Water

Water is an inorganic, transparent, tasteless, odourless, and nearly colourless
chemical substance, which is the main constituent of Earth's hydrosphere and the
fluids of all known living organisms. It is vital for all known forms of life, even
though it provides no calories or organic nutrients. Its chemical formula is H,0,
meaning that each of its molecules contains one oxygen and two hydrogen atoms,
connected by covalent bonds.

"Water" is the name of the liquid state of H,O at standard ambient temperature
and pressure. It forms precipitation in the form of rain and aerosols in the form of
fog. Clouds are formed from suspended droplets of water and ice is its solid state.
When finely divided, crystalline ice may precipitate in the form of snow. The
gaseous state of water is steam or water vapour. Water moves continually through
the water cycle of evaporation, transpiration (evapotranspiration), condensation,
precipitation, and runoff, usually reaching the sea.

Water covers 71% of the Earth's surface, mostly in seas and oceans. Small
portions of water occur as groundwater (1.7%), in the glaciers and the ice caps of
Antarctica and Greenland (1.7%), and in the air as vapour, clouds (formed of ice
and liquid water suspended in air), and precipitation (0.001%).

Water plays an important role in the world economy. Approximately 70% of the
freshwater used by humans goes to agriculture. Fishing in salt and fresh water
bodies is a major source of food for many parts of the world. Much of the long-
distance trade of commodities (such as oil, natural gas, and manufactured
products) is transported by ships and boats through seas, rivers, lakes, and canals.
Large quantities of water, ice, and steam are used for cooling and heating, in
industry and homes. Water is an excellent solvent for a wide variety of substances
both mineral and organic; as such it is widely used in industrial processes, and in
cooking and washing. Water, ice and snow are also central to many sports and
other forms of entertainment, such as swimming, pleasure boating, boat racing,
surfing, sport fishing, diving, ice skating and skiing.

Physical and Chemical properties of water

Water (H.O) is a polar inorganic compound that is a tasteless and odourless liquid
at room temperature, nearly colourless with a hint of blue. This simplest hydrogen
chalcogenide is by far the most studied chemical compound and is described as
the "universal solvent™ for its ability to dissolve many substances. This allows it
to be the "solvent of life". Water as found in nature almost always includes
various dissolved substances, and special steps are required to obtain chemically
pure water. Water is the only common substance to exist as a solid, liquid, and
gas in normal terrestrial conditions.



Along with oxidane, water is one of the two official names for the chemical
compound H0O; it is also the liquid phase of H,O. The other two common states
of matter of water are the solid phase, ice, and the gaseous phase, water vapour
or steam. The addition or removal of heat can cause phase transitions: freezing
(water to ice), melting (ice to water), vaporization (water to vapour),
condensation (vapour to water), sublimation (ice to vapour) and deposition
(vapour to ice).

Water differs from most liquids in that it becomes less dense as it freezes. In 1
atmospheric pressure, it reaches its maximum density of 1,000 kg/m?3 (62.43 Ib/cu
ft) at 3.98 °C (39.16 °F). The density of ice is 917 kg/m? (57.25 Ib/cu ft), an
expansion of 9%. This expansion can exert enormous pressure, bursting pipes
and cracking rocks. In a lake or ocean, water at 4 °C sinks to the bottom and ice
forms on the surface, floating on the liquid water. This ice insulates the water
below, preventing it from freezing solid. Without this protection, most aquatic
organisms would perish during the winter.

At a pressure of one atmosphere (atm), ice melts or water freezes at 0 °C (32 °F)
and water boils or vapour condenses at 100 °C (212 °F). However, even below
the boiling point, water can change to vapour at its surface by evaporation
(vaporization throughout the liquid is known as boiling). Sublimation and
deposition also occur on surfaces. For example, frost is deposited on cold surfaces
while snowflakes are formed by deposition on an aerosol particle or ice nucleus.
In the process of freeze-drying, a food is frozen and then stored at low pressure
so the ice on its surface sublimates. The melting and boiling points depend on
pressure.

Taste and Odour

Pure water is usually described as tasteless and odourless, although humans have
specific sensors that can feel the presence of water in their mouths, and frogs are
known to be able to smell it. However, water from ordinary sources (including
bottled mineral water) usually has many dissolved substances that may give it
varying tastes and odours. Humans and other animals have developed senses that
enable them to evaluate the potability of water by avoiding water that is too salty
or putrid.

Colour and Appearance

Pure water is visibly blue due to absorption of light in the region 600 nm - 800
nm. The colour can be easily observed in a glass of tap-water placed against a
pure white background, in daylight. The principal absorption bands responsible
for the colour are overtones of the O-H stretching vibrations. The apparent
intensity of the colour increases with the depth of the water column, following
Beer's law. This also applies, for example, with a swimming pool when the light



source is sunlight reflected from the pool's white tiles. In nature, the colour may
also be modified from blue to green due to the presence of suspended solids or
algae.

