and energy d»ung}.ng a
chemical reaellon?

|
An air bag deploys in less than the blink of an eye. How does the bag open
so fast? At the moment of impact, a sensor triggers a chemical reaction
between two chemicals. This reaction quickly produces a large amount of
nitrogen gas. This gas inflates the bag with a pop.

* A chemical reaction can produce a g

as. How is this different from a gas
produced when a liquid boils? ik

* Where do you think the nitrogen g

as thatis in an air ba ?
you think any of the chemicals in 1t g comes from? Do

'€ air bag contain the element nitrogen?




What do you think?

Before you read, decide if you agree or disagree with each of
these s.tatements. As you read this chapter, see if you change
your mind about any of the statements.

0 If a substance bubbles, you know a chemical reaction is occurring.

9 During a chemical reaction, some atoms are destroyed and new
atoms are made.

e Reactions always start with two or more substances that react
with each other.

O Water can be broken down into simpler substances.
0 Reactions that release energy require energy to get started.

o Energy can be created in a chemical reaction.
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Lesson1
Reading Guide | Undel‘Standihg

Key Concepts & ==
ESSENTIAL QUESTIONS .cal
* What are some signs that em I

a chemical reaction might

have occurred? o g{i
* What happens to atoms Reac Io “ k: %i

during a chemical reaction?

* What happens to the total | .'U‘%

mass in a chemical reaction?

Vocabulary

chemical reaction p. 419
chemical equation p. 422
reactant p. 423

product p. 423

law of conservation of mass
p. 424

coefficient p. 426

[y i

@{g Multilingual eGlossary

A Tale of Two Changes and 8
All Things Being Equal.

Does it run on batteries?

Flashes of light from fireflies dot summer evening skies in many parts
of the United States. But, firefly light doesn’t come from batteries.
Fireflies make light using a process called bioluminescence (bi oh
lew muh NE cents). In this process, chemicals in the firefly’s body
bine in a two-step process and make new chemicals and light.

Tarwin DalePhets Rescarchars, \ne

com
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Strte s PrCtOOrapYDNItal LIght Source

@ Launch Lab

where did it come from? a E

oens when liquids change to a solid?

Read and complete a lab safety form.

Science Journal.

mix. Observe and record what happens.

Think About This

Changes in Matter

When you put liquid water in a freezer, it : i
© or more substances change into new sub-

changes to solid water, or ice. When you pour : )
: stances. The starting substances and the sub-

liquid batter changes to a solid, too. In both stance's produced h.ave different physical and

: chemical properties. For example, when
. brownie batter bakes, a chemical change
occurs. Many of the substances in the baked
. prownies are different from the substances in

Recall that matter can undergo two types i the batter. As a result, baked brownies have
© physical
! ferent from those of brownie batter.

brownie batter into a pan and bake it, the

cases, a liquid changes to a solid. Are these
changes the same?

Physical Changes

of changes-chemical or physical. A physical
change does not produce new substances. The
substances that exist before and after the
change are the same, although they might
have different physical properties.
What happens when liquid water freezes. Its

from a liquid to a

Physical properties change
ange

Solid, but the water, H,0, does 1ot ch
Water molecules
atoms

int s
0 a different substance.

an . j
¢ always made up of two hvdrogen
p

0 "
hded to one oxygen atom regardless of

w
hether they are solid, liquid, or gas.

0es A poiled €99 have more mass than a raw 5

Use @ graduafted cylinder to add 25 mL of solliflon A

sealing pla§t|c bag. Place a stoppered test tube cOnta.O.a self-

solution B into the bag. Be careful not to dislodge the sl,?cljlgie
I

seal the bag completely, and wipe off any moisture on the \
ide with a paper SH 7 9
Ml paper towel. Place the bag on the balance. Record the total mass in your

Jithout BpSTNT the bag, remove the stopper from the test tube and allow the liquids to

6 Place the sealed bag and its contents back on the balance. Read and record the mass.

1. What did you observe when the liquids mixed? How would you account for this observation?

2. Did the mass of the bag’s contents change? If so, could the change have been due to
the precision of the balance, or did the matter in the bag change its mass? Explain.

