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How to Use This Book



From the food you eat to the air you breathe, chemistry is everywhere—and it’s easy to understand . . . or at least it can be with the help of this book!


Whether you are learning chemistry for the first time, or you are trying to remember what you’ve learned but have forgotten, this book is for you. Each chapter of the book includes basic and advanced information for different learning levels and needs. Don’t worry about memorizing the periodic table of the elements. It’s a tool. Learn instead how to use it. Most of all, don’t be afraid. Dive in—it’s painless!


Painless Icons and Features


This book is designed with several unique features to help make learning chemistry easy.


[image: images] PAINLESS TIP


You will see Painless Tips throughout the book. These include helpful tips, hints, and strategies on the surrounding topics.


[image: images] CAUTION—Major Mistake Territory!


Caution boxes will help you avoid common pitfalls or mistakes. Be sure to read them carefully.


[image: images] BRAIN TICKLERS


There are Brain Ticklers throughout each chapter in the book. These quizzes are designed to make sure you understand what you’ve just learned and to test your progress as you move forward in the chapter. Complete all the Brain Ticklers and check your answers. If you get any wrong, make sure to go back and review the topics associated with the questions you missed.


ILLUSTRATIONS


Painless Chemistry is full of illustrations to help you better understand chemistry topics. You’ll find tables, graphs, charts, and instructive science illustrations to help you along the way.


SIDEBARS


These shaded boxes contain extra information that relates to the surrounding topics. Sidebars can include more advanced topics, detailed examples, and more to help keep chemistry interesting and painless.









Chapter 1


Matter


Energy or Matter


Chemistry is the division of physical science that studies the composition, properties, and reactions of substances. The nature of matter and energy have been investigated and debated from ancient times.


Our universe is composed of energy and matter. Energy is the ability to do work. In chemical reactions, chemical energy is interconverted with other types of energy, such as light, heat, and electricity.


Matter has mass and inertia. Matter also takes up space (volume). The amount of matter in a specified space is density. For pure substances, density at a specific pressure and temperature is an identifying characteristic of the substance.


Mass


Mass is the amount of matter in an object. The basic unit of mass is the kilogram. One gram is the approximate mass of a 5-cm (2-inch) steel paper clip. A kilogram is 1,000 grams (2.2 pounds). One liter of water has a mass of 1 kilogram.


Common tools for measuring mass are the double pan balance, triple beam balance, and electronic balance. The double pan balance compares the mass of a substance to a known standard mass (a metric weight). The triple beam balance has an arm with sliding mass units that are adjusted to balance the mass of a substance. The electronic balance provides a digital measurement of the mass of a substance.


Mass versus weight


Weight is a measure of the pull or acceleration of gravity on an object’s mass (w = mg, or weight equals mass times the acceleration of gravity). The acceleration of gravity near Earth’s surface is 9.8 m/sec2. The weight of an object can change if gravity changes. The amount of matter in an object does not change even if the pull of gravity changes. Therefore, the mass of an object does not change even if the pull of gravity changes.


In many countries, the kilogram (kg) is commonly used to express weight. In science, kilogram is a metric unit of mass. The newton is a metric unit of weight, and is defined as the force needed to accelerate 1 kilogram of mass at a rate of 1 meter per second per second. One newton equals 1 kg · m/sec2. Another unit of force is the pound. One pound of force is about 4 newtons.


Sometimes in chemistry the term weight is used when mass is meant. Be careful to pay attention to units of measure.
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Mass and Weight


Mass is the amount of matter in a substance.
The basic metric unit of mass is the kilogram.


Weight is the pull of gravity on an object.
The basic metric unit of weight is the newton.


On Earth 1 kilogram exerts a force of 9.8 newtons.
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1.What is the total mass of the marbles shown in the illustration?


2.If each of the 10 glass marbles on the scale has the same mass, what is the average mass of a single marble? Show your calculation.


3.A brass plate has a mass of 2 kilograms on Earth. The gravity of the moon is one-sixth that of Earth’s gravity. What is the mass of the brass plate on the moon? Explain your answer.


(Answers are on page 16.)





Volume


Volume is the space that matter occupies or takes up. Volume is measured in three dimensions: length, width, and height. A common tool for measuring the volume of a regularly shaped solid is the metric ruler or meter stick. Common units of measure for solids are cubic centimeters (cm3) and cubic meters (m3).


