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General Characteristics of Acids and Bases

Learning Goal 1
List the characteristics of acidic and basic solutions, and identify the ions responsible 

for these properties.

Acids are generally a class of substances that taste sour, such as vinegar, which is a dilute 
solution of acetic acid. Bases, or alkaline substances, are characterized by their bitter taste 
and slippery feel. The first precise definition of an an acid and base was given by Svante 
Arrhenius, and is referred to as Arrhenius Theory.

The Proton in Water: Arrhenius Theory
Swedish chemist Arrhenius defined an acid as a substance that ionizes in water to give 
hydrogen ions, and a base as a substance that ionizes in water to give hydroxide ions.

Hydrochloric acid, HCl, is a strong acid, and is very soluble in water. It dissociates into 
its component ions in the following manner:
HCl (g)  H+ (aq) + Cl- (aq) 

The hydrogen ion interacts strongly with a lone pair of electrons on the oxygen of a water 
molecule. The resulting ion, H3O+ is called the hydronium ion. 

 
ACIDIC solutions are formed when an acid transfers a proton to water.

The reaction of HCl with water can be written in either of the following ways:

HCl (aq) + H2O (l)  H3O+ (aq) + Cl- (aq)

HCl (aq)  H+ (aq) + Cl- (aq) 
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The Brønsted-Lowry Concept of Acids and Bases

Learning Goal 2
Define Brønsted acid and Brønsted base and conjugate acid-base pair. Identify the 
conjugate base associated with a Brønsted acid, and the conjugate acid associated 

with a given Brønsted base.

Acids are substances that are capable of donating a proton, and bases are substances  
capable of accepting a proton.

So, in the example above, HCl acts as a Brønsted Acid by donating a proton in water, and 
water in turn acts as a Brønsted Base by accepting a proton from HCl.Water can act as an 
acid or a base. Here is another example:

NH3(aq) + H2O(l)  NH4
+(aq) + OH-(aq) 

Here, H2O acts as a Brønsted acid by donating a proton to NH3 which acts as a Brønsted 
base.
Using the Arrhenius definition, we say that the resulting solution is basic because it 
contains OH- ions, thus we say that the NH3 molecule is basic (a proton acceptor). 

All Arrhenius acids are also Brønsted acids.
All Arrhenius bases are also Brønsted bases.

Conjugate Acid-Base Pairs
Let's look at the reaction of NH3 and H2O again:
(1) NH3 + H2O  NH4

+ + OH-

The reverse of this reaction is:
(2) NH4 + OH-  NH3 + H2O 

In this case, NH4
+ acts as an acid which donates a proton to OH-. OH- acts as a base. 

An acid and a base that are related by the gain and loss of a proton are called a conjugate 
acid-base pair. For example, NH4

+ is the conjugate acid of NH3, and NH3 is the 
conjugate base of NH4

+.

Every acid has associated with it a conjugate base.
Likewise, every base has associated with it a conjugate acid.
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Acids and bases can be either neutral or charged species: H2O (acid or base, neutral),  
O2

- (base, charged), C2H3O2
- (acid, charged)

For any reaction:

HA + H2O  H3O+ + A-

If HA is a strong acid because it gives up its proton readily, then A- is a weak base 
because it has little affinity for the proton.

If HA is a weak acid because it donates very few protons to the water, then A- has a high 
affinity for a proton, and A- is a stronger base than water.

The Dissociation of Water

Learning Goal 3
Explain what is meant by the autoionization of water, and write the ion-product-

constant expression for this process.

H2O can act as both a proton donor and acceptor for itself. A proton can be transferred 
from one water molecule to another, resulting in the formation of one hyroxide ion (OH-) 
and one hydronium ion (H3O+). 

2H2O(l) H3O+(aq) + OH-(aq) 

This is called the autoionization or dissociation of water. This equilibrium can also be 
expressed as: 

H2O(l) H+(aq) + OH-(aq) 

In the above equilibrium, water acts as both an acid and a base. The ability of a species to 
act as either an acid or a base is known as amphoterism. 
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The concentrations of H3O+ and OH- produced by the dissociation of water are equal. The 
corresponding equilibrium expression for this would be: 

KC = {[H+][OH-] / [H2O]} 

In pure water at 25oC, [H2O] = 55.5 M. Why? 

Remember, 

This value is relatively constant in relation to the very low concentration of H+ and OH- 

(1 x 10-7 M). 

