Name: __________________

Acid-base Chemistry
Unit 11

( F i v e c la s s p e r i o ds )

Unit 11.1: Into to acid base chemistry
1) Self-ionization of water
a) Water molecules collide and the extremely electronegative
oxygen can steal a hydrogen from other waters. This is
extremely rare, only 1 in 10 million water molecules are
every ionized in pure water at 25oC.
b) Produces hydronium (H3O+), a water molecule with an extra hydrogen that is extremely reactive. It is OFTEN
written as plan hydrogen (H+)
c) Also produces hydroxide (OH-), a water molecules missing a hydrogen which is also caustic.
d) Water produce equal amounts of hydroxide and hydrogen and thus is considered neutral.
i) Acids increase the amount of hydronium / hydrogen ions. Generally, the formula of acids begins with H
ii) Bases increase the amount of hydroxide
2) Acid Nomenclature
Example 1:
a) First name the acid as an ionic compound
i) Name the cation first – hydrogen
H2S
ii) Name the anion – if it is a single element
H2SO4
it, write the root of the element then “–
ide.” If it is a polyatomic ion, name the
H2SO3
anion
b) Remove the word “hydrogen “ and change
the ending based on the name of the anion
i) “-ate,” drop the hydrogen and change “-ate” to “-ic acid”
ii) “-ite,” drop the hydrogen and change “-ite” to “-ous acid”
iii) “-ide,” drop the “-gen” in hydrogen and change “-ide” to “-ic acid”
3) Base nomenclature -- name them as an ionic
Example 2:
compound
NaOH
a) Name the metal -- If a transition metal, any
after group II, except Al, put its charge in
Cu(OH)2
roman numerals
b) Name the anion (hydroxide)
NH3
4) Writing the formulas from the names
a) Acids
Example 3:
i) Change the ending
(1) Hydro__ic acid  _____ide
Hydrofluoric Acid
(2) ______ic acid  _____ate
Carbonic Acid
(3) ____ous acid  _____ite
ii) Put a H out in front with a subscript =
Nitrous Acid
|charge|
b) Bases
i) Write the symbol for the metal

ii) Determine the metals charge
iii) Write Hydroxide (OH)
iv) If the metals charge was greater than 1,
put OH in parentheses, and put a
subscript after it = |charge|

Example 4:
Potassium hydroxide
Calcium hydroxide
Iron (III) hydroxide

11.2: Acid / Base theory and the pH scale
1) Characteristics of an acid
a) Acids react with metals to produce hydrogen gas (H2 (g))
b) Acids are corrosive, pulling molecules apart on an atomic level
c) Have a distinct sour taste (Sour Patch kids are coated in formic acid, and citrus fruit contain citric acid)
d) Conduct electricity since the hydrogen cation in solution is mobile and thus can complete a circuit
2) Characteristics of a base
a) React with fats to produce soap, by saponification
b) Have a very bitter taste and feel slippery
c) Are caustic, meaning they can cause chemical burns
d) Are able to conduct electricity because they are generally metal hydroxides, thus in solution the metal cation is
mobile and free to complete a circuit
3) Arrhenius Model of Acid / Base Chemistry
a) Acid: A substance that contains H and ionizes to produce H+ in aqueous solutions (HCl → H+ + Cl-)
b) Base: A substance that contains a (OH) and dissociates to produce OH- ions in aqueous solution (KOH → K+ + OH-)
c) Fails to justify why ammonia (NH3 produces an alkaline, basic, solution and BF3 is acidic)
4) Brønsted–Lowry Model of Acid / Base Chemistry
a) Acid base chemistry exists as a form of chemical equilibrium, where the forward and reverse reaction occur
simultaneously
b) Acid: A substance that is a hydrogen ion (H+) donor. Also referred to as a proton donor
c) Base: A substance that is a hydrogen ion (H+) acceptor. Also referred to as a proton acceptor.
d) Creates conjugate acid / base pairs, where an acid in the forward reaction must act as a base in the reverse
reaction.

