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Section Summary

* The concentrations of hydrogen ions and hydroxide ions determine
whether an aqueous solution is acidic, basic, or neutral.

An Arrhenius acid must contain an ionizable hydrogen atom. An
Arrhenius base must contain an ionizable hydroxide group.

A Brensted-Lowry acid is a hydrogen ion donor. A Brgnsted-Lowry
base is a hydrogen ion acceptor.

A Lewis acid accepts an electron pair. A Lewis base donates an
electron pair.
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Applications 1

Write balanced equations for the reactions between the following.

a) aluminum and sulfuric acid

b) calcium carbonate and hydrobromic acid
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Applications 1

Write balanced equations for the reactions between the following.

a) aluminum and sulfuric acid

2Al(s) + 3H2504(aq) — Al2(S04)3(aq) + 3H2(g)

b) calcium carbonate and hydrobromic acid

CaCO3(s) + 2HBr(aq) — CaBrz(aq) + H20(l) + CO2(qg)
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Applications 2

CHALLENGE Write the net ionic equation for this reaction.

CaCO3(s) + 2HBr(aq) — CaBrz(aq) + H20(l) + CO2(qg)
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Applications 2
CHALLENGE Write the net ionic equation for this reaction.

CaCO3(s) + 2HBr(aq) — CaBrz(aq) + H20(l) + CO2(qg)

Ca’*(aq) + CO;%7 (aq) + 2H"(aq) + 2Br™ (aq) —
Ca?*(aq) + 2Br™ (aq) + H,O(l) + CO,(9)

CO527 (aq) + 2H*(aq) — CO,(g) + H,0(l)
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Applications 3

Identify the conjugate acid-base pairs in each reaction.
a. NHs"(aq) + OH=(aq) = NHz(aq) + H20(l)

b. HBr(aq) + H>O(l) = H30%(aq) + Br~(aq)

c. CO32 (aq) + H,0(l) = HCO3~(aq) + OH~(aq)
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Applications 3

Identify the conjugate acid-base pairs in each reaction.

a. NHs*(aq) + OH(aq) = NHz(aq) + H,0(})
b. HBr(aq) + H,0O(l) = H30%(aq) + Br~(aq)
c. CO32 (aq) + H,0(l) = HCO3~(aq) + OH~(aq)

Conjugate
base

Conjugate
acid

NH,

H,O

Br—

H,0*

OH~™
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Figure 7

Which species is the conjugate base of hydrogen fluoride.

- @ - e -

H;0*
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Figure 7

Which species is the conjugate base of hydrogen fluoride.

- @ - e -

H;0*
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Applications 4 05

CHALLENGE The products of an acid-base reaction are H30* and SO4?..
Write a balanced equation for the reaction and identify the conjugate
acid-base pairs.
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Applications 4 05

CHALLENGE The products of an acid-base reaction are H30* and SO4?..

Write a balanced equation for the reaction and identify the conjugate
acid-base pairs.

HSO,~(aq) + H,O(l) <> H;0%*(aq) + SO,%~(aq).
Reactant base: H,O; conjugate acid: H3O+

Reactant acid: HSO,~; conjugate base: 5042‘
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Review 5 06

Many Lewis acids and bases are not classified as Arrhenius or Brensted-
Lowry acids and bases because Lewis acids are electron pair
and Lewis bases are

donors — electron pair acceptors
acceptors —electron pair receivers
acceptors — electron pair donors

acceptors — proton pair acceptors
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Review 5 06

Many Lewis acids and bases are not classified as Arrhenius or Brensted-
Lowry acids and bases because Lewis acids are electron pair
and Lewis bases are

donors — electron pair acceptors
acceptors — electron pair receivers
acceptors — electron pair donors

acceptors — proton pair acceptors
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Review 6

Which is not a property of acids?

a) tastesour
b) turn litmus paper blue
c) react with some metals to produce hydrogen gas

d) react with carbonates to produce carbon dioxide
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Review 6

Which is not a property of acids?

a) tastesour
b) turn litmus paper blue
c) react with some metals to produce hydrogen gas

d) react with carbonates to produce carbon dioxide
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Review 6

Which is not a property of bases?

a) taste bitter
b) conduct electricity
c) feelslippery

d) react with some metals to produce hydrogen gas
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Review 6

Which is not a property of bases?

a) taste bitter
b) conduct electricity
c) feelslippery

d) react with some metals to produce hydrogen gas
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Review 7

Which is true about an acidic solution?
a) [H*]>[OH]
b) [H*]1=[OH]

[H*1<[OH]

feel slippery
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Review 7

Which is true about an acidic solution?
a) [H*]>[OH]
b) [H*]1=[OH]

[H*1<[OH]

feel slippery
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Review 8 10

EXPLAIN why many compounds that contain one or more hydrogen
atoms are not classified as Arrhenius acids.
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Review 8 10

EXPLAIN why many compounds that contain one or more hydrogen
atoms are not classified as Arrhenius acids.

Only compounds that have one or more ionizable hydrogen atom are
Arrhenius acids. An ionizable hydrogen atom is an atom that is
bonded to an electronegative element such as oxygen.

If the electronegativity difference between the hydrogen atom and

the other element in the compound is low, then the compound is
nonpolar and its not an acid.
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Review g

Identify the conjugate acid-base pairs in the following equation.

HNO, + H,0 = NO,~ + H;0™
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Review g

Identify the conjugate acid-base pairs in the following equation.

HNO, + H,0 = NO,~ + H;0™

HNO, (acid) and NO,~ (conjugate base); H,O
(base) and H3O+ (conjugate acid)
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Review 10 12

Write the Lewis structure for phosphorus trichloride (PCI3). Is PCI3 a
Lewis acid, a Lewis base, or neither?
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Review 10 12

Write the Lewis structure for phosphorus trichloride (PCI3). Is PCI3 a
Lewis acid, a Lewis base, or neither?

iCl
1Pl

Phosphorus in PCI3 has three electrons, which it shares with three
chlorine atoms, and an unshared pair of electrons. The unshared pair
can act as Lewis base
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Review 11 13

In the accompanying structural formula, identify any hydrogen atoms
that are likely to be ionizable.
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Review 11 13

In the accompanying structural formula, identify any hydrogen atoms
that are likely to be ionizable.

