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Water, the most abundant of all chemical compounds. Water is both an essential ingredient of 

all living organisms and a major component of the environment in which they live. It occurs 

naturally in three states: solid (ice or snow), liquid (water), and gas (water vapor or steam). 

Water and ice cover about 75% of the earth's surface, and water vapor is an important 

constituent of the atmosphere.  

Physical and Chemical Properties  

Water is an excellent solvent, a catalyst for many chemical reactions, a good storehouse for both 

heat and cold, and a poor electrical conductor when pure. The unique properties of water are 

based on its unusual structure in the liquid and solid states and on the polarity of its molecule.  

Structure of Water  

The Water Molecule.  

The water molecule consists of two hydrogen atoms and one oxygen atom (H2O). Its angular 

structure is shown in the figure below, left. The hydrogen atoms are about 1 angstrom unit (1 Å 

= 10
−8

 cm) away from the oxygen atom, bound to it by covalent bonds. 

Structure of the Water Molecule 

 

Each covalent bond is due to the mutual sharing of a pair of electrons between each hydrogen 
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and the oxygen. However, the sharing is unequal, because an oxygen atom is considerably more 

electronegative than a hydrogen atom. Thus the oxygen atom is able to pull both electron pairs 

much closer to it. As a result, the oxygen has a partial double negative charge, indicated in the 

figure by , and each hydrogen has a partial positive charge,  

Although the water molecule as a whole is electrically neutral, it is highly polar: that is, it has a 

negatively charged pole (at the oxygen atom) and a positively charged pole (centered between 

the hydrogens). The polarity results from the bent shape of the molecule and the distribution of 

electrical charges within it.  

Solid State: The Structure of Ice.  

There are eight known forms of solid water, or ice, each with a distinctive crystal structure. 

These forms are identified by the Roman numerals I through VIII. The oxygen atoms in 

ordinary ice are arranged in a tetrahedral pattern (see the accompanying illustration). As the 

diagram shows, each oxygen atom is attached by hydrogen bonds to four surrounding oxygen 

atoms from four other molecules. All of the oxygen atoms are about 2.8 Å apart. See also Ice. 

Tetrahedral Arrangement of Oxygen Atoms in Ice 

  

Gas State.  

The water molecules in the gas state—water vapor or steam—are so far apart that very little 

association occurs between them. Hence, gaseous water consists mostly of monomers—single 

independent H2O molecules. A few of the molecules are dimers, (H2O)—two H2O molecules 

joined together—and even fewer are trimers, (H2O)3.  

Liquid State.  

Over short distances, liquid water has an order that is similar to the overall order in the lattice of 

ice. Over greater distances, however, the ordering disappears, as in the gas phase. Liquid water 

consists of clusters or aggregates of H2O molecules—(H2O)n, where n represents the number of 

associated water molecules—perhaps about 40.  
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Phase Diagram  

The phase diagram of water represents the various pressure and temperature conditions in which 

all the phases of water can exist (see below, left). From the phase diagram it can be seen that ice 

I, the ordinary form of ice, exists at low temperatures and moderate pressures. Water vapor 

exists at low pressures and high temperatures. Liquid water occurs at pressures and emperatures 

intermediate between those for ice I and gaseous water. The other forms of ice, ice II and 

higher, can exist only at pressures in excess of 2000 atmospheres (atm).  

  

Point B is the normal boiling point of water, which is measured at a temperature of 100 °C at 1 

atm of pressure. Point M is the normal melting point (or freezing point) of ice I and occurs at 

0.000 °C at 1 atm.  

The critical point of water, Point C—the highest temperature at which gaseous water may be 

liquefied no matter how high the applied pressure—is 374.1 °C at 218.2 atm. Above this 

temperature, water vapor cannot be liquefied under any pressure.  

Point T is the triple point at which three phases—ice I, liquid, and gas—are all present in 

equilibrium with each other, at an assigned temperature of 0.01 °C occurring at a pressure of 



about 0.006 atm. Other triple points also exist on this phase diagram. For example, at point 0, 

ice I, ice III, and liquid water all coexist in equilibrium at −22.0 °C and 2045 atm.  

Curve TC, the boiling point curve, shows that as the external pressure decreases, the boiling 

point also decreases. For example, when the atmospheric pressure is 0.5 atm, water boils at 81.7 

°C (179 °F).  

The melting point of ordinary ice lies along the curve TO. The negative slope of this curve—

enlarged for clarity—shows that the melting point of ordinary ice decreases with increasing 

pressure. This is very unusual behavior for a solid. However, the melting point of ordinary ice is 

not very sensitive to pressure changes. An increase in pressure of about 100 atm will decrease 

the melting point of ice I by only 1 °C.  

