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What Is Matter?

 Look around you. Everything you can see—from stars to dirty socks to 
washing machines and peanut shells—is made of “stuff” scientists call matter. 
Many things you can’t see—like air and swamp gas and the smells of perfume 

and dead �sh—are also made of matter. Each chunk of matter  has certain unique specific 
properties  that we can describe using our senses—things like color, size, texture, smell, taste, 
shape, hardness, and so forth. But all matter has two essential general properties: mass  and 
volume .
 Mass  refers to the amount of matter an object has. A pygmy hippopotamus has more 
mass than a hamster. Mass resists being moved. This resistance is called inertia . Try pushing 
both a hippo and a hamster, and you will �nd that the hippo has more inertia. Mass is typically 
measured in metric units called grams  (g) or kilograms  (kg) (See page 40). A pygmy hippo 
weighs about 230 kilograms (230,000 grams), whereas a hamster 
weighs about 600 grams. 
 Matter also takes up space. It has a certain volume . The 
volume of liquids is measured in milliliters  (ml) or liters  (L). The 
volume of solids is measured in cubic centimeters  (cm3). 1 ml is 
the same volume as 1 cm3.

  1.  Select two convenient, nearby objects. Let’s get wild and call them A and B. List �ve 
speci�c properties of each:

 A.:         

 B.:         

  2.  Which object has more mass? 
 
  3.  How do you know? 

  4.  Which object appears to have a greater volume? 

  5.  Will objects of larger mass always have more volume than objects of smaller mass?

  

 (Before you answer, think about matter in the form of Styrofoam ice chests, iron balls, cork 
pads, and balsa wood airplanes.)

  6.  What has more volume: 1,500 ml of lime soda or 1,700 cm3 of bellybutton lint? 

 

Matter: What Is Matter?
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Matter: Mass and Weight

Mass and Weight

 Weight  is another general property of matter that is often confused with mass. 
An object’s mass always stays the same, but its weight can vary. All objects attract 
one another, but the force  of that attraction—a force called 

gravity —depends on both the size of the objects and how far apart they are. 
Large objects possess more gravity than small objects. When one object, like 
the earth, is much bigger than the other, like you, the smaller object is pulled 
toward the larger with a force called its weight, which is measured in newtons 
(See page 40). A 1 kg object on the surface of the earth is pulled toward the 
center of the earth with a force of 9.8 newtons (9.8 N).
 What? Your bathroom scale doesn’t give your weight in newtons? True. 
On Earth, weight is often measured in grams and kilograms (or pounds) just 
like mass, because Earth is our “reference planet.” But if you hopped a rocket to Jupiter, which has 
318 times the mass of Earth, your 150-pound (68.2 kg) body would weigh 47,700 pounds (21,687.6 
kg). Between planets, you would feel “weightless” (although you are not. You are still attracted to all 
the other masses in the universe.), but you would have the same mass. A pygmy hippo would resist 
being pushed just as much on a spaceship as it would in your backyard.

  1.  Most of Earth’s mass is concentrated below your feet. Will your weight change if you climb 

a mountain?  Why or why not? 

 

  2.  The moon has only about one-fourth the mass of the earth. Would you expect to weigh 

more or less there? 

  3.  Remember that pygmy hippo? Her mass is 230 kg. What does she weigh in newtons? 

 To �nd out what you weigh, multiply your weight in kg times 9.8 newtons.  

  4.  Assume that Earth’s mass is equal to one (1). The planets listed below would then have 

the following masses: Mercury, 0.055; Venus, 0.815; Mars, 0.108; Saturn, 95.2; Neptune, 

17.2. On which planets would you weigh more than you do on Earth? 

 

  5.  In a science �ction story, two astronauts are building a space station. A 500 kg mechanical 

arm threatens to crush one astronaut against the hull of his shuttle craft. The second 

astronaut comes to the rescue and pushes the mechanical arm away in the weightlessness 

of space. Why wouldn’t the astronaut be able to save his friend in this way?
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Volume and Density

 We know that volume is an important general property of matter. But 
to compare different kinds of matter, it is useful to look at another general 
property called density . Density is a measure of how much mass �ts in a 

particular volume. If you eat a bowl of chili one day and compare it to eating a bowl of puffed 
rice the next day, the chili wins the density contest. Density = mass/volume . Water provides 
a useful standard for comparison on Earth. 1 gram of water �ts in a volume of 1 ml (or cm3). 
Thus, water has a density of 1 g/ml. Density of solids is usually expressed in g/cm3. Here’s the 
density of some common kinds of matter in g/cm3: Air: 0.0013; water (as solid ice): 0.92; gold: 
19.3; aluminum: 2.7; gasoline: 0.7; steel: 7.8.
 Note that solid water (ice) is less dense than liquid water, which is why ice cubes �oat in 
your lemonade and icebergs �oat in the oceans.
 Also note that you can change the basic formula for density to solve for unknown masses 
and volumes. Volume x density = mass  and volume = mass/density .