Therefore, 

KC = [H+][OH-] / 55.5 M 

Rearranging gives: 

KC (55.5 M) = [H+][OH-] = Kw

So now we can eliminate [H2O] from the equation and we are left with: 
KW = [H+][OH-] 

Where KW designates the product (55.5 M)KC and is called the ion-product constant for 
water. At 25oC, KW is equal to 10-14. 

The ion-product constant always remains constant at equilibrium (as the name implies). 
Consequently, if the concentration of either H+ or OH- rises, then the other must fall to 
compensate. In acidic solutions, [H+] > [OH-], and in basic solutions [H+] < [OH-]. 
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The pH Scale

Learning Goal 4
Define pH; calculate pH from a knowledge of [H+] or [OH-], and perform the reverse 

operation.

Rather than expressing [H+] as some very small number, it is often more convenient to 
describe in terms of pH, defined as: 
pH = - log [H+] 

For example, a neutral solution at 25oC contains equal concentrations of H+ ions and OH- 

ions, where [H+] = 10-7M. Thus, the pH of the solution is obtained by: 

pH = - log 10-7 = 7 

From this it is obvious that at 25oC: 

pH < 7 solution is acidic 
pH = 7 solution is neutral 
pH > 7 solution is basic 

Notice that the pH of a solution measures the concentration of dissociated protons, and 
not the total concentration of acid in a solution. 

The negative log scale is useful for measuring other minute quantities, for example to 
measure [OH-]: 

pOH = - log [OH-] 
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Knowing this, we obtain the following useful expression: 

pH + pOH = -log KW = 14.00 
The Relationship Between pH and pOH

pH pOH [H+] mol/L [OH-] mol/L 
0 14 1.0 10-14 
2 12 0.01 10-12

4 10 0.0001 10-10

6 8 10-6 10-8

8 6 10-8 10-6

10 4 10-10 0.0001
12 2 10-12 0.01
14 0 10-14 1.0
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Calculating the pH for Solutions of Strong Acids

Learning Goal 5
Identify the common strong acids and bases, and calculate the pHs of their aqueous 

solutions given their concentrations.

Strong acids are so named because they react completely with water, leaving no 
undissociated molecules in solution. 

Because of this, the strong acid completely dissociates, other sources of H+ (such as the 
auto-ionization of water) become negligible when calculating [H+]. Consequently, [H+] 
normally equals the original concentration of the acid. For example, in a 0.10 M aqueous 
solution of the strong acid, nitric acid, HNO3, [H+] = 0.10 M and [NO3

-] 0.10 M; the 
concentration of HNO3 is virtually zero. 

Common Strong Acids and Bases
Acids Bases 
HCl - hydrochloric acid NaOH - sodium hydroxide 
HNO3 - nitric acid KOH - potassium hydroxide 
H2SO4 - sulfuric acid Ca(OH)2 - calcium hydroxide 
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Calculating the pH for Solutions of Weak Acids
Most substances that are acidic in water are actually weak acids. Because weak acids 
dissociate only partially in aqueous solution, an equilibrium is formed between the acid 
and its ions. The ionization equilibrium is given by: 

HX(aq) H+(aq) + X-(aq)

where X- is the conjugate base. For calculation purposes, the following is assumed: 

However, keep in mind that the "Before Dissociation" state never actually exists in 
solution--the solution is always at equilibrium. The left hand state is theoretical. 

The equilibrium constant is then: 

Ka= { [H+][X-] / [HX] }

The smaller the value for Ka, the weaker the acid. Weaker acids dissociate less ([H+] is 
smaller compared to [HX]) and therefore have a less drastic effect on pH. 

POINT OF EMPHASIS: Do not confuse a weak acid with a dilute acid. A weak acid 
has a small Ka, and a dilute acid has a low concentration. It is possible to have a dilute, 
strong acid or a concentrated, weak acid. 
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Learning Goal 6
Calculate the pH for a weak acid solution in water, given the acid concentration and Ka; 

Calculate the Ka given the acid concentration and pH.

EXAMPLE:
Calculate the pH of a 0.10 M solution of acetic acid. From the table shown we have Ka = 
1.8 x 10-5. 