3 @‘;‘J Key Concept Do you think matter was gained or lost in the bag? How can you tell?

- Chemical Changes

i re
This is !
of one or more
. or more new su
: read what happens to atoms during a reaction
and how these changes can be described using

15-20 minutes

99? What hap-

Recall that during a chemical change, one

and chemical properties that are dif-

A chemical change also is called a chemical
action. These terms mean the same thing. A
chemical reaction is a process in which atoms
substances rearrange to form one
bstances. In this lesson, you will

: equations.

heck What types of properties

: Reading C
: @ change during a chemical reaction?

Lesson 1
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Signs of a Chemical Reaction

How can you tell if a chemical reaction has

might have occurred are shown in Figure 1.

" chemical change. For example, bubbles ,

taken place? You ha he substances : )
p ve read that the s : when water boils. But, bubbles aJsq ,

before and after a reaction have different prop- : ; :
© when baking soda and vinegar react ang forn,

erties. You might think that you could look : ;
© carbon dioxide gas. How can you be syr tha

for changes in properties as a sign that a reac- : :
© 1 chemical reaction has taken place? The only

tion occurred. In fact, changes in the physical : -
¢ way to know 1s to study the chemica] Proper.

properties of color, state of matter, and odor :
are all signs that a chemical reaction might : diffe
have occurred. Another sign of a chemical . change. If they have different chemica| Prop.

reaction is a change in energy. If substances . erties, then the substances have undergope ,
get warmer or cooler or if they give off light :
or sound, it is likely that a reaction has :

occurred. Some signs that a chemical reaction :

However, these signs are not prgqy ey
d

Ppeay
Ppear

ties of the substances before and after the

chemical reaction.

@/ = Key Concept Check What are some
signs that a chemical reaction might

have occurred?

Figure 1 @=> You can detect a chemical reaction by looking for changes in properties and

changes in energy of the substances that reacted.

Change in color

Bright copper
changes to green
when the copper
reacts with certain
gases in the air.

Formation of
bubbles
Bubbles of carbon
dioxide form when
baking soda is added
to vinegar.

Change in odor
When food burns
or rots, a change
in odor is a sign of
chemical change.

Warming or cooling
Thermal energy is
either given off or
absorbed during a
chemical change.

Chapter 12
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Formation of a
precipitate

A precipitate is a
solid formed when
two liquids react.

Release of light
A firefly squid gives
off light as the result
of a chemical
change.




what happens in a chemical reaction?

" puring a chemical reaction, one or more substances react and
n

orm one ©f more new substances. How are these new substances

I-Ormed?

atoms Rearrange and Form New Substances

To understand what happens in 3 reaction, first review sub-
ances: Recall that there are two types of substances-elements
and compounds. Substances have a fixed drrangement of atoms
For example, in a single drop of water, there are trillions of oxygen‘
.nd hydrogen atoms. However, all of these atoms are arranged in
(he same way—two atoms of hydrogen are bonded to one atom of
oxygen. If this arrangement changes, the substance is no longer
water. Instead, a different substance forms with different physical
and chemical properties. This is what happens during a chemical

reaction. Atoms of elements or compounds rearrange and form dif-
ferent elements or compounds.

Bonds Break and Bonds Form

How does the rearrangement of atoms happen? Atoms re-
arange when chemical bonds between atoms break. Recall that
constantly moving particles make up all substances, including
solids. As particles move, they collide with one another. If the
particles collide with enough energy, the bonds between atoms
can break. The atoms separate, rearrange, and new bonds can
form. The reaction that forms hydrogen and oxygen from water
is shown in Figure 2. Adding electric energy to water molecules
can cause this reaction. The added energy causes bonds between
the hydrogen atoms and the oxygen atoms to break. After the
bonds between the atoms in water molecules break, new bonds
can form between pairs of hydrogen atoms and between pairs of
0Xygen atoms.

@: Key Concept Check What happens to atoms during a
chemical reaction?