Aquatic plants, algae, and other photosynthetic organisms can live in water up to
hundreds of meters deep, because sunlight can reach them. Practically no sunlight
reaches the parts of the oceans below 1,000 meters (3,300 ft) of depth.

The refractive index of liquid water (1.333 at 20 °C (68 °F)) is much higher than
that of air (1.0), similar to those of alkanes and ethanol, but lower than those of
glycerol (1.473), benzene (1.501), carbon disulfide (1.627), and common types
of glass (1.4 to 1.6). The refraction index of ice (1.31) is lower than that of liquid
water.
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Water Molecule

In a water molecule, the hydrogen atoms form a 104.5° angle with the oxygen
atom. The hydrogen atoms are close to two corners of a tetrahedron centered on
the oxygen. At the other two corners are lone pairs of valence electrons that do



not participate in the bonding. In a perfect tetrahedron, the atoms would form a
109.5° angle, but the repulsion between the lone pairs is greater than the repulsion
between the hydrogen atoms. Other substances have a tetrahedral molecular
structure, for example, methane (CH,) and hydrogen sulphide (H.S). However,
oxygen is more electronegative (holds on to its electrons more tightly) than most
other elements, so the oxygen atom retains a negative charge while the hydrogen
atoms are positively charged. Along with the bent structure, this gives the
molecule an electrical dipole moment and it is classified as a polar molecule.
Water is a good polar solvent that dissolves many salts and hydrophilic organic
molecules such as sugars and simple alcohols such as ethanol. Water also
dissolves many gases, such as oxygen and carbon dioxide—the latter giving the
fizz of carbonated beverages, sparkling wines and beers. In addition, many
substances in living organisms, such as proteins, DNA and polysaccharides, are
dissolved in water. The interactions between water and the subunits of these bio
macromolecules shape protein folding, DNA base pairing, and other phenomena
crucial to life (hydrophobic effect). Many organic substances (such as fats and
oils and alkanes) are hydrophobic, that is, insoluble in water. Many inorganic
substances are insoluble too, including most metal oxides, sulfides, and silicates.

Hydrogen Bonding

Because of its polarity, a molecule of water in the liquid or solid state can form
up to four hydrogen bonds with neighbouring molecules. Hydrogen bonds are
about ten times as strong as the VVan der Waals force that attracts molecules to
each other in most liquids. This is the reason why the melting and boiling points
of water are much higher than those of other analogous compounds like hydrogen
sulfide. They also explain its exceptionally high specific heat capacity (about 4.2
J/g/K), heat of fusion (about 333 J/g), heat of vaporization (2257 J/g), and thermal
conductivity (between 0.561 and 0.679 W/m/K). These properties make water
more effective at moderating Earth's climate, by storing heat and transporting it
between the oceans and the atmosphere. The hydrogen bonds of water are around
23 kJ/mol (compared to a covalent O-H bond at 492 kJ/mol). Of this, it is
estimated that 90% is attributable to electrostatics, while the remaining 10% is
partially covalent.

These bonds are the cause of water's high surface tension and capillary forces.
The capillary action refers to the tendency of water to move up a narrow tube
against the force of gravity. This property is relied upon by all vascular plants,
such as trees.




Self-ionisation

Water is a weak solution of hydronium hydroxide - there is an equilibrium in
combination with solvation of the resulting hydronium ions.
2H,0 & H;0* + OH"

Electrical conductivity and electrolysis

Pure water has a low electrical conductivity, which increases with the dissolution
of a small amount of ionic material such as common salt. Liquid water can be
split into the elements hydrogen and oxygen by passing an electric current
through it—a process called electrolysis. The decomposition requires more
energy input than the heat released by the inverse process (285.8 kJ/mol, or 15.9
MJ/KQ).

Mechanical properties

Liquid water can be assumed to be incompressible for most purposes: its
compressibility ranges from 4.4 to 5.1 x 1071° Pa™! in ordinary conditions. Even
in oceans at 4 km depth, where the pressure is 400 atm, water suffers only a 1.8%
decrease in volume. The viscosity of water is about 1073 Pa-s or 0.01 poise at 20
°C (68 °F), and the speed of sound in liquid water ranges between 1,400 and 1,540
meters per second (4,600 and 5,100 ft/s) depending on temperature. Sound travels
long distances in water with little attenuation, especially at low frequencies
(roughly 0.03 dB/km for 1 kHz), a property that is exploited by Cetaceans and
humans for communication and environment sensing (sonar).

Reactivity

Metallic elements which are more electropositive than hydrogen, particularly the
alkali metals and alkaline earth metals such as lithium, sodium, calcium,
potassium and caesium displace hydrogen from water, forming hydroxides and
releasing hydrogen. At high temperatures, carbon reacts with steam to form
carbon monoxide and hydrogen.
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Water Molecule
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