
Topic 4.7 Types of Chemical 
Reactions

Zumdahl Chapter 4:Types of Chemical Reactions 
and Solution Stoichiometry 



Chemical Reactions
You should be able to
● Write a balanced equation (molecular equation), 

complete ionic equation, and a net ionic equation.
● Classify reactions by type
● Balance oxidation-reduction reactions
● Predict if a precipitate will form (is it soluble?)



Chemical Reactions
Macroscopic evidence of chemical reactions?



Evidence of chemical reactions:
Releasing heat or light (exothermic) or cooling off 
(endothermic)
Formation of a solid when two aqueous solutions are 
combined (precipitation)
Color change, (indicators used in an acid–base 
reaction, or of the formation of products differently 
colored than the reactants including complex-ions)
Gas formation (acid–base reactions and in 
oxidation–reduction reactions)



Chemical Reactions
You should be able to
● Classify reactions by type

○ Main reaction types?



Chemical Reactions

○ Oxidation-reduction (redox)
■ Combustion
■ Synthesis 
■ Decomposition
■ Single replacement reactions (more reactive 

element displaces less reactive element 
from a compound)

○ Precipitation (double replacement)
○ Acid-base (proton donor and proton acceptor)



Topic 4.9 Oxidation-Reduction 
Reactions (Redox) (4.9 Zumdahl)

Types of Chemical Reactions - so far
Combustion
Decomposition
Synthesis
Single Displacement
Double Displacement



Oxidation-Reduction Reactions

Synthesis
2Na(s)   + Cl2(g) → 2NaCl (s)

involves the transfer of electrons and can be 
classified as
Oxidation-reduction reaction
Redox



Combustion
CH4(g)   + 2O2(g) → CO2 (g) + 2H2O(g)

Also involves the transfer of electrons and can be 
classified as
Oxidation-reduction reaction
Redox



Oxidation states (oxidation numbers)

Man-made construct
Help us track electrons in Oxidation-reduction 
reactions (Redox) 
Particularly those involving covalent compounds - 
where we don’t usually think of charges being 
involved.



Oxidation states (oxidation numbers)
For atoms in covalent compounds?
Arbitrarily assign electrons to particular atoms 
(actually being shared) 
For covalent bond
● between 2 identical atoms - imagine electrons 

split equally between the 2
● Between 2 different atoms - electrons assigned 

completely to the one with stronger attraction 
for electrons



Oxidation states (oxidation numbers)
For water?
Oxygen  - posses all electrons
“Taken one electron from 
each H” excess 2 electrons
Oxidation state is -2.
Leaves H with no electrons, 
oxidation state of +1



Oxidation states (oxidation numbers)
For covalent compounds
“Imaginary charges the atoms would have if the 
shared electrons were divided equally between 
identical atoms bonded to each other or, for 
different atoms, were all assigned to the atom in 
each bond that has the greater attraction for 
electrons.”



Oxidation states (oxidation numbers)
For ionic compounds
Containing monatomic ions, the oxidation states of 
the ions are equal to the charges on the ion.

Rules for assigning Oxidation States
Sum of the oxidation states has to be zero for an 
electrically neutral compound.



Table 4.2 Rules for Assigning Oxidation States
Atom in an element is zero Na(s) O2(g)

Monatomic ions - same as 
charge on ion

Na+, Cl-

Fluorine is -1 in all its compounds HF, PF3

Oxygen usually -2 H2O, CO2

Hydrogen, +1 in its covalent 
compounds

H2O, HCl, NH3, 
CH4



Rules for Assigning Oxidation numbers?

But note:

hydrogen is -1 in binary hydrides  like NaH



CO2

SF6

NO3



CO2 C   +4 O -2

SF6 S   +6 F -1

NO3 N   +5 O -2 here sum of 
oxidation states is equal to the overall charge 
on ion 
Note: Convention is to write actual charges on 
ions as n+ or n-, vs. oxidation states +n, -n.