The two hydrogen atoms attached to oxygen atoms are ionizable.
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Mastering Concepts 55

Which is true about a basic solution?
a) [H*]>[OH]
b) [H*]=[OH]
c) [H*]<[OH]

d) Taste sour
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Mastering Concepts 55

Which is true about a basic solution?

a) [H*]>[OH]

[H*]=[OH]

[H*] <[OH]

Taste sour
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Mastering Concepts 56 15

Write a balanced chemical equation that represents the self-ionization of
water.
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Mastering Concepts 56 15

Write a balanced chemical equation that represents the self-ionization of
water.

H,O(l) + H,O(l) <> H;0* (aq) + OH™(aq)
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Mastering Concepts 57

Classify each compounds as an Arrhenius acid or an Arrhenius base.

a) H2S

b) RbOH

c) Mg(OH)2

d) H3PO4
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Mastering Concepts 57

Classify each compounds as an Arrhenius acid or an Arrhenius base.
a) H2S Acid
b) RbOH Base
c) Mg(OH)2 Base

d) H3PO4 Acid
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Mastering Concepts 58 17

GEOLOGY When a geologist adds a few drops of HCl to a rock, gas
bubbles form. What might the geologist conclude about the nature of
the gas and the rock?

a) Thegasis carbon dioxide, CO2; the rockis limestone.
The gas is hydrogen, H2; the rock is limestone.
The gas is water vapor, H20; the rock is limestone.

Not enough information.
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Mastering Concepts 58 17

GEOLOGY When a geologist adds a few drops of HCl to a rock, gas
bubbles form. What might the geologist conclude about the nature of
the gas and the rock?

a) The gasis carbon dioxide, CO2; the rock is limestone.
The gas is hydrogen, H2; the rock is limestone.
The gas is water vapor, H20; the rock is limestone.
Not enough information.

The gas is carbon dioxide, CO2 ; the rock is limestone, or calcium
carbonate, CaCO3.
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Mastering Concepts 60

Which is true of the following?

a) A monoprotic acid can donate two H* ion, (HCI).
A diprotic acid can donate two H* ions, (H3CO4).
A triprotic acid can donate three H* ions, (H2CO3).

A monoprotic acid can donate one H* ion, (CH3COOH).
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Mastering Concepts 60

Which is true of the following?

a) A monoprotic acid can donate two H* ion, (HCI).
A diprotic acid can donate two H* ions, (H3CO4).
A triprotic acid can donate three H* ions, (H2CO3).

A monoprotic acid can donate one H* ion, (CH3COOH).
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Mastering Concepts 61 19

Why can H* and H30* be used interchangeably in chemical equations?
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Mastering Concepts 61 19

Why can H* and H30* be used interchangeably in chemical equations?

H30* is a hydrated hydrogen ion. The hydronium ion is a hydrogen
ion that has a water molecule attached to it by a covalent bond.
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Mastering Concepts 62 20

Use the symbols <, > and = to express the relationship between the
concentrations of H* ions and OH- ions in acidic, neutral, and basic

solutions.
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Mastering Concepts 62 20

Use the symbols <, > and = to express the relationship between the
concentrations of H* ions and OH- ions in acidic, neutral, and basic

solutions.

acidic: [H*] > [OH™]; neutral: [H*] = [OH"]; basic:
[HT] < [OH7]
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Mastering Concepts 63

Choose the best answer that completes the table.

m Acid Definition Base Definition

b. H* producer OH ~ producer

C. H* donor H™ acceptor

a. electron-pair acceptor electron-pair donor

(@) Arrhenius — (b) Lewis — (c) Brensted-Lowry
(a) Brensted-Lowry — (b) Lewis — (c) Arrhenius
(a) Brensted-Lowry — (b) Arrhenius — (c) Lewis
(@) Lewis — (b) Arrhenius — (c) Brensted-Lowry
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Mastering Concepts 63

Choose the best answer that completes the table.

m Acid Definition Base Definition

b. H* producer OH ~ producer

C. H* donor H™ acceptor

a. electron-pair acceptor electron-pair donor

(@) Arrhenius — (b) Lewis — (c) Brensted-Lowry
(a) Brensted-Lowry — (b) Lewis — (c) Arrhenius
(a) Brensted-Lowry — (b) Arrhenius — (c) Lewis
(a) Lewis — (b) Arrhenius - (c) Brensted-Lowry
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Mastering Problems 64

Write a balanced chemical equation for each of the following.

a) the dissociation of solid magnesium hydroxide in water

b) the reaction of magnesium metal and hydrobromic acid
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Mastering Problems 64

Write a balanced chemical equation for each of the following.

a) the dissociation of solid magnesium hydroxide in water

Mg(OH),(s) — Mg?*(aq) + 20H (aq)

b) the reaction of magnesium metal and hydrobromic acid

Mg(s) + 2HBr(aq) — H,(g) + MgBr,(aq)
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Mastering Problems 64

Write a balanced chemical equation for each of the following.

c) theionization of propanoic acid (CH3CH2COOH) in water

d) the second ionization of sulfuric acid in water
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Mastering Problems 64

Write a balanced chemical equation for each of the following.

c) theionization of propanoic acid (CH3CH2COOH) in water

CH;CH,COOH(aq) + H,0(l) — H;0%(aq) +
CH3;CH,CO0~(aq)

d) the second ionization of sulfuric acid in water

HSO, (aq) + H,0(l) —» H;0%*(aq) + SO,%~(aq)
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Mixed Review g7 24

Which of the following are polyprotic acids? Write successive ionization
equations for the polyprotic acids in water.

a. H3BO3 b. CH3COOH c. HNO3 d. H2Se03
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Mixed Review g7 24

Which of the following are polyprotic acids? Write successive ionization
equations for the polyprotic acids in water.

a. H3BO3 b. CH3COOH c. HNO3 d. H2SeO3

H,BO;(aq) <» H™(aq) + H,BO; (aq)
H,BO;~(aq) <> H*(aq) + HBO;% (aq)

HBO,2~(aq) <> H*(aq) + BO;*~(aq)

H,SeO5(aq) <> H*(aq) + HSeO;~(aq)
HSeO;(aq) <> H*(aq) + SeO,;%~(aq)

Page 128
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Mixed Review 98 25

Write balanced chemical equations for the two successive ionizations of
carbonic acid in water. Identify the conjugate-base pair in each of the

equations.
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Mixed Review 98 25

Write balanced chemical equations for the two successive ionizations of
carbonic acid in water. Identify the conjugate-base pair in each of the
equations.