STEP 1: Write the ionization equilibrium for acetic acid: 

HC2H3C2 (aq) H+ (aq) + C2H3O2
- (aq)

STEP 2: Create an I.C.E. grid, and determine the concentration from information 
provided in the problem: 

HC2H3C2 (aq) H+ (aq) + C2H3O2
- (aq)

HC2H3C2 H+ C2H3O2
- 

INITIAL 0.10M 0 0
CHANGE -xM +xM +xM
EQUILIBRIUM (0.10 - x) M xM xM

STEP 3: Substitute the equilibrium concentrations into the equilibrium constant 
expression: 
The equilibrium constant expression is: 

Ka = { [H+][C2H3O2
-] / [HC2O3H2] } = { (x)(x) / (0.10 - x) } = 1.8 x 10-5 

This equation has only one unknown and can be solved using the quadratic formula. 
However, we can make things easier: 

STEP 4: Since the value of Ka is quite small, we can guess that the value of x will be 
very small (ie. only a small portion of the HC2H3O2 actually dissociates). If we assume 
that x is much smaller (less than 5%) than the initial concentration of the acid, we can 
avoid using the quadratic formula, because when a small number is subtracted from a 
much larger one, the answer will be approximately the larger one. The equation becomes: 

1.8 x 10-5 = {(x)(x) / 0.10}

and x = 1.3 x 10-3 M = [H+], which is less than 5% of 0.10M, the initial concentration of 
the acid. Tip 

A "rule of thumb" that is useful in determining whether x is less than 5% of the initial  
concentration of the acid is to determine whether one thousand times the Ka is less than 
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the initial concentration of the acid. If that is true, then x will be less than 5% of the 
initial molarity of acid and simplification is acceptable. 

If Ka x 1000 < initial molarity, simplify! 
If Ka x 1000 > initial molarity, DO NOT SIMPLIFY!! 

STEP 5: Now we find pH: 

pH = -log(1.3 x 10-3M)
pH = 2.89

Learning Goal 7
Calculate the percentage ionization for an acid or a base, knowing its concentration in 

solution, and the value of Ka or Kb.

Percent ionization or percent dissociation is defined as:

The percent dissociation of an acid varies with the concentration of the acid. The more 
dilute an acid is, the greater the percent ionization. Why? 

Let's look at the equilibrium of a weak acid again: 

HX(aq) + H2O H3O+(aq) + X-(aq)

From Le Chatelier's Principle, adding water to the equilibrium would cause the 
equilibrium to shift to the right. A shift to the right implies that more acid would be in 
dissociated form, and thus the percent ionization increases accordingly. 

EXAMPLE:
Calculate the percent of HF molecules ionized in a 0.10 M HF solution. The Ka for HF is  
6.8 x 10-4. 

STEP 1: Ionization equation: 

HF (aq) H+ (aq) + F- (aq)

STEP 2: I.C.E. grid: 
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HF (aq) H+ (aq) + F- (aq)
HF H+ F- 

INITIAL 0.10M 0 0
CHANGE -xM +xM +xM
EQUILIBRIUM (0.10 - x)M xM xM

STEP 3: Equilibrium constant expression: 
Ka = { [H+][F-] / [HF] } = { (x)(x) / (0.10 - x) } = 6.8 x 10-4

STEP 4: Solve equation, assuming x << 0.10: 
6.8 x 10-4 = { x2 / 0.10}
x = 8.2 x 10-3 M

However, 

{ 8.2 x 10-3M / 0.1M } x 100 = 8.2%,

which is greater than 5% of the initial concentration of the acid, so x is not x << 0.10M! 

STEP 5: Use quadratic: 

6.8 x 10-4 = { x2 / (0.10 - x) }
x2 + (6.8 x 10-4) x - 6.8 x 10-5 = 0
x = 7.9 x 10-3M = [H+]

Therefore, percent ionization = { [ ionized ] / [ initial] } x 100: 

{ 7.9 x 10-3M / 0.10M } x 100 = 7.9%

Learning Goal 8
Predict whether a particular salt solution will be acidic, basic, or neutral.

Ions can exhibit acidic or basic properties. For example, NH4
+ is acidic, and F- is basic. 

Salts, being strong electrolytes, dissociate completely in aqueous solution to produce the 
ions which they are composed of. Therefore, salt solutions can be acidic, basic or neutral. 

POINT OF EMPHASIS: The weaker the acid, the stronger the base. 
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The ions may react with water in a hydrolysis reaction to produce H+ (aq) or OH- (aq). 

Hydrolysis is a general term for the splitting of a water molecule. For example, the 
acetate ion, C2H3O2

-, reacts with water to form: 

C2H3O2
- (aq) + H2O (l) HC2H3O2 (aq) + OH- (aq)

The production of the OH- ion makes the solution basic. 