REVIEW VOCABULARY """ :

chemical bond

an attraction between atoms
when electrons are shared,
transferred, or pooled

Figure 2 €= Notice that
no new atoms are created
in a chemical reaction. The
existing atoms rearrange

and form new substances.

[ ) between Bonds form between
Bonds between the Bonds form

hydrogen and hydrogen atoms. oxygen atoms.
Oxygen atoms break.

, ©
gl — lols
¢ /
© ¢ €
(' ¢
Hydrogen molecules Oxygen molecule
Wate’(lf_lHOIe(ules Hydroger; arr:: oxygen y g (0,)
0 ato BT
\2) —— - - Lesson 1 421
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Table 1 Symbols and Formulas of

Some Elements and Compounds

# of
Substance Formula atoms
Carbon G (@ C:1
Copper G Cu Cu:1
Cobalt 0 Co Coil
Oxygen “ 0, 0:2
Hydrogen “, H, H: 2
Chlorine Cl, Cl:'2
Carbon y \ C:
dioxide m CO, Q2
Carbon \ LG
monoxide “ | &0 (©1]]
b [H:2
Water & H,O lo: 1
Hydrogen % ; H: 2
peroxide i) {0:2
T | % A
A\Q"‘ ‘ |C:6
Glucose ¢ “Bg e’ CgHy,0g | H: 12
¢\ !
L |
boe MO E il Eas — —— - % ! -
! [
Sodium ‘ | Na:1
chloride Nagl | Gl
. ) ey 1 ' Mg: 1
Magnegum 4 | Mg(OH), | O: 2
hydroxide | s 2

Table 1 Symbols and subscripts describe
the type and number of atoms in an element
or a compound.

6Visual Check Describe the number of
atoms in each element in the following: C, Co,
CO, and CO,,

ﬁ Interactive Table

Chapter 12
EXPLAIN
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chemical E uations

suppose your teacher asks you to b
a specific reaction in your science labora[
How might your teacher describe the reactioy
to you? He or she might say something Such .
“react baking soda and vinegar to form g, dite,
acetate, water, and carbon dioxide.” 1t js More
likely that your teacher will describe the b
tion in the form of a chemical equation, 4
chemical equation is a description of @ rege.
tion using element symbols and chemical formy.
las. Element symbols represent elemeny
Chemical formulas represent compounds,

UCE
Oryh

Element Symbols

Recall that symbols of elements are shown
in the periodic table. For example, the sympj|
for carbon is C. The symbol for copper is ¢y
Each element can exist as just one atonm
However, some elements exist in nature a
diatomic molecules—two atoms of the same ele-
ment bonded together. A formula for one of
these diatomic elements includes the element’s
symbol and the subscript 2. A subscript
describes the number of atoms of an element
in a compound. Oxygen (O,) and hydrogen
(H,) are examples of diatomic molecules. Some

element symbols are shown above the blue
line in Table 1.

Chemical Formulas

When atoms of two or more different ele
ments bond, they form a compound. Recall
that a chemical formula uses elements’ sym-
bols and subscripts to describe the number of
atoms in a compound. If an element’s symbol
does not have a subscript, the compound con
tains only one atom of that element. For exam
ple, carbon dioxide (CO,) is made up of on¢
carbon atom and two oxygen atoms. Remember
that two different formulas, no matter how
similar, represent different substances. SOMm

chemical formulas are shown below the blt¢
line in Table 1,



writing Chemical Equations

A chemical equation includes botp, the sub-
sances that react and the substances that are
formed in chemical reaction. The starting syp-
sances i @ chemical reaction are reactants. The
substances pr oduced by the chemical reaction qre
IJroducts. Figure 3 shows how 3 chemica]
equation is written. Chemical formuy],g e
used to describe the reactants and the prod-
ucts. The reactants are written to the left of an
arrow, and the products are written to the right
of the arrow. Two or more reactants or products

are separated by a plus sign. The general stryc.
wre for an equation is:

reactant + reactant — product + product

When writing chemical equations, it is
important to use correct chemical formulas for
the reactants and the products. For example,
suppose a certain chemical reaction produces
carbon dioxide and water. The product carbon
dioxide would be written as CO, and not as
CO. CO is the formula for carbon monoxide,
which is not the same compound as CO,. Water
would be written as H,0 and not as H,0,, the
formula for hydrogen peroxide.