H,CO5(aq) + H,0(l) < H;07(aq) + HCO5; (aq)
acid (H,CO,)/conjugate base (HCO;™); base (H,0)/
conjugate acid H;O™

HCO,(aq) + H,0(l) <> H;0%(aq) + CO3;% (aq
acid (HCO;~)/conjugate base (CO;27); base (H,0)/
conjugate acid (H;07)
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Think Critically 104 26

Which is not a counterexample for the following statement: “A substance

whose chemical formula contains a hydroxyl group must be considered
to be a base.”?

a) CH3CH2COOH
NaOH
NH3
CH3COOH
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Think Critically 104 26

Which is not a counterexample for the following statement: “A substance

whose chemical formula contains a hydroxyl group must be considered
to be a base.”?

a) CH3CH2COOH
NaOH
NH3
CH3COOH
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Think Critically 107

Identify the Lewis acids and bases in the following reactions.

a. H" + OH™ <> H,0

b. CI™ + BCl; <> BCl,~

¢. SO, + H,0 <> H,SO,
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Think Critically 107

Identify the Lewis acids and bases in the following reactions.

a. H" + OH™ <> H,0

a.Lewis acids: H™ and H,O; Lewis base: OH™

b. CI™ + BCl; <> BCl,~
b.Lewis acid: BCl;; Lewis bases: CI~, BCl,~
c¢. SO, + H,0 <> H,S80,

c. :Lewis acid: SO;; Lewis base: H,0O
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Think Critically 110 28

Salicylic acid, shown in the figure, is used to manufacture acetylsalicylic
acid, commonly known as aspirin. Evaluate the hydrogen atoms in the
salicylic acid molecule based on your knowledge about the ionizable
hydrogen in the acetic acid molecule, CH3COOH. Predict which of
salicylic acid’s hydrogen atoms is likely to be ionizable.

H O
|
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Think Critically 110 28

Salicylic acid, shown in the figure, is used to manufacture acetylsalicylic
acid, commonly known as aspirin. Evaluate the hydrogen atoms in the
salicylic acid molecule based on your knowledge about the ionizable
hydrogen in the acetic acid molecule, CH3COOH. Predict which of
salicylic acid’s hydrogen atoms is likely to be ionizable.

Only the hydrogen atom in the COOH group H O
is likely to be ionizable. |
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Section Summary

* In solution, strong acids and bases ionize completely, but weak
acids and bases ionize only partially.

For weak acids and weak bases, the value of the acid or base
ionization constant is a measure of the strength of the acid or base.

Strong acids and strong bases are completely ionized in a dilute
aqueous solution. Weak acids and weak bases are partially ionized
in a dilute aqueous solution.
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Figure 12

Explain the difference in the brightness of the bulbs in
terms of the concentration of ions in solution.

a) Itis brighter when the solution contains less ions.
b) Itis brighter when the solution contains positive ions.
c) Itis brighter when the solution contains more ions.

d) Itis brighter when the solution contains negative ions.
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Figure 12

Explain the difference in the brightness of the bulbs in
terms of the concentration of ions in solution.

a) Itis brighter when the solution contains less ions.
b) Itis brighter when the solution contains positive ions.
c) Itis brighter when the solution contains more ions.

d) Itis brighter when the solution contains negative ions.
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Reading Check
Which of the following is true?

The conjugate base of a strong acid is very strong.

The conjugate acid of a strong base is very strong.
The conjugate base of a strong acid is very weak.

The conjugate acid of a strong base is very strong.
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Reading Check
Which of the following is true?

The conjugate base of a strong acid is very strong.
The conjugate acid of a strong base is very strong.
The conjugate base of a strong acid is very weak.

The conjugate acid of a strong base is very strong.
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Applications 12 03

Write ionization equations and acid ionization constant expressions for,
a. HCIO,
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Applications 12 03

Write ionization equations and acid ionization constant expressions for,
a. HCIO,

HClO,(aq) + H,0O(l) <> H;0%*(aq) + ClO,(aq)

_ [H;0+][C10,]
a”  [Hao,]
b. HNO,

HNO,(aq) + H,0(l) & H;0%*(aq) + NO,(aq)

_ [H;0*] [NO, 7]
2 [HNO,]
c. HIO

HIO(aq) + H,0(l) <> H;0%(aq) + IO (aq)
_ [H307][1I07]
a”  [HIO]

Page 101

3.2 Strengths of Acids and Bases



https://t.me/InLibrary
https://t.me/InLibrary

Applications 13

Write the first and second ionization equations for H2Se03.
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Applications 13

Write the first and second ionization equations for H2Se03.

H,SeO5(aq) + H,0(l) < HSeO;~ (aq) + H;0%(aq)

HSeO;(aq) + H,O(l) <> SeO;%~ (aq) + H;0*(aq)
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Applications 14 05

CHALLENGE Given the expression below, write the balanced equation
for the corresponding reaction.

~ [ASO,*7] [H;07]
* [HAsO,2"]
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Applications 14 05

CHALLENGE Given the expression below, write the balanced equation
for the corresponding reaction.

~ [ASO,*7] [H;07]
* [HAsO,2"]

HAsO,2~(aq) + H,O(l) <> H;0%*(aq) + AsO,3~
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Applications 15 06

Write ionization equations and base ionization constant expressions for
the following bases.

a. hexylamine (C,H,;NH,)

b. propylamine (C;H,NH,)
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Applications 15 06

Write ionization equations and base ionization constant expressions for
the following bases.
a. hexylamine (C,H,;NH,)

C,H,3NH,(aq) + H,0(l) < C,H,3NH;*(aq) +
OH~(aq)

_ [CgH,5NH,*1 [OH]
" [C6H13NH2]

. propylamine (C;H,NH,)

C;H,NH,(aq) + H,0(l) < C;H,NH;*(aq) +
OH~(aq)

[CsH,NH,*] [OH™]
b [CGH,NH,]
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Applications 15 07

Write ionization equations and base ionization constant expressions for
the following bases.

c. carbonate ion (CO,*7)

d. hydrogen sulfite ion (HSO; ™)
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Applications 15 07

Write ionization equations and base ionization constant expressions for
the following bases.

c. carbonate ion (CO,*7)

CO,2~(aq) + H,O(l) <> HCO*(aq) + OH(aq)
[HCO,~] [OH"]
b= 22—
[CO;47]

. hydrogen sulfite ion (HSO,™)
HSO;™ (aq) + H,0(l) <~ H,505(aq) + OH™ (aq)

_ [H,S05] [OH"]
b~ [HSO;]
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Applications 16 08

CHALLENGE Write an equation for a base equilibrium in which the base

in the forward reaction is PO43- and the base in the reverse reaction is
OH-.
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Applications 16 08

CHALLENGE Write an equation for a base equilibrium in which the base

in the forward reaction is PO43- and the base in the reverse reaction is
OH-.