  

  1.  The earth has an overall density of 5.5 g/cm3, similar to other “rocky” worlds in the inner 

solar system. Other planets farther away from the sun are less dense. Saturn has a density 

of 0.7 g/cm3. If there was an ocean of water somewhere big enough to hold Saturn, what 

would happen? 

 

  2.  If you mix water and gasoline and let the two liquids settle, which would end up on top? 

Why? 

 

  3.  Lead has a density of 11.3 g/cm3. What mass of lead will �t in a 20 cm 3 container? 

 

  4.  How big a container (in liters) do you need to hold 2,000 g of gasoline? (Gasoline’s density 

is 0.7 g/cm3.) Refer to page 40, if necessary. 

  5.  How can a heavy cruise ship, made with lots of steel and other materials denser than 

water, �oat? 
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Matter: Putting It All Together

    Matter: Putting It All Together 

ConTenT ReVIeW

  1.  General properties of matter include all but which of the following.

  A. Mass B. Color C. Volume D. Density

  2.  All of the following is true about the mass of an object except:

  A. mass can vary with distance from the sun.

  B. mass resists being moved.

  C. mass is typically measured in grams or kilograms.

  D. mass is a general property of all matter.

  3. Fill in the blanks:

 All objects are attracted to each other by a force called , which can vary 

depending on the  of the objects and the  between them.

  4. If astronauts landed on a planet @d the size of Earth, their weight would be  

it is on Earth. (greater than, less than, or equal to what)

  5. T or F: The density of a particular piece of matter is a clue to its identity.

  6. T or F: Volume = density/mass

ConCePT ReVIeW  

  1. A tanker ship is rammed by an iceberg and leaks. The oil it carried has a density of 

0.92 g/ml. Which life forms will be most affected: those that live near the surface or 

bottom dwellers?  How can the mess be cleaned up? 

  2. An alien with about your mass visits Earth from his home planet, which is 1.6 times more 

massive than Earth. Do you think you should pick a �ght with him? Why or why not?

 

  3. When the air heats up from the burner in a hot air balloon, what happens to the volume of 

the balloon? What happens to the density of the air inside? How do you know?

 

 

  4. The alien in question 2 above says he weighs 75 gurkas on Earth. How many gurkas does 

he weigh at home? 



Science Tutor: Chemistry

© Mark Twain Media, Inc., Publishers 6

Name:  Date: 

 

The Phases of Matter

 Matter doesn’t always stay the same. It can change phases  from solid  to 
liquid  to gas—and sometimes to something called a plasma —depending on 
its general properties and the amount of energy in the neighborhood.

 Solids  possess a de�nite shape and volume. Crystalline solids  are made of particles 
that arrange themselves like soldiers on review into repeating patterns that can be spectacularly 
beautiful—like diamond or quartz. Amorphous solids , like candle wax and glass, can ooze 
into different shapes. Old window glass actually gets thicker over time at the bottom of a pane 
under the constant tug of gravity.
 Liquids  have a constant volume, but they will take the shape of whatever container in 
which you put them. However, some—those with higher viscosities —�ow more slowly. Honey 
takes forever to get to the biscuit, but cheap catsup hustles to the bun.
 Matter in the gas  phase takes on any shape or volume. The particles composing a gas 
zip around at about 500 meters per second, colliding with themselves and whatever container 
they are in over ten billion times every second.
 Matter in the form of a plasma  is too hot for any container. The heat generated by stars 
creates plasmas. Humans can make plasmas, too, but the plasmas have to be con�ned by 
magnetic �elds.

  1.  For the examples of matter listed below, indicate in the space next to the substance 

whether they are crystalline solids (CS), amorphous solids (AS), liquids (L), gases (G), or 

plasmas (P) (at room temperature).

 A.  Pyrite (fool’s gold)  B.  snow�akes   C.  mercury

 D.  nitrogen      E.  solar �are   F.  ear wax

 G.  asphalt (tar)    H.  table salt    I.  diet soda

  2.  Would you expect the particles that make up the liquid phase of a substance to be moving 

faster or slower than the particles in its gas phase?  

 In its solid phase? 

  3.  Name a location where you could take a photograph showing water as a solid, liquid, and 

gas. 

Physical and Chemical Changes: The Phases of Matter
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Physical and Chemical Changes: The Gas Laws

The Gas Laws

 In 1662, Robert Boyle discovered that as you change the volume of a 
quantity of gas, the pressure exerted by that gas changes in an inverse fashion. 