Figure 3 An equation is read much like a
sentence. This equation is read as “carbon
Plus oxygen produces carbon dioxide.”

< MiniLab

10 minutes

How does an equation represent

a reaction? [ g

Sulfur dioxide (SOZ) and oxygen
(02) react and form sulfur
trioxide (SO,). How does an
€quation represent the reaction?

o Read and complete a lab
safety form.

e Use yellow modeling clay
to model two atoms of
sulfur. Use red modeling
clay to model six atoms of oxygen.

9 Make two molecules of SO, with a sulfur
atom in the middle of each molecule.
Make one molecule of O,. Sketch the
models in your Science Journal.

O Rearrange atoms to form two molecules
of SO,. Place a sulfur atom in the middle
of each molecule. Sketch the models in
your Science Journal.

Analyze and Conclude

1. Identify the reactants and the products
in this chemical reaction.

2. Write a chemical equation for this reaction.

3. Explain What do the letters represent in
the equation? The numbers?

4. €= Key Concept In terms of chemical
bonds, what did you model by pulling
molecules apart and building new ones?

Parts of an Equation

Reactants are written to
the left of the arrow.

(e A

The plus sign separates two
or more reactants or products.

Products are written to
the right of the arrow.
> Tl

Carbon
dioxide
(Co,)
The arrow is read as .
“produces” or “yields.”
Lesson 1

423

EXPLAIN

!

il



WO:D LUl e Conservation of Mass
product

from Latin producere, means ! A French chemist named Antoine Lavoisier (AN tway, . luh

“bring forth” : see ay) (1743-1794) discovered something interesting aboy chep.
................. cal reactions. In a series of experiments, Lavoisier Measureq :111\
masses of substances before and after a chemical reaction insiq *
closed container. He found that the total mass of the reactants alW: A
equaled the total mass of the products. Lavoisier’s results Joq to [hs
Make 't v law of conservation of mass. The law of conservation of mass Staxei
tical four-‘tearb that the total mass of the reactants before a chemical reaction i the s
book. Label as the total mass of the products after the chemical reaction,
it as shown.
Useitto Atoms are conserved.
study the The discovery of atoms provided an explanation for Lavoisjep,
Zt:cr?z gof bal- observations. Mass is conserved in a reactior.1 because atoms gre
equations. conserved. Recall that during a chemical reaction, bonds break ang

new bonds form. However, atoms are not destroyed, and no e,
atoms form. All atoms at the start of a chemical reaction are pres-
ent at the end of the reaction. Figure 4 shows that mass s con-

" served in the reaction between baking soda and vinegar.
Figure 4 As this reaction

takes place, the mass on Key Concept Check What happens to the total mass of

the balance remains the the reactants in a chemical reaction?
same, showing that mass

is conserved.

Conservation of Mass

The baking soda is contained in a balloon. When the balloon is tipped up, the baking
The balloon is attached to a flask that soda pours into the vinegar. The reaction forms
contains vinegar. a gas that is collected in the balloon.

Sodium acetate
Baking soda Vinegar Carbon dioxide and water

Mass is equal.

baking soda + vinegar sodium acetate + water + carbon dioxide
NaHCo, HC,H,0, — NaC,H,0, H,0 o,

1 Na: ¢ 4H: ©OLO 1Na: ¢ 2H ©® 1@

1H: ® 2C @@ “:‘:2‘5 2¢ @@ 10 @ 20: 0@

1¢C @ 20: 0@ equal. 3H: @O@

30. ©O© 20 €€

Chapter 12
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an equation balanced?

oes a chemical equation show that atoms are conserved?
5 equation is written so that the number of atoms of each ele:
;llent is the same, Or balar}ced, on each side of the arrow. The equa-
ion showing the reaction between carbon and oxygen that
oduces carbon dioxide is shown below. Remember that oxygen
as O, because it is a diatomic molecule. The formula for

Is
How d

{

2 oxygen atoms

is written
carbon dioxide is CO,.
Reactants Product Balanced
C 13 0, — co, A A AN
1carbon atom 2 oxygen atoms 1 carbon atom e

Is there the same number of carbon atoms on each side of the
arrow? Yes, there is one carbon atom on the left and one on the
right. Carbon is balanced. Is oxygen balanced? There are two oxy-
gen atoms on each side of the arrow. Oxygen also is balanced. The

stoms of all elements are balanced. Therefore, the equation is

balanced.

