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SECTION 1

OBJECTIVES

Distinguish between hetero-
geneous and homogeneous
mixtures.

List three different solute-
solvent combinations.

Compare the properties of
suspensions, colloids, and
solutions.

Distinguish between electro-
lytes and nonelectrolytes.

Types of Mixtures

I t is easy to determine that some materials are mixtures because you
can see their component parts. For example, soil is a mixture of sub-
stances, including small rocks and decomposed animal and plant 
matter. You can see this by picking up some soil in your hand and look-
ing at it closely. Milk, on the other hand, does not appear to be a mixture,
but in fact it is. Milk is composed principally of fats, proteins, milk sugar,
and water. If you look at milk under a microscope, it will look something
like Figure 1a. You can see round lipid (fat) droplets that measure from 
1 to 10 mm in diameter. Irregularly shaped casein (protein) particles that
are about 0.2 mm wide can also be seen. Both milk and soil are examples
of heterogeneous mixtures because their composition is not uniform.

Salt (sodium chloride) and water form a homogeneous mixture. The
sodium and chloride ions are interspersed among the water molecules,
and the mixture appears uniform throughout. A model for a homoge-
neous mixture such as salt water is shown in Figure 1b.

Solutions

Suppose a sugar cube is dropped into a glass of water. You know from
experience that the sugar will dissolve. Sugar is described as “soluble in
water.” By soluble we mean capable of being dissolved.

What happens as sugar dissolves? The lump gradually disappears as
sugar molecules leave the surface of their crystals and mix with water
molecules. Eventually all the sugar molecules become uniformly dis-
tributed among the water molecules, as indicated by the equally sweet
taste of any part of the mixture. All visible traces of the solid sugar are

Sodium
ion, Na+

Water 
molecule

Chloride ion, Cl−

(b) Homogeneous mixture—salt solution(a) Heterogeneous mixture—milk

FIGURE  1 (a) Milk
consists of visible parti-
cles in a nonuniform
arrangement. (b) Salt
water is an example of a
homogeneous mixture.
Ions and water mol-
ecules are in a random
arrangement.
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gone. Such a mixture is called a solution. A solution is a homogeneous
mixture of two or more substances in a single phase. In a solution, atoms,
molecules, or ions are thoroughly mixed, resulting in a mixture that has
the same composition and properties throughout.

Components of Solutions
In the simplest type of solution, such as a sugar-water solution, the par-
ticles of one substance are randomly mixed with the particles of anoth-
er substance. The dissolving medium in a solution is called the solvent,
and the substance dissolved in a solution is called the solute. The solute
is generally designated as that component of a solution that is of lesser
quantity. In the ethanol-water solution shown in Figure 2, ethanol is the
solute and water is the solvent. Occasionally, these terms have little
meaning. For example, in a 50%-50% solution of ethanol and water, it
would be difficult, and in fact unnecessary, to say which is the solvent
and which is the solute.

In a solution, the dissolved solute particles are so small that they can-
not be seen. They remain mixed with the solvent indefinitely, so long as
the existing conditions remain unchanged. If the solutions in Figure 2 are
poured through filter paper, both the solute and the solvent will pass
through the paper. The solute-particle dimensions are those of atoms,
molecules, and ions—which range from about 0.01 to 1 nm in diameter.

Types of Solutions
Solutions may exist as gases, liquids, or solids. Some possible solute-
solvent combinations of gases, liquids, and solids in solutions are sum-
marized in Table 1. In each example, one component is designated as
the solvent and one as the solute.

Many alloys, such as brass (made from zinc and copper) and sterling
silver (made from silver and copper), are solid solutions in which the
atoms of two or more metals are uniformly mixed. By properly choosing
the proportions of each metal in the alloy, many desirable properties
can be obtained. For example, alloys can have higher strength and
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Solute state Solvent state Example

Gas gas oxygen in nitrogen

Gas liquid carbon dioxide in water

Liquid liquid alcohol in water

Liquid solid mercury in silver and tin
(dental amalgam)

Solid liquid sugar in water

Solid solid copper in nickel
(Monel™ alloy)

TABLE 1 Some Solute-Solvent Combinations
for Solutions

FIGURE  2 The solute in a solu-
tion can be a solid, liquid, or 
gas. (a) The ethanol-water solution 
is made from a liquid solute in a 
liquid solvent. (b) The copper(II)
chloride–water solution is made
from a solid solute in a liquid solvent.
Note that the composition of each
solution is uniform.



greater resistance to corrosion than the pure metals. Pure gold (24K),
for instance, is too soft to use in jewelry. Alloying it with silver  and cop-
per greatly increases its strength and hardness while retaining its
appearance and corrosion resistance. Figure 3 shows a comparison
between pure gold and a gold alloy. 14-karat gold is a solution because
the gold, silver, and copper are evenly mixed at the atomic level.

Suspensions

If the particles in a solvent are so large that they settle out unless the
mixture is constantly stirred or agitated, the mixture is called a suspen-
sion. Think of a jar of muddy water. If left undisturbed, particles of soil
collect on the bottom of the jar. The soil particles are denser than the
solvent, water. Gravity pulls them to the bottom of the container.
Particles over 1000 nm in diameter—1000 times as large as atoms,
molecules, or ions—form suspensions. The particles in suspension can
be separated from heterogeneous mixtures by passing the mixture
through a filter.

Colloids

Particles that are intermediate in size between those in solutions and
suspensions form mixtures known as colloidal dispersions, or simply
colloids. Particles between 1 nm and 1000 nm in diameter may form col-
loids. After large soil particles settle out of muddy water, the water is
often still cloudy because colloidal particles remain dispersed in the
water. If the cloudy mixture is poured through a filter, the colloidal par-
ticles will pass through, and the mixture will remain cloudy. The parti-
cles in a colloid are small enough to be suspended throughout the
solvent by the constant movement of the surrounding molecules. The
colloidal particles make up the dispersed phase, and water is the dis-
persing medium. Examples of the various types of colloids are given in
Table 2. Note that some familiar terms, such as emulsion and foam, refer
to specific types of colloids. For example, mayonnaise is an emulsion of oil
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FIGURE  3 (a) 24-karat gold 
is pure gold. (b) 14-karat gold is an
alloy of gold with silver and 
copper. 14-karat gold is 14/24, or
58.3%, gold.

(a) 24 karat (b) 14 karat
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