Water: The Miracle Molecule

Water is a colorless, odorless, tasteless molecule that exists in nature as a solid, a liquid, and a gas. 

Molecularly, water (H20) is a covalent compound. This means that the valence electrons of two hydrogen atoms and one oxygen atom are shared. If the atoms in a compound have equal electronegativity - that is, an equal pull on the shared electrons, the compound has no charged regions and is called a nonpolar covalent compound. 

However, if one atom in the molecule is highly electronegative, then the resultant compound has an uneven sharing of electrons and is called a polar covalent compound. Oxygen is a very electronegative element. When it combines with hydrogen to make water, the oxygen atom pulls electrons away from the hydrogen atoms and towards itself, producing a polar covalent bond. As a consequence of this unequal sharing, there are negative and positive regions in the water molecule. The oxygen end of the molecule with its "extra" electrons becomes slightly negatively charged and the hydrogen end of the molecule becomes slightly positively charged. Because of these polar characteristics, the positive end of one water molecule is attracted to the negative end of another water molecule. This weak attraction is called a hydrogen bond.
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Water is a solvent.
It can dissolve any ionic or polar covalent compound. The charged regions on the water molecule are attracted to the opposite charges on ionic and polar covalent compounds. Individual water molecules surround individual solute molecules separating them from each other and dispersing them equally throughout the water. When this occurs, the compound is said to be dissolved. The water is the solvent and the compound is the solute. The ability of water to act as a solvent allows for the making of solutions ranging from salty seas to DNA rich cells.
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Ice floats.
Usually molecules are tightly packed as solids, more loosely packed as liquids and very loosely associated as gases. As such, the density or mass per unit volume is greatest in the solid state. 

Water, however, is unusual. As the liquid water cools, a maximum number of hydrogen bonds form, producing a crystal lattice. The ice crystal geometric pattern takes up more space than does liquid water. Water, therefore, is denser as a liquid than it is as a solid. Because of this, less dense ice floats on liquid water. 
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Water is cohesive and has surface tension.
The hydrogen bonds that form between water molecules cause water to act as a single aggregate. Because of this, a bucket of water acts like one giant molecule. The result of this attraction is cohesion. 
At the boundary between water and air, surface tension is produced. This characteristic occurs because there is no attraction between water and air allowing the cohesive water molecules to produce a somewhat unified surface. 

Because of the twin characteristics of cohesion and surface tension, water bugs can skate across the surface of a pond. 

Water is adhesive.
Water molecules are attracted to a surface that has on it groups of charged atoms or molecules. This force explains how water makes things wet. We become wet when water spreads over our skin in a thin film. This means that we have charged molecules on our skin. A waxed car does not have any charged atoms or molecules on its surface. That's why water beads up on it. In the paper towel demonstration, water is absorbed through a combination of cohesion and adhesion.
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