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Water covers 
71% of the 
Earth‘s 
surface…

…and plays a 
central role in 
controlling its 
climate and 
conditions for live! 
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Outline

• Physico-chemical properties of water

• Density anomaly

• The temperate lake

• Melting, evaporation, heat transport

• Water as a climate regulator

• From pure water to oceans

• Origin of salt

• Ocean conveyor belt

• Speciation in water

• Activity vs concentration

• pH-dependence

• Phosphoric acid



The water molecule
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Nonbonding electron pair

Covalent bond

• Two hydrogen atoms covalently bound to 
central oxygen atom

• 4 out of 6 outer-shell electrons of oxygen 
organized into 2 non-bonding pairs

• Repulsions of negative charge causes 
distorted tetrahedral structure

• Negative charge concentrated at the oxygen 
end of the molecule (electric dipole)

• Dipole-dipole attraction
• Hydrogen bonding in liquid and solid



Water: From solid to liquid

5

Ice (solid)
• Hexagonal puckered rings
Melting
• 12% of hydrogen bonds break
 Density ice < water (at 0°C)*
Water (liquid)
• While heating to 100°C

• Another 8% hydrogen bonds 
break (increasing density)

• Kinetic energy of molecules 
increases (decreasing density)

 Highest density ~4°C*

*density anomaly



Consequences of the density anomaly: Seasonality in lakes in temperate regions
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How would that compare to the ocean…?

• Thermal stratification after cooling below 4°C at surface
• Surface ice formation
• Non-frozen deeper water layers



Water - changing the state of matter
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• Drastically increased melting and evaporation 
points of water compared to hydrogen 
compounds of heavier elements, due to 
hydrogen bonding

• High heat capacity
 A lot of energy required to heat and evaporate 

water
 Effective climate regulator



Water as an effective climate regulator
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Presence of water reduces temperature gradients 
between:
• Poles and equator
• Summer and winter
• Day and night
Weather systems and ocean currents result from 
constant flow of heat from the tropics to the poles:
• Latent heat flux: evaporation and precipitation 

(change of state)
• Sensible heat flux: surface ocean currents 

(change of temperature)

Trenberth & Caron (2001)

Total

Ocean

Atmosphere



9

Sample calculation: Latent vs sensible heat fluxes

How much water is in air?
PH2O,real = HR /100 x PH2O,sat

pV = nRT
R = 8.314 J mol-1 K-1

Molar mass (H20) = 18.02 g/mol

How much heat is realized by precipitation?
Latent heat of vaporation (H20) = 2258 J/g
(compare previous slide, 1 cal = 4,1868 J)

How much water must be cooled to 
transport the same amount of energy? 
Heat capacity (seawater) = 3.9 Jg-1K-1

How does the latent heat flux of water vapor in the atmosphere 
compare to the sensible heat flux by surface ocean currents?

Required information:

Saturation vapor pressure H2O



Water as a solvent
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Water as a solvent
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• High dipole moment and
polarity cause high solubility
of many ionic substances

• Hydration determined by
charge density of ions

• High solubility results in 
accumulation of salts in 
seawater

Earth’s water reservoirs

Oceanic seawater composition



Source of salt: Continental weathering
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• Water -> physical leaching

• Facilitated by vegetation and 
other associated organisms (e.g., 
bacteria, fungi, etc)

• Anthropogenically sensitive!



Consequences of salts in water
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Watch out:  

The presence of ions in water 
(expressed as salinity) 
changes the relation of the 
freezing point and the 
temperature of maximum 
density!

Does this have environmentally relevant consequence?



Thermohaline circulation: The Global Ocean Conveyor Belt
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Warm surface
currents

Cold saline
deep currents

Heat release to 
atmosphere

• High latitude global ocean: Cold water (as cold as -1.9 °C) sinks due to high density
 Deep convection allows to maintain heat transport
• Supported by increasing salinity during ice formation
• Would not be possible in a “freshwater ocean” due to density anomaly



Speciation of substances in water

15

• Self-ionisation and amphoterism
of water

• pH = -log H30+

• Neutral pH: [H3O+] = [OH-]

• Equilibrium reactions depend on 
temperature and chemical
environment

• Watch out: concentration units!

• mol/L

• mg/kg

• mol/kg

• Often useful for element
under consideration

(18mg/L  NH4
+ ~ 62 mg/L NO3

-

=> 14 mg/L N)

Ionic product of water

Kw = [H3O+] x [OH-]

25 C: Kw = 1.0 x 10-14

 pH = 7.0

0 C: Kw = 1.15 x 10-15

 pH = 7.47

pH of pure water varies with 
temperature while remaining 
neutral. Pure water only has 
a pH of 7.0 at 25°C.



Speciation in water: Example phosphoric acid – a triprotic acid
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• Chemical properties of elements and 
compounds depend on speciation and 
therefore on chemical environments

• First approximation: activity = concentration
• Often useful: dependence on key parameter 

such as pH

Speciation diagram:
α: Fraction of each 
phosphate species 
relative to total 
phosphate 
(sum of all species)



Interactions between ions in solution: Activity or the “effective concentration”
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DH Extend
DH

Davies

Bronsted –
Lowry

Calculation of single ion
activity coefficients

ai = i  ci

A= constant, characteristic of the ion

z = charge of the ion

Ionic Strength: I = 1/2 ci  zi
2

i



Speciation of phosphoric acid in different chemical environments
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Summary: Properties of water and their importance
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Take home messages

• Physico-chemical properties of 
water determine its role in the 
environment

• Density anomaly regulates 
seasonality in temperate lakes

• Water acts as a climate regulator 
due to high heat capacity and heat 
of vaporation

• Presence of salt as a prerequisite 
for deep ocean convection

• Speciation in water depends on 
chemical environment, e.g. 
solution pH


