
WATER PROPERTIES  

 

The States of Water 

 
Water has three states. Below freezing water is a solid (ice or snowflakes), between freezing and 

boiling water is a liquid, and above its boiling point water is a gas.  

 

There are words scientists use to describe water changing from one state to another. Water 

changing from solid to liquid is said to be melting. When it changes from liquid to gas it is 

evaporating. Water changing from gas to liquid is called condensation (An example is the 'dew' 

that forms on the outside of a glass of cold soda). Frost formation is when water changes from gas 

directly to solid form. When water changes directly from solid to gas the process is called 

sublimation.  

 
 

  

Gas Liquid Solid 

Most liquids contract (get smaller) when they get colder. Water is different. Water contracts until it 

reaches 4 C then it expands until it is solid. Solid water is less dense that liquid water because of 

this.  

 

If water worked like other liquids, then there would be no such thing as an ice berg, the ice in your 

soft drink would sink to the bottom of the glass, and ponds would freeze from the bottom up! 

Water is found on Earth in all three forms. This is because Earth is a very special planet with just the 

right range of temperatures and air pressures. Earth is said to be at the triple point for water. 

 

 

http://www.crseo.ucsb.edu/IOM2/Triple_Point.html


Adhesion and Cohesion 

Water is attracted to other water. This is called 

cohesion. Water can also be attracted to other 

materials. This is called adhesion.  
  

The oxygen end of water has a negative charge and the hydrogen end has 

a positive charge. The hydrogens of one water molecule are attracted to the 

oxygen from other water molecules. This attractive force is what gives water 

its cohesive and adhesive properties. 

 

 

Surface Tension 

Surface tension is the name we give to the cohesion of water molecules at the surface of a body 

of water.  
 

Try this at home: place a drop of water onto a piece of wax paper. Look closely at the drop. What 

shape is it? Why do you think it is this shape? 
 

What is happening? Water is not attracted to wax paper (there is no adhesion between the drop 

and the wax paper). Each molecule in the water drop is attracted to the other water molecules in 

the drop. This causes the water to pull itself into a shape with the smallest amount of surface area, 

a bead (sphere). All the water molecules on the surface of the bead are 'holding' each other 

together or creating surface tension. 
 

 
 

Surface tension allows water striders to 'skate' across the top of a pond. You can experiment with 

surface tension. Try floating a pin or a paperclip on the top if a glass of water. A metal pin or paper 

clip is heavier than water, but because of the surface tension the water is able to hold up the 

metal. 

 

Capillary Action 

Surface tension is related to the cohesive properties of water.  
 

Capillary action however, is related to the adhesive properties of 

water.  
 

You can see capillary action 'in action' by placing a straw into a 

glass of water. The water 'climbs' up the straw.  
 

What is happening is that the water molecules are attracted to the straw molecules. When one 

water molecule moves closer to the straw molecules the other water molecules (which are 

cohesively attracted to that water molecule) also move up into the straw.  
 

Capillary action is limited by gravity and the size of the straw. The thinner the straw or tube the 

higher up capillary action will pull the water.   
 

Plants take advantage of capillary action to pull water into themselves. From the roots water is 

drawn through the plant by another force, transpiration.  

 

 



Water as a solvent 

Water is also a good solvent due to its polarity. Substances that will mix well and dissolve in water 

(e.g. salts) are known as hydrophilic ("water-loving") substances, while those that do not mix well 

with water (e.g. fats and oils), are known as hydrophobic ("water-fearing") substances.  
 

The ability of a substance to dissolve in water is determined by whether or not the substance can 

match or better the strong attractive forces that water molecules generate between other water 

molecules. If a substance has properties that do not allow it to overcome these strong 

intermolecular forces, the molecules are "pushed out" from the water, and do not dissolve.  
 

When an ionic or polar compound enters water, it is surrounded by water molecules (Hydration). 

The relatively small size of water molecules typically allows many water molecules to surround one 

molecule of solute. The partially negative dipole ends of the water are attracted to positively 

charged components of the solute, and vice versa for the positive dipole ends. 
 

In general, ionic and polar substances such as acids, alcohols, and salts are relatively soluble in 

water, and non-polar substances such as fats and oils are not. Non-polar molecules stay together 

in water because it is energetically more favorable (uses less energy) for the water molecules to 

hydrogen bond to each other than to engage in van der Waals interactions with non-polar 

molecules. 