e) To find the:
i) Conjugate acid – add a hydrogen, because in the forward reaction it was a base and would have accepted a
hydrogen
ii) Conjugate base – remove a hydrogen, because in the forward reaction it was an acid and would have lost a
hydrogen

Example 5b:

𝐻2 𝐶2 𝑂4 + 𝑁𝐻3  HC2O4- + NH4+

HSO4- + H2O  SO4-2 + H3O+

ACID

NEUTRAL

BASE

Weak

5) Lewis theory of acid / base chemistry
a) Acids react with bases to form bonds out of unbound electrons
i) Acids – electron acceptors
ii) Bases – electron donors
b) This forms coordinate covalent bonds, where one atom donates both the
electrons used in a bond
c) KNOW: BF3 is a classic Lewis acid, and NH3 is a classic Lewis base
6) The strength of an acid or base
a) Strong acids and bases are strong electrolytes;
i) Completely dissociate in solution
ii) Deliver the maximum number of ions (H+/A-) to solution.
iii) Only 6 acids, and only hydroxides of group I & II metals
(1) H2SO4, HNO3, HClO4, HCl, HBr, HI
(2) NaOH, KOH, Ca(OH)2 etc.
b) Weak acids and bases are weaker electrolytes
i) DO NOT dissociate completely in solution
ii) Deliver smaller numbers of ions to solution. (<1%)
iii) MOST acids/bases
7) The pH scale
a) Pure water produces 1 x 10-7 M H3O+ and OH- ions at any given moment
b) If we wrote the equilibrium expression for this reaction
H2O  H+ + OHwe would get:
K = [H+][OH-]= (1 x 10-7)( 1 x 10-7) = 1 x 10-14
c) This is known as the self-ionization constant of water, and it means that at
room temperature the concentration of hydrogen ions times the
concentration of hydroxide ions must equal 1 x 10-14
d) Rather than work with these miniscule numbers we developed a short
hand for these concentrations, pX. Where pX = -log (X). So pH = -log(H+)
and pOH = -log (OH-)
e) Thus pH and pOH must equal the pKw of water

Strong

Example 5a:

Kw = [H+][OH-]
1 x10-14 = [H+][OH-]

pH = -log(H3O+)
pOH = -log (OH-)
14 = pH + pOH

Example 6a: What is the pH & pOH?

Example 6b: What is the pH & pOH?

[H+] = 1.0 x 10-4

[OH-] = 1.0 x 10-2

Example 6c: What is the pH & pOH?

Example 6d: What is the pH & pOH?

[H+] = 3.8 x 10-10

[OH] = 7.9 x 10-14

f) Acidic solutions have more H+ ions than OH- ions and thus, have pH’s below 7
g) Basic solutions have more OH- ions than H+ ions and thus, have pH’s above 7.
h) Neutral solutions have equal numbers of H+ ions and OH- ions and thus, have a pH of 7.
8) Monoprotic and polyprotic solutions
a) Acids, and bases, can be monoprotic. Meaning they only have 1 H+, or OH-, available to donate. In acids it is
typically the H in the front of the formula. In strong acids this means the concentration of acid is the
concentration of the hydrogen ion
i) Ex: HCl, HI, HNO3, HC2H3O2, NaOH, KOH, CuOH
b) Acids, and bases, can be polyprotic. Meaning they have more than one H+, or OH-, available to donate. In acids
it is typically Hs, in the front of the formula. In strong acids, this means the concentration of the hydrogen ions
is some number of times greater that the concentration of the acid. Look at the subscript of the H, or OH, to see
how many times larger this is.
i)
Ex: H2S, H3PO4, H2CrO4, Al(OH)3,
For the sake of simplicity we will not discuss the pH or concentration of weak acids/bases as being different from the given concentrations of the
acid/base. In second year chemistry, AP Chem, we discuss this further and I tell you about all the lies you learned in first year chemistry.