Fe3O4



Fe3O4

O    4(-2) = -8

3Fe = +8 Fe = +8/3 oxidation state

Don’t worry about it - remember all a man-made 
concept to help us keep track of electrons - the 
electrons do what they do



Oxidation

Increase in oxidation state (a loss of 
electrons)
2Na + Cl2 → 2 NaCl 

2Na → 2Na+  + 2e- 
0 +1

L
S
S



Reduction

Decrease in oxidation state (a gain of 
electrons)

Cl2+ 2 e- →   2Cl-     
0 -1



Oxidation-reduction (4.9 Zumdahl)

○ Oxidation lOss of electrons (oxidation 
number/state increases)

○ Reduction is gain of electrons (oxidation 
number/state decreases)

Zn(s) + Cu(NO3)2(aq) → 

½ reactions Oxdn. Zn → Zn2+  + 2e-
Redn Cu2+  + 2e- → Cu



Oxidation-reduction

○ Oxidation lOss of electrons (oxidation 
number/state increases)

○ Reduction is gain of electrons (oxidation 
number/state decreases)

Zn(s) + Cu(NO3)2(aq) → Cu(s) + Zn(NO3)2(aq)

½ reactions Oxdn. Zn → Zn2+  + 2e-
Redn Cu2+  + 2e- → Cu



Oxidation-reduction

○ Oxidation lOss of electrons (oxidation 
number/state increases)

○ Reduction is gain of electrons (oxidation 
number/state decreases)

Zn(s) + Cu(NO3)2(aq) → Cu(s) + Zn(NO3)2(aq)
Single replacement reaction
½ reactions Oxdn. Zn → Zn2+  + 2e-

Redn Cu2+  + 2e- → Cu



Oxidation-reduction

○ Oxidation lOss of electrons (oxidation 
number/state increases)

○ Reduction is gain of electrons (oxidation 
number/state decreases)

F2(g) + KI(s) → 
Single replacement reaction
½ reactions Oxdn. 2I- → I2 + 2e-

Redn F2
  + 2e- → 2 F-



Oxidation-reduction

○ Oxidation lOss of electrons (oxidation 
number/state increases)

○ Reduction is gain of electrons (oxidation 
number/state decreases)

F2(g) + 2 KI(s) → 2 KF(s)  + I2(s)
Single replacement reaction
½ reactions Oxdn. 2I- → I2 + 2e-

Redn F2
  + 2e- → 2 F-



Oxidation-reduction

○ Oxidation lOss of electrons (oxidation 
number/state increases)

○ Reduction is gain of electrons (oxidation 
number/state decreases)

Br2(l) + 2 KF(s) → 
Single replacement reaction
½ reactions Oxdn. 2 F- → F2 + 2e- Not likely

Redn Br2
  + 2e- → 2 Br-



Oxidation-reduction

○ Oxidation lOss of electrons (oxidation 
number/state increases)

○ Reduction is gain of electrons (oxidation 
number/state decreases)

Br2(l) + 2 KF(s) → No reaction
Bromine is less reactive than Fluorine
½ reactions Oxdn. 2 F- → F2 + 2e- Not likely

Redn Br2
  + 2e- → 2 Br-



Combustion

○ Complete oxidation by reaction with oxygen
Organic compounds
“CH” + O2 → CO2 + H2O

SiH4 + O2 →
-4 +1   0
Mg + O2 →
0        0
CS2+ O2 →
+4 -2   0



Combustion

○ Complete oxidation by reaction with oxygen
Organic compounds
“CH” + O2 → CO2 + H2O

SiH4 + 2 O2→ SiO2 + 2 H2O
-4 +1   0          +4 -2      +1 -2
Mg + O2 →  MgO

CS2+ 3 O2 → CO2 + 2 SO2



Combustion

○ Complete oxidation by reaction with oxygen
Organic compounds
“CH” + O2 → CO2 + H2O

SiH4 + 2 O2→ SiO2 + 2 H2O
-4 +1   0          +4 -2      +1 -2
Mg + O2 →  MgO
0        0         +2 -2
CS2+ 3 O2 → CO2 + 2 SO2



Combustion

○ Complete oxidation by reaction with oxygen
Organic compounds
“CH” + O2 → CO2 + H2O

SiH4 + 2 O2→ SiO2 + 2 H2O
-4 +1   0          +4 -2      +1 -2
Mg + O2 →  MgO
0        0         +2 -2
CS2+ 3 O2 → CO2 + 2 SO2



