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Chapter 11:

Reacitons

11.1 Describinc
Reactions




Signs of a Chemical Reaction

Color change
Solid forms (precipitate)
Bubbles (gas) produced
Change in tempe

|




11.1

Writing Chemical Equations

Word Equations

> To write a word equadi !
the names of the reactants to the
left of the arrow separatéd by
plus signs; write the na &s of th
products to the right of the arovl/e,
also separate us Signs.

Reactant + '.-
Product

:\'.




11.1
Writing Chemical Equations

Chemical Equations

A chemical equation i§ a
representation of a chemical
reaction; the form
reactants (on/
connected b
formulas of
right).




11.1
Writing Chemical Equations

A skeleton equation |
chemical equatio [that do&és not
indicate the relative amounts of

the reactants and product
Here is the equc for rusting:
Fe + O, 2 Fe;




11.1
Writing Chemical Equations

A catalyst is a substance that
speeds up the reactignsie 0

used up in the reaction.
HWithout Catalyst With Catalyst

R
p 41‘ | o




Tabile 11.1

Symbols Used in Chemical Equations

Symbol Explanation
+ Used to separate two reactants or two products B
—> “Yields,” separates reactants from products
— Used in place of — for reversible reactions
(s) Designates a reactant or product in the solid state; placed

after the formula

Designates a reactant or product in the liquid state;
placed after the formula

Designates a reactant or product in the gaseous state;

(/)

(9) placed after the formula
Designates an aqueous solution; the substance is dis-
(aq) . _
solved in water; placed after the formula
A , _heat . |ndicates that heat is supplied to the reaction
Pt A formula written above or below the yield sign indicates
e

its use as a catalyst (in this example, platinum).




CONCEPTUAL PROBLEM 11.1 '

Writing a Skeleton Equation

Hydrochloric acid and solid sodium hydrogen carbonate are
shown before being placed in the beaker to react. The products
formed are aqueous sodium chloride, water, and carbon diox-
ide gas. Write a skeleton equation for this chemical reaction.




for Conceptual Problem 11.1

2. Sulfur burns in oxygen to form sulfur dioxide.
Write a skeleton equation for this chemical

reaction. Include appropriate symbols from
Table 11.1.




11.1
Balancing Chemical Equations

To write a balanced chemie
equation, first write the sk
equation. Then :‘r coeffic
balance the equation so t
obeys the law of conserva
mass.

leton
oNts to
it it

b o




11.1
Balancing Chemical Equations

This is a balanced equation for making a
bicycle. The numbers ares€
coefficients—small whole numbers that
are placed in front of the formulas in a

equation in order to balance it.




11.1
Balancing Chemical Equations

A chemical reaction is also describec
by a balanced equatic which
each side of the eg ation has the

same number of atoms of e:

element and mass’is conser

C(s) + CO,(9)

4

Reactants Product
1 carbon atom, 2 oxygen atoms 1 carbon atom, 2 oxygen atoms



Helpful Tips
Balance one element at a time.

Update ALL atom cpe aiLer addi
a coefficient. l
khan

If an element appears more
gle

once per side, ba 2 it lac

Balance polyatoi 1S &
units.

"1 SO4" insteé

(g
L
o/




CONCEPTUAL PROBLEM 11.2 '

Writing a Balanced Chemical Equation

Hydrogen and oxygen react to form water. The
reaction releases enough energy to launch a rocket.
Write a balanced equation for the reaction.

A A




for Conceptual Problem 11.2

4. Rewrite these word equations as balanced chemi
cal equations.
a. hydrogen + sulfur —— hydrogen sulfide
b. iron(III) chloride + calcium hydroxide ——
iron(III) hydroxide + calcium chloride

_T=




Balancing a Chemical Equation

Aluminum is a good choice for outdoor furniture because it
reacts with oxygen in the air to form a thin protective coat of
aluminum oxide. Balance the equation for this reaction.

Al(s) + O,(g ——> ALO,(s)




for Conceptual Problem 11.2

6. Write and balance this equation.
calcium hydroxide + sulturic acid >
calcium sulfate + water




Example

s with*Water to |
yvdroxide and

Solid calcium metal eg
form aqueous calciu
hydrogen gas.




