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Section 11.1 — Describing
Chemical Reactions

OIn a chemical reaction, the reactants are
written on the left and the products on

the right.
OThe arrow that separates them is called

yield.
coefficients

Reactants = Products /\

2H,+0, - 2H,0
| R

reactants products




Symbols in Equations

Symbol Meaning
— yields
S reversible reaction
(S) solid
(1) liquid
(9) gas
(aq) agqueous
- catalyst
5 heat




Catalyst

O A catalyst is a substance that speeds up a
reaction but is not used up in the
reaction.

O A catalyst is neither a reactant nor a
product, so its formula is written above the
arrow in a chemical equation.

CATALYST

CATALYST
BONDING TOD
REMCTANTS

uncatalysed reaction
catalyzed reaction




Word Equations

OTo write a word equation, write the names
of the reactants and products in @
sentence form.

Ex: chemical equation
2H2(g) + O2(g) 2 2H20)

Ex: word equation
Hydrogen gas and oxygen gas react to

form liquid water. hydrogen oxygen el
molecule molecule molecule

H: 0, H.O
g - =

T % C 4 v o




Sample Problem #1

OWrite a sentence that describes this
chemical reaction:

Na) + HoOp) =2 NaOHaq) + Hz(g)

Solid sodium and liguid water react to
form agueous sodium hydroxide
and hydrogen gas.




Practice Problem #1

OWrite a sentence that describes this
reaction:

H2SO4(aq) + BACl2(aq) 2 BaASOa4(s) + HCljaq)

Aqgueous sulfuric acid and agqueous barium chloride
react to form solid barium sulfate and agqueous
hydrochloric acid.



Sample Problem #2

OWrite the chemical equation for the
following reaction:

Hydrochloric acid and solid sodium

hydrogen carbonate react to produce I l
agueous sodium chloride, water, and
carbon dioxide.

HCliaq) + NOHCO3(s) 2 NaCliag) + H2Op + COo ()

Hint: Acids will always be agueous unless

otherwise stated.




Practice Problem #2

OWrite the chemical equation for the
following reaction:

Solid iron(lll)hydroxide is heated to form
solid iron(llljoxide and water

Fe(OH)s(s) % Fe203(5) + H2Oy)




Balancing Chemical Equations
2H2(g) + O2(g) 2 2H20)

chemical formula.

o Subscripts are numbers that show the number of
atoms in a compound.

o When balancing reactions, you can only
change the coefficients, not the subscripts.

o A skeleton equation is an equation that has no
coefficients. /Coefﬁciems

o Coefficients are the numbers in front of a l

Cu(s) + 2 AgNO3(aq) e Cu(N03)2(an + 2 Ag(s)

Subscripts




Balancing Chemical Equations

OTo balance a chemical equation, you
add coefficients to the substances so that
the reactant and product side of the
equation contain egquals numbers and
types of atoms.

O Coefficients are added so that the

equation follows the law of conservation
of mass.

/o I\




Rules for Balancing Equations
OBalance hydrogen and oxygen |last.

O Count a polyatomic ion as a single unit if it
appears unchanged on both sides of the

equation. ! l
OIf you end up with an odd number, you

can double all of the coefficients. i
OMake sure to reduce the coefficients to

the lowest whole-number ratio.

O A coefficient of one is understood and
does not need 1o be written.

CH,+20,—> C0O,+2H,0




Sample Problems

Balance the following equations:

. Ho+_ O2->__ HO
2Ho+_ O2-> 2H0

2. AgNOz+__ HS>_ Ag:S+_ HNOs P
2AgNO3+_ HS > AgeS+ 2 HNOs3

3. __In(OH)2+__ _H3sPOs4 > _ ZIn3(PO4)2 + __ H2O
3In(OH)2 + 2 H3PO4s > __ Zn3(PO4)2 + 6 H20




Practice Problems

1. _ FeClzs+_ NaOH > _ Fe(OH)z + __ NaCl
__ _FeClzs+ 3NaOH > __ Fe(OH)s + 3 NaCl

2. CS2+ Clh=> CCls+  SoCl
_ CS2+ 3Cl—>__ CCls+__ S2Cl2

! 3. CoHe+_ O2>_ CO2+_ HO
2CoHe+ 702> 4CO2+ 6 H0




Section 11.1 Assessment

|. Describe the steps in writing a balanced
chemical equation.

2. Write the skeleton equation for the following
reactions:

a. Heating solid copper(ll)sulfide in the presence of
oxygen gas produces pure copper and sulfur
dioxide gas.