A common tool for measuring liquid volume is the graduated cylinder. The volume is measured at the bottom of the meniscus, or curve of the liquid in the cylinder. Common measures of liquid volume are the milliliter (ml) and liter (l). One milliliter is equal to 1 cubic centimeter (cm3). A liter is 0.26 gallons, or a little more than a quart.
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Figure 1–1. Measuring tools




VOLUME
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Figure 1–2. Cube


Volume is the space that a substance occupies.


Volume of a Regular Object


The volume of a regular object can be calculated by multiplying the length by the width by the height of the object.


Rectangular Objects


Volume = L × H × W


Spherical Objects


Volume = 43 π r3


Cylindrical Objects


Volume = π r2h


Volume of an Irregular Object


The volume of an irregular object can be measured using a graduated cylinder containing a known amount of water. When the object is lowered into the cylinder, it will displace a volume of water equal to the volume of the object. This is called the water displacement method of measuring the volume of an irregular object.
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1.An irregularly shaped chunk of granite was lowered into a graduated cylinder containing 30 milliliters of water. The volume increased to 34 milliliters. What is the volume of the granite chunk?


[image: Image]


2.What is the volume of the box? Include the unit of measure in your answer.


[image: Image]


3.What tool would you use to measure the length, width, and height of the box?


4.The radius of a metal ball is 2 cm. What is the volume of the ball? Describe two ways to find the volume of the ball.


(Answers are on page 16.)





Density


The amount of matter in a given space is the density of the matter. Density is a calculated physical property of matter that is derived from measurements of mass and volume. Density is mass divided by volume.
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Figure 1–3. Density diagram


Substance A and substance B have the same volume, 1 cm3.


Substance A has a mass of 24 grams. Substance B has a mass of 12 grams. The density of substance A is 24 g/cm3 and the density of substance B is 12 g/cm3.
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Figure 1–4. Density of A and B


This means that substance A is denser than substance B. In other words, there is more matter in the same amount of space.


Under normal conditions, a sample of a solid or liquid has a definite mass and volume. Because density is a ratio of mass to volume, the density of a pure solid or liquid substance is constant regardless of the size of the sample.


Density can be used to identify a pure solid or liquid substance. All samples of substance A will have a density of 24 g/cm3 regardless of the volume of the sample. All samples of substance B will have a density of 12 g/cm3 regardless of the volume of the sample.


Gases can be compressed. A sample of a gas has a definite mass, but the volume can vary, depending on temperature and pressure. For density to be an identifying property of a gas, the pressure and temperature need to be specified.
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Figure 1–5. Density formula
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1.A sample of metal has a mass of 5.4 grams and a volume of 2.0 cm3. What is the density of the sample?


a.10.8 g/cm3


b.2.7 g/cm3


c.3.4 g/cm3


d.7.4 g/cm3


2.If the density of a post-1982 penny is approximately 6.94 g/cm3 and the mass is 2.5 g, what is the volume of the penny?


3.The density of pure copper is 8.96 g/cm3. Is the penny described in #2 made of pure copper? Explain your answer.


(Answers are on pages 16–17.)





Metric Units of Measure


The metric system is based on multiples of 10. This makes conversions between small units and larger units easy. It can be done by sliding the decimal point to the left or right. Common prefixes are shown in the table.








	Prefix

	What It Means






	kilo

	one thousand






	centi

	one-hundredth






	milli

	one-thousandth






	micro

	one-millionth






	nano

	one-billionth
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To go from a small unit to a larger unit, move the decimal to the left.


1 meter = 0.001 kilometers


To go from a large unit to a smaller unit, move the decimal to the right.


1.000 kilogram = 1000 grams





Common units of metric measure








	Exponent

	Decimal

	Mass

	Length

	Volume






	103


	1000

	kilogram

	kilometer

	kiloliter






	100


	1

	gram

	meter

	liter






	10−2


	0.01

	centigram

	centimeter

	centiliter






	10−3


	0.001

	milligram

	millimeter

	milliliter






	10−6


	0.000001

	microgram

	micrometer

	microliter






	10−9


	0.000000001

	nanogram

	nanometer

	nanoliter
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1.A drink bottle contains 250 ml of water. How many liters of water does the bottle contain?


a.2.50 liters


b.25.0 liters


c.0.025 liters


d.0.250 liters


2.If the volume of a quarter is 808.93 mm3, what is the volume in cubic centimeters (cm3)?


a.0.080893 cm3


b.0.80893 cm3


c.8.0893 cm3


d.80.893 cm3


3.If a metric mass is labeled 1.5 kg and a post-1982 penny has a mass of 2.5 g, approximately how many pennies would it take to balance the metric mass?