The sublimation curve, TS, represents the temperature and pressure conditions under which 

ordinary ice can change directly to water vapor (sublimation) and the vapor can change directly 

to ice, bypassing the liquid state.  

Physical Properties  

Many anomalous physical properties of ordinary ice and liquid water can be explained by the 

high degree of hydrogen bonding in water. Properties associated with separation of the water 

molecules, such as viscosity, surface tension, boiling point, melting point, and heats of boiling 

and melting, have anomalously high values.  

The density of ordinary ice is less than that of liquid water—an extremely unusual property. 

This anomaly is due to the open structure of ordinary ice brought about by the hydrogen-

bonding network. As ice melts, about 15% of the hydrogen bonds break, causing the water 

molecules to become more closely packed and thus increasing the density. The density 

increases to a maximum value (0.999975 g/cm
3
) at 3.98 °C. Above that point the density 

decreases as the temperature increases—the usual behavior. The lower density of ordinary ice 

explains why it floats on water. The other forms of ice—ice II through ice VIII—are all denser 

than the liquid.  

Thermal Properties.  

The modern definition of the calorie (cal) is based on the Joule (J), a unit of energy: 

accordingly, 1 cal = 4.184 J (exactly). This value agrees closely with the previous definition of 

the calorie as the quantity of heat required to raise one gram of water from 14.5 to 15.5 °C at 

one atm. Hence, the specific heat capacity of water is 1.0 cal/gּ°C.  

When water undergoes a phase change, such as from ice to liquid or liquid to ice, heat is either 

absorbed or given off. The heat of fusion (or melting) of water at 0 °C is 80 cal/g. Thus, 80 cal 

of heat is needed to melt 1 gram of ice. Conversely, when 1 gram of liquid water freezes at 0 

°C, 80 cal are released. The heat of vaporization (or condensation) of water at 100 °C is 540 



cal/g. Hence, 540 cal are needed to convert 1 gram of liquid water to steam, and 540 cal are 

released when 1 gram of steam condenses at 100 °C. The heat of condensation is put to use in 

domestic and industrial steam heating systems.  

Water as a Solvent.  

Water is an excellent electrolytic solvent: it can easily dissolve many substances whose 

molecules contain ionic bonds. This property is due to the high dielectric constant of water, 78.3 

(at 25 °C) relative to 1 for a vacuum. Because of its high dielectric constant, water can reduce 

the attractive forces between the cations and the anions of salt that is dissolved in it by a factor 

of about 80.  

Electrical Properties.  

Pure water is a very poor conductor of electricity, because the concentration of the ions 

resulting from the autoionization of water—hydronium and hydroxide—is extremely small. 

However, water molecules can take into solution and dissociate into ions ionic (or electrolytic) 

and other solutes. This can greatly increase the concentration of ions, with a corresponding 

increase in the conductivity of the solution.  

Heavy Water.  

Heavy water, or deuterium oxide (D2O), is water whose molecules contain deuterium, a heavier 

isotope of hydrogen, instead of hydrogen.  

Chemical Properties  

Dissociation.  

Water may dissociate to hydrogen and oxygen gases by the reaction  

2H2O   2H2 + O2. 

 

However, water is thermally stable; it is only about 2% dissociated at 2000 °C.  

Autoionization.  

Water can ionize itself to a very small extent by the reaction  

2H2O   H3O
+
 + OH

−
. 

 



In pure water the amounts of hydronium ions (H3O
+
)—a hydrated hydrogen ion (H

+
) or 

proton—and hydroxide ions (OH
−
) are equal. Hence, pure water is neither acidic (having an 

excess of H3O
+
) nor basic (an excess of OH

−
). At 25°C, there are only one H3O

+
 ion and one 

OH
−
 ion for every 140 million H2O molecules.  

Acid-Base Reactions.  

Water is an amphoteric species, in that it can act as either an acid, a proton donor, or as a base, a 

proton acceptor. When hydrogen chloride gas is dissolved in water, water acts as a base: 

HCl(g)  +  H2O(l)  →  H3O
+
  +  Cl

–
 

                                                                   (base) 

 When ammonia gas is dissolved in water, it acts as an acid: 

  NH3(g)  +  H2O(l)     OH
–
  +  NH4

+
 

                                                                   (acid) 

 

Oxidation-Reduction Reactions.  

Water can act either as an oxidizing agent or as a reducing agent. For example, water can 

oxidize carbon to carbon monoxide, liberating hydrogen gas: 

C    +    H2O    →    CO    +    H2 

                                                            (oxidant) 

It may also reduce chlorine gas to hydrogen chloride, releasing oxygen gas: 

2Cl2    +    2H2O    →    4HCl    +    O2 

                                                           (reductant) 
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