In other words, if you decrease the volume of space a gas occupies by !s, the 
pressure exerted by that gas doubles. If you double the volume of a gas, the pressure it exerts 
will be halved. Mathematically you can say that V1/V2 = P2 /P1. V1 and P1 are the �rst gas volume 
and pressure and V2 and P2 are the second gas volume and pressure. This relationship is now 
called Boyle’s Law . Boyle was the �rst person to capture a gas. He was one of the �rst true 
scientists, because he believed in testing ideas with experiments.
 In the eighteenth century, Jacques Alexandre Cesar Charles became excited about 
the hot air balloons being developed by the Montgol�er brothers in France. He realized that 
hydrogen, less dense than air, would provide more lift. He also discovered that when you increase 
the temperature of any gas, its volume increases by a certain �xed amount for each degree 
rise in temperature and decreases by the same amount when cooled. Charles didn’t publish 
his results in 1787, and the same relationship was rediscovered by 
another balloonist, Guy-Lussac, in 1802. That’s why sometimes this 
relationship between the temperature and volume of a gas is called 
Charles’ Law  and sometimes Guy-Lussac’s Law . V1/V2 = T1/T2

  1.  Marvin blew up balloons for a party on a cool morning. When he returned in the heat 

of midafternoon, some of the balloons had popped. Why? 

 Which gas law applies to this problem? 

  2.  Sally sat on an airbag and decreased its volume to !f its original size. How much did the 

pressure inside the bag increase? 

  3.  A balloonist is traveling across country on a warm, sunny day. Clouds develop and cover 

the sun. Would you expect the balloonist to rise a little higher in the sky or descend? Why? 

  4.  If the volume of air in a balloon is 500 L at a temperature of 20 degrees centigrade, what 

volume will it be at 25 degrees centigrade? 

  5.  A sample of air has a volume of 400 cm3 at a pressure of 10 cm of mercury. What volume 

will the air have at a normal atmospheric pressure of 76 cm of mercury? 
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Physical and Chemical Changes: Phase Changes

Phase Changes

 What exactly happens when energy (usually heat) forces a change 
from one phase of matter to another? The particles of matter that compose a 
substance either speed up or slow down. When the crystalline arrangement of 

water molecules in ice absorb energy, they begin to move more freely. The ice loses its rigid 
structure and melts  to form a puddle of liquid water. Add more heat, and the molecules zip 
around so fast that some at the surface escape in a process called evaporation , carrying 
heat energy with them. If enough heat is present, water molecules beneath the surface form 
bubbles of gas. The water is boiling . Evaporation and boiling are both forms of vaporization . 
If water vapor cools on the surface of your glasses while you are watching this process, water 
molecules in the gas phase slow down and condense  into droplets of liquid water. If you 
step outside on a winter evening, these droplets of liquid might lose more energy and freeze , 
returning water to its solid ice phase.
 Some substances like solid carbon dioxide (dry ice) change directly from solid to gas in 
a process called sublimation . 
 Ice, liquid water, and water vapor are all still just different forms of the same substance. 
The temperature at which a substance changes phases is a physical property  unique to that 
substance. Water freezes (and melts) at 0°C. It boils at 100°C at sea level . Compare this with 
table salt, which melts at 801°C and boils at 1,417°C.
 Boiling points depend on the pressure of air molecules (atmospheric 
pressure) above a liquid, so boiling points of a substance are always given as 
their value at sea level. Water, for example, boils at a lower temperature at higher 
elevations where air pressure is lower.

  1.  Why is it impossible for hikers camping near the top of a 14,000-foot peak to get a 

“really hot” cup of coffee? 

  2.  Why does your skin feel cooler as sweat evaporates from it? 

 

  3.  Does the antifreeze (ethylene glycol) you put in a car radiator have a lower or 

higher freezing point than water?  How do you know? 

  4.  Why would a burn from steam be more severe than a burn from hot water? 

  5.  From where does the liquid water that forms on the outside of a cold can of pop come? 

 

What is this phase change process called? 
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Chemical Properties and Chemical Reactions

 Strike a match on a rough surface, and the heat generated by friction will 
cause the phosphorus on the match head to burn, or combust , by combining 
with oxygen in the air. Touch the resulting �ame to paper and it, too, will burn. 

Expose natural gas to a �ame, and it will burn even more quickly—perhaps explosively. Natural 
gas is more flammable  than paper. The flammability  of a particular substance is a chemical 
property  that describes how that substance will react or change when energy is present.
 When the phosphorus on a match head ignites, you see the �ame, watch the wood 
beneath the phosphorus turn black, and perhaps smell an odor characteristic of matches. 
Likewise, burned paper blackens and turns to ash. Natural gas changes as well when heat is 
applied, but those changes are less obvious. The process of change from one substance to 
one or more other substances is called a chemical change  or chemical reaction .
 Chemical reactions occur constantly around us. Plants use solar energy to change 
carbon dioxide and water into sugars. Our bodies break down sugars to access the energy 
in chemical bonds, producing carbon dioxide and other waste products in return. Iron rusts 
(combines with oxygen to form iron oxide). Copper turns to green verdigris when reacting with 
sulphur in the air.