You might think a balanced equation happens automatically
when you write the symbols and formulas for reactants and prod-
ucts. However, this usually is not the case. For example, the reac-
tion between hydrogen (H,) and oxygen (0,) that forms water

(H,0) is shown below.

Reactants Product
w (e .
H2 + OZ — HZO

2 hydrogen atoms
1 oxygen atom

Zhydrogen atoms 2 oxygen atoms

————

Count the number of hydrogen atoms On each side of the
aow. There are two hydrogen atoms in the product and two in
the reactans. They are balanced. Now count the number of oxy-
8en atoms on each side of the arrow. Did you notice that there are
W0 oxygen atoms in the reactants and only one in the product?
Because they are not equal, this equation is not balanced. To accu-
fately represent this reaction, the equation needs to be balanced.

Unbalanced

Lesson 1
425
EXPLAIN



Balancing Chemical Equations T

When you balance a chemical equation,
vou count the atoms in the reactants and the
products and then add coefficients to balance
the number of atoms. A coefficient is a num- :

in front of an element symbol or chem- i

ber placed
er of :

ical formula in an equation. It is the numb :
units of that substance in the reaction. For
example, in the formula 2H,0, the 2 in front
of H,0 is a coefficient, This means that there
are two molecules of water in the reaction. :
Only coefficients can be changed when bal- :
ancing an equation. Changing subscripts
changes the identities of the substances that :

If one molecule of water contajpy e
hydrogen atoms and one oxygen atom, y.
many H and O atoms are in two molecy,
water (2H,0)? Multiply each by 2.

0
\
Sof

4 H atoms
2 O atoms

2 x 2 Hatoms
2 x 1 O atom

When no coefficient is present, only one
unit of that substance takes part in the rey..
tion. Table 2 shows the steps of balancing ,

chemical equation.

are in the reaction.

Table 2 Balancing a Chemical Equatio - ot

o i : ; H i Oy — H,0
Write the unbalanced equation. ; 2 ¢ Bt
Make sure that all chemical formulas are correct. | ,’i‘?ﬁ'_""ﬂs_.,__‘,,_,_, P .
9 Count atoms of each element in the reactants and ‘ - B g
in the products. w w Q
a. Note which, if any, elements have a balanced
number of atoms on each side of the equation. | H, + O, — H.O
Which atoms are not balanced? { reactants products
b. If all of the atoms are balanced, the equation is ! H=2 H=2
balanced. i 0o=2 o=1
|
e Add coefficients to balance the atoms. . 4
a. Pick an element in the equation that is not : w w @ &
balanced, such as oxygen. Write a coefficient in I
front of a reactant or a product that will balance }
the atoms of that element. 3 SRR, R N — 24,0
b. Recount the atoms of each element in the gf reactants products
reactants and the products. Note which atoms are H=2 H=4
not balanced. Some atoms that were balanced 0=2 0=2
before might no longer be balanced.
c. Repeat step 3 until the atoms of each element are )
balanced. | w “ ; c
- G
| ZHZ -+ O2 — ZH:O
‘ reactants products
H=4 H=4
s 2 ‘ 0=2 0o=2
Write the balanced chemical equa i
o coefficients. g the g &+ o, o 21,0

6Visual Check In row 2 above, which element is not bal
anced? In the top of row 3, which element is not balancéd?

n personal Tuto!
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“Lesson 1 Review

o

Puisat ummary

© :
¢ _.© OJ A chemical reaction
¢ @, le“ "¢ isaprocessinwhich
o bonds break and
s () atom; rearrange,
i ¢ @ forming new bonds,

A chemical equation
uses symbols to
show reactants and
products of a chem-
ical reaction.

