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Properties of Seawater 



The water molecule is unique in structure and 
properties. 

• H2O is the chemical formula for water. 

• Unique properties of water include: 

– Higher melting and boiling point than other hydrogen compounds. 

– High heat capacity, amount of heat needed to raise the temperature of one gram 
of water 1oC. 

– Greater solvent power than an other substance. 

• Water molecules are asymmetrical in shape with the two hydrogen 
molecules at one end, separated by 105o when in the gaseous or 
liquid phase and 109.5o when ice. 
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The Water Molecule 

A water molecule is composed of two hydrogen atoms and one oxygen atom. 

Water is a polar molecule, having a positive and a negative side. 



 (a) The chemical bonding of two hydrogen atoms and one oxygen atom produces a water (H2O) molecule. (b) The observed 

(o) melting and boiling temperatures of water are much higher than theory (x) indicates (c) The two small hydrogen atoms 

are separated from each other at their points of attachment to the large oxygen atom by an angle of 105 degrees, so that the 

molecule resembles the familiar caricature of a mouse’s head. This structure creates a dipolar molecule with a residual 

positive charge at one end and a residual negative charge at the other end. (d) A cluster of H2O molecules with hydrogen 

bonds is contrasted here with free H2O molecules. (e) The size of the clusters decreases with increasing temperature. 



Water And Heat 

Note the high heat capacity 

of water. 



The relationship of density to temperature for pure water. 

Water Temperature And Density 



The relationship between temperature, salinity and density of seawater. 

Temperature, Salinity, and Water Density 

Average salinity of 

the ocean is about 

35‰. 



Pycnocline follows the thermocline 



Typical temperature profiles 

at polar, tropical, and 

temperate latitudes.  





Sea water consists of water with various materials 
dissolved within it. 

• The solvent is the material doing the 
dissolving and in sea water it is the water. 

• The solute is the material being dissolved. 

• Salinity is the total amount of salts dissolved 
in the water. 

– It is measured in parts of salt per thousand parts of 
salt water and is expressed as ppt (parts per 
thousand) or abbreviated ‰. 

• Average salinity of the ocean is about 35‰. 
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99% of all the salt ions in the sea are sodium (Na+), 
chlorine (Cl-), sulfate (SO4

-2), Magnesium (Mg+2), 
calcium (Ca+2) and potassium (K+).  

• Sodium and chlorine alone comprise about 86% of the salt in 
the sea. 

• The major constituents of salinity display little variation over 
time and are a conservative property of sea water. 
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Nutrients are chemicals essential for life. 

• Major nutrients in the sea are compounds of 
nitrogen, phosphorus and silicon. 

• Because of usage, nutrients are scarce at the 
surface and their concentrations are 
measured in parts per million (ppm). 

• Concentration of nutrients vary greatly over 
time and because of this they are considered 
a nonconservative property of the sea. 
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Solutes in water: Nutrients and Organics 

Marine organic compounds occur in low 
concentrations and consist of  large complex 
molecules, such as fat, proteins, carbohydrates, 
hormones and vitamins, produced by 
organisms or through decay. 



In order of decreasing abundance the 
major gases in the sea are nitrogen, 
oxygen, carbon dioxide and the noble 
gases, argon (Ar), neon (Ne) and helium 
(He). 

• Nitrogen and the noble gases are considered to be inert because they are 
chemically non-reactive. 
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Solutes in water: Gases and Trace elements 

Trace elements occur in minute quantities 
and are usually measured in parts per 
million (ppm) or parts per billion (ppb).  

• Even in small quantities they are important in either promoting life or killing it. 



Salinity is the total mass, expressed in grams, of all 
substances dissolved in one kilogram of sea water when all 
carbonate has been converted to oxide, all bromine and 
iodine has been replaced by chlorine and all organic 
compounds have been oxidized at a temperature of 480oC. 

• Principle of constant proportion states that the absolute 
amount of salt in sea water varies, but the relative 
proportions of the ions is constant. 

• Because of this principle, it is necessary to test for only one salt ion, usually 
chlorine, to determine the total amount of salt present.  

• Chlorinity is the amount of halogens (Cl, Br, I and Fl) in the 
sea water and is expressed as grams/kilogram or ‰. 

• Salinity is equal to 1.8065 times chlorinity. 

• Salinometers determine salinity from the electrical 
conductivity produced by the dissolved salts. 
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Salinity in the ocean is in a steady-state condition 
because the amount of salt added to the ocean (input 
from source) equals the amount removed (output into 
sinks). 

• Salt sources include weathering of rocks on land and the 
reaction of lava with sea water. 

• Weathering mainly involves the chemical reaction between rock and acidic 
rainwater, produced by the interaction of carbon dioxide and rainwater forming 
carbonic acid. 

• Salt sinks include the following: 

– Evaporation removes only water molecules. 

• Remaining water becomes increasingly saline, eventually producing a salty brine. 

