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I never got any
ncouragement from ArrheniusX

but Bronsted, Lowry, and Lewis
all said I'm the perfect model

for a base,... so here
iam.

Ammonia's artistic debut

There are three models to explain the nature of acids
and bases: [1] The Arrhenius Theory; [2] The
Bronsted-Lowry Model; and [3] The Lewis Model.
Each of these models is successively more general
than the one that precedes it. The more general models
include the earlier models.

According to Arrhenius an acid is a substance that
yields hydrogen ions (H+) as the only positive ions in
aqueous solution. The properties of acids are caused
by excess hydrogen ions. A base, on the other hand, is
a substance that yields hydroxide (OH") ions as the
only negative ions in aqueous solution. The properties
of bases are caused by hydroxide ions.

Bronsted-Lowry broadens the definition of acids
and bases. According to Bronsted-Lowry, an acid is
any species that can donate a proton to another. For
example, when ammonia dissolves in water, water
donates a proton to form the ammonium ion, so water is a Bronsted-Lowry acid (NH3 + H2O * NH4

+ + OH").
According to Bronsted-Lowry, a base is any species (molecule or ion) that can combine with or accept a proton.
In the reaction between water and hydrochloric acid, water acts as a Bronsted-Lowry base by accepting a proton
(HC1 + H2O * H3O

+ + Cl"). In the reaction NH3 + H2O * NH4
+ + OH" between ammonia and water, NH4

+ and NH3

are conjugate acid base pairs. NH4
+ behaves like a Bronsted-Lowry acid, donating a proton to become NH3. NH3

behaves like a Bronsted-Lowry base, accepting a proton to become NH4
+. Conjugate acid-base pairs always differ

by one hydrogen atom.
The Lewis model expands the definition of acid and base even

further. A Lewis acid is an electron pair acceptor. It has an empty
atomic orbital that it can use to accept an electron pair from a
molecule with a lone pair. It may be deficient in a pair of electrons.
Boron trifluoride (BF3) is a typical Lewis acid. It is electron
deficient. Ammonia (NH3) is a typical Lewis base. It has a lone
pair of electrons. Boron trifluoride and ammonia will combine by
forming a coordinate covalent bond.

Answer the questions below based on your understanding of acids-base models.

1. According to Arrhenius, are both HCl(ag) and HCl(g) acids? Explain.

(CONTINUED ON THE NEXT PAGE}
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2. For each of the reactions below, identify the Arrhenius acids, Bronsted-Lowry acids, and Lewis acids. (NOTE:A
substance may fit more than one model.) If none are present, write NONE.

a. m(aq) + H2O(«)

b. NH3(g) + BF3(£)

c. 2H2O(«)

d. NH3(g) + H20(«)

e.

f.

\~(aq)

Arrhenius Bronsted-Lowry Lewis

3. For each of the same reactions below, identify the Arrhenius bases, Bronsted-Lowry basess, and Lewis bases.
(NOTE:A substance may fit more than one model.) If none are present, write NONE.

a. Hl(aq) + H2O(«)

b.

c.

d. NH3(g) + H20(C)

e.

f. NH3(g) + H20(«)

Arrhenius Bronsted-Lowry Lewis

4. Describe how each of the three models of acid-base theory would account for the acid properties of HNO3(ag)?
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Hydrolysis is essentially the reverse of neutralization. A
salt reacts with water to produce an acid and a base. It
happens because there are a small number of hydronium
and hydroxide ions in pure water. The metal ions from the
salt can combine with hydroxide ions to form a base. Of
course, if the base formed is strong, it dissociates back
into ions, however, if the base formed is weak, it does not
dissociate. The nonmetal ions from the salt can combine
with hydronium ions in water to form an acid and water.
If the acid formed is strong, it ionizes again, but if the
acid formed is weak, it does not ionize. The significance
of this reaction is, salts may not be neutral. A salt of a
strong acid and a weak base is ACID. The salt dissolves
in water to form a strong acid which reionizes releasing
hydroniums, but it produces a weak base which does not
dissociate so hydroxides are removed from solution. A
salt of a weak acid and strong base is a BASE. The salt
dissolves in water to form a weak acid which does not
ionize so it removes hydroniums from solution, but it
forms a strong base which dissociates releasing hydroxide.

/^ Now let's
( hear from our)/̂ VVell,lis^
<>-J£*!*!i. 1 like ail salts,

I was
afraid there might

be some salty
language here.

Not all salts are created equal.

For each of the salt solutions listed below, state whether the solution would beACID, BASE, or NEUTRAL.

1. 11.

2. NH4CH3COO(a^r)

3. FeCl3(a<7) ......

4.

5.

6.

7. U3PO4(aq)

8.

9.

10. NH4SO4(a<50

12.

13.

14.

15.

16.

17. Ca(CH3COO)2(a<?)

18. NH4ClO4(ag) ____

19. MgCr207(ag) . . . .

20.
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Acid and base anhydrides are essentially acids or bases minus water.
Acid anhydride form oxyacids when mixed with water. It is easy to see
the relationship between oxyacids and their anhydrides by doing a basic
mathematical subtraction.