(Answers are on page 17.)





Modern Atomic Theory


In the early 1800s, John Dalton reviewed the major discoveries of other scientists and proposed a theory that matter was composed of indivisible particles called atoms. Since that time, research has added to our understanding of the structure of the atom. Although the atom is now known to be composed of smaller subunits, it is still considered to be the fundamental complete building block of matter.


Characteristics of atoms


1.Atoms are composed of electrons, protons, and neutrons. Protons and neutrons, in turn, are composed of quarks.


2.In any element, all the atoms have the same number of protons but can have a different number of neutrons. Atoms of an element with a different number of neutrons are called isotopes.


3.Atoms of different elements have a different number of protons.


4.Atoms of two or more elements can combine to form compounds.


5.The atomic mass of an element is the average mass of all its isotopes.


6.In a compound, atoms are combined in a constant ratio.


Parts of the atom


In 1897, English physicist Joseph John (J. J.) Thomson (1856–1940) discovered the electron. The electron has a negative charge and an extremely tiny mass. The motion of the electron generates both an electric and a magnetic field. Thomson proposed the plum pudding model of the atom in which negatively charged particles were randomly distributed within a pudding of positively charged particles. Thomson’s graduate student Ernest Rutherford later disproved this model.


In 1909, Rutherford conducted a series of experiments in which he bombarded a thin sheet of gold foil with alpha particles. Most particles passed through the foil, whereas a few were scattered back. Because most particles passed through the foil, Rutherford concluded that the volume of the atom was mostly empty space, and that negative electrons circled around a dense positive core.


In 1919, Rutherford discovered the proton, a positively charged particle with a mass approximately 1836 times greater than the mass of an electron. The proton is at the center of a cloud of electrons.


In 1932, English physicist James Chadwick discovered the neutron, a neutrally charged particle that has a mass slightly greater than that of the proton. Chadwick suggested that there was a strong force that held neutrons and protons together in the nucleus, or center, of the atom.
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Figure 1–6. Proton, neutron, electron


In 1915, Danish physicist Niels Bohr (1885–1962) developed an atomic model in which electrons are organized in energy shells around a nucleus of protons and neutrons. His planetary atomic model is not entirely correct, but it simplifies atomic structure for the beginning chemistry student.
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Figure 1–7. Atomic structure


Protons and neutrons are in the core of the atom. They form the nucleus. Electrons are organized into energy shells that surround the nucleus. Each shell contains orbitals in which the electrons reside. Electron arrangment is sometimes described as an electron cloud. The outermost energy shell that contains electrons is called the valence shell.


All particles of the atom vibrate. The frequency of vibrations can be used to identify specific atoms and to study the molecular spectra, heat capacity, and heat conduction of materials made from a combination of atoms.


In 1935, Japanese physicist Hideki Yukawa (1907–1981) proposed that protons and neutrons are composed of smaller particles. In 1973, Murray Gell-Mann (1929– 2019) led the development of the quark theory. There are six types of quarks. Up and down quarks are the fundamental building blocks of protons and neutrons. The sum of the quark charges explains the charges of the proton and neutron. Up quarks have a +23 charge. Down quarks have a −13 charge.
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Figure 1–8. Quarks


Unlike electrical charges attract each other. For this reason, the negatively charged electrons keep close to the positively charged nucleus. But what keeps the positive and neutral particles of the nucleus together? This is a different type of attraction called the strong force.


Relative Particle Sizes


The atom and its parts are too small to be seen by the unaided human eye. Scientists who study the structure of the atom use instruments such as the tunneling electron microscope, particle accelerators, and spectroscopes.
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Figure 1–9. Particle sizes


If the nucleus of an atom were the size of a period (about 0.5 millimeters), then the nearest electron would orbit at a distance of about 50 meters. If the period were dropped on the fifty-yard line of a football field, then the nearest electron would be a little more than 4.5 yards into the end zone. If a hydrogen nucleus were as large as an average apple, then the atom would be as large as the Earth. To keep the math simple, a unit called the angstrom is used.


1 angstrom = 1 × 10–10 meters = 0.1 nanometers




HELPFUL DEFINITIONS




Nucleus—The center of the atom composed of protons and neutrons


Proton—A positively charged particle in the nucleus with a mass of 1 amu


Neutron—A neutral particle in the nucleus with a mass of 1 amu


Energy Shells—Energy levels in the cloud of electrons surrounding the nucleus


Orbitals—Places in electron shells in which electrons reside


Electron—Negatively charged particle orbiting the nucleus with a mass of 11836 amu
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1.The subatomic particle shown in the diagram above with a positive charge is


a.a proton


b.a neutron


c.an electron


d.a quark


2.What two subatomic particles contribute most of the mass of the atom?


