-building animals.

• Carbonate is required for calcification 

(production of calcium carbonate - CaCO3) by 

many marine organisms, including reef-

building corals

• Researchers believe that ocean acidification is 

likely to cause “profound, ecosystem-wide 

changes in coral reefs”



• Biologists seeking life on other planets have concentrated their search on planets that 
might have water

• More than 800 planets have been found outside our solar system; there is evidence that a 
few of them have water vapor

• Evidence of liquid water on Mars

Life on other 
Planets?



Carbon: the backbone of life





Organic Molecules and the 
Origin of Life on Earth

• Organic chemistry is the study of compounds that 

contain carbon, regardless of origin

• Organic compounds range from simple molecules to 

giant ones

• Stanley Miller’s classic experiment demonstrated the 

abiotic synthesis of organic compounds

• Support the idea that abiotic synthesis of organic 

compounds could have been a stage in the origin of life

“Atmosphere”

Water vapor
CH4

Electrode

Condenser

Cooled “rain”
containing
organic
molecules

Cold
water

H2O
“sea”

Sample for
chemical analysis

Eg. near volcanoes



Organic Molecules and the 
Origin of Life on Earth

• The overall percentages of the major elements of life—C, H, O, N, S, and P—

are quite uniform from one organism to another

• Because of carbon’s ability to form four bonds, these building blocks can 

be used to make an inexhaustible variety of organic molecules

• The great diversity of organisms on the planet is due to the versatility of 

carbon 



Carbon atoms can form diverse molecules by 
bonding to four other atoms

• Electron configuration is the key to an atom’s characteristics

• Electron configuration determines the kinds and number of bonds an atom will form with other 

atoms

• With four valence electrons, carbon can form four covalent bonds with a variety of atoms

• This makes large, complex molecules possible





• The electron configuration of carbon gives it covalent compatibility with many different elements

• The most frequent bonding partners of carbon are hydrogen, oxygen, and nitrogen

•  These are the building code for the architecture of living molecules 
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Hydrocarbons



Isomers
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Chemical Groups Are 
Key to the 
Functioning of 
Biological Molecules





Sources




	Slide 1: Water  Carbon Life
	Slide 2: Water
	Slide 3: The Molecule That Supports All of Life
	Slide 4
	Slide 5
	Slide 6: Emergent properties of water facilitate life on Earth
	Slide 7: Cohesion of Water Molecules
	Slide 8: Cohesion of Water Molecules
	Slide 9
	Slide 10: Moderation of Temperature by Water
	Slide 11: Moderation of Temperature by Water
	Slide 12: Water’s High Specific Heat
	Slide 13
	Slide 14: Evaporative Cooling
	Slide 15: Expansion upon freezing
	Slide 16: Cryosphere
	Slide 17
	Slide 18: Versatility as a solvent 
	Slide 19: Versatility as a solvent 
	Slide 20: Hydrophilic and Hydrophobic Substances
	Slide 22: 2.14 The Chemistry of Life Is Sensitive to Acidic and Basic Conditions
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27: Buffers
	Slide 28: Ocean Acidification
	Slide 29: Ocean Acidification
	Slide 30: Life on other Planets?
	Slide 31: Carbon: the backbone of life
	Slide 32
	Slide 33: Organic Molecules and the Origin of Life on Earth 
	Slide 34: Organic Molecules and the Origin of Life on Earth 
	Slide 35: Carbon atoms can form diverse molecules by bonding to four other atoms 
	Slide 36
	Slide 37
	Slide 38: Molecular Diversity Arises from Variation in Carbon Skeletons
	Slide 39: Molecular Diversity Arises from Variation in Carbon Skeletons
	Slide 40
	Slide 41
	Slide 42
	Slide 43: Hydrocarbons
	Slide 44: Isomers
	Slide 45
	Slide 46
	Slide 47: Chemical groups are key to molecular function
	Slide 48: Chemical groups are key to molecular function
	Slide 49: Chemical groups are key to molecular function
	Slide 50: Chemical groups are key to molecular function
	Slide 51: Chemical groups are key to molecular function
	Slide 52: Chemical groups are key to molecular function
	Slide 53: Chemical groups are key to molecular function
	Slide 54: Chemical groups are key to molecular function
	Slide 55
	Slide 56: Chemical Groups Are Key to the Functioning of Biological Molecules
	Slide 57
	Slide 58: Sources
	Slide 59

