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Phases and Classification of Matter
Contents

e Describe the basic properties of each physical
state of matter: solid, liquid, and gas

e Distinguish between mass and weight

 Apply the law of conservation of matter

e Classify matter as an element, compound,
homogeneous mixture, or heterogeneous mixture
with regard to its physical state and composition

e Define and give examples of atoms and molecules
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Matter is defined as anything that occupies space and has mass,
and it is all around us. Solids and liquids are more obviously
matter: We can see that they take up space, and their weight
tells us that they have mass. Gases are also matter; if gases did
not take up space, a balloon would not inflate (increase its
volume) when filled with gas. Solids, liquids, and gases are the
three states of matter commonly found on earth (Figure 1). A
solid is rigid and possesses a definite shape. A liquid flows and
takes the shape of its container, except that it forms a flat or
slightly curved upper surface when acted upon by gravity. (In
zero gravity, liquids assume a spherical shape.) Both liquid and
solid samples have volumes that are very nearly independent of
pressure. A gas takes both the shape and volume of its
container.
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Figure one: Types of Matter



A fourth state of matter, plasma, occurs naturally in the interiors of stars. A plasma is
a gaseous state of matter that contains appreciable numbers of electrically charged
particles (Figure 2). The presence of these charged particles imparts unique properties
to plasmas that justify their classification as a state of matter distinct from gases. In
addition to stars, plasmas are found in some other high-temperature environments
(both natural and man-made), such as lightning strikes, certain television screens, and
specialized analytical instruments used to detect trace amounts of metals.
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Classifying Matter

Matter can be classified into several categories. Two broad categories are mixtures
and pure substances. A pure substance has a constant composition. All specimens of
a pure substance have exactly the same makeup and properties. Any sample of
sucrose (table sugar) consists of 42.1% carbon, 6.5% hydrogen, and 51.4% oxygen by
mass. Any sample of sucrose also has the same physical properties, such as melting
point, color, and sweetness, regardless of the source from which it is isolated.

Pure substances may be divided into two classes: elements and compounds. Pure
substances that cannot be broken down into simpler substances by chemical changes
are called elements. Iron, silver, gold, aluminum, sulfur, oxygen, and copper are
familiar examples of the more than 100 known elements, of which about 90 occur
naturally on the earth, and two dozen or so have been created in laboratories.



Classifying Matter
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Classifying Matter

The properties of combined elements are different from those in the free, or
uncombined, state. For example, white crystalline sugar (sucrose) is a compound
resulting from the chemical combination of the element carbon, which is a black solid
in one of its uncombined forms, and the two elements hydrogen and oxygen, which
are colorless gases when uncombined. Free sodium, an element that is a soft, shiny,
metallic solid, and free chlorine, an element that is a yellow-green gas, combine to
form sodium chloride (table salt), a compound that is a white, crystalline solid.

A mixture is composed of two or more types of matter that can be present in varying
amounts and can be separated by physical changes, such as evaporation.

A mixture with a composition that varies from point to point is called a heterogeneous
mixture. Italian dressing is an example of a heterogeneous mixture (Figure 3). Its
composition can vary because it may be prepared from varying amounts of oil,
vinegar, and herbs. It is not the same from point to point throughout the mixture—
one drop may be mostly vinegar, whereas a

different drop may be mostly oil or herbs because the oil and vinegar separate and the
herbs settle. Other examples of heterogeneous mixtures are chocolate chip cookies
(we can see the separate bits of chocolate, nuts, and cookie dough) and granite (we
can see the quartz, mica, feldspar, and more).
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Classifying Matter

(&) (o)
Figure 3: (a) Oil and vinegar salad dressing is a heterogeneous mixture because its
composition is not uniform throughout. (b) A commercial sports drink is a homogeneous
mixture because its composition is uniform throughout.

Matter
No Does it have constant Yes
propertes and compostion?
Mixture Pure substance
1% it uniforrn No Can it be sunplmed Yes
throughout? cherically?
Heterogeneous [ Homogeneous Element [ Compound

Depending on its properties, a given substance can be classified as a homogeneous
Fﬂixture, a heterogeneous mixture, a compound, or an element.
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Atoms and Molecules

An atom is the smallest particle of an element that has the properties of that element
and can enter into a chemical combination. Consider the element gold, for example.
Imagine cutting a gold nugget in half, then cutting one of the halves in half, and
repeating this process until a piece of gold remained that was so small that it could
not be cut in half (regardless of how tiny your knife may be). This minimally sized

piece of gold is an atom (Figure 4). This atom would no longer be gold if it were
divided any further.
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Figure 4: (a) This photograph shows a gold nugget. (b) A scanning-tunneling microscope
(STM) can generate views of the surfaces of solids, such as this image of a gold crystal.
Each sphere represents one gold atom.
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Atoms and Molecules
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Atoms and Molecules

An atom is so light that its mass is also difficult to imagine. A billion lead atoms
(1,000,000,000 atoms) weigh about 3 x 10713 grams, a mass that is far too light to be
weighed on even the world’s most sensitive balances. It would require over
300,000,000,000,000 lead atoms (300 trillion, or 3 x 101%) to be weighed, and they
would weigh only 0.0000001 gram.
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The elements hydrogen, oxygen, phosphorus, and sulfur form molecules consisting of
two or more atoms of the same element. The compounds water, carbon dioxide, and
glucose consist of combinations of atoms of different elements.
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Atoms and Molecules
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Atoms and Molecules

Valer Hydrogern Qe
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The decomposition of water is shown at the macroscopic, microscopic, and symbolic
levels. The battery provides an electric current (microscopic) that decomposes water. At
the macroscopic level, the liquid separates into the gases hydrogen (on the left) and

oxygen (on the right). Symbolically, this change is presented by showing how liquid H.O
separates into H.and O:gases.
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Atoms and Molecules
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