Note that all cations, except those of alkali and alkaline earth metals ( which do not 
hydrolyze in water and, therefore, do not affect pH ), act as weak acids in solution. (See 
Section 10 for a detailed explanation.) 

The relative concentrations of these ions then determine the acidic or basic properties of 
the solution. 

Note : The ions of strong acids and strong bases do not hydrolyze! They are so weak that 
they are known as spectator ions. Only ions of weak acids and bases hydrolyze. 

Polyprotic ions are anions of substances capable of dissociating more than one proton in 
water, such as HCO3

-, which could either gain or lose a proton in aqueous solution. This 
property of being acidic or basic is known as amphoterism. 

The behaviour of the anions of polyprotic ions is determined by the relative magnitudes 
of its Ka and Kb. 

For example, if the ion's Kb > Ka, the ion has a greater tendency to be protenated rather 
than deprotenated and thus the solution is basic. The reverse is also true. 

EXAMPLE:
Predict whether the salt Na2HPO4 will form an acidic or basic solution when dissolved in 
water. We know that Ka for HPO4

2- is 4.2 x 10-13 and Ka for H2PO4
- is 6.2 x 10-8. 

Na+, a spectator ion, does not affect the acidity or basicity of a solution, but HPO4
- could. 

The two possible reactions that it could undergo are: 

Reaction A: 

HPO4
2- (aq) H+ (aq) + PO4

3- (aq)

Reaction B: 

HPO4
2- (aq) + H2O (l) H2PO4

- (aq) + OH- (aq)
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Whether this ion will cause the solution to be acidic or basic depends on whether the Ka 

for reaction A is bigger than the Kb for reaction B. 

Ka for HPO4
-2 is 4.2 x 10-13. 

Ka for H2PO4
- is 6.2 x 10-8.

The Kb of reaction B is related to the Ka of H2PO4
- by Kb = Kw / Ka: 

Kb = { 1.0 x 10-14 / 6.2 x 10-8 } = 1.6 x 10-7 for HPO4
2-

Kb > Ka, so the solution will be basic.

Qualitative Determination of pH
We can predict whether a solution will be acidic basic or neutral by qualitatively finding 
the pH: 

1. Salts from a strong acid and a strong base : 

• no hydrolysis of cation or anion 
• pH = 7.00 

2. Salts from a strong base and a weak acid : 

• hydrolysis of anion from the weak acid ( to produce OH- ions ) 
• pH > 7.00 ( basic ) 

3. Salts from a weak base and a strong acid : 

• hydrolysis of cation from weak base ( to produce H+ ions ) 
• pH < 7.00 ( acidic ) 

4. Salts from a weak base and a weak acid : 

• both cation and anion hydrolyze 
• if Kb of hydrolysis of an anion is greater than Ka of hydrolysis of a cation, the 

solution is basic (pH > 7.00), and vice versa. 
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Learning Goal 9
Explain how an acid's strength is related to its polarity and the strength of the H-X 

bond.

How easily will a molecule containing an H-X bond break, resulting in proton donation? 

1. A substance will only donate a proton if the H-X bond is polar. 

2. The strength of the H-X bond affects the molecule's ability to donate its protons. 

Generally, the stronger the acids, the weaker and more polar their H-X bonds. Hence, 
strong acids give up protons more easily! 

Relating Acid-base Properties to the Periodic Table
A hydride is a compound formed between hydrogen and any other element. 

In each horizontal row of the periodic table, the most basic hydrides are on the left and 
the most acidic hydrides are on the right. Note that the left forms metal hydrides and the 
right forms non-metal hydrides. Metal hydrides are usually basic in water while non-
metal hydrides are often acidic in water. 

EXAMPLE

NaH = basic hydride: 

Na+ (aq) + H- (aq) + H2O (l) H2 (g) + Na+ (aq) + OH- (aq)

HCl = acidic hydride: 

H+ (aq) + Cl- (aq) + H2O (l) H3O+ (aq) + Cl- (aq)

In each vertical row of the periodic table, acidity usually increases with increasing 
atomic number because the valence (bonding) electrons are farther and farther away from 
the nucleus and less strongly attracted to the positive nucleus. Thus, the bonds formed by 
these electrons decrease in strength, making the bond easier to break and release protons. 

_____________________________________________________________________ 14



Module 1 Paper 3 – Acids and Bases
________________________________________________________________________

Learning Goal 10
Understand the factors affecting acidity of species and use the factors to predict the 

relative strengths of acids.

