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Safety Symbols

These safety symbols are used in laboratory and investigations in this book to indicate possible hazards.
Learn the meaning of each symbol and refer to this page often. Remember to wash your hands thoroughly
after completing lab procedures.

SAFETY SYMBOLS

TEMPERATURE

DISPOSAL

BIOLOGICAL
SHARP

e
FUME

ELECTRICAL
IRRITANT a

CHEMICAL g

TOXIC E
FLAMMABLE
OPEN FLAME

EXTREME

Special disposal
procedures need to be
followed.

Organisms or other
biological materials that
might be harmful to
humans

Objects that can burn
skin by being too cold or
too hot

Use of tools or glassware
that can easily puncture or
slice skin

Possible danger to
respiratory tract from
fumes

Possible danger from
electrical shock or burn

Substances that can
irritate the skin or mucous
membranes of the
respiratory tract

Chemicals that can react
with and destroy tissue
and other materials

Substance may be
poisonous if touched,
inhaled, or swallowed.

Open flame may ignite
flammable chemicals,
loose clothing, or hair.

Open flame in use, may
cause fire.

certain chemicals,
living organisms

bacteria, fungi, blood,
unpreserved tissues, plant
materials

boiling liquids, hot plates,
dry ice, liquid nitrogen

razor blades, pins,
scalpels, pointed tools,
dissecting probes,
broken glass

ammonia, acetone, nail
polish remover, heated
sulfur, moth balls

improper grounding, liquid
spills, short circuits,
exposed wires

pollen, moth balls, steel
wool, fiberglass, potassium
permanganate

bleaches such as
hydrogen peroxide; acids
such as sulfuric acid,
hydrochloric acid; bases
such as ammonia,
sodium hydroxide

mercury, many metal
compounds, iodine,
poinsettia plant parts

‘alcohol, kerosene,

potassium permanganate,
hair, clothing

hair, clothing, paper,
synthetic materials

Do not dispose of these
materials in the sink or
trash can.

Avoid skin contact with
these materials. Wear
mask or gloves.

Use proper protection
when handling.

Practice common-sense
behavior and follow
guidelines for use of
the tool.

Make sure there is good
ventilation. Never smell
fumes directly. Wear a
mask.

Double-check setup with
teacher. Check condition
of wires and apparatus.

Wear dust mask and
gloves. Practice extra care
when handling these
materials.

Wear goggles, gloves,
and an apron.

Follow your teacher’s
instructions.

Avoid open flames and
heat when using
flammable chemicals.

Tie back hair and loose
clothing. Follow teacher's
instructions on lighting
and extinguishing flames.

Dispose of wastes as
directed by your teacher.

Notify your teacher if you
suspect contact with
material. Wash hands
thoroughly.

Go to your teacher for
first aid.

Go to your teacher for
first aid.

Leave foul area and
notify your teacher
immediately.

Do not attempt to fix
electrical problems. Notify
your teacher immediately.

Go to your teacher for
first aid.

Immediately flush the
affected area with water
and notify your teacher.

Always wash hands
thoroughly after use.
Go to your teacher for
first aid.

Notify your teacher
immediately. Use fire
safety equipment if
applicable.

Always wash hands
thoroughly after use.
Go to your teacher for
first aid.

Eye Safety
P© 2, Proper eye
protection should

be worn at all
times by anyone
performing or
observing science
activities.

Clothing
1%)’ Protection
This symbol

appears when sub-
stances could stain
or burn clothing.

Animal
Safety
This symbol

appears when
safety of animals
and students
must be ensured.

Radioactivity
This symbol
appears when

radioactive
materials are used.

Handwashing
After the lab, wash
hands with soap

and water before
removing goggles
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Reading for Information

‘When you read Chemistry: Matter and Change, you need to read for information. Science is nonfiction writing;
it describes real-life events, people, ideas, and technology. Here are some tools that Chemistry: Matter and
Change has to help you read.

4 Before You Read

By reading the CI[<I (EFE, [TX @, and
Launch Lab prior to reading the chapter or
section, you will get a preview of the coming o i e ety

temperature, volume, and

.
materlal changes in number of particles.
.
13.1 The Gas Laws
LXK For a fixed amount of
gas, a change in one variable—
pressure, temperature, of volume—
affects the other two.

The CITA(EEET describes what you will ) eyl
learn in the chapter. The | (CI2Y within P, s e
. .3 Gas Stoichiome!
a chapter support the Big Idea of the chapter. XD whe g s e
coefficients in the balanced chemical

Each section of the chapter has a Main Idea et epresentboth ol
that describes the focus of the section.

