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• Describe the structure of Earth and the 

regions of Earth’s surface. (12.1)

• List the most abundant elements in Earth’s 

crust. (12.1)

• Describe the arrangement of silicate 

tetrahedra in common silicate minerals. (12.2)

• Describe how glass differs in structure from 

other silicates. (12.2)

Learning Objectives 
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• List the most important metals with their 

principal ores, and explain how they are 

extracted. (12.3)

• Describe some of the environmental costs 

associated with metal production. (12.3)

• List the main components of solid 

waste. (12.4)

• Name and describe the three Rs of 

garbage. (12.4)

Learning Objectives 
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• Identify the green chemistry principles that 

can guide the determination of which 

metal, Fe or Al, is greener.

• Describe how recycling supports 

sustainable use of natural resources.

Learning Objectives 
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Spaceship Earth: Materials Manifest

Earth is divided into three main regions:

1. The core is largely iron and nickel and is not 

accessible.

2. The mantle consists of silicates and a 

variety of metals.

3. The crust is the outer shell of Earth. The 

lithosphere is the land masses, the 

hydrosphere makes up the water, and the 

atmosphere is the air surrounding Earth.
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Spaceship Earth: Materials Manifest
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Spaceship Earth: Materials Manifest
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The Lithosphere: Organic and Inorganic

The inorganic portion of the lithosphere is 

composed of rocks and minerals.
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The Lithosphere: Organic and Inorganic

The organic portion of the lithosphere 

includes the living organisms, their waste and 

decomposition products, and their fossilized 

remains (including petroleum products). 

These organic materials contain carbon, as 

well as elements such as hydrogen, oxygen, 

and nitrogen.
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Meeting Our Needs: From Sticks to Bricks

Throughout human history, our existence has 

depended on our ability to extract from Earth 

materials to sustain and enrich our lives. Much 

of science is devoted to the development of 

knowledge and technology for extracting and 

developing materials to enhance our existence.
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Silicates and the Shapes of Things
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Quartz is silicon dioxide 
(SiO2). Silicon dioxide is 
a macromolecular 
substance composed of 
oxygen-linked silicon in 
a tetrahedral array. The 
ratio of oxygen to silicon 
is 2:1.

Silicates and the Shapes of Things



Instructor’s Resource Materials (Download only) for Chemistry for Changing Times, 14/e

John W. Hill, Terry W. McCreary

© 2016 Pearson Education, Inc.

Quartz is pure silicon dioxide (SiO2).

Silicates and the Shapes of Things
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Micas are composed of SiO4 tetrahedra 
arranged in a two-dimensional, 
sheetlike array.

Silicates and the Shapes of Things
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The term asbestos applies to a variety of 

fibrous silicates. The best known is 

chrysotile, which is a magnesium silicate. 

Silicates and the Shapes of Things
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Ceramics are clays (aluminum silicates) 

that have been shaped and fired to a hard, 

durable material. Ceramic research has led 

to some amazing new materials.

 

Modified Silicates: Ceramics, Glass, 

and Cement
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Glass is a noncrystalline solid. It was first made in 

ancient Egypt by heating sand, sodium carbonate 

(Na2CO3), and limestone (CaCO3).

The properties of glass can be varied by adding or 

replacing certain components.

Modified Silicates: Ceramics, Glass, 

and Cement
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Modified Silicates: Ceramics, Glass, 

and Cement
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Cement and Concrete

Cement is a complex mixture of calcium and 
aluminum silicates. Raw materials of limestone 
(CaCO3) and clay (aluminum silicates) are 
mixed and heated to high temperature. The 
resulting material is called clinker. Clinker is 
ground to a fine powder and mixed with 
gypsum (CaSO4). The resulting cement is then 
mixed with aggregate (sand and gravel) and 
water. When it cures (hardens), it is known 
as concrete. 

Modified Silicates: Ceramics, Glass, 

and Cement
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Cement and Concrete

To make Portland cement, the ground 
limestone and clay are heated in a kiln to 
about 1500 °C before mixing with sand, 
gravel, and water to form concrete.

Modified Silicates: Ceramics, Glass, 

and Cement
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Human history is often defined by our ability 

to extract useful materials and minerals from 

Earth. For example, we use the terms Stone 

Age, Bronze Age, and Iron Age. Each of 

these “ages” has been defined by our ability 

to develop the technology to extract 

materials and make useful tools for our lives.

Metals and Ores
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Copper is sometimes found in the native 

(uncombined) state. It was the first metal to 

be won from its ore by smelting techniques.

Metals and Ores
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Bronze is an alloy of copper with about 

10% tin. It is harder than copper and could be 

used for many useful tools.

Metals and Ores
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Iron is produced from iron ores using high-
temperature furnaces, such as blast furnaces.

In the furnace, coke (C) is converted to carbon 
monoxide:  

  2 C(s)  +  O2(g)  →  2 CO(g)

Then the carbon monoxide reduces the iron 
oxide to molten iron:

 Fe2O3(s)  +  3 CO(g)  →  2 Fe(l)  +  3 CO2(g)

Metals and Ores
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Basic Oxygen Furnace

Pure oxygen is blown into a mix of blast 

furnace iron and scrap iron. Powdered 

limestone is added to the top of the furnace.  

Metals and Ores
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Iron and Steel

Limestone is added to the furnace to combine 
with silicate impurities in the ore to form slag.

The molten iron drawn off the bottom of the 
furnace is known as pig iron, and when 
solidified, it is known as cast iron.

Cast iron is brittle and must be alloyed with 
carbon to form steel.

Steel can be alloyed with other metals to 
achieve desired properties.  

Metals and Ores
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Iron and Steel

Metals and Ores
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Aluminum is the most abundant metal in 

Earth’s crust. Its principal ore is bauxite 

(impure aluminum oxide). Al2O3 is extracted 

from its impurities with a strong base, and 

then electricity is passed through the molten 

oxide to produce molten aluminum metal. 

Aluminum production is extremely energy 

intensive.

  2 Al2O3(l)  →  4 Al(l)  +  3 O2(g)

Metals and Ores
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Other Important Metals

Metals and Ores
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At one time, many metals were available as 

native materials or high-grade ores.  

High-grade ores are disappearing, and the 

demand for metals has not diminished.  

Lower- and low-grade ores are now being 

mined and smelted at increased economic 

and environmental cost. 

Earth’s Dwindling Resources
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The oceans are one possible source of metals 

in the future.

Earth’s Dwindling Resources
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Municipal solid wastes (MSWs) are the by-

products of our modern world.

Land Pollution: Solid Wastes
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Currently in the United States 30% of MSWs 

is recovered and recycled or composted, 14% 

is incinerated, and 56% is disposed of in 

sanitary landfills.

Land Pollution: Solid Wastes
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Reducing the amount of disposable materials 

is the best way of dealing with solid waste. 

Reusing materials both saves energy for 

production of new materials and alleviates 

disposal concerns. 

Recycling reduces waste volume, but there is 

an energy cost.

The Three Rs of Garbage:  Reduce, Reuse, 

and Recycle
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Each day, 200,000 more people are born than 

die. Scientific advances have reduced the 

death rate and done little to reduce the birth 

rate. The United Nations estimates a world 

population of 9.0 billion people by the middle 

of the twenty-first century.

How Crowded Is Our Spaceship?
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