 

Density of water and ice 

The density of water is approximately one 

gram per cubic centimeter. More precisely, it 

is dependent on its temperature.  When 

cooled from room temperature liquid water 

becomes increasingly dense, just like other 

substances.  
 

But at approximately 4 °C, pure water 

reaches its maximum density.  
 

As it is cooled further, it expands to become 

less dense. This unusual negative thermal 

expansion is attributed to strong, orientation-

dependent, intermolecular interactions. 
 

The solid form of most substances is denser 

than the liquid phase; thus, a block of most 

solids will sink in the liquid.  
 

However, a block of ice floats in liquid water 

because ice is less dense. Upon freezing, the 

density of water decreases by about 9%. The 

reason for this is the 'cooling' of 

intermolecular vibrations allowing the 

molecules to form steady hydrogen bonds 

with their neighbors and thereby gradually locking into positions reminiscent of the hexagonal 

packing achieved upon freezing to ice.  
 

These properties of water have important consequences in its role in the ecosystem of Earth. Water 

at a temperature of 4 °C will always accumulate at the bottom of fresh water lakes, irrespective of 

the temperature in the atmosphere. Since water and ice are poor conductors of heat (good 

insulators) it is unlikely that sufficiently deep lakes will freeze completely, unless stirred by strong 

currents that mix cooler and warmer water and accelerate the cooling. In warming weather, 

Density of liquid water 

Temp (°C) Density (kg/m3)[17][18] 

+100 958.4 

+80 971.8 

+60 983.2 

+40 992.2 

+30 995.6502 

+25 997.0479 

+22 997.7735 

+20 998.2071 

+15 999.1026 

+10 999.7026 

+4 999.9720 

0 999.8395 

−10 998.117 

−20 993.547 

−30 983.854 

The values below 0 °C refer to supercooled water. 
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chunks of ice float, rather than sink to the bottom where they might melt extremely slowly. These 

phenomena thus may help to preserve aquatic life. 

 

Density of saltwater and ice 

 

The density of water is dependent on the dissolved salt 

content as well as the temperature of the water. Ice still 

floats in the oceans, otherwise they would freeze from the 

bottom up. However, the salt content of oceans lowers the 

freezing point by about 2 °C and lowers the temperature of 

the density maximum of water to the freezing point.  
 

This is why, in ocean water, the downward convection of 

colder water is not blocked by an expansion of water as it 

becomes colder near the freezing point. The oceans' cold 

water near the freezing point continues to sink. For this 

reason, any creature attempting to survive at the bottom of 

such cold water as the Arctic Ocean generally lives in water 

that is 4 °C colder than the temperature at the bottom of 

frozen-over fresh water lakes and rivers in the winter. 
 

In cold countries, when the temperature of the ocean 

reaches 4°C, the layers of water near the top in contact with 

cold air continue to lose heat energy and their temperature 

falls below 4°C. On cooling below 4°C, these layers do not sink but may rise up as water has a 

maximum density at 4°C. (Refer: Polarity and hydrogen bonding ) Due to this, the layer of water at 

4°C remains at the bottom and above this layers of water 3°C, 2°C, 1°C and 0°C are formed. Since 

ice a poor conductor of heat, it does not allow heat energy from the water beneath the layer of 

ice which prevents the water freezing. Thus, aquatic creatures survive in such places. 
 

As the surface of salt water begins to freeze (at −1.9 °C for normal salinity seawater, 3.5%) the ice 

that forms is essentially salt free with a density approximately equal to that of freshwater ice. This 

ice floats on the surface and the salt that is "frozen out" adds to the salinity and density of the 

seawater just below it, in a process known as brine rejection.  

 
 

This denser saltwater 

sinks by convection and 

the replacing seawater 

is subject to the same 

process. This provides 

essentially freshwater ice 

at −1.9 °C on the 

surface. The increased 

density of the seawater 

beneath the forming ice 

causes it to sink towards 

the bottom. On a large 

scale, the process of 

brine rejection and sinking cold salty water results in ocean currents forming to transport such 

water away from the Poles. One potential consequence of global warming is that the loss of Arctic 

and Antarctic ice could result in the loss of these currents as well, which could have unforeseeable 

consequences on near and distant climates. 

http://en.wikipedia.org/wiki/Arctic_Ocean
http://en.wikipedia.org/wiki/Fresh_water
http://en.wikipedia.org/wiki/Surface
http://en.wikipedia.org/wiki/Seawater
http://en.wikipedia.org/wiki/Salinity
http://en.wikipedia.org/wiki/Brine
http://en.wikipedia.org/wiki/Global_warming