• If enough water evaporates, the brine becomes supersaturate and salt deposits 
begin to precipitate forming evaporite minerals. 

– Wind-blown spray carries minute droplets of saltwater inland. 

– Adsorption of ions onto clays and some authigenic minerals. 

– Shell formation by organisms. 
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Addition of salt modifies the properties of water. 

• Pure water freezes at 0oC. Adding salt increasingly lowers the 
freezing point because salt ions interfere with the formation of 
the hexagonal structure of ice. 

• Density of water increases as salinity increases. 

• Vapor pressure is the pressure exerted by the gaseous phase 
on the liquid phase of a material. It is proportional to the 
amount of material in the gaseous phase. 

• Vapor pressure decreases as salinity increases because salt ions reduce the 
evaporation of water molecules. 
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The solubility and saturation value for gases in sea water 
increase as temperature and salinity decrease and as 
pressure increases. 

• Solubility is the ability of something to be dissolved and go into 
solution. 

• Saturation value is the equilibrium amount of gas dissolved in 
water at an existing temperature, salinity and pressure. 

– Water is undersaturated when under existing conditions it has the capacity to 
dissolve more gas. Gas content is below the saturation value. 

– Water is saturated when under existing conditions it contains as much dissolved 
gas as it can hold in equilibrium. Gas content is at saturation value. 

– Water is supersaturated when under existing conditions it contains more 
dissolved gas than it can hold in equilibrium. Gas content is above saturation 
value and excess gas will come out of solution. 

• The surface layer is usually saturated in atmospheric gases 
because of direct exchange with the atmosphere. 

• Below the surface layer, gas content reflects relative importance 
of respiration, photosynthesis, decay and gases released from 
volcanic vents. 
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Oxygen tends to be abundant in the surface layer and deep 
layer bottom, but lowest in the pycnocline. 

• Surface layer is rich in oxygen because of photosynthesis 
and contact with the atmosphere. 

• Oxygen minimum layer occurs at about 150 to 1500m 
below the surface and coincides with the pycnocline. 

– Sinking food particles settle into this layer and become suspended in 
place because of the greater density of the water below. 

– The food draws large numbers of organisms which respire, consuming 
oxygen.  

– Decay of uneaten material consumes additional oxygen. 

– Density difference prevents mixing downward of oxygen-rich water 
from the surface or upwards from the deep layer. 

• The deep layer is rich in oxygen because its water is 
derived from the cold surface waters which sank (convect) 
to the bottom. Consumption is low because there are fewer 
organisms and less decay consuming oxygen. 

• Anoxic waters contain no oxygen and are inhabited by 
anaerobic organisms (bacteria). 
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Carbon dioxide is of major importance in 
controlling acidity in the sea water. 

• Major sources of carbon dioxide are 
respiration and decay. 

• Major sinks are photosynthesis and 
construction of carbonate shells. 

• Carbon dioxide controls the acidity of sea 
water. 

–  A solution is acid if it has excess H+ (hydrogen) ions 
and is a base if it has excess OH- (hydroxyl) ions. 

– pH measures how acid or base water is. 

• - pH of 0 to 7 is acid. 

• - pH of 7 is neutral. 

• - pH of 7 to 14 is base. 
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– pH is related to the amount of CO2 dissolved in water because it 
combines with the water to produce carbonic acid which releases H+ 
ions.  

• CO2 + H2O  H2CO3  H+ + HCO3
- H+ + CO3

-2 

– H2CO3 is carbonic acid, HCO3
- is the bicarbonate ion and CO3

-2 is the 
carbonate ion. 

– Changing the amount of CO2 shifts the reaction to either the right or 
left of the equation. 

• Adding CO2 shifts the reaction to the right and produces more H+ ions 
making the water more acid. 

• Removing CO2 shifts the reaction to the left, combining H+ ions with 
carbonate and bicarbonate ions reducing the acidity. 

– Dissolved CO2 in water acts as a buffer, a substance that prevents 
large shifts in pH. 

– Dissolution of carbonate shells in deep water results because cold 
water under great pressure has a high saturation value for CO2 and 
the additional CO2 releases more H+ ions making the water acid. 

– Warm, shallow water is under low pressure, contains less dissolved 
CO2 and is less acidic. Carbonate sediments are stable and do not 
dissolve. 
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THE OCEANS AS A 

BIOGEOCHEMICAL 

SYSTEM 

Biochemical recycling of 

matter. Inorganic 

nutrients are converted 

into food by plant 

photosynthesis in the 

surface-water layer of the 

ocean. Animals eat plants 

and one another. When 

plants and animals die, 

their organic matter 

settles through the water 

column, where it is 

converted into simple 

nutrients by bacterial 

decomposition. This 

nutrient-charged water is 

then returned slowly to 

the surface by upwelling 

currents, completing the 

bio-chemical recycling of 

key nutrients.  