3.From the diagram, which of the following is a correct inference?


a.For every positive charge there is a neutral charge.


b.For every neutral charge there is a negative charge.


c.For every positive charge there is a negative charge.


d.None of these statements is correct.


4.What holds the nucleus of the atom together?


a.electromagnetic force


b.strong force


c.gluons


d.weak force


5.Most of the volume of the atom is composed of


a.the nucleus


b.the electrons


c.empty space


d.energy shells


6.The particles discovered by J. J. Thomson and placed in orbitals by Niels Bohr are


a.neutrons


b.electrons


c.quarks


d.protons


7.If an up quark has a charge of +23 and a down quark has a charge of −13, what combination of three quarks would create a neutron? Show the equation.


8.A dime has a mass of 2 grams. If an electron had the same mass as a dime, how much mass would a proton have?


a.3,785 grams or about 1 gallon of water


b.4.646 kilograms or about 10 pounds of flour


c.2,278 grams or about 5 pounds of sugar


d.4.0 kilograms or about 1 gallon of milk


(Answers are on pages 17..)





Wrapping up


• Matter is anything that has mass and takes up space.
Matter is anything that has mass and takes up space.


• Mass is the amount of matter in an object.


• Volume is the amount of space matter occupies.


• Density is mass per volume.


• The modern atomic theory recognizes that the atom is composed of smaller particles.


• The three components of the atom are the proton, neutron, and electron.


• Protons have a positive charge and a mass of 1 atomic mass unit, and are in the nucleus. Ernest Rutherford discovered the proton.


• Neutrons have no charge and a mass of 1 atomic mass unit, and are in the nucleus. James Chadwick discovered the neutron.


• Protons and neutrons are made of tinier particles called quarks that are held together by gluons. Murray Gell-Mann led the discovery of quarks.


• Electrons have a negative charge and a mass of 1/1836 atomic mass units, and are in energy shells or orbitals. J. J. Thomson discovered the electron.


• The last occupied electron shell is called the valence shell.


• Most of the volume of the atom is empty space.


• Most of the mass of the atom is in the nucleus.


• In a neutral atom, the protons and electrons occur in a 1:1 ratio.


BRAIN TICKLERS—THE ANSWERS


Set #1, pages 2–3


1.The total mass is 100 grams.


2.The mass of 10 marbles is 100 grams. The mass of 1 marble is the total mass divided by the number of marbles, or 100 grams10 marbles. Therefore, the mass of 1 marble is 10 grams.


3.The mass of the brass plate is constant and does not depend on gravity. Therefore, the mass of the brass plate would be the same on the moon as on Earth. Gravity would affect the weight of the brass plate, but not the mass.


Set #2, page 5


1.The change in water volume is the volume of the chunk of granite: 34 ml – 30 ml = 4 ml. The volume of the granite is 4 ml.


2.Volume = length × width × height; therefore, 20 cm × 5 cm × 10 cm = 1000 cm3.


3.The longest side of the box is 20 centimeters, one-fifth of a meter or approximately 7 inches. You could use a metric ruler to measure the dimensions of the box. You could use a meter stick, but it would be like using a yardstick instead of a 12-inch ruler—a little awkward.


4.The volume of the ball can be calculated using the formula for the volume of a sphere, V = 4/3πr3. Using this equation, the calculated volume is 33.5 cm3. The ball could also be placed in a graduated cylinder of water. The ball will displace a volume of water equal to the volume of the ball.


Set #3, page 7


1.b. 2.7 g/cm3 (5.4 g2.0 cm3)


2.Density is massvolume; therefore, volume is massdensity. The volume of a penny is 0.36 cm3.


3.Density of a pure substance is an identifying characteristic of that substance. The density of the penny is 6.94 g/cm3. If the penny were made of pure copper, the density would be 8.96 g/cm3. Therefore, the penny is not made of pure copper.


Set #4, page 8


1.d. 0.250 liters There are 1000 ml in a liter. Slide the decimal three places to the left to convert milliliters to liters. This gives you an answer of 0.250 liter (14 of a liter).