PO,3~(aq) + H,0(l) <> HPO,?> (aq) + OH~(aq)
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Review 17 09

Which is true about the contents of dilute aqueous solutions of the
strong acid Hl and the weak acid HCOOH?

I. The solution of HI contains only H30* and I ions and water molecules.

Il.  The solution of HCOOH contains H30* and HCOO" ions, and HCOOH
and H20 molecules.

The solution of HI contains H30*, I ions and HI and water molecules.

The solution of HCOOH contains only H30* and HCOO:- ions, and
H20 molecules.

a) land |l b) Il and IV c) lland Il d) land IV
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Review 17 09

Which is true about the contents of dilute aqueous solutions of the
strong acid Hl and the weak acid HCOOH?

I. The solution of HI contains only H30* and I ions and water molecules.

Il.  The solution of HCOOH contains H30* and HCOO" ions, and HCOOH
and H20 molecules.

The solution of HI contains H30*, I ions and HI and water molecules.

The solution of HCOOH contains only H30* and HCOO:- ions, and
H20 molecules.

a) land Il b) Il and IV c) lland Il d) land IV
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Review 18

Which of the following is true?
a) The weakerthe acid is, the weaker its conjugate base.

b) The weaker the base is, the weaker its conjugate acid.

c) The strongerthe acid is, the stronger its conjugate base.

d) The weaker the acid is, the stronger its conjugate base.
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Review 18

Which of the following is true?

The weaker the acid is, the weaker its conjugate base.

The weaker the base is, the weaker its conjugate acid.
The stronger the acid is, the stronger its conjugate base.

The weaker the acid is, the stronger its conjugate base.
The stronger the acid is, the weaker its conjugate base. The weaker

the acid is, the stronger its conjugate base.
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Review 19

Identify the conjugate acid-base pairs in each equation.

a. HCOOH(aq) + H,O(1) <> HCOO™(aq) +
H,0™ (aq)

b. NH;(aq) + H,O(l) <> NH, "(aq) + OH™ (aq)
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Review 19

Identify the conjugate acid-base pairs in each equation.

a. HCOOH(aq) + H,O(1) <> HCOO™(aq) +
H,0™ (aq)

acid: HCOOH; conjugate base: HCOO ; base:
H,O; conjugate acid: H3O+;

. NH;(aq) + H,O(l) <> NH, "(aq) + OH ™ (aq)

acid: H,0; conjugate base: OH™; base: NH;;
conjugate acid: NH,*
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Review 20

Explain what the K, for aniline tells you. (K, = 4.3 x 107°).

a) The size of aniline’s K, indicates that aniline is a strong base.

b) The size of aniline’s K, indicates that aniline is a weak acid.

c) Thesize of aniline’s K indicates that aniline is a strong acid.

d) The size of aniline’s K indicates that aniline is a weak base.
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Review 20

Explain what the K, for aniline tells you. (K, = 4.3 x 107°).

a) The size of aniline’s K, indicates that aniline is a strong base.
b) The size of aniline’s K, indicates that aniline is a weak acid.
c) Thesize of aniline’s K indicates that aniline is a strong acid.

d) The size of aniline’s K, indicates that aniline is a weak base.

The size of aniline’s K, indicates that aniline is a weak base.
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Review 21 13

Use the data in the table to put the seven acids in order according to
increasing electrical conductivity.

‘ lonization Equation Ka (298 K)

H,S = H* + HS~ 8.9 x 108

HS~ = H* + 52~ 1x10°"°

HF = Ht +F~ 6.3x107*

HCN = H* 4+ CN~ 6.2 x 101
CH3COOH = H* + CH3C00~ 1.8 X 1072

H,CO3 = H* + HCO5~ 45 x 1077

HCO3~ = H* + 032" 47 x 10~
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Review 21 13

Use the data in the table to put the seven acids in order according to
increasing electrical conductivity.

HS™, HCO,™, H,S, H,CO,, CH;COOH, HCOOH, HF

‘ lonization Equation Ka (298 K)

H,S = H* + HS~ 8.9 x 108

HS~ = H* + 52~ 1x10°"°

HF = Ht +F~ 6.3x107*

HCN = H* 4+ CN~ 6.2 x 101
CH3COOH = H* + CH3C00~ 1.8 X 1072

H,CO3 = H* + HCO5~ 45 x 1077

HCO3~ = H* + 032" 47 x 10~
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Mastering Concepts 65 14

Explain the difference between a strong acid and a weak acid in dilute
aqueous solution.
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Mastering Concepts 65 14

Explain the difference between a strong acid and a weak acid in dilute
aqueous solution.

In dilute aqueous solution,
* astrong acid ionizes completely;
* aweak acid ionizes slightly.
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Mastering Concepts 66 15

are used for weak acids, which are partially ionized in water
and create equilibria. are used for strong acids, which may be
considered to be 100% ionized in dilute aqueous solutions.

a) Reaction arrows — Equilibrium arrows
b) Straight arrows — Equilibrium arrows
c) Equilibrium arrows — Reaction arrows

d) Reaction arrows —Straight arrows
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Mastering Concepts 66 15

are used for weak acids, which are partially ionized in water
and create equilibria. are used for strong acids, which may be
considered to be 100% ionized in dilute aqueous solutions.

a) Reaction arrows — Equilibrium arrows
b) Straight arrows — Equilibrium arrows
c¢) Equilibrium arrows — Reaction arrows

d) Reaction arrows —Straight arrows
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Mastering Concepts 67

Which of the following can be true about the
solutions inside the beakers?

a) (A)HCI — (B)HF
(A)H2504 —(B)HCIO4
(A)NaOH  —(B) NH3

(A)NH3 = (B)HNO3
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Mastering Concepts 67

Which of the following can be true about the
solutions inside the beakers?

a) (A)HC —(B) HF
b) (A)H2504 —(B)HCIO4
c) (A)NaOH —(B)NH3

d) (A)NH3  —(B)HNO3

Beaker (A) has a weak acid/base.
Beaker (B) has a strong acid/base.
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Mastering Concepts 68 17

How would you compare the strengths of two weak acids
experimentally?
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Mastering Concepts 68 17

How would you compare the strengths of two weak acids
experimentally?