ChemFacts

+ The air inside a hot-air balloon is 5 A\ oot o
ot enough to boil water e

« In the nineteenth century, scientist
Joseph Gay-Lussac used hot air
balloon flights for research and
experimentation, while scientist
Jacques Charles experimented with
hydrogen balloons.

+ The average hot-air balloon holds

2.5 million liters of gas.

Start-Up Activities

[VAVUINIGr] Lab

How does temperature affect

i k
[TIORETHRY [he Cas Lows Make thefolowing ——— S £
—
Study Organizer

Foldable to help you organize your

S e f Source: Chapter 13, p. 440

the VOIume Of a gaS? STEP 1 Stack three sheets
In the hot-air balloon at left, the burners raise the temper- of paper with the top edges
ature of the air inside the balloon to keep it aloft. about 2 cm apart vertically.

S’ 2 Fold up the bottom . . -
ii“??’;!‘i?ﬂii\u‘.{'?ﬂiw ; ‘ Each chapter starts with a hands-on introduction to the
L 1 material being covered. Read and perform the Launch Lab

to discover concepts covered in the cl apter.

STEP 3 Staple along the
fold. Label from top to bottom
as follows: Gas Laws, Boyle,
Charles, Gay-Lussac,
Combined, and Ideal.

Procedure Tl I HZ

. Read and complete the lab safety form

2. Inflate a round balloon, and tie it closed.
3. Pour cold water into a bucket until it is half full, then . ) .
add ice. Use paper towels to wipe up any spilled Use this Foldable with Sections 13.1 and
water 13.2. As you read the sections, summarize the gas laws
4. Use string to measure the circumference of the L

balloon.

5. Use a stirring rod to stir the water in the bucket to &
equalize the temperature. Submerge the balloon in the K f 1 . .
Lt o T3 i Chemistry@iine ,  Read the chapter title to find out what the topic
6. Remove the balloon from the water. Measure the cir ) S ine . .
e o i will be.
A B study the entire chapter online 1
lysis P explore qoncepts In MO,
1. Describe what happened 0 thesiz of the balon b ke sl Chck Qs » Skim the photos, illustrations, captions, graphs,
Wher ts temperatuce decreased. B use the Personal Tutor to work E
2. Predict what might happen to the balloon’s size if Example Problems step-by-step . and tables.
the bucket contained warm water. P access Web Links for more information,
Inquiry What do you think would happen if you filled piejects, ard actnvities
the balloon with helium instead of air and repeated the D> find the Try at Home Lab, Under Pressure ¢ Look for key terms that are boldfaced and

experiment? higl[lighted.

Chapter 13 » Gases 441
Create an outline using section titles and heads.

Source: Chapter 13, p. 441

Reading for Information



Reading for Information

v As You Read

Within each section you will find a tool to deepen your understanding
and tools to check your understanding.

Section 13.2 |

Objectives The Ideal Gas Law

P Relate number of particles and

volume using Avogadro’s principle [K@IA The ideal gas law relates the number of particles to
P Relate the amount of gas present to pressure, temperature, and volume.

its pressure, temperature, and volume

ot ¥ Real-World Reading Link You know that adding ai to a tire causes the h I- Id d- ink d ib h
s e pressure in the tire to increase. But did you know g o —— pressure T e Rea wor Rea 'ng L"‘ escribes how

P Compare the properties of real and
P for car tires is specified for cold tires? As tires roll over the road, friction causes

£ goms their temperatures to increase. This also causes the pressure to increase. the Section's content may relate to you-
Review Vocabulary o2 3
mole: an S1 base unit used to measure Avogadro’s Principle
the amount of a substance; the amount The particles that make up different gases can vary greatly in size

of a pure substance that contains However, kinetic-mole
6.02 x 107 representative particles

lar theory assumes that the particles in

sample are far ¢ art th

size has very little influence ¢

ume occupied by a gas. For example, 1000 relatively large kryptc

New Vocabulary
Avogadro's principle
molar volume

ideal gas constant (R)
ideal gas law

les occupy the same volume as 1000 smaller helium gas pa
at the same temperature and pressure. It was Avogadro who first pro
posed this idea in 1811. Avogadro’s principle states that equal volumes
of gases at the same temperature and pressure contain equal numbers of
particles. Figure 13.5 shows equal volumes of carbon dioxide, helium
and oxygen

Volume and moles Recall from Chapter 10 t
6.02 % 107 particles. The molar volume of 2

t | mol contains

the volume that

1 mol occupies at 0.00°C and 1.00 atm pressure. The conditions of
0.00°C and 1.00 atm are known as standard temperature and pressure
(STP). Avogadro showed experimentally that 1 mol of any gas occupies
a volume of 22.4 L at STP. Because the volume of 1 mol of a gas at STP is
22.4 1, you can use 22.4 L/mol as a conversion factor whenever a gas is
atSTP.