The mass and the
number of each
type of atom do not
change during a
chemical reaction.
This is the law of
conservation of
mass.

Use your lesson Foldable to review the .
lesson. Save your Foldable for the project {
at the end of the chapter. ‘

What do you think

You first read the statements below at the
beginning of the chapter.

1. If a substance bubbles, you know @
chemical reaction is occurring.

ction, some atoms

2. During a chemical rea
are made.

are destroyed and new atoms

about whether you
ments? Rewrite

S

Did you change your mind
agree or disagree with the state
any false statements to make them true.

-

Use Vocabulary

o Define reactants and products.

Understand Key Concepts =

e Which is a sign of a chemical reaction?
C. agas forms

A. chemical properties
change

B. physical properties
change

D. a solid forms

e Explain why subscripts cannot change when
balancing a chemical equation.

o Infer Is the reaction below possible? Explain
why or why not.

H,O + NaOH — NaCl + H,

Interpret Graphics

o Describe the reaction below by listing the
bonds that break and the bonds that form.

2Na + a, —_— 2 Nadl

e Interpret Copy and complete the table to
determine if this equation is balanced:

CH, + 20, — CO, + 2H,0

Is this reaction balanced? Explain.

Number of Atoms in the Balanced
Chemical Equation

Products

Critical Thinkin

Balance this chemical equation. Hint: Balance

Al last and then use a multiple of 2 and 3.

Al + HCl — AICI; + H,

Lesson 1
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LA ] s 0ty Follow a Pr

What can you learn from a

Materials

test tubes
and rack

ammonium
hydroxide
(NH,OH)

ALUMINUM FOIL

aluminum foil

Baking
Soda

sodium
bicarbonate
(NaHCO,)

Also needed:
copper foil,
tongs, salt

water, copper

sulfate solution

(CuSO,), 25-mL
graduated

cylinder,

Bunsen burner,

plastic spoon,

toothpick, ring
stand and
clamp, splints,
matches,
paper towel

Safety

ENCE
MEJ

Observing reactions allows yo
that can occur. You can then
about reactions.

Learn It

If you have never tested for a chem-
ical reaction before, it is helpful to
follow a procedure. A procedure
tells you which materials to use and
what steps to take.

Try It
o Read and complete a safety form.

9 Copy the table into your Science
Journal. During each procedure,
record observations in the table.

@ Dip a strip of aluminum foil into
salt water in a test tube for about
1 min to remove the coating.

@ Place 5 mL of copper sulfate
solution in a test tube. Lift the
aluminum foil from the salt water.
Drop it into the test tube of
copper sulfate so that the bottom
part is in the liquid. Look for
evidence of a chemical change.
Set the test tube in a rack, and
do the other procedures.

O Use tongs to hold a small piece
of copper foil in a flame for
3 min. Set the foil on a heat-
proof surface, and allow it to
cool. Use a toothpick to
examine the product.

n experiment?

u to compare different types of changeg
design new experiments to learn more

9 Place a spoonful of sodium
bicarbonate in a dry test tube.
Clamp the tube to a ring stand at
a 45° angle. Point the mouth of
the tube away from people. Move
a burner flame back and forth
under the tube. Observe the
reaction. Test for carbon dioxide
with a lighted wood splint.

G Add 1 drop of ammonium
hydroxide to a test tube
containing 5 mL of copper
sulfate solution.

o Pour the liquid from the test tube
in step 3b into a clean test tube.
Dump the aluminum onto a paper
towel. Record your observations
of both the liquid and the solid.

Apply It
0 Using the table, write a balanced
equation for each reaction.

o Why did the color of the copper
sulfate disappear in step 3b?

@ Key Concept What

changes in properties and
changes in energy indicate that
the changes are chemical as
well as physical?

Observations and
Step Reactants Products Evidence of
Chemical Reaction
2+7 |Al+ cusO, cu + ,«:\(2(504)3
4 |Qu+ 0, cuo
///‘
NaHCO, €O, + Na,cO, + H,0 i
NH,OH + cuso, (NH,),50, + CU(OH), g e )

Chapter 12
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