  1.  Aluminum is a common lightweight silver-gray metal used in lawn chair frames and other 
products. When scientist Oliver Sacks was a boy, an uncle took a piece of aluminum and 
rubbed it with a little bit of mercury (the liquid metal used in thermometers). Sacks said “the 
surface broke down, and a white substance like a fungus grew out of it until it was a quarter 
of an inch high, then a half inch high, and it kept growing and growing until the aluminum 
was completely eaten up.” How do you know a chemical reaction was taking place?

 

  2.  Sacks’ uncle told him that the aluminum was combining with oxygen in the air. How do 

aluminum and iron differ in at least one chemical property? 

   

  3.  If an item of trash is described as highly biodegradable, is that a physical property or 

chemical property? 

  4.  After the following statements, write CP if the statement is describing a chemical property 

or CR if it’s describing a chemical reaction:

  A. Leaves change color in the fall 

  B. A candle is burning 

  C. Calcium oxidizes more easily than iron 

Physical and Chemical Changes: Chemical Properties and Chemical Reactions
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Physical and Chemical Changes: Chemical Reactions
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Chemical Reactions

Chemical reactions share the following characteristics:

  1.  During a chemical reaction, one substance gets turned into one or more other substances 
with different chemical and physical properties. Add the metal sodium to the gas chlorine, 
and the sodium will burn with a strange yellow-green light until you �nally end up with a 
pile of common table salt (sodium chloride)!

  2.  The substances that enter a chemical reaction are reactants . The substances that result 
are products .

  3.  Chemical reactions involve a change in energy. Reactions that produce energy (like mixing 
sodium and chlorine) are exothermic . Reactions that absorb energy (like heating table 
salt enough to break it down into sodium and chlorine) are endothermic . 

  4.  Chemical reactions need a certain amount of energy to get them started. This energy is 
called the activation energy (a.e.) .

 The following energy graphs of exothermic and endothermic reactions summarize 
these points:

  1.  Oliver set �re to orange crystals of ammonium dichromate. The crystals burned, grew red- 
hot, and shot off showers of sparks. When the reaction �nished, the only thing left was a 
�uffy green pile of chromic oxide.

 A.  What is the reactant in this reaction? 

 B.  What is the product? 

 C.  Is this reaction endothermic or exothermic? 

 D.  How did Oliver create the necessary activation energy to start this reaction? 

  
  2.  Are the chemical reactions involved in baking a loaf of bread exothermic or endothermic? 

Explain your answer. 
 
  3.  Would a reaction that has a high energy of activation happen more easily than one with a 

low energy of activation? Why or why not? 
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Putting It All Together 

ConTenT ReVIeW
  1.  On average, temperatures on Mars rarely get above 0°C, and it has a thin atmosphere 

containing mostly carbon dioxide. Water has been detected there. In what phase would 
you expect to �nd water?

  A. Solid  B. Liquid  C. Gas  D. Plasma
  2.  If the piston in a car’s engine decreases the volume in a cylinder by !d, what happens to 

the pressure of the gas in that cylinder? 
  A. It decreases by !s.   B. It increases three times.
  C. It increases four times.  D. It decreases by !d.
 Of which gas law is this an example? 
  3.  Which two phase changes are both examples of vaporization?
  A. Condensation and freezing  B. Melting and evaporation
  C. Evaporation and boiling   D. Sublimation and condensation
  4.  Clothing is sometimes treated with chemicals to make them less �ammable.  Does this 

change the physical or chemical properties of the clothing? 
  5.  A large compost pile where garbage and garden waste is decomposing may generate 

considerable heat. Are the chemical reactions occurring in the pile mostly exothermic or 
endothermic? 

ConCePT ReVIeW
  1.  Temperatures far beneath the earth’s surface are so high that the rocks actually �ow 

(although very slowly) like a liquid. Do these rocks have a high or low viscosity? 
  2.  Why is it a good idea not to measure the air pressure in a car tire until you have driven it 

enough to warm up the tires? 
 
  3.  Rubbing alcohol evaporates quickly at room temperature. Why would applying rubbing 

alcohol to the skin of someone with a fever help reduce that fever? 
 
  4.  How do you know that chemical reactions are occurring during the digestion of food? 

  5.  A.  Draw a graph on your own paper showing the energy of the reactants, the energy of 
activation, and the energy of the products in an exothermic reaction. 

 B.  Using a dashed or dotted line, show what the graph would look like if the energy of 
activation were lower. 

 C.  Give an example of an exothermic reaction.

Physical and Chemical Changes: Putting It All Together