A
CuS(s) + O2(g) 2 Cugs) + SO2(g)

0. Iron metal and chlorine gas react to form solid
iron(lll)chloride.

Fe(s) + C|2(g) - FGC'S(S)




Section 11.1 Assessment

c. Solid aluminum carbonate decomposes
to form solid aluminum oxide and carbon
dioxide gas.

Al2(CO3)3(s) > AbOs(s) + COa(q)

d. Solid magnesium reacts with agueous
silver(l)nitrate to form solid silver and
agueous magnesium nifrate.

Mg(s) + AgNO3(aq) 2 Ag(s) + Mg(NO3)2(aq)




Section 11.1 Assessment

3. Balance the following equations:

0. 2802+ __ O2-> _280s3

b.  FexOs3+ 3 Ho> 2 Fe+ 3 HO

c. 4P+ 5 O2>  P4sOro

d. 2Al+ N2> ZAIN




Section 11.2 -Types of
Chemical Reactions

OThe five general types of reactions are
synthesis, decomposition, single
displacement, double displacement, and
combustion.

@+ 0




Synthesis Reactions

Oln a synthesis reaction, two or more
substances react to form one product.

OGeneric Reaction: i 8
A+B->AB
I O Actual Example: ﬂ
> 2Mg + O2 =2 2MgO

Combination Reaction

.+ s | — @ s

yields
calcium sulfur calcium sulfide




Predicting Products

OPredict the products for the following
reactions:

. Cu+S-> (Hint: copperis +1)
2Cu + S 2 Cu2S
2. Be+0O2->

2Be + O2 - 2BeO
3. Fe+S-> (Hint: iron is +3)

2Fe + 3S 2 FelS3




Decomposition Reactions

O A decomposition reaction occurs when a
single reactant breaks down into two or
more products. =

O Generic Reaction:
AB> A+B
O Actual Example:
2HgO = 2Hg + O»

o | f --0.1\‘.

b 4 P --‘\_ P .\. = ) =
0 e . o) + ° =

‘o vields @

carbonic acid4 water + carbon
dioxide




Predicting Products ,

OPredict the products for the following
reactions:

. HO >

2H20 = 2H2 + O2
2. HI =

2HI = Ho + |2
3. NH3z =

2NH3 = N2 + 3H»




Single Displacement Reactions

O A single displacement reaction occurs
when one element replaces a second l

element in a compound.
O Generic Reaction:
A+BC>B+AC
O Actual Example:
/n + Cu(NO3)2 2 Cu + In(NO3)2

JINGLE REPLACMENT - BYAPRILPIERIMA e ioosion o e
In & singla-raplacemant reaction this gid leaves har guy for Joe.

. 9-0-@

AB + C —> A + BC
Figu




Predicting Products

OPredict the products for the following
reactions:

1. Brp + Nal =
Bro + 2Nal = 2NaBr + |2

2. Fe + Pb(NOgz)2 2 (Hint: iron is +3)

2Fe + 3Pb(NOs3)2 > 2Fe(NO3)s + 3Pb

3. In + H2SO4 > (Hint: zinc is +2)
/N + H2SO4 2 InSO4 + Ho




Double Displacement

Reactions

O A double displacement reaction involves
the exchange of two positive ions
pbetween two compounds. I

O Generic Reaction:
AB + CD > AD + CB
O Actual Example:
2NACN + H2SO4 =2 2HCN + Na2SO4

BF
In '] & & ry;‘:—.:’_.
oo o™ an. W An (&)
DO @I —-dI+ I |§
AR, B (B
\ |J -
¥




Predicting Products

OPredict the products for the following
reactions:

I. CaBr2 + AQNO3 2>
CaBrz2 + 2AgNO3 2> 2AgBr + Ca(NO3)2
2. FeS+HCI>
FeS + 2HCI = FeCl + H2S

3. NaOH + Fe(NOs3)3 2
3NaOH + Fe(NOz3)3 2 Fe(OH)s + SANaNO3




Relationships and Reactions

Chemical Eeactione
Sﬂhthﬂsis:




Combustion Reactions

O A combustion reaction occurs when a
substance burns in oxygen and produces
a lot of heat and light.

O Generic Reaction:
CxHy + O2 2 CO2 + H20
N O Actual Example:




Predicting Products

OPredict the products for the following
reactions:

1. CsHe + O2 2
2CsHe + 1502 2 12C0O2 + 6H20

2. C/His+ O2 >

C/Hi6 + 1102 2 7C0O2 + 8H20
3. CsH1206 + O2 =

CeH1206 + 602 2 6CO2 + 6H20




Section 11.2 Assessment

. What are the five types of chemical
reactions?