2.b. 0.80893 cm3 Centimeters are one power of 10 larger than millimeters, which means you need to slide the decimal one place to the left. However, you also need to slide the decimal one place to the left for each time the unit is multiplied by itself. Because the unit is cubed, the decimal moves two more places to the left, or three places total.


3.The pennies would need to have a total mass of 1.5 kg or 1500 grams. Divide 1500 grams by 2.5 grams (the mass of a penny). This tells you that 600 pennies are needed to balance the metric weight.


Set #5, pages 13–14


1.a. a proton


2.Neutrons and protons in the nucleus account for most of the mass of an atom.


3.c. For every positive charge there is a negative charge.


4.b. strong force


5.c. empty space


6.b. electrons


7.The charge of a neutron is zero. The combination would be 1 up quark and 2 down quarks.
23+(−13)+(−13)=0


8.d. 4.0 kilograms or about 1 gallon of milk 2000 × 2 g = 4000 g = 4.0 kg









Chapter 2


The Periodic Table of the Elements




CHAPTER 1 RECAP
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Figure 2–1. Atomic structure


Atoms are the smallest complete unit of matter.


Atoms have a nucleus of positively charged protons and neutrally charged neutrons.


A cloud of negatively charged electrons surrounds the nucleus.


Atoms have an overall neutral charge because there is one electron for each proton.


The electrons are arranged in shells around the nucleus. Each shell contains orbitals in which the electrons reside.


The outermost electron shell is called the valence shell.








Elements


Elements are the building blocks of more complex matter. Elements cannot be broken into simpler substances by chemical processes. Each element is composed of a single type of atom with (1) a specific number of protons in the nucleus, (2) a characteristic atomic mass, (3) identifying properties, and (4) an electron arrangement that determines its chemical properties. Each element is assigned a one- or two-letter symbol, called an atomic symbol.


Some common elements and their atomic symbols are shown below.







	H
	hydrogen




	O
	oxygen




	Na
	sodium




	Cu
	copper




	He
	helium




	N
	nitrogen




	Mg
	magnesium




	C
	carbon








Atomic number


The atomic number is the number of protons in the nucleus of an atom. In a neutral atom, the number of protons is equal to the number of electrons orbiting the nucleus. The simplest atom is the hydrogen atom. Hydrogen has one proton; therefore, the atomic number of hydrogen is one. All atoms that have one proton are hydrogen atoms.
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Figure 2–2. Diagram of hydrogen atom
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All atoms of an element have the same atomic number.


Atomic number = number of protons in the nucleus.


A neutral atom has no charge because the number of protons = number of electrons.





Isotopes of elements


Although all atoms of an element have the same number of protons, the number of neutrons may vary. Atoms that have the same number of protons but a different number of neutrons are called isotopes. Isotopes share the same atomic number, but have a different atomic mass because the mass of a neutron is nearly the same as the mass of a proton (1 atomic mass unit or 1 amu).


The most common isotope of hydrogen, protium, has one proton and no neutrons. The atomic mass of protium is 1 amu. Another isotope of hydrogen, called deuterium, has one proton and one neutron. The atomic mass of deuterium is 2 amu. A third isotope of hydrogen is tritium. Tritium has one proton and two neutrons and an atomic mass of 3 amu.
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Figure 2–3. Isotopes of hydrogen


Think of building a nucleus using marbles that weigh 1 gram each. Protons could be blue and neutrons red. Protium would have 1 blue marble and a mass of 1 gram. Deuterium would have 1 blue marble and 1 red marble and a mass of 2 grams. Tritium would have 1 blue marble and 2 red marbles and a mass of 3 grams. All models represent a hydrogen nucleus, because they all have one blue marble (one proton). Each model has a different number of red marbles (neutrons) and, therefore, represents a different hydrogen isotope.


The symbol for hydrogen (H) can be written with a superscript and a subscript. The superscript is the atomic mass and the subscript is the atomic number of the isotope. For example, H12 shows that deuterium has an atomic number of 1 and an atomic mass of 2 amu.


Atomic mass and atomic mass number


The atomic mass of an element is the average mass of all isotopes of the element.


Mass number is the sum of the number of protons and neutrons in the nucleus of an atom.


Mass number = number of protons + number of neutrons


Protons and neutrons each have a mass of about 1 amu. Therefore, the mass of an atom is roughly equal to its mass number. The mass of the electrons is ignored in the calculation of mass number, because the mass of the electron is 11836 of a proton. Worrying about the mass of electrons when calculating the mass number of an element would be like worrying about the mass of your socks when you weigh yourself.
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