1. Compare the conductivities of equimolar solutions of the acids.
2. Compare acid ionization constants of the two acids.
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Mastering Concepts 69 18

Identify the conjugate acid-base pairs in the reaction of H3PO4 with
water.

Page 126
3.2 Strengths of Acids and Bases



https://t.me/InLibrary
https://t.me/InLibrary

Mastering Concepts 69 18

Identify the conjugate acid-base pairs in the reaction of H3PO4 with
water.

H;PO,(aq) + H,0(l) < H;07(aq) + H,PO,~(aq)

acid (H;PO,)/conjugate base (H,PO,"); base (H,0)/
conjugate acid (H;0™)
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Mastering Problems 70 19

Write the chemical equation and K, expression for the ionization of
ammonia in water. How is it safe for a window washer to use a solution

of ammonia, which is basic?
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Mastering Problems 70 19

Write the chemical equation and K, expression for the ionization of
ammonia in water. How is it safe for a window washer to use a solution

of ammonia, which is basic?

NH;(aq) + H,0(l) <> NH,"(aq) + OH (aq)

_ INH,*][OH]
> INH]

: Ammonia is a weak base,

therefore, its aqueous solution is not highly basic.
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Mastering Problems 71 20

Hypochlorous acid is an industrial disinfectant. Write the chemical
equation and the K expression for the ionization of hypochlorous acid in

water.
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Mastering Problems 71 20

Hypochlorous acid is an industrial disinfectant. Write the chemical
equation and the K, a expression for the ionization of hypochlorous acid

In water.

HCIO <> H* + ClO~;
[HT][CIO~]
K, =
[HCIO]
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Mastering Problems 72 21

Write the chemical equation and the K|, expression for the ionization of
aniline in water. Aniline is a weak base with the formula C2H5NH2.
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Mastering Problems 72 21

Write the chemical equation and the K|, expression for the ionization of
aniline in water. Aniline is a weak base with the formula C2H5NH2.

C,H:.NH,(aq) + H,0(l) —» C,H:NH;*(aq)+OH~(aq)
« _ [GHsNH;*IIOH"]
° " [C,HgNH,]
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Mastering Problems 73 22

A fictional weak base, ZaH2, reacts with water to yield a solution with a
OH- ion concentration of 2.68 x 10% mol/L. The chemical equation for
the reaction is ZaH2 (aq) + H20 (l) & ZaH3* (aq) + OH" (aq). If [ZaH2] at
equilibrium is 0.0997 mol/L, what is the value of K, for ZaH2?
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Mastering Problems 73 22

A fictional weak base, ZaH2, reacts with water to yield a solution with a
OH- ion concentration of 2.68 x 10% mol/L. The chemical equation for
the reaction is ZaH2 (aq) + H20 (l) & ZaH3* (aq) + OH" (aq). If [ZaH2] at
equilibrium is 0.0997 mol/L, what is the value of K, for ZaH2?

K - [ZaH;][OH™]  (2.68 x 1074)(2.68 x 10~%)
" [ZaH,] 0.0997 — 2.68 x 104

= 7.22 x 1077
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Mastering Problems 74 23

Select a strong acid, and explain how you would prepare a dilute solution
of the acid. Select a weak acid, and explain how you would prepare a
concentrated solution of the acid.
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Mastering Problems 74 23

Select a strong acid, and explain how you would prepare a dilute solution
of the acid. Select a weak acid, and explain how you would prepare a
concentrated solution of the acid.

The dilute solution of a strong acid is prepared by dissolving a small
quantity of the strong acid in a large quantity of water.

The concentrated solution of a weak acid is prepared by dissolving a
large quantity of the weak acid in a small quantity of water.
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Mixed Review 99 24

Strontium hydroxide is used in the refining of beet sugar. Only 4.1 g of
strontium hydroxide can be dissolved in 1 L of water at 273 K. Given that
its solubility is so low, explain how is it possible that strontium hydroxide
is considered to be a strong base.
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Mixed Review 99 24

Strontium hydroxide is used in the refining of beet sugar. Only 4.1 g of
strontium hydroxide can be dissolved in 1 L of water at 273 K. Given that
its solubility is so low, explain how is it possible that strontium hydroxide

is considered to be a strong base.

All of the Sr(OH), that dissolves dissociates to
form Sr2* and OH™ ions.
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Section Summary

* pHand pOH are logarithmic scales that express the concentrations
of hydrogen ions and hydroxide ions in aqueous solutions.

The ion product constant for water, K, equals the product of the
H* ion concentration and the OH- ion concentration.

The pH of a solution is the negative log of the hydrogen ion
concentration. The pOH is the negative log of the hydroxide ion
concentration. pH plus pOH equals 14.

A neutral solution has a pH of 7.0 and a pOH of 7.0 because the
concentrations of hydrogen ions and hydroxide ions are equal.
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3.3 Hydrogen lons and pH g a



https://t.me/InLibrary
https://t.me/InLibrary

Reading Check 01

Why K, does not change when the concentration of hydrogen ions
increases?
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Reading Check 01

Why K, does not change when the concentration of hydrogen ions
increases?

The added H* ions react with OH" ions to form more water molecules.
Thus, the concentration of OH" ions decreases such that the product
of the two concentrations of ions always be constant.

0957 Sy (IS 9 | ml.‘»j,gi S 5 ooy a9y ml.’»j,gi S 5 W0 Leade

Ll gl g ¥l 358 5 o o Jeol>
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Example 1 02

At 298 K, the H* ion concentration in a cup of coffee is 1.0 x 10”5 M. What
is the OH" ion concentration in the coffee? Is the coffee acidic, basic, or
neutral?
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Example 1 02

At 298 K, the H* ion concentration in a cup of coffee is 1.0 x 10”5 M. What
is the OH" ion concentration in the coffee? Is the coffee acidic, basic, or
neutral?