Example
Hydrogen peroxide in an
agueous solution
decomposes to produlce
oxygen and water




Example

Solid copper metal reacts Wi
silver nitrate to produce soli@se
and aqueous copper (II) nitrate

h aqueous
netatl.




Practice

1) Solid mercury (II) oxide
decomposes to predtce liqtid
mercury metal an gaseous oxygen

2) Solid carbon reacts wit aseu.b
oxygen to form gaseous C on
dioxide




Practice

3) Gaseous ammonia reg
gaseous hydroge Oride
solid ammonium chloride

4) Iron metal reacts with
gas to form solic (II)

0

o form:

Xxygen

ide




Practice

5) Solid magnesium rec
liquid water to fomrTSOliC
magnesium hydroxide anc
hydrogen gas

6) Gaseous am
gaseous oxygen t
nitrogen monc
water

|

a readts wit
Orm GASEoUs
d gaseous




Practice

/) Nitrogen monoxide gg
with hydrogen gas-to Tor
nitrogen gas and water

8) Lithium metal/reacts w K
chlorine gas to f solid i iu
chloride

-_a p-_— o




11.1 Section Quiz.

1.Propane gas reacts with oxygen to

produce water vapor and_carbes
dioxide. Choose the=eBrrect word
equation for this reaction.
a) propane + carbon dioxide —
water + oxyge
b) propane + 0x

- eH
carbon dioxide

d) propane;
carbon dioxI€




11.1 Section Quiz.

2.Which of the following is a
skeleton equatior

a) H, + CO —) H;OH
b) 2H>, + CO 55 'CHs0
c) 2H, + CO:;

d) hydroger
monoxide




11.1 Section Quiz.

3.What coefficient for H,SO;4 is
required to balance the ,
equation?

Ca3(PO4)2 +
+ 2H3PO4

a) 1
b) 2
C) 3
d) 4

H>S0O4 3CaS04




11.2 Types o
Reactions




11.2
Classifying Reactions

"

The five general type
reaction are co ] DInation
decomposition, si
replacement, dc
replacement,




11.2

Classifying Reactions
A combination (synthesis)
reaction is a chemical.eh@fngein !
which two or more substaces react
to form a single ne

ow substance.




Combination

only one product




CONCEPTUAL PROBLEM 11.4 '

Writing Equations for Combination Reactions

Copper and sulfur, shown in the photo, are the reac-
tants in a combination reaction. Complete the equa-
tion for the reaction.

Cu(s) + S(s) —— (two reactions possible)




for Conceptual Problem 11.4

14. Write and balance the equation for the formation
of magnesium nitride(Mg,N,) from its elements.

Aluminum and sulfur react

Sodium metal and io




11.2
Classifying Reactions

A decomposition reactlon IS a

chemical change inwiie Ngle !
compound breaks‘down into two or
more simpler procts.




Decomposition

only one reactant




CONCEPTUAL PROBLEM 11.5

Writing the Equation for a Decomposition Reaction

Decomposition reactions that produce gases and heat are
sometimes explosive, as the photo shows. Write a balanced
equation for the following decomposition reaction.

HEO(Z) electricity

A




for Conceptual Problem 11.5

15. Complete and balance this decomposition

reaction.
HI >

Aluminum oxide(s) de Ompose hen

electricity passes t

Magnesium bromic composes




Decomposition Patterns

Metal carbonates break down to
produce a metal oxide-arm@*Garbon

dioxide gas. l
Ex: CaCOs(s) — C

Metal hydroxides
metals) decompc

10(5) +ICO0,(g

ept gr P 1
ield=meta




Decomposition Patterns

Metal chlorates decomposegté !

produce a metal ch Oride and oxyge
Ex: 2 KCIO3(s) —/ 2 KCI(s)f+ 3
02(9)




11.2

Classifying Reactions
A single-replacement reaction
IS @ chemical change
element replaces
in @ compound.