2. Classify the following skeleton reactions:
CsHs + O2 2> CO2 + H20O

Al(OH)3 =2 AlO3 + H.O

Li + O2 -2 Li2O

/n + AgNO3 2> Ag + Zn(NOs3)2

o000




Section 11.2 Assessment

. Complete and balance each equation: =
. Calz + Hg(NOs3)2 >

Calz + Hg(NO3)2 = Ca(NOgz)2 + Hglo

A+ Cla >

2Al + 3Cl2 = 2AICI3
. Ag+ HCl > (Hint: silveris +1)
2Ag + 2HCI| 2 H2 + 2AgCl
. CoHo + O2 2
2C2oH2 + 502 2 4C0O2 + 2H20
MgCly =2
MgCl, > Mg + Cl2




Section 11.3 — Reactions In
Agueous Solution

OA complete ionic eguation is an equation
that shows dissolved ionic compounds as

dissociated free ions. | l
O A spectator ion is an ion that is not directly
involved in a reaction.

O Compounds that are agueous will break
info ions, and compounds that are solid
will remain bonded.




AQueous lons

OWhen a compound is agueous it breaks
iInfo ifs lons.

OEX:
NaCl = Na+ and CI-
MQgBr2 = Mg+2 and 2Br-
AlbO3 = 2Al+3 and 30-2
LINOs = Li+ and NO3-
K2COs = 2K+ and CQO3-2

SINO2)2 = 5142 gnd 2NOo




Rules for Writing Complete
lonic Equations

|. Balance the eqgquation.
7. Separate all agueous substances into ions.

3. Leave any non-agqueous substances or |
precipitates together.

| |
1
>
g s LI ,,

[ TN/




Complete lonic Equations

ORegular Equation:

AGNO3(aq) + NOCliag) 2 AgClis) + NONO3(aq)

O Complete lonic Equation:

AJ*(aq) + NO3-(aq) + NO*(aq) + Cl-(aq) 2
AgClis) + NO+(aqg) + NO3-(aq)




Sample Problem

OWrite the complete ionic equation for the
following reaction:

FeCls(aq) + KOH{aq) =2 Fe(OH)3(s) + KClaq)

First balance the equation:
FeClzaq) + 3KOH(aq) 2 Fe(OH)3(s) + 3KCl(aq)

Then write the complete ionic equation:
Fe+3(c1q) + 3C|‘(oq) + 3K+(oq) + 3OH‘(oq) -
FG(OH)CS(S) + 3K+(aq) + 3Cl-(aq)




Practice Problems

OWrite the complete ionic equation for the
following reaction:

NAOH(aq) + FE(NO3)3(aq) 2 FE(OH)3(s) + NONO3(aq)

First balance the equation:
SNGOH(oq) + FG(NO3)3(oq) > FG(OH)3(S) + 3NGNOS(Oq)

Then write the complete ionic equation:
3NC|+(oq) + 3OH‘(oq) + Fe+3(oq) + 3NO3‘(Oq) -
FG(OH)CS(S) + 3NCI+(oq) + 3NOS‘(0q)




Net lonic Equations

O A net ionic equation shows only those particles
involved in the reaction.

OThe spectator ions have been removed.

OEx: complete ionic equation ‘

3NWi*(aq) + 30OH-(aq) + FE*3(aq) + 3NOs-(aq) > Fe(OH)3s) +
3+ (aq) + 3NO3-(aq)

OWhen the spectator ions are removed, you are left
with the net ionic equation:

Fe+3(oq) + 3OH‘(oq) - FG(OH)S(S)




Sample Problems

OTo write a net ionic equation, you only consider
non-agueous substances and the ions that form
them.

Bi(NO3)3(aq) + H2S(aq) = Bi2S3(s) + HNO3(aq)

OFirst, balance the equation:
2BI(NO3)3(aq) + 3H2S(aq) 2 Bi2S3(s) + 6HNO3(aq)

O Write only the ions involved in the reaction:
2Bi+3(aq) + 3S-2(aq) =2 Bi2S3(s)




1.