Example 7a: What is the pH?

Example 7b: What is the pH & pOH?

0.1M HCl

0.005M Ca(OH)2

Example 7c: What is the pH & pOH?

Example 7d: What is the pH & pOH?

0.03M HC2H3O2

1 x 10-3M H2SO4

Unit 11.3: Neutralization Reaction and Titrations
1) Neutralization – a reaction in which an acid and a base react in aqueous solution to produce a salt and water.
2) This is really just a double replacement reaction

3) The salt causes the solution to not be truly neutral (pH = 7). The salt reacts with water to produce a solution that is
either acid or basic.
a) To determine if a salt is acidic, basic, or neutral think back to what had to form it. Add a OH to the cation, and a
H to the anion
i) Strong HA + Strong MOH  7
ii) Strong HA + Weak MOH  <7
iii) Weak HA + Strong MOH  >7
4) Balancing neutralization reactions
a) Easiest if you rewrite water, H2O, as HOH and read it as 1 H+ and 1 OHExample 8a:

Example 8b:

H3PO4 + KOH  H2O + K3PO4

H2SO4 + Ca(OH)2  H2O + CaSO4

5) Titrations
a) method for determining the unknown concentration of an acid or base solution by reacting it with
a known volume and concentration of an opposing base or acid.
b) The receiving flask contains a chemical “indicator”
i) Turns color at a specific pH – Known as it’s range.
ii) The titration is complete at this point, referred to as the endpoint

c) Work based on neutralization, so the end point is when the moles of hydrogen are the same as the moles of
base. However since we don’t take measurements in moles, we can derive them from molarity (𝑚𝑜𝑙⁄𝐿) and
volume (L). Thus:

(Macid)(Vacid)( # of H+) = (Mbase)(Vbase)( # of OH-)
Example 9a:

Example 9b:

If it takes 45 mL of 1.0M NaOH solution to neutralize
57 mL of HCl, what is the concentration of the HCl?

If it takes 45 mL of 1.0M NaOH solution to neutralize 57
mL of H2SO4, what is the concentration of the H2SO4?

Unit 11.4: Electrochemistry
1) Oxidation and reduction reactions
a) Chemical reactions that involve a transfer of electrons
from one substance to another
i) Atoms that gain electrons are Reduced
ii) Atoms that lose electrons are oxidized
b) This allows us to separate the two types of reactions and
capture the electrons to make them do work in a:
c) Galvanic (voltaic) cell -- Batteries
i) Chemical energy is converted to electrical energy
ii) RedOx reactions which we control the path of
the electron transfer
Example 10: Determine the oxidative state of each
2) Determining oxidation state
element in the following compounds
a) Rules
N2
i) The oxidation number for an atom in its elemental
form is always zero, unless it has a charge
ii) The oxidation number of all Group 1A metals = +1
iii) The oxidation number of all Group 2A metals = +2
iv) Oxygen is -2 (unless H2O2 then -1)
v) The oxidation number of fluorine (F) is always -1.
vi) The sum of the oxidation numbers of all atoms (or
ions) in a neutral compound = 0; in an ion = charge
of the ion

3) Half-Reactions
a) To determine which substances are oxidized and
reduced, the reaction should be divided into half
reactions.

CF4

H2SO4

Cr2O72-

i)
ii)

iii)
iv)
v)
vi)

Determine the oxidative state of every element
in the equation
Any elements with the same state on both sides
cross out as these are spectator ions and have
no bearing on the reaction
Separate what is reduced, and what is oxidized
and the products they produced.
Balance the charges with electrons
Reducing agent -- The substance that is oxidized
forcing another to be reduced
Oxidizing agent -- The substance that is reduced
forcing another to be oxidized

Example 11: write the complete half reactions for
the below chemical reaction. What is your oxidizing
agent and reducing agent?
2KBr + Cl2 → 2KCl + Br2
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