For example, suppose you want to find the number of moles in a

L at STP. Use the molar volume

3721 x 29 _ 166 mol
24

« Figure 13.5

gas they
i /]
Avogadro’s principle apply ' £

to liquids and solids?

Source: Section 13.2, p. 453

OXYGEN

— — Math Handbook
Molar Volume The main component of natural gas used for home heating and Unit Conversion
cooking is methane (CH,). Calculate the volume that 2.00 kg of methane gas will page 957
occupy at STP.

452 Chapter 13 * Gase

B . - - e < 1 AR 504 A A 3 R

& Analyze the Problem

Source: Section 13.2, p. 452 [ e mberof mols can e caloulted by dvng o sernil

as is at STP (0.00°C and 1.00 atm pressure). SO you can use

ve number of moles to the volume

m = 2.00 kg
T = 0.00°C

P =100 am

Example Problems take you step-by-step ) B1 Solve for the Unknown

Determ

the mass for methane

to solve problems in chemistry. Reinforce the e LRI Sl I S
X f = ; 1C it T H gloffn
skills you've learned by working through the 1201 amu + 404 amu = 1605 amu

T ———
Practice Problems.

Determine the number of moles of methane

2.00 g ;«r‘ 200 x 10° g P

< 10
125 mol Oivide mass by moler mess to
M = Teosgimol ~ 2 oy

determine the number of moles
Use the molar volume to determine the volume of methane at STP.

280 x 10°L Use the matar vokume. 22.4 Limol. 10
mvert trom mdes 10 the vokume

V=125 pet V‘(

B Evaluate the Answer
. ? The amount of methane present is much more than 1 mol, so you should expect
¢ Ask yourself what is the mm ? T e s
unit, and there are three significant figures.
& ey
What is the ?
levabel

o Relate the information in Chemistry: Matter and T i el T e g T
Change to other areas you have studied. 21; How IS ERIZTS dixidaions 0 ep i bsloon o ST

22. What volume in milliliters will 0.00922 g of H, gas occupy at STP?

Extra Pract

23. What volume will 0.416 g of krypton gas occupy at STP?

° Predict events or outcomes by using Clues and 24. Calculate the volume that 4.5 kg of ethylene gas (C,H.) will occupy at STP.

25. Challenge A flexible piastic container contains 0.860 g of helium gas in a volume of

information that you already know. 2Ly £ aey

be the new volume?

helium is removed at constant pr ure, what wil

ssure and temper

¢ Change your predictions as you read and gather Secen 132+ T G o 438
new information. -

Reading for Information xix



Reading for Information

Follow up your reading with a summary and
assessment of the material to evaluate if you
understood the text.

Polar gas Force of

Nonpolar gas / attraction
» Figure 13.9 In a nonpolar
gas, there is minimal attraction

between particies. However, polar

Inter Assuming the volume of
the particies is negligibie, how
will the measured pressure for a
sample of gas that experiences
significant intermolecular
attractive forces compare to
the pressure predicted by the
ideal gas law?

Water vapor

Polarity and size of particles The nature of the particles making

up a gas also affects how ideally the gas behaves. For example, polar gas b

molecules, such as water vapy er ¥

between their particles than non s helium. The oppo H

sitely charged ends of pulled together through

ele atic forces, as she . Therefore, p

not behave as ideal gases

ules, such as butane

i
3
k

Each section concludes with an assessment. )
The assessment contains a summary and : _

% X A Section .Summary ll.w,‘dl(ﬁ:::lal; w:’y:\\v(:t:?:‘::: ::l”:l::,::(,“‘:‘: true for gases that have
questions. The summary reviews the section’s B Avogad's prcpe states thatequal £ Smal paides nd for ’

volumes of gases at the same pres-  ©  32. State the equation for the ideal gas law.
SHE Il tenperaure conkain ecpial 33. Analyze how the ideal gas law applies to real gases using the kinetic

key concepts while the questions test your unbers of parices e
B The ideal gas law relates the amount 34 predict the conditions under which a real gas might deviate from ideal ‘

understanding. of agos present 0 s presre tom- & v

perature, and volume. : .
* 35, List common units for each variable in the ideal gas law

Section13.2 Assessment \_

B The ideal gas law can be used to find
molar mass if the mass of the gas is
known, or the density of the gas if its
molar mass is known.