Kw = [H*][OH™] State the ion product expression.

[OH™] = [m] Solve for [OH].
1.0 x 10714

1.0 x 1073

[OH"] = = 1.0 X 10~° mol/L Substitute Kw = 1.0 X 1014, Substitute

[H*] = 1.0 X 107°M and solve.

Because [H*] >[OH™], the coffee is acidic.

Page 105
3.3 Hydrogen lons and pH



https://t.me/InLibrary
https://t.me/InLibrary

Applications 22

03

For each solution, calculate [H*] or [OH]. State whether the solution is
acidic, basic, or neutral.

a. [H'1=1.0X%x 10713¢m b. [OH ] =1.0X 10""M
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Applications 22 03

For each solution, calculate [H*] or [OH]. State whether the solution is
acidic, basic, or neutral.

a. [H'1=1.0X%x 10713¢m b. [OH ] =1.0X 10""M
K, = [H*][OH"] K, = [H*][OH7]

1.0 x 10~ = (1.0 x 10~"3)[OH] 1.0 x 10-14 _ [H*](1.0 x 107)
1.0 x 1077 1.0 x 1077

1.0 x 10-14 _ (1.0 x 10~ 13)[OH]

1.0 x 10~ 13 1.0 x 10~ 13 [H*] = 1.0 x 10°'M

[OH"] = 1.0 x 10~V [OH~] = [H*], the solution is neutral.

[OH~] > [H*], the solution is basic.
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Applications 22 04

For each solution, calculate [H*] or [OH]. State whether the solution is
acidic, basic, or neutral.

c¢. [OH]1=1.0X10"3M d. [H"] =4.0 X 107°M
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Applications 22 04

For each solution, calculate [H*] or [OH]. State whether the solution is
acidic, basic, or neutral.

c¢. [OH]1=1.0X10"3M d. [H"] =4.0 X 107°M
K, = [HTIIOH] K, = [H*][OH"]
1.0 X 1014 = [H*](1.0 x 1073) 1.0 x 10714 = (4.0 x 107°)[OH]

1.0 x 10~ _ [H+](1.0 x 1073) _ 1.0x 107" _ (4.0 x 10~5)[OH"]

1.0 x 1073 1.0 x 1073 4.0 X 107> (4.0 x 10-5)
[H*] = 1.0 x 10-1"'m [OH"] = 2.5 x 1010

[OH~] > [H*], the solution is basic. [H™] > [OH™], the solution is acidic
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Applications 23 05

CHALLENGE Calculate the number of H* ions and the number of OH-
ions in 300 mL of pure water at 298 K.
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Applications 23 05

CHALLENGE Calculate the number of H* ions and the number of OH-
ions in 300 mL of pure water at 298 K.

At 298 K, [H*] = [OH"] = 1.0 x 10~'M

Mol H* = 1.0 x 10~/ mol % 1L

1L 1000 mL
300 mL = 3.0 X 10~ 8 mol

X

23 g+
3.0 x 10-8 mol H* ions x 8:02X10" H™ ions
1 mol

1.8 x 10'® H* ions

Number of HY* = number of OH™ =
1.8 X 10'% jons
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Figure 14 06

Determine whether seawater or detergent has a higher concentration of
H*ions. How many times higher?

Water; 10 times.

Pure water

L

. Blood
Water; 2 times. ”
]

Seawater
Detergent; 2 times.

—— Detergent

Water; 100 times.

Milk of
magnesia

—— Household
ammonia
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Figure 14 06

Determine whether seawater or detergent has a higher concentration of
H*ions. How many times higher?

a) Water; 10 times.

Pure water

L

Blood

b) Water; 2 times.
]

Seawater

c) Detergent; 2 times.

—— Detergent

d) Water; 100 times.

Milk of
magnesia

—— Household
Qbﬁg‘ Y L;’.G}t‘ }iSJSJ‘ U‘L; ’g‘,” g_u ‘;53“’>.3 ammonia
0 Do oo iSL ¢ oun g youg)
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Example 2

What is the pH of a neutral solution at 298 K?
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Example 2

What is the pH of a neutral solution at 298 K?
pH = —log [H*] State the equation for pH.

pH = —log (1.0 X 10~7) Substitute [H*] = 1.0 X 10~7M.

The pH of the neutral solution at 298 K is 7.00.
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Applications 24 08

Calculate the pH of solutions having the following ion concentrations
at 298 K.

a.[H"] X 1.0 X 1072M

b.[H"] = 3.0 X 107°M
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Applications 24 08

Calculate the pH of solutions having the following ion concentrations
at 298 K.

a.[H"] X 1.0 X 107°M
pH = —log [H]
pH = —log(1.0 x 1072)
pH = 2.00

.[H"] =3.0 X 107°M
pH = —log [H™]
pH = —log(3.0 x 107°)
pH = 5.52
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Applications 25 09

Calculate the pH of aqueous solutions with the following [H*] at 298 K.
a. [H"] = 0.0055M

b. [H"] = 0.000084M

Page 107
3.3 Hydrogen lons and pH



https://t.me/InLibrary
https://t.me/InLibrary

Applications 25 09

Calculate the pH of aqueous solutions with the following [H*] at 298 K.
a. [H"] = 0.0055M

pH = —log [H]

pH = —log 0.0055

pH = 2.26

b. [H"] = 0.000084M
pH = —log [H"]
pH = —log 0.000084
pH = 4.08
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Applications 26 10

CHALLENGE Calculate the pH of a solution having [OH] =8.2 x 10® M.

Page 107
3.3 Hydrogen lons and pH



https://t.me/InLibrary
https://t.me/InLibrary

Applications 26 10
CHALLENGE Calculate the pH of a solution having [OH] =8.2 x 10® M.

[OH"] = 8.2 X 10~ °M

K, = [H*][OH"] x [H*1(8.2 x 10~¢)

-14
[H+] = 1.0 X 10

52 % 106 =1.2 x 109
L X -

pH = —log [H™]
pH = —log(1.2 x 1079)
pH = 8.92
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Example 3 11

A typical cleaner has a hydroxide-ion concentration of 4.0 x 103 M.
Calculate the pOH and pH of a cleaner at 298 K.
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Example 3 11

A typical cleaner has a hydroxide-ion concentration of 4.0 x 103 M.
Calculate the pOH and pH of a cleaner at 298 K.

pOH = —log [OH] State the equation for pOH.

pOH = —log (4.0 x 1073) Substitute [OH™] = 4.0 X 10—3M.