Combustion

○ Complete oxidation by reaction with oxygen
Organic compounds
“CH” + O2 → CO2 + H2O

SiH4 + 2 O2→ SiO2 + 2 H2O

2Mg + O2 →  2MgO

CS2+ 3 O2 → CO2 + 2 SO2
+4 -2   0         +4 -2     +4  -2



Synthesis 

Two or more elements form one compound



Synthesis 

Two or more elements form one compound
Mg + O2 →  

 Mg +  N2 →     



Synthesis 

Two or more elements form one compound
Mg + O2 →  2 MgO 

0 0 +2    -2

6 Mg +  N2 → 2 Mg3N



Synthesis 

Two or more compounds form one compound

Li2O(s) + H2O(l)    →  

SO3 +  H2O(l) → 

CaO +  P4O10→ 



Synthesis 

Two or more compounds form one compound

Li2O(s) + H2O(l)    → 2 LiOH(aq) 

SO3(g) +  H2O(l) → H2SO4 (aq)

6 CaO +  P4O10→ 2 Ca3(PO4)2



Decompositions 

1 compound forms 2 or more elements or 
compounds (reverse of synthesis)

MgCO3(s) →  
Heat in a crucible

H2O2(aq) → 
Add catalyst



Decompositions 

1 compound forms 2 or more elements or 
compounds (reverse of synthesis)

MgCO3(s) →     MgO(s) + CO2 (g)
Heat in a crucible

2  H2O2(aq) → 2 H2O(l) + O2 (g)
Add catalyst



Decompositions 

1 compound forms 2 or more elements or 
compounds (reverse of synthesis)

MgCO3(s) →     MgO(s) + CO2 (g)
Heat in a crucible
+2  +4  -2 +2 -2 +4 -2

H2O2(aq) → 2 H2O(l) + O2 (g)
Add catalyst
     +1 -1 +1 -2    0



Oxidation and Reduction - Pogil due Wed Dec 4.



Balancing Oxidation-Reduction 
Equations (4.10 Zumdahl)

oxidation
2 half reactions

Reduction

Ce4+  + Sn2+ → Ce3+  + Sn4+ (unbalanced)



Balancing Oxidation-Reduction 
Equations

Oxidation Sn2+ → Sn4+ + 2e-
2 half reactions

Reduction Ce4+  + e- → Ce3+

Balance number of electrons then recombine into 
one balanced equation



Balancing Oxidation-Reduction 
Equations

Oxidation Sn2+ → Sn4+ + 2e-
2 half reactions

Reduction 2Ce4+ + 2e-→2Ce3+

                  Sn2+ + 2Ce4+ + 2e- → Sn4+ +2Ce3++ 
2e-

Simplify: Sn2+ + 2Ce4+  → Sn4+ +2Ce3+



½ Reaction method for 
Oxidation-Reduction reactions in 
Acidic solution

1) Write separate equations for oxidation and 
reduction half-reactions

2) For each ½ reaction
a) Balance all elements except H and O
b) Balance O using H2O
c) Balance H using H+

d) Balance charge using electrons



½ Reaction method for 
Oxidation-Reduction reactions in 
Acidic solution
3) Multiply one or both balanced half-reactions by 
an integer to equalize the number of electrons 
transferred (common multiple)
4) Add half-reactions, cancel identical species
5) Check elements and charges are balanced.



MnO4
- (aq) + Fe2+ → Fe3+(aq) + Mn2+(aq)

1) Write separate equations for oxidation and 
reduction half-reactions



MnO4
- (aq) + Fe2+ → Fe3+(aq) + Mn2+(aq)

Ox Fe2+(aq) → Fe3+(aq) + e-

2) For each ½ reaction
a) Balance all elements except H and O - done
b) Balance O using H2O
c) Balance H using H+

d) Balance charge using electrons done



MnO4
- (aq) + Fe2+ → Fe3+(aq) + Mn2+(aq)

Ox Fe2+(aq) → Fe3+(aq) + e-

Red     MnO4
- (aq) → Mn2+(aq)  + 4      O

1) For each ½ reaction
a) Balance all elements except H and O
b) Balance O using H2O
c) Balance H using H+

d) Balance charge using electrons



MnO4
- (aq) + Fe2+ → Fe3+(aq) + Mn2+(aq)