. 36.Calculate A 2.00-L flask s filled with propane gas p
1.00 atm and a temperature of —15.0°C. What is the mass of the propane in
the flask?

» A bich . 37. Make and Use Graphs For every 6°C drop in temperature, the air pressure 4

[ peesg and vy fow in a cars tires goes down by about 1 psi (14.7 psi = 1.00 atm). Make  graph i

B gats beuve illustrating the change in tire pressure from 20°C to —20°C (assume 30.0 psi g

differently than ideal gases i

at20°0 £

- £

DY . g

e % . Chemistry® SeM-Check Quiz glencoe.com Section 13.2 « The ldeal Gas Law 459 ¢

13 Study Guide S i

\ oo

(CIAEE Gases respond in predictable ways to pressure, temperature, volume, and changes in

umber o partices Source: Chapter 13, p. 459

Section 13.1 The Gas Laws
K@ for a fixed amount of  Key Concepts

gas, a change in one variable— « Boyle's law states that the volume of a fixed amount of gas is inversely proportional
pressure, temperature, or volume— 10 its pressure at constant temperature
affects the other two.
PV, =PV
Vocabulary
+ absolute zero (p. 445) + Charles’s law states that the volume of a fi
« Boyle’s law (p. 442) proportional to its kelvin temperature at c
« Charles's law (p. 445) Vi W

B rioivre o , ( At the end of each chapter you will find a Study Guide.
+ Gay-Lussac’s law states that the pressure of a fixed amount of gas is directly
proportional to its kelvin temperature at constant volume.

e The chapter’s vocabulary terms as well as key concepts
+ The combined s o rltespresar, emperature,ad volame i il are listed here. Use this guide for review and to check
your comprehension.

JKEH The ideal gas law
relates the number of particles to
pressure, temperature, and volume.

Vocabulary
« Avogadro's principle (p. 452) and volume
« ideal gas constant (p. 454)
« ideal gas law (R) (p. 454)
« molar volume (p. 452)

ses at the same pressure and

Nl 10 its pressure, temperature

PV = nRT

« The ideal gas law can be used o find molar mass if the mass of the gas is known.
or the density of the gas if its molar mass is known.

mR1T MP
M= )=
=2w P=RT

« Atvery high pressures and very low temperatures, real gases behave differently
than ideal gases

K@ When gases react, Key Concepts

the coefficients in the balanced + The coefficients in a balanced chemical equation specify volume ratios for gascous
e | iy o State the CI[I(FEY
molar amounts and relative volumes. | 3., oo Jaws can be used along with balanced chemical equations to calculate the ! i
: ey -
« Relate the ||/ KT to the CI[N (EIEL.

amount of a gaseous reactant or product in a reaction.
P ¢ s w3 esurcise 062 « Use your own words to explain what you read.

O — o Apply this information in other school subjects or
Source: Chapter 13, p. 467 at home.

« Identify sources you could use to find out more
information about this topic.

Reading for Information




Scavenger Hunt

will know where to look to learn as much as you can. )

As you complete this scavenger hunt, either alone, with your teacher, or with
others, you will quickly learn how Chemistry: Matter and Change is organized
and how to get the most out of your reading and study time. [

O How many chapters are in this book?
@ On what page does the glossary begin? What glossary is online?
© Where can you find a listing of Laboratory Safety Symbols?

O 1 you want to find all the MiniLabs, Problem-Solving Labs, Data
Analysis Labs, and ChemLabs, where in the front do you look? *

© How can you quickly find the pages that have information about an
arson investigator?

@ What is the name of the table that summarizes the Key Concepts
of a chapter?

@ Where can you find reference tables? What are the page numbers?

© On what page can you find the CIIH(EEE for Chapter 1? On what
pages can you find the [JLUK(EEY for Chapter 27

© Where can you find information on hydrogen?

@) Name four activities that are found at Chemistl'vsnllne.

@ What study tool shown at the beginning of a chapter can
you make from notebook paper?

D Where do you go to view the CO"“P“ In m'tion?

© GEIMEENELEDY) :nd Everyday Chemistry

are two types of chapter features. What are the other two types?

. Scavenger Hunt xxi
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