The pOH of the solution is 2.40.
Use the relationship between pH and pOH to find the pH.

pH + pOH = 14.00 State the equation that relates
pH and pOH.

pH = 14.00 — pOH Solve for pH.

pH = 14.00 — 2.40 = 11.60 Substitute pOH = 2.40.
The pH of the solution is 11.60.
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Applications 27 12

Calculate the pH and pOH of aqueous solutions with the following
concentrations at 298 K.

a. [OH ]1=1.0X 10"°M

b. [OH ] =6.5 X 107*M
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Applications 27 12

Calculate the pH and pOH of aqueous solutions with the following
concentrations at 298 K.

a. [OH ]=1.0X10"%M
pOH = —log [OH]
pOH = —log(1.0 x 1075)
pOH = 6.00
pH = 14.00 — pOH = 14.00 — 6.00 = 8.00

. [OH7] = 6.5 X 107*M
pOH = —log [OH™]
pOH = —log(6.5 x 10~4%)
pOH = 3.19
pH = 14.00 — pOH = 14.00 — 3.19 = 10.81
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Applications 27 13

Calculate the pH and pOH of aqueous solutions with the following
concentrations at 298 K.

c. [H]=3.6X10"M

d. [Ht] =25 X 1072Mm

Puyc 1UO
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Applications 27 13

Calculate the pH and pOH of aqueous solutions with the following
concentrations at 298 K.

c. [H"'1=36xX10"°M

pH = —log [H™]

pH = —log(3.6 x 107?)

pH = 8.44

pOH = 14.00 — pH = 14.00 — 8.44 = 5.56
d. [Ht] =25 X 1072Mm

pH = —log(—2.5 x 1072)

pH = 1.60

pOH = 14.00 — pH = 14.00 — 1.60 = 12.40
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Applications 28 14

Calculate the pH and pOH of aqueous solutions with the following
concentration at 298 K.

a. [OH"] = 0.000033M b. [H*] = 0.0095M
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Applications 28 14

Calculate the pH and pOH of aqueous solutions with the following
concentration at 298 K.

a. [OH] = 0.000033M b. [H*] = 0.0095M
pOH = —log [OH7] pH = —log [H*]
pOH = —log (0.000033) pH = —log (0.0095)
pOH = 4.48 pH = 2.02
pH = 14.00 — 4.48 = 9.52 pOH = 14.00 — 2.02 = 11.98
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Applications 29 15

CHALLENGE Calculate pH and pOH for an aqueous solution containing
1.0 x 103 mol of HCl dissolved in 5.0 L of solution.
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Applications 29 15

CHALLENGE Calculate pH and pOH for an aqueous solution containing
1.0 x 103 mol of HCl dissolved in 5.0 L of solution.

-3
[HCl] = [H+] = 10 X;g - mol _ 4 00020M =
2.0 X 10~ %M '

pH = —log(2.0 x 10~%) = —(-3.70) = 3.70
pOH = 14.00 — 3.70 = 10.30
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Example 4 16

What are [H*] and [OH"] in a healthy person’s blood that has a pH of 7.40?
Assume that the temperature of the blood is 298 K.
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Example 4 16

What are [H*] and [OH"] in a healthy person’s blood that has a pH of 7.40?
Assume that the temperature of the blood is 298 K.

Determine [H*].
pH = —log [H¥] State the equation for pH.

—pH = log [H¥] Multiply both sides of the equation by —1.

[H*] = antilog (—pH) Take the antilog of each side to solve for [H*].

[H*] = antilog (—7.40) Substitute pH = 7.40.

[H*] = 4.0 X 10~8M A calculator shows that the antilog of —7.40 is 4.0 X 1078,
The concentration of H* ions in the blood is 4.0 X 10~8M.

Determine [OH™].

pH + pOH = 14.00 State the equation that relates pH and pOH.

pOH = 14.00 — pH Solve for pOH.

pOH = 14.00 — 7.40 = 6.60 Substitute pH = 7.40.

pOH = —log [OH™] State the equation for pOH.

—pOH = log [OH™] Multiply both sides of the equation by —1.

[OH™] = antilog (—6.60) Take the antilog of each side and substitute pOH = 6.60.
[OH™] = 2.5 X 10~M. A calculator shows that the antilog of —6.60 is 2.5 X 107,

The concentration of OH™ ions in the blood is 2.5 x 10~7M.
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Applications 30

Calculate [H*] and [OH ] in each of the following solutions.

a. Milk, pH = 6.50

b. Lemon juice, pH = 2.37
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Applications 30

Calculate [H*] and [OH ] in each of the following solutions.

a. Milk, pH = 6.50
[H*] = antilog (—pH)
[H*] = antilog (—6.50) = 3.2 x 10~’M
pOH = 14.00 — pH = 14.00 — 6.50 = 7.50
[OH~] = antilog (—pOH)
[OH™] = (-7.50) = 3.2 x 10~ 3™

. Lemon juice, pH = 2.37
[H*] = antilog (—pH)
[HT] = antilog (-2.37) = 4.3 x 10~3M
pOH = 14.00 — pH = 14.00 — 2.37 = 11.63
[OH~] = antilog (— pOH)
[OH"] = antilog (—11.63) = 2.3 x 10~ 2M
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Applications 30

Calculate [H*] and [OH ] in each of the following solutions.

c. Milk of magnesia, pH = 10.50

d. Household ammonia, pH 11.90
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Applications 30

Calculate [H*] and [OH ] in each of the following solutions.

c. Milk of magnesia, pH = 10.50
[H*] = antilog (—pH)
[H*] = antilog (—10.50) = 3.2 x 10~1M
pOH = 14.00 — pH = 14.00 — 10.50 = 3.50
[OH"] = antilog (—3.50) = 3.2 x 10~*M

d. Household ammonia, pH 11.90
[H*] = antilog (—pH)
[H*] = antilog (—11.90) = 1.3 x 10~ '2M
pOH = 14.00 — pH = 14.00 —11.90 = 2.10
[OH"] = antilog (—2.10) = 7.9 x 10—3M
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Applications 31 19

CHALLENGE Calculate the [H*] and [OH] in a sample of seawater with a
pOH =5.60.
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Applications 31 19

CHALLENGE Calculate the [H*] and [OH] in a sample of seawater with a
pOH =5.60.