Ox Fe2+(aq) → Fe3+(aq) + e-

Red     MnO4
- (aq)  →Mn2+(aq)  + 4   H2O(l)

1) For each ½ reaction
a) Balance all elements except H and O
b) Balance O using H2O
c) Balance H using H+

d) Balance charge using electrons



MnO4
- (aq) + Fe2+ → Fe3+(aq) + Mn2+(aq)

Ox Fe2+(aq) → Fe3+(aq) + e-

Red    MnO4
- (aq) +5e- + 8H+→ Mn2+(aq)+ 4H2O(l)

1) For each ½ reaction
a) Balance all elements except H and O
b) Balance O using H2O
c) Balance H using H+

d) Balance charge using electrons



MnO4
- (aq) + Fe2+ → Fe3+(aq) + Mn2+(aq)

Ox Fe2+(aq) → Fe3+(aq) + e-

Red    MnO4
- (aq)  + 8H++5e-→ Mn2+(aq)+ 4H2O(l) 

1) For each ½ reaction
a) Balance all elements except H and O
b) Balance O using H2O
c) Balance H using H+

d) Balance charge using electrons



MnO4
- (aq) + Fe2+ → Fe3+(aq) + Mn2+(aq)

Ox Fe2+(aq) → Fe3+(aq) + e-

Red    MnO4
- (aq)  + 8H++5e-→ Mn2+(aq)+ 4H2O(l) 

3) Multiply one or both balanced half-reactions by 
an integer to equalize the number of electrons 
transferred (common multiple)
4) Add half-reactions, cancel identical species



MnO4
- (aq) + Fe2+ → Fe3+(aq) + Mn2+(aq)

Ox 5 Fe2+(aq) → 5 Fe3+(aq) +5 e-

Red    MnO4
- (aq)  + 8H++5e-→ Mn2+(aq)+ 4H2O(l) 

5Fe2+(aq)+MnO4
-(aq) +8H+→5Fe3+ +Mn2+(aq)+ 4H2O(l) 

4) Add half-reactions, cancel identical species



Precipitation

○ Formation of a solid when 2 solutions are 
mixed (formation of an insoluble compound)

How do you know if something will precipitate out?



Precipitation

You learn the simple approximations called the:
Solubility Rules (or refer to Ksp data given in a qu.)
1. Most nitrate salts are soluble
2. Salts containing Grp 1 ion or ammonium ion are 

soluble
3. Most chloride, bromide, and iodide salts are 

soluble EXCEPT with Ag+, Pb2+, and Hg2
2+

4. Most sulfate salts are soluble, EXCEPT
BaSO4, PbSO4    Hg2SO4 and CaSO4



Precipitation

Last 2 rules are the 

Likely to be insoluble situations

5. Most hydroxides are INSOLUBLE (only slightly 
soluble) EXCEPT GRP 1, + Ba(OH)2 Sr(OH)2 and 
Ca(OH)2
6. Most sulfides, carbonates, chromates, and 
phosphates are insoluble (only slightly soluble).



Solutions of potassium iodide and silver nitrate are 
mixed. What will happen?



Solutions of potassium iodide and silver nitrate are 
mixed. What will happen?

Full Equation (molecular equation)
KI(aq) +   AgNO3 (aq) → KNO3    +  AgI

Double-replacement (ions switch partners)



Let’s try an example *excellent chance to review the 
types of equations we need to be able to manipulate

Solutions of potassium iodide and silver nitrate are 
mixed. What will happen?

Full Equation (molecular equation)
KI(aq) +   AgNO3 (aq) → KNO3(aq)   +  AgI

Grp 1 salt soluble



Let’s try an example *excellent chance to review the 
types of equations we need to be able to manipulate

Solutions of potassium iodide and silver nitrate are 
mixed. What will happen?

Full Equation (molecular equation)
KI(aq) +   AgNO3 (aq) → KNO3(aq)   +  AgI

All iodides 
soluble EXCEPT Ag+ soooooo…….



Let’s try an example *excellent chance to review the 
types of equations we need to be able to manipulate

Solutions of potassium iodide and silver nitrate are 
mixed. What will happen?