WWWWW



Single Replacement

metal replaces metal
nonmetal replacesThonm

er\nn@




1.2
Classifying Reactions

Name Symbol

The activity Lo _| |
Series Of mEtals Calcium Ca
. . 2| | Sodium Na
lists metals in 2| [Magnosiom Mg
order of | e
decreasing g | on o
reaCtiVity. gl | tydrogen)
v | Copper Cu

Mercury Hg

Silver Ag

*Metals from Li to Na will replace H from
acids and water; from Mg to Pb they will
replace H from acids only.




CONCEPTUAL PROBLEM 11.6 '

Writing Equations for Single-Replacement Reactions

The photo shows the reaction between Zn(s) and H,SO,(aq). Write a
balanced chemical equation for each single-replacement reaction.
The reactions take place in aqueous solution.

a. Zn(s) + H,S80,(aq) ——

b. Cl,(aq) + NaBr(ag) ——




for Conceptual Problem 11.6

17. Complete the equations for these single-
replacement reactions in aqueous solution. Bal-
ance each equation. Write “no reaction” if a
reaction does not occur.
a. Fe(s) + Pb(NO,),(aq) —
b. Cl,(ag) + Nal(ag) —>
c. Ca(s) + HO(l) ——

- |




11.2

Classifying Reactions
A double-replacement reactlon
IS @ chemical change |
exchange of positive i
two compounds.




Double Replacement




CONCEPTUAL PROBLEM 11.7

Writing Equations for Double-Replacement Reactions

Write a balanced chemical equation for each double-replacement reaction.
a. CaBr,(aq) + AgNO,(aq) —— (A precipitate of silver bromide is formed.)
b. FeS(s) + HCl(aq) —— (Hydrogen sulfide gas (H,S) is formed.)




for Conceptual Problem 11.7
18. Write the products of these double-

replacement reactions. Then balance each
equation.
a. NaOH(aqg) + Fe(NO,),(aq) -

(Iron(III) hydroxide is a precipitate.)
b. Ba(NO,),(aq) + H,PO,(aq) -

(Barium phosphate is a precipitate.)




11.2

Classifying Reactions
A combustion reaction is a

chemical change in whi
or a compound reacts with ygen,




CONCEPTUAL PROBLEM 11.8

Writing Equations for Combustion Reactions

An alcohol lamp often uses ethanol as its fuel. Write balanced
equations for the complete combustion of these compounds.
a. benzene (C;H(/)) b. ethanol (CH,CH,OH(/))




for Conceptual Problem 11.8

21. Write a balanced equation for the complete com-
bustion of glucose (C;H,,O,).




Classify
1) 2K + Cl, — 2KCI

2) FexOs3 + 2Al — A
3) 2Mg + O, — 2MgO

4) HNO3 + NaO H20
5) KBr + AgNO AgBr

NaNQs3
NO




Classify
6) PbO, — Pb + O,
7) 2CoH-> + 50, — 4G
3) 2Ni + 40, — 2NIO
9) 4NH; + 50, —
10) Sg + 80>




Classify

11) 2Al + Cl, — 2AICI
12) 2AIN — 2Al +N2
13) BaCl, + Na,S04 — BASO, +

2NaCl \
14) 2Cs + Br; SBr

15) KOH + HC




11.2 Section Quiz.
1. What type of reaction is

described by the followis
equation?

6Li + N, — 2Lis

a) combinatior
b) decompo
C) single-rep
d) combust




11.2 Section Quiz.

2. Balance and indicate reaction type.
H,SOs — H>O, + SO»

a) H,SO4 — H,O, + SO,, combi
reaction 1

b) H,SO4 — H,0, +/S0,, deco t
cCoOmbinc

reaction
decomposit

qtion

sition

c) H,SO4 — 2H,0
reaction

d) H,SO4 — 2H2
reaction

lon




11.2 Section Quiz.

3. Predict the missing product in
the following unbal
equation.

Pb(NO3), + KO

KNO3 \+

a) PbOH;
b) Pb(OH)4
c) Pb(OH);
d) PbOH




11.3 Reaclies
Aqueous Solutic

|




11.3
Net lonic Equations
A complete ionic equation is an
equation that showm
compounds as dissociated frée ions.

Ag"(aq) + NO; (aqg) + Na*(aqg) + Cl (aq) ——
AgCl(s) + Na*(aqg) + NO; (aqg)




11.3
Net lonic Equations

An ion that appears on both sides of
an equation and is not.aire€tly :
involved in the reaction is called a
spectator ion.