H2CO3

Notice that the acid anhydrides are nonmetallic oxides. Acid anhydrides
are the source of acid rain.

Environmental
Source

Car exhaust

Coal

Smelters

Volcanoes

Lightning

Nonmetallic Oxide

Carbon dioxide
Nitrogen oxides

Sulfur dioxide
Carbon dioxide

Sulfur dioxide
Sulfur trioxide

Sulfur dioxide

Nitrogen oxides

Acid Formed

Carbonic acid
Nitric acid

Sulfurous acid
Carbonic acid

Sulfurous acid
Sulfuric Acid

Sulfurous acid

Nitric acid

Anhydrides lament their condition

Base anhydrides are metallic oxides. They can be
found by subtraction of water too.

2A1(OH)3

-3H2Q
A1A

2NaOH
-H20
Na2O

Ca(OH)2
_

CaO

Base anhydrides such as lime (CaO) are used to
neutralize acid soil.

Answer the questions below based on the reading above and on your knowledge of chemistry.

1. State whether each of the following anhydrides is an acid or a base. Write the formula for the acid or base that
forms.
a. Li2O

b. P205.

c. N203.

d. BaO

e. C12O7.

f. Fe203.

2. State whether each of the following is an acid or a base. Write the formula for the acid or base anhydrides that
forms.
a. H2SO3

b. HC1O

d. HBrO,

c. Mg(OH)2

e. Zn(OH)2

f. KOH

3. What effect do carbon dioxide and nitrogen oxides in car exhaust have on the air?
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The ionization of acids and dissociation of bases are reversible reactions. As such,
they can be described by equilibrium expressions. The general reaction for an acid
dissolved in water is as follows: HA(ag) + H2O(C) * H3O

+(<3g) + Ar(aq). HA(ag)
and A~(ag) are conjugate acid-base pairs, while H3O

+(ag) and H2O((!) are conjugate
acid-base pairs. If A~(aq) is a much stronger base than H2O(d), then equilibrium lies
to the left and most of the acid will be in the form HA(aq), making HA(aq) a weak
acid. If H2O(C) is a much stronger base than A~(aq), then equilibrium lies to the
right and the acid will be largely ionized, making HA(aq) a strong acid. The acid
ionization constant (Ka) comes from the equilibrium expression for the reaction.
For acids, the higher the ionization constant is, the stronger the acid is. If the acid
is ionized completely, [HA] = 0 and Ka is infinite. Ionization constants for very
^ .. strong acids cannot be calculated.

,,.--' Uh oh! I
think my hydronium

ion concentration is rising!
I must be out of

X-X equilibrium. _,

I always
knew that acid

sense of humor of
yours would cause

trouble!

Equilibrium Constants and Expressions

Acids

K. =
[HA] [HA]

Bases

Water

I SODIUM ,

) '""it's better "
than your base i
V instinct!

In that case, Ka is listed as "very
large." Ionization constants for , *':

acids that do NOT ionize
completely can be calculated.

The general reaction between
a base and wa te r is Acid-Base banter
Q(aq) + H2O(0 * EU+(aq) + OR'(aq).
The equilibrium constant for the general reaction refers to the reaction of a
base with water to form the conjugate acid and the hydroxide ion.

The ionization equation of water is the reversible reaction
H2O(«) *• H+(aq) + OW(aq). At 25 °C, [H+] = 1 x 10~7 mol/L and [FT] = [OPT]
in pure water. KW = [H+][OFT] = (1 x 10-7mol/L)(l x 10-7mol/L)= 1 x 10-'4mol2/L2.
The significance of this is, in any aqueous solution, no matter what else it
contains, at 25°C, the product of [OPT] and [H+] is always 1.0 x IQ'14,
resulting in three possible situations: [1] a neutral solution where [H+] =
[OH~]; [2] an acidic solution where [H+] > [OH~]; and [3] a basic solution
where [H+] < [OFT]. It is possible to calculate the concentration of hydronium
or hydroxide when either one or the other ion's concentration is known.

IxlQ-"

[«r]
and \OH"

Answer the following questions based on your understanding of the equilibria involved.

1. For the following strong acids and bases (100 percent ionized or dissociated), what are the hydronium and hydroxide ion
concentrations?

a. 3.00x 10

b. 2.50 x 10-2MCa(OH)2

c. 4.00 x 1Q-3 MNaOH

[H3O
+] =

[H3O
+] =

[H3O
+] =

[OH'] =

[OH-] =

[OH-] =

(CONTINUE ON THE NEXT PAGE)
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2. The equilibrium constant for nitrous acid (HNO2), Ks = 4.6 x 10^.

a. Write the equation for the ionization of the acid in water. Identify the conjugate acid base pairs.

b. What is the hydronium ion concentration if [HNO2] = 3.00 Mand [NO2~] = 0.037 W.

c. What is the hydroxide ion concentration based on the above concentrations?

