All living organisms require a wide variety of inor-
ganic compounds for growth, repair, maintenance,
and reproduction. Water is one of the most important,
as well as one of the most abundant, of these com-
pounds, and it is particularly vital to microorganisms.
Outside the cell, nutrients are dissolved in water,
which facilitates their passage through cell mem-
branes. And inside the cell, water is the medium for
most chemical reactions. In fact, water is by far the
most abundant component of almost all living cells.
Water makes up at least 5-95% of every cell, on av-
erage between 65% and 75%. Simply stated, no or-
ganism can survive without water.

Water has structural and chemical properties that
make it particularly suitable for its role in living cells.
As we discussed, the total charge on the water mole-
cule is neutral, but the oxygen region of the molecule
has a slightly negative charge, and the hydrogen re-
gion has a slightly positive charge ( ). Any
molecule having such an unequal distribution of
charges is called a polar molecule. The polar nature
of water gives it four characteristics that make it a
useful medium for living cells.

First, every water molecule is capable of forming
four hydrogen bonds with nearby water molecules
( ). This property results in a strong attrac-
tion between water molecules. Because of this strong
attraction, a great deal of heat is required to separate
water molecules from each other to form water va-
por; thus, water has a relatively high boiling point
(100°C). Because water has such a high boiling point,
it exists in the liquid state on most of the Earth’s sur-
face. Furthermore, the hydrogen bonding between
water molecules affects the density of water, depend-
ing on whether it occurs as ice or a liquid. For exam-
ple, the hydrogen bonds in the crystalline structure of
water (ice) make ice take up more space. As a result,
ice has fewer molecules than an equal volume of liq-
uid water. This makes its crystalline structure less
dense than liquid water. For this reason, ice floats and
can serve as an insulating layer on the surfaces of
lakes and streams that harbor living organisms.

Second, the polarity of water makes it an excellent
dissolving medium, or solvent. Many polar sub-
stances undergo dissociation, or separation, into in-
dividual molecules in water—that is, they dissolve.
The negative part of the water molecules is attracted
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Hydrogen bond formation in water. (a) In a water
molecule, the electrons of the hydrogen atoms are strongly
attracted to the oxygen atom. Therefore, the part of the wa-
ter molecule containing the oxygen atom has a slightly nega-
tive charge, and the part containing hydrogen atoms has a
slightly positive charge. (b) In a hydrogen bond between
water molecules, the hydrogen of one water molecule is
attracted to the oxygen of another water molecule. Many
water molecules may be attracted to each other by hydrogen
bonds (black dots).

to the positive part of the molecules in the solute, or
dissolving substance, and the positive part of the wa-
ter molecules is attracted to the negative part of the
solute molecules. Substances (such as salts) that are
composed of atoms (or groups of atoms) held to-
gether by ionic bonds tend to dissociate into separate
cations and anions in water. Thus, the polarity of
water allows molecules of many different substances
to separate and become surrounded by water mole-
cules ( ).

Third, polarity accounts for water’s characteristic
role as a reactant or product in many chemical reac-
tions. Its polarity facilitates the splitting and rejoin-
ing of hydrogen ions (H") and hydroxide ions (OH).
Water is a key reactant in the digestive processes of
organisms, whereby larger molecules are broken
down into smaller ones. Water molecules are also
involved in synthetic reactions; water is an important
source of the hydrogen and oxygen that are incorpo-
rated into numerous organic compounds in living
cells.

Finally, the relatively strong hydrogen bonding
between water molecules (see ) makes wa-
ter an excellent temperature buffer. Compared with
many other substances, a given quantity of water



requires a great gain of heat to increase its tempera-
ture and a great loss of heat to decrease its tempera-
ture. Normally, heat absorption by molecules in-
creases their kinetic energy and thus increases their
rate of motion and their reactivity. In water, however,
heat absorption first breaks hydrogen bonds rather
than increasing the rate of motion. Therefore, much
more heat must be applied to raise the temperature of
water than to raise the temperature of a non-
hydrogen-bonded liquid. The reverse is true as water
cools. Thus, water more easily maintains a constant
temperature than other solvents and tends to protect a
cell from fluctuations in environmental temperatures.

Why is the polarity of water important?
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Figure 2 How water acts as a solvent for sodium chloride (NaCl). (a) The positively charged sodium ion (Na") is attracted to
the negative part of the water molecule. (b) The negatively charged chloride ion (CI') is attracted to the positive part of the
water molecule. In the presence of water molecules, the bonds between the Na” and CI” are disrupted, and the NaCl dissolves in

the water.