The net ionic equati
equation for a ree
shows only those
directly involved in.
change.

in SC k jon/that
es that are
neniical




11.3
Net lonic Equations

A net ionic equation she
those particles it i volved
reaction and is k Ianced
respect to both mass an
charge. \

the
ith




Conceptual Problem 11.9
Writing and Balancing Net lonic Equations

In the photograph, aqueous solutions of iron(III) chloride and potas-
sium hydroxide are mixed. A precipitate of iron(III) hydroxide forms.
Identify the spectator ions and write a balanced net ionic equation
for the reaction.

\




for Conceptual Problem 11.9

28. Write the balanced net ionic equation for this
reaction.

Ca*"(aqg) + OH (ag) + H" (aq) + PO,*~ (aq) ——>
Ca**(aqg) + PO,/ (aq) + H,O(])

_1-




Example — Write the Complete and
Net lonic Equations

Pb(NO3)2(aq) + Na2S04(a¢
PbSO4s) + 2NaN3(aq)




JF1"3'edic:ting the Formation of a
Precipitate

» You can predict the
formation of 'a precipitate
by using the generaltules
for solubi " ionic k
compou




Predicting the
Formation of a
Precipitate

Table 11.3
Solubility Rules for lonic
Compounds
Compounds Solubility
Salts of alkali met- | Soluble
als and ammonia
Nitrate salts and Soluble
chlorate salts
Sulfate salts, Soluble
except com-
pounds with Pb?*,
Ag+, H922+, Ba“,
Sr**, and Ca?*
Chloride salts, Soluble
except compound
with Ag*, Pb?™,
and Hg,**
Carbonates, phos- | Most are
phates,chromates, insoluble

sulfides, and
hydroxides




JF’"F'edicting the Formation of a
Precipitate

mWill a precipitate f
sodium carbo
mixed with a
solution?

rium nitrate

2Na*(aqg) + CO,*" (aq) + Ba*"(aq) + 2NO, (ag) ——> ?

- |-




Practice — predict products and
determine solubility

1) KNO3(aq) + BaC|2(a
2) Naz2504aq) + PB(NO3)2(ge)
3) KOH(aq) + Fe(N
4) Ba(NO3)2(aq)
5) NaxS04(aq)




Practice

1) When aqueous bariuadni '

added to aqueousTsodiumi Sulfate, -

white solid forms.’

2) When aqueous lead (II \
S potassidl

itrate Is
jodide,
a yellow solid f




Reactions that form water

Example: hydrobromic agi
agueous sodium ] droxide




Reactions that form water

Sulfuric acid + aqueou
potassium hydro ide

Hydrochloric acic
calcium hydroxide




Reactions that form gases

Example: hydroiodic acic
aqueous lithium (ifide redct

|




Reactions that form gases

Perchloric acid reacts
aqueous potassium carbonate,
forming carbon di

oXxide gasliand
water (and another produgt

i




Reactions that form gases

Sulfuric acid reacts with. a€ '
sodium cyanide fafming hydrogen

cyanide gas (and another
product) \




11.3 Section Quiz.

1. Identify the correct net ionic equation and
any spectator ions.

FeO(s) + ZHCIO4(aq)

Fe(ClO4)2(aqg)
a) FeO(s) + 2H*(aqg) + 2Cl04 20(/)
Fe,*(aqg) + 2ClI04(aqg); . on
b) FeO(s) + 2H*(aqg) + 2ClO4 _ O(/) -+

ator 1o

c) FeO(s) + 2H*(aqg) aq)y ClO4

d) FeO(s) + 2HCIO4(%

Fal(ClOA\-( 27\ no chec




11.3 Section Quiz.

2. Which one of the followinc

products of doublesreplace

reactions would:NOT foskk
precipitate? \

a) AgCl

b) PbSO4
c) Mg(OH);
d) Mo(NOs

nent ¢

d




11.3 Section Quiz

3. Which reaction will NOT
produce a precipitatesfror
agueous solution?

c) Pb(NO3), A Na,COs
d) NaBr + Aly(§