Full Equation (molecular equation)
KI(aq) +   AgNO3 (aq) → KNO3(aq)   +  AgI(s)

Silver iodide 
precipitates out of the solution.



Solutions of potassium iodide and silver nitrate are 
mixed. What will happen?

Ionic equation
K+  +   I- +   Ag+ +    2  NO3

-
 (aq) → K+  + NO3 

- +  AgI(s)

Eliminate “spectator” ions



Let’s try an example *excellent chance to review the 
types of equations we need to be able to manipulate

Solutions of potassium iodide and silver nitrate are 
mixed. What will happen?

Ionic equation
K+  +   I- +   Ag+ +   NO3

-
    → K+  + NO3 

- +  AgI(s)

Eliminate “spectator” ions



Let’s try an example *excellent chance to review the 
types of equations we need to be able to manipulate

Solutions of potassium iodide and silver nitrate are 
mixed. What will happen?

Ionic equation
K+  +   I- +   Ag+ +   NO3

-
    → K+  + NO3 

- +  AgI(s)

Net Ionic equation (what AP tests in FRQs seem to ask 
for) Ag+(aq)  + I- (aq) →  AgI(s) Make sure have 
states 



Acid-Base Reactions - neutralization 

For strong acids reacting with strong bases:

H+   +    OH-    → H2O(l)
Acid base water

pH at equivalence point close to 7.

Learn the Strong acids (strong electrolytes)



Acid-Base Reactions - neutralization 

Acid + base  produces salt plus water

You need to be ready to identify compounds as 
Brønsted–Lowry acids and bases based on
evidence of proton transfer in the balanced reaction 
equation.
Acid is a proton donor
Base is a proton acceptor



Acid-Base Reactions - neutralization 

H+   +    OH-    → H2O(l)
Acid base water

Strong acids (strong electrolytes)
HCl(aq) H2SO4(aq) (first proton, strong 
acid)
HBr(aq)
HI(aq) BUT HSO4- (aq) is weak acid
HNO3(aq)
HClO4(aq)
 



Acid-Base Reactions - neutralization 

H+   +    OH-    → H2O(l)
Acid base water

Strong Bases (strong electrolytes)
Group 1 hydroxides (alkali metals)

 



Acid-Base Reactions - neutralization 

H+   +    OH-    → H2O(l)
Acid base water
Usually this net ionic situation

But remember to Double check the salt is soluble
As here:

Ba(OH)2(aq) + H2SO4(aq) → BaSO4(s) +  H2O(l)

Net ionic Ba2+ + 2 OH- + 2H+ → BaSO4(s) +  H2O(l)

 



Weak Acid-Strong Base Reactions (or strong acid 
-weak base) 

HC2H3O2 + Na+ + OH-    →  Na+ +C2H3O2
-  + H2O(l) 

Acid base      salt   water
Not ionized

Net ionic 
HC2H3O2 + OH-  → C2H3O2

-  +  H2O(l)

All states are aqueous, unless otherwise noted.

 



Homework - AP site

4.7 Types of Chemical Reaction
20 Mc questions

4.9 Oxidation-Reduction (Redox) Reactions - 3 MC 
questions 



NaHCO3(s) + HC2H3O2(aq)  →  NaC2H3O2(aq) + H2O(l) + CO2(g) 
A student designs an experiment to study the reaction between sodium hydrogen 
carbonate and  ethanoic acid. The reaction is represented by the equation above. 
The student places 2.24g of sodium hydrogen carbonate in a flask and adds 60.0 
mL of 0.875 M ethanoic acid. The student observes the formation of bubbles and 
that the flask gets cooler as the reaction proceeds.

a) Identify the reaction represented above as an acid-base reaction, precipitation 
reaction, or redox reaction. Justify your answer.

(2014 Qu 2)



NaHCO3(s) + HC2H3O2(aq)  →  NaC2H3O2(aq) + H2O(l) + CO2(g) 

a) Identify the reaction represented above as an acid-base reaction, precipitation 
reaction, or redox reaction. Justify your answer.

According to the equation above there is no solid product so 
this cannot be a precipitation reaction. None of the oxidation 
numbers change so this is not a redox reaction. This is an 
acid-base reaction. (The weak acid HC2H3O2 reacts with the 
weak base HCO3

- with HC2H3O2 donating a proton.)  