Practice Problems

Write the net ionic equation for the following
reaction:

Pb(NO3)2(aq) + H2SO4(aq) 2 PBSOa4(s) + HNO3(aq)

First balance the equation:
Pb(NOS)Q(oq) + H2$O4(oq) - PbSO4(s) + 2HNO3(Gq)

NET IONIC EQUATIONS

N

\ \

Write the net ionic egquation:
Pb+2(oq) + SO4‘2(oq) - PbSO4(S)



Practice Problems

OWrite the net ionic equation for the following
equation:

Na3PO4(aq) + FECl3(aq) 2 NACliaq) + FEPO4s)

First, balance the equation:
NGSPO4(oq) + FGC'S(oq) > 3NCIC|(oq) + FePO4(s)

Write the net ionic equation:
PO4‘3(oq) + Fe+3(oq) - FGPO4(S)




You can predict whether a precipitate forms by
using solubillity rules.

If a substance is soluble, then it will dissolve in
water and be agueous.

If a substance is insoluble, then it will bond with
another ion and will be a solid.




Solubillr

alkali metals - Group 1 soluble
NH4* soluble
NOs- soluble
ClOs- soluble
SO42 (except with Pb+2,
AgQ+, Hg2*2, Ba+2, Sr+2, and
Ca+2) soluble
Cl- (exception Ag+, Pb+2,
Hg2+2) soluble
CO32, PO43, CrO42, §-2,
and OH- insoluble

'y Rules

Solution

J

Supernate

7

ol §

Susp ension

Precipitate




Soluble or Insoluble@

OIf any part of a compound is soluble, then
the compound will be soluble.

ONH4Cl Soluble/Agueous

OBaSOq4

ONa2SO4 Soluble/Agueous
OCa(OH)2

OK3PO4 Soluble/Aqueous

OMQ(NOs)2 Soluble/Agqueous
OAQgCl

ONICrQOq4

/N




Predicting Precipitates

Rules for Predicting Precipitates

I.Switch the ions and balance the charges
to form the products. =
2 .Balance the equation.

3.ldentify whether the products are solid or
AQQuUEOUS.




Sample Problem

OPredict the products for the following
reaction:

HCliaq) + AQNO3(aq) 2

First, form the products:
HC'(oq) + AQNO3(oq) - HNO3 + AgCl

Then, balance the equation:
HC'(oq) + AQNO3(oq) - HNO3 + AgC|

Finally, list states of matter:
HC'(oq) + AQNO3(oq) > HNO3(aq) + AgC|(s)




Practice Problems

1. Predict the products for the following
reaction:

Pb(C2H302)2(aq) + LiCliaq) =2

First, form the products:
Pb(C2H302)2(aq) + LiCliaq) 2 PbCI2 + LiC2H302

Then, balance the equation:
Pb(C2H302)2(aq) + 2LICl{aq) 2 PLCl2 + 2LIC2H302

Finally, list states of matter:
Pb(C2H302)2(aq) + 2LICl{aq) 2 POClys) + 2LIC2H3O2(aq)




Practice Problems

2. Predict the products for the following
reaction:

NH4Cl(aq) + BA(NO3)2(aq) =2

First, form the products:
NH4Cl(aq) + BA(NO3)2(aq) 2 NH4aNOs + BaCl2

Then, balance the equation:
2NH4Clag) + Ba(NO3)2(aq) 2 2NHsNO3 + BaCly

Finally, list the states of maftter:
2NH4Cl(aqg) + BaA(NO3)2(aq) 2 2NH4NO3(aq) + BaCl2(aq)




Section 11.3 Assessment

. Whatis a net ionic equation?

7. How can you predict the formation of a
precipitate in a double displacement reactione

3. Write the net ionic equation for the following
reactions:

d. Pb(C2H302)2(aq) + HCljaq) 2 PLCl2s) + HC2H3O2(aq)

Pb(C2H302)2(aq) + 2HCl(aq) 2 PLClys) + 2HC2H3O2(aq)
Pb+2(qq) + 2Cl-(aq) 2 PbCl2(s)

e. (NH4)2S(aq) + Co(NO3)2(aq) 2 CoS(s) + NHsNO3(aq)
(NH4)2S(aq) + CO(NO3)2(aq) 2 COS(s) + 2NHsNO3(aq)
Co0+*2(qq) + S-2(aq) 2 C0OS(s)




Section 11.3 Assessment

4. Predict the products for the following
reactions:
ad. NazPOs4(aq) + CrClszaq) 2

NOSPO4(oq) + CI’C'S(oq) > 3NCIC|(oq) + CFPO4(S)

0. Al2(SO4)3(aq) + NH4OHaq) =2

A|2(SO4)3(oq) + 6NH4OH(oq) > 2A|(OH)3(S) + 3(NH4)2$O4(oq)




THE END!!