Electronegativity
  Electronegativity is a measure of an element's ability to attract electrons on an 
arbitrary scale between 0 and 4, with 4 being the most electronegative. The metals tend to 
be the least electronegative, while the non-metals are mostly highly electronegative. 

Electron Drift
  Electron drift occurs when electrons are attracted by highly electronegative atoms 
away from bonded OH groups. The electron density between the oxygen and hydrogen 
atom is distorted by the electrons's attraction to the electronegative atom, and this further 
polarizes and weakens the O-H bond, making a stronger acid. 
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Acid strength increases with : 

1. increasing electronegativity of the central atom: The more electronegative the central 
atom, the more electron drift occurs, polarizing the O-H bond which makes it easier for 
the molecule to dissociate. 

2. increasing oxidation number of the central atom: The higher the oxidation state of the 
central atom, the greater the number of oxygens attached to the central atom. 
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Oxygen is a highly electronegative element, contributing to greater electron drift away 
from the O-H bond. 

Oxyacids
An oxyacid is an acid in which (OH) groups (and sometimes additional oxygen atoms) 
are bound to a central atom. Oxyacids are a special subset of species which have a central 
atom "Y" which is bonded to an hydroxyl (OH) group and may or may not be bonded to 
other additional atoms. 

If "Y" has a low electronegativity (usually a metal) it will NOT attract the electron pair it 
shares with the O. 

Therefore the O will be negatively charged: it will not attract the electron pair it shares 
with the H, and the O-H bond will NOT be strongly polarized. However, the Y-O bond 
will be highly polar and easily broken, releasing OH- ions. 

The compound will behave as a base. 

If "Y" has an intermediate electronegativity (around 2.0), it bonds to O more covalently 
and loses OH- less easily. 

Such species behave as acids in water, if "Y" attracts the electron pair it shares with O 
strongly enough. These are known as oxyacids. 

EXAMPLE
H2SO4 sulfuric acid: 

Carboxylic Acids
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POINT OF EMPHASIS: Carboxylic acids are organic compounds with the general 
formula: R-COOH, where "R" is either hydrogen or a carbon-based chain. 

EXAMPLE
Acetic Acid : 

Like oxyacids, the polar carbonyl (C=O) group causes electron drift away from the O-H 
bond, resulting in dissociation of the molecule. 

Learning Goal 11
Define a Lewis acid and Lewis base.

Neither the Arrhenius or the Brønsted-Lowry theory of acids and bases accounts for all 
the existing acids and bases. A new definition of acid-base behavior, called Lewis theory, 
is more comprehensive. 

A Lewis acid is an electron-pair acceptor while a Lewis base is an electron-pair donor. 

Everything that is a Brønsted-Lowry base (a proton acceptor) is also a Lewis base. 
However, Lewis bases can donate their electrons to substances other than H. 

NH3 is a Brønsted-Lowry base and a Lewis base. 
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Here, NH3 is behaving as a Lewis base only (and BF3 is a Lewis acid). 

A neutralization reaction occurs when a coordinate bond, a covalent bond where both 
electrons are provided by one atom, forms between a Lewis acid and base. 

Sometimes, simple cations function as Lewis acids. For example, Fe3+ behaves as a Lewis 
acid in the following reaction: 

Fe3+ + 6 CN- [Fe(CN)6]3-

Hydrolysis of Metal Ions

Learning Goal 12
Predict the relative acidities of metal salt solutions, from what we know of metal-ion 

charges and ionic radii.

Solutions of metal ions often show acidic properties. This is because the positively 
charged metal ions attract the unshared electron pairs of water molecules. This is known 
as hydration. 

The strength of attraction increases with ionic charge and as the ionic radius decreases. 

As the strength of attraction increases, so does the electron shift; electron density is 
drawn away from the oxygen. 

• Hydrolysis with Weak Electron Shift 
• Hydrolysis with Strong Electron Shift 

An electron shift causes the O-H bond to become more polarized, so the water molecules 
bound to the metal ion tend to release protons and thus are acidic. 
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EXAMPLE

Iron(III) ions form a complex in water which is acidic: 

Fe(H2O)6
3+ (aq) + H2O (l) H3O+ (aq) + Fe(H2O)5OH2+ (aq) Ka = 7.7 x 10-3

A general formula for a hydrated metal ion's behavior is: 

M(H2O)n
z+ M(H2O)(n-1)(OH)(z-1)+ + H+ (aq)

M = metal ion 
z = charge on the metal ion 
n = no. of hydrating water molecules
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