
"The world of chemical events is like a stage on which scene after scene is enacted in a
continuous succession. The players on this stage are the elements. To each of them is assigned a
characteristic role, either that of supernumerary or that of an actor playing a part."

Clemens Alexander Winkler, 1897
Almost all the chemical processes which occur in nature ... take place between substances in
solution." Friedrich Wilhelm Ostwald, 1890
(Nobel Prize for Chemistry in 1909 "in recognition of his work on catalysis and for his
investigations into the fundamental principles governing chemical equilibria and rates of reaction".)

4.9 – Acid-Base Reactions
4.10 – Oxidation-Reduction Reactions

Chem Rxs, Stoich_____________ Z Ch 2.9, 4; H Ch 1-2, 1-3, 7-1, 7-2, 16-4−16-6 

quiz on Friday

Exam I on Monday 
covering Chapters 1 – 4 



H-Nonmetal H-Oxyanion
Rule 1:  (without the presence of H2O)
like ionic compounds:  cation + anion

hydrogen _ide

Examples:
HCl hydrogen chloride
HF hydrogen fluoride
H2S hydrogen sulfide
H2Se hydrogen selenide

Rule 2: (H acids, when dissolved in H2O)
hydro_ic acid

Examples:
HCl hydrochloric acid
HF hydrofluoric acid
H2S hydrosulfuric acid
H2Se    hydroselenic acid

Comment:
(a) These H-containing compounds are named as if
they were ionic. (b) Often the (aq) in the formulas
of the acids is omitted when it is obvious from the
context that they are acids.

Rule 1:  (without the presence of H2O)
like ionic compounds:  cation + anion

hydrogen hypo_ite
hydrogen _ite
hydrogen _ate
hydrogen per_ate

Rule 2: (HO acids, when dissolved  in H2O)

hypo_ous acid
_ous acid
_ic acid
per_ic acid

Examples:
HClO hypochlorous acid
HClO2 chlorous acid
HClO3 chloric acid
HClO4 perchloric acid
HNO2 nitrous acid
HNO3 nitric acid
H2SO3 sulfurous acid
H2SO4 sulfuric acid
H3PO4 phosphoric acid

Acid Nomenclature

ite -> ous
ate -> icide -> ic



Properties of Arrhenius Acids and Bases

Arrhenius acids - produce H+(aq) ions upon dissolution in water
HCl(aq)   →   H+(aq)  +  Cl–(aq)

Arrhenius bases - produce OH–(aq) ions upon dissolution in water

Ba(OH)2(aq)   → Ba2+(aq)  +  2 OH–(aq)

Definition works since pure water ionizes to a very small extent in a process
called autoionization

H2O(aq)   →   H+(aq)  +  OH–(aq)
Water is both an Arrhenius acid and an Arrhenius base. A substance having
both acidic and basic properties is called amphoteric.

REVIEW FROM MONDAY



Modified Definition of Arrhenius Acids and Bases

Arrhenius acids - increase concentration of H+(aq) above that present in
pure water by reacting with water

Arrhenius bases - increase concentration of OH– (aq) above that present in
pure water by reacting with water – for ammonia

NH3(aq) + H2O(l) → NH4
+(aq) + OH–(aq)

Broadens the applicable chemistry.

REVIEW FROM MONDAY



Acid and Base Anhydrides

SO3(g) +  H2O(l)   →   H2SO4(aq) Na2O(s) +  H2O(l)   →   2 NaOH(aq)

P4O10(s) +  6 H2O(l)  →   4 H3PO4(aq) 2 HNO3(aq)  – 'H2O'   →  N2O5(g)

Ba(OH)2(s)  – 'H2O'   →   BaO(s) 2 HBrO4(aq)  – 'H2O'   →   Br2O7(g)

to find the anhydride "subtract" enough units of H2O from the acid/base to
remove all of the hydrogens
to find the acid/base add enough units of H2O to the anhydride

REVIEW FROM MONDAY



seven strong acids to know soluble strong bases to know

hydrochloric  acid HCl lithium hydroxide LiOH

hydrobromic acid HBr sodium hydroxide NaOH

hydroiodic acid HI potassium  hydroxide KOH

perchloric acid HClO4 rubidium hydroxide RbOH

chloric acid HClO3 cesium hydroxide CsOH

sulfuric acid H2SO4 barium hydroxide Ba(OH)2

nitric acid HNO3

Strong Acids and Strong Bases
REVIEW FROM MONDAY



Reactions of Acids and Bases:    ACID + BASE →  SALT + WATER
chemistry contained in net ionic equation (or WHY YOU NEED TO KNOW YOUR IONS)

ACIDS react with                                               BASES react with
1. bases 1.  acids

-------------------- salt and water --------------------

2 HBr(aq)  +  Ba(OH)2(aq)   → BaBr2(aq)  +  2 H2O(l)

H+(aq) + OH– (aq) →  H2O(l)

REVIEW FROM MONDAY



2 HBr(aq)  +  Ba(OH)2(aq)   →   BaBr2(aq)  +  2 H2O(l)

REVIEW FROM MONDAY



ACIDS react with                                               BASES react with
2.  metal oxides 2.  nonmetal oxides