3. The equilibrium constant for acetic acid (HCH3COO), Ka = 1.8 x 10~5.

a. Write the equation for the ionization of the acid in water. Identify the conjugate acid base pairs.

b. What is the hydronium ion concentration if [HCH3COO] = 2.50 M and [CH3COCT] = 0.027 Ml

c. What is the hydroxide ion concentration based on the above concentrations?

4. The equilibrium constant for hydrofluoric acid (HF), Kz = 3.5 x 10"*.

a. Write the equation for the ionization of the acid in water. Identify the conjugate acid base pairs.

b. What are the relative strengths of the conjugate acids and bases. Justify your response.

5. The equilibrium constants for hydrochloric acid and nitric acid are listed as "very large," instead of having a numerical

value. Why is this so?
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Sample Problem
What is the pH of a solution with a hydroxide ion
concentration of 1.45 xlo~9 M?
• pOH = -log[OH1 = -log(1.45 x ifr9) = 8.84

pH is defined as the negative logarithm of the hydronium ion concentration (pH = -log[H3O
+]). For neutral substances, such

as water, the hydronium ion concentration islO~7 M, and the pH is 7, because -log(10~7) = 7. In this case, the relationship
between the exponent for the hydronium ion concentration and pH is straight forward. For less obvious examples, use a
calculator. The pH of a solution with a hydronium ion concentration of 2.45 x 10~10 Mis 9.61 because -log(2.45 * KT'°) =
9.61. Check it! By the way, it is clear that since the hydronium ion concentration is between 10~9 Mand 10~10 M, the pH is
between 9 and 10. _

pOH, on the other hand, is the negative logarithm of the
hydroxide ion concentration (pOH = -log[OH~]). The equilibrium
constant for water, £w, is 1CT14 (K^ = [H3O

+][OH'] = 1CT14), so
pH + pOH = 14. As a result, it is possible to determine the pH if the
hydroxide ion concentration is known (pH = 14 - pOH).

Converting from pH to hydronium ion concentration or from pOH
to hydroxide ion concentration is a matter of doing an antilog, again
using a calculator. If the pH is 7. 3, then 7. 3 =-log[H3O

+]. The hydronium ion concentration is 5 x 1 (T8 M. Again, you should
be able to estimate that it is between 10~7 Mand 1(T8 M, because the pH is between 7 and 8.

pHs can also be calculated from the acid or base concentration. First consider strong acids and bases. Strong acids include
HC1, HBr, HI, H2SO4, HNO3, and HC1O4. Strong bases are hydroxides of group 1 and 2 metals. To calculate the pH of a strong
acids or strong bases, assume the ions are 1 00 percent separated. This means, for example, that 0. 1 5 MHC1 has a hydronium
ion concentration of 0. 1 5 M, and a pH of 0.82. A solution of 0.01 0 MCa(OH)2 has a hydroxide ion concentration of 0.020 M
because each mole of Ca(OH)2 dissociates into 1 mol of calcium ions and 2 mol of hydroxide ions. As a result, the pOH is
1 .7, and the pH is 12.3. Check these calculations! _

The pH of weak acids and bases is a bit more
complicated. It requires use of the equilibrium
expression. For weak acids, write a balanced
equation for the ionization of the acid, write the
equilibrium expression, and write the algebraic
expression substituting known values and
variables for unknowns. Keep in mind that the
balanced equation provides the mole ratios of the
ions which are all integral multiples of the same
unknown, x. Because the equilibrium constant is
small, for weak acids, the change in the
concentration of the acid when it ionizes is
negligible and can be ignored. Weak bases work
the same way. Find pOH instead of pH. Then
subtract (pH = 14 - pOH).

The pH of buffers is calculated using the
Henderson-Hasselbalch Equation which says
aH = yKa + log([A-]/[HA]) where pA. = -log Ka

Sample Problem
What is the pH of 0.100 M HN02? (It, = 7.2 x 10")
• Write a balanced equation for the ionization of the acid.

Write the equilibrium expression

[H1NCV]
[HN02]

Write the algebraic expression substituting known values and variables for unknowns.

k =

7.2 x 10"4 =
(0.100)

Solve the expression for [H+] (or [H30
+])

x* = 7.2x10^ ^S.SxKr3

Calculate pH
pH = -log[H3CH = -log(8.5 x KT3) = 2.1

Sample Problem
What is the pH of a solution with 0.1 M hydrofluoric acid (HF) and 0.01 sodium fluoride? (K, = 6.6 x 10")
• pH = -log(6.6 x 10") + log((0.01)/(0.1 M))

(CONTINUE ON THE NEXT PAGE)
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Answer the following questions based on your reading and your knowledge of chemistry.

1 . Find the pH for each of the following:

a. [H3O
+] = 0.0315M

b. [OH'] = 0.0067 M

c. 0.0025 MHN03

d. 0.000 12 MBa(OH)2

e. 0.0325 MHlO3(Ka= 1.6 x lO"1)

f. 3.0MNH3(£b=1.8x

2. Find the hydronium ion concentration for each of the following:

a. A base with a pH of 8.2

b. A base with a pOH of 3.4

3. What is the pH of a buffered solution of 0.3 MHCH3COO and 0.02 MNaCH3COO? (K^ = 1.8 x 10'5)