NaHCO3(s) + HC2H3O2(aq)  →  NaC2H3O2(aq) + H2O(l) + CO2(g) 

b) Based on the information above, identify the limiting 
reactant. Justify your answer with calculations.



NaHCO3(s) + HC2H3O2(aq)  →  NaC2H3O2(aq) + H2O(l) + CO2(g) 

b) Based on the information above, identify the limiting 
reactant. Justify your answer with calculations.

2.24 g NaHCO3



NaHCO3(s) + HC2H3O2(aq)  →  NaC2H3O2(aq) + H2O(l) + CO2(g) 

b) Based on the information above, identify the limiting 
reactant. Justify your answer with calculations.

2.24 g NaHCO3 x 1mol NaHCO3 = 0.0267 mol NaHCO3

84.0g



NaHCO3(s) + HC2H3O2(aq)  →  NaC2H3O2(aq) + H2O(l) + CO2(g) 

b) Based on the information above, identify the limiting 
reactant. Justify your answer with calculations.

60.0 ml x 0.875 M = 0.0525 mol HC2H3O2

1000 mL

According to the equation the NaHCO3 and HC2H3O2 react in 
a 1:1 ratio, so the limiting reactant here is the NaHCO3.



NaHCO3(s) + HC2H3O2(aq)  →  NaC2H3O2(aq) + H2O(l) + CO2(g) 

c) The student observes that the bubbling is rapid at the 
beginning of the reaction and gradually slows as the reaction 
continues. Explain this change in the reaction rate in terms of 
the collisions between reactant particles.



NaHCO3(s) + HC2H3O2(aq)  →  NaC2H3O2(aq) + H2O(l) + CO2(g) 

c) 

As the reaction proceeds, both reactants are consumed and 
the number of particles remaining in the reaction vessel 
decreases (there is a smaller pile of sodium hydrogen 
carbonate and the concentration of the ethanoic acid 
decreases.) With fewer reactant particles available, collisions 
between them become less likely and the rate of reaction will 
decrease.



NaHCO3(s) + HC2H3O2(aq)  →  NaC2H3O2(aq) + H2O(l) + CO2(g) 

d) In thermodynamic terms, a reaction can be driven by 
enthalpy, entropy, or both.

i) Considering that the flask gets cooler as the reaction 
proceeds, what drives the chemical reaction. Answer by 
drawing a circle around one of the choices below.

Enthalpy only Entropy only  Both enthalpy and entropy



e) The hydrogen carbonate ion has 3 carbon-oxygen bonds.

Two of the carbon-to-oxygen bonds have the same length and 
the third carbon-to-oxygen bond is longer than the other two. 
The hydrogen atom is bonded to one of the oxygen atoms. In 
the box below, draw a Lewis electron-dot diagram (or 
diagrams) for hydrogen carbonate ions that is (are) consistent 
with the given information.



e) don’t forget the lone (nonbonding) electron pairs 



Atom level views

Key
Nitrogen atom

Oxygen atom 



Atom level views - what do these represent?



Atom level views - what do these represent?

Oxygen molecule dinitrogen trioxide
O2 N2O3



Use these models then to represent the reaction:
Nitrogen gas reacts with oxygen gas to produce 
dinitrogen trioxide  gas.

Oxygen molecule dinitrogen trioxide
O2 N2O3



Nitrogen gas + with oxygen gas →dinitrogen trioxide gas



Nitrogen gas + with oxygen gas →dinitrogen trioxide gas

Skeleton Equation   N2 + O2 → N2O3



Nitrogen gas + with oxygen gas →dinitrogen trioxide gas

Balanced Equation?   N2 + O2 → N2O3



Nitrogen gas + with oxygen gas →dinitrogen trioxide gas

Balanced Equation
2N2 (g) + 3O2(g) →   2N2O3 (g)



Nitrogen gas + with oxygen gas →dinitrogen trioxide gas

What does this represent?



Nitrogen gas + with XS oxygen gas →dinitrogen trioxide 

Excess oxygen - still present in reaction vessel 
after the reaction stops.



Nitrogen gas + with XS oxygen gas →dinitrogen trioxide 

Or, nitrogen is limiting reactant.