-------------------- salt and water --------------------

2 HCl(aq) + MnO(s)  → 2 NaOH(aq) + Cl2O5(g) →
MnCl2(aq) + H2O(l)                               2 NaClO3(aq) + H2O(l)

2 H+(aq) + MnO(s) →                             2 OH–(aq) + Cl2O5(g) →
Mn2+(aq) + H2O(l)                                  2 ClO3

–(aq) + H2O(l)

REVIEW FROM MONDAY



2 HCl(aq) + MnO(s)  → MnCl2(aq) + H2O(l)

REVIEW FROM MONDAY



ACIDS react with                                               BASES react with
1. carbonates 3.  ammonium salts

hydrogen carbonates
-------------------- salt and water --------------------

+ CO2(g) + NH3(g)

HNO3(aq) + NaHCO3(s) → KOH(aq) + (NH4)2SO4(aq) →
CO2(g) + NaNO3(aq) + H2O(l)              2 NH3(g) + K2SO4(aq) + 2 H2O(l)

H+(aq) + NaHCO3(s) →                   OH–(aq) + NH4
+(aq) →

CO2(g) + Na+(aq) + H2O(l) NH3(g) + H2O(l)

also sulfites and hydrogen sulfites

REVIEW FROM MONDAY



HNO3(aq) + NaHCO3(s) → CO2(g) + NaNO3(aq) + H2O(l)
REVIEW FROM MONDAY



KOH(aq) + (NH4)2SO4(aq) → 2 NH3(g) + K2SO4(aq) + 2 H2O(l)

REVIEW FROM MONDAY



Stoichiometry of Acid-Base Titrations

balanced  equation
concentrations
end-point = equivalence point (end-point:  indicator, potentiometric)

EX 10. A 25.0 mL sample of acetic acid (CH3COOH) requires 28.33 mL of
0.953 M NaOH to reach the phenolphthalein end-point. What is the concen-
tration of acetic acid?

CH3COOH(aq)  +  NaOH(aq)   −> NaCH3COO(aq)  +  H2O(l)

nA =  (VM)A =  nB =  (VM)B =>
VA =  (VM)B / MA = (28.33)(0.953) / 25.0  =  1.0799  =>  1.08 M

25 mL                        28.33 mL
0.953 M

REVIEW FROM MONDAY



Oxidation Reduction Reactions

“classic” oxidation (combining with oxygen)
CH4(g)  + 2 O2(g)    →   CO2(g)  + 2 H2O(l)

“classic” reduction (combining with hydrogen)
Ca(s)  + H2(g)    →   CaH2(s)

many other reactions also involve redox
Fe2O3(s)  + 3 CO(g)    →   2 Fe(s)  + 3 CO2(g)



Identifying Redox (Reduction/Oxidation) Reactions

species that is oxidized (reducing agent)

species that is reduced (oxidizing agent)

OXIDATION
oxidation number increases
loses electrons
reducing agent

REDUCTION
oxidation number decreases
gains electrons
oxidizing agent



Oxidation Numbers (in Order of Priority)

• Sum of the oxidation numbers (ON) of the atoms is zero for a neutral mole-
cule and is the charge for an ion.
• Group I ON = 1, Group II ON = 2, Group III usually have ON = 3.
• Fluorine ON = -1 always. Other halogens usually have ON = -1 except in
compounds with oxygen or other halogens when the oxidation number
follows electronegativity and can be positive.
• Hydrogen has ON = 1 except in metal hydrides when the oxidation number
is -1.
• Oxygen has ON = -2 except in compounds with fluorine when the oxidation
number can be positive and in compounds containing the O-O bond. For
peroxides (O2

2−) ON = -1
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Working with Oxidation Numbers

EX 12. Assign oxidation numbers (ON) to all of the elements in the following 
chemical compounds.

NaCl SO2

ClO−                                                                                   I2

Fe2(SO4)3                                                                      CaH2

KMnO4                                                                            CH4

H2O2                                                                                 K2O

+3       -2                                                                     +2   -1

-4  +1 organic compounds always written 
CH other elements alphabetical

+1  x   -2  =>  1 + x -4(-2) = 0
=> x = 7

+1  -2                                                                             0

+1  -1                                                                           +4  -2

+1  -1                                                                          +1  -2
KO2 exists!



oxide acid

Cl2O HClO

Cl2O3 HClO2

Cl2O5 HClO3

Cl2O7 HClO4

Working with Oxidation Numbers

EX 13.  Assign oxidation numbers (ON) to the chlorine atom in the following 
acidic oxides.

+1

+3

+5

+7



Working with Oxidation Numbers

EX 14. The alkali metals react with water, evolving hydrogen gas.
2 Na(s)  +  2 H2O(l)    →   2 NaOH(aq)  +  H2(g)

What is being oxidized, what is being reduced, and how many moles of
electrons are transferred?

OX: 2 Na (0) -> 2 Na (+); ∆ON = +2 – 0 = 2 => lost 2 moles of e−

RED: 2 H (+) -> H2 (0); ∆ON = 0 – 2 = -2 => gained 2 moles of e−

two moles of electrons transferred in this reaction
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