[OH~] = antilog (—pOH)

[OH~] = antilog (—5.60) = 2.5 X 10~°M
pH = 14.00 — 5.60 = 8.40

[H*] = antilog (—8.40) = 4.0 x 10~°M
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Reading Check 20

Explain why you cannot obtain the [H*] directly from the molarity of a
weak acid solution.
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Reading Check 20

Explain why you cannot obtain the [H*] directly from the molarity of a
weak acid solution.

Weak acids only ionizes partially; therefore, the concentration of the
weak acid in a solution is not equal to [H*]

Jslomadl 5o i) 3 il el ¥ g0 a8 Sobusy ¥ 1) ¢ LS Cindl Lasdl iy ¥
o g yad) SUgal 38 5
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Figure 17

State the [H*] in the HCl flask and the [OH"]
in the NaOH flask.

a) [H1=0.1M | [OH]=0a1M
[H1=0.5M || [OH]=0.5 M
[H*]=0.2M || [OH]=0.c M
[H1=0.5M || [OH]=0.1M
[H1=0.2M]|| [OH]=0.2M

Not enough information
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Figure 17

State the [H*] in the HCl flask and the [OH"]
in the NaOH flask.

a) [H*1=0.12M || [OH]1=0.12M
[H1=0.5M || [OH]=0.5 M
[H*]=0.2M || [OH]=0.c M
[H1=0.5M || [OH]=0.1M
[H1=0.2M]|| [OH]=0.2M

Not enough information
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Example 5 22

Formic acid is used to process latex tapped from rubber trees into
natural rubber. The pH of a 0.1200M solution of formic acid (HCOOH) is
2.38. What is K, for HCOOH?
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Example 5 22

Formic acid is used to process latex tapped from rubber trees into
natural rubber. The pH of a 0.1200M solution of formic acid (HCOOH) is
2.38. What is K, for HCOOH?

Use the pH to calculate [H].

pH = —log [H™] Write the equation for pH.

[H*] = antilog (—pH) Multiply both sides by —1 and take the antilog of each side.
[H*] = antilog (—2.38) Substitute pH = 2.38.

[H*] = 4.2 x 1073M A calculator shows that the antilog of —2.38 is 4.2 x 1073,
[HCOO™] = [H*] = 4.2 x 1073M

[HCOOH] equals the initial concentration minus [H™].

[HCOOH] = 0.100M — 4.2 x 10~3M = 0.096M Subtract [H*] from the initial [HCOOH].

Ko = [H*][HCOO™]
&~ " [HCOOH]

State the acid ionization constant expression.

4.2 X 1073)(4.2 x 1073 i = -3 1= -3
_ )( ) _ 1.8 x 104 Substitute [H*] = 4.2 x 10-3M, [HCO0~] = 4.2 X 10—,

Ka (0.096) and [HCOOH] = 0.096M.

The acid ionization constant for HCOOH is 1.8 x 104,
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Applications 32

Calculate the K, for the following acids using the given information.

a. 0.220M solution of H;AsO,, pH = 1.50  b. 0.0400M solution of HCIO,, pH = 1.80
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Applications 32

Calculate the K, for the following acids using the given information.

a. 0.220M solution of H;AsO,, pH = 1.50  b. 0.0400M solution of HCIO,, pH = 1.80
_ [H+][H,As0,7] _ [H™I[CI0,7]
2 [H;As0,] . [HCI0,]
[H*] = antilog (—pH) [H*] = antilog (—pH)
[H*] = antilog (—1.50) = 3.2 x 10~2M [H*] = antilog (—1.80) = 1.6 x 10~2M
[H,AsO,~] = [H*] = 3.2 x 102M [CI0,7] = [H*] = 1.6 x 1072M
[H;As0,] = 0.220M — 3.2 x 10-2M = 0.188M  [HCIO,] = 0.0400M — 1.6 = 1072M = 0.024M

(3.2 x 1072)(3.2 x 1072) _3 (1.6 x 1072)(1.6 x 1072) g
= = K, = = 1.1 X
K, 5188 5.4 x 10 . 5 o5a 1.1 x 10
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Applications 33

Calculate the K of the following acids using the given information.

a. 0.00330M solution of benzoic acid
(CcH;COOH), pOH = 10.70
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Applications 33

Calculate the K of the following acids using the given information.

a. 0.00330M solution of benzoic acid
(CcH;COOH), pOH = 10.70

pH = 14.00 — pOH

pH = 14.00 — 10.70 = 3.30

[H*] = antilog (—pH)

[H*] = antilog (—3.30) = 5.0 X 10~*M
[C,H,COO~] = [H*] = 5.0 x 10~*M

[C,H;COOH] = 0.00330M — 5.0 x 10~4M =
0.0028M

[H*][CgH;COO™] (5.0 x 10-4)(5.0 x 10~%)
2 [CgH;COOH] (3.5 x 1073)

K,=8.9 x 107>
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Applications 33

Calculate the K of the following acids using the given information.

b. 0.100M solution of cyanic acid (HCNO),
pOH = 11.00
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Applications 33

Calculate the K of the following acids using the given information.

b. 0.100M solution of cyanic acid (HCNO),
pOH = 11.00

pH = 14.00 — pOH

pH = 14.00 — 11.00 = 3.00

[H*] = antilog (—pH)

[H*] = antilog(—3.00) = 1.0 X 10~3M
[CNO~] =[H*] =1.0 x 10~3Mm

[HCNO] = 0.100 — 1.0 x 10~3M = 0.099M

_ [H*IICNO~]1 _ (1.0 x 1073)(1.0 x 1073)
a” " [HCNO] (0.099)

K, =10 x 1075
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Applications 33

Calculate the K of the following acids using the given information.

c. 0.150M solution of butanoic acid
(C3H7COOH), pOH = 11.18
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Applications 33

Calculate the K of the following acids using the given information.

c. 0.150M solution of butanoic acid
(C3H7COOH), pOH = 11.18

pH = 14.00 — pOH

pH = 14.00 — 11.18 = 2.82

[H*] = antilog (—pH)

[H*] = antilog(—2.82) = 1.5 x 1073M
[C;H,CO0] = [H*] = 1.5 x 1073M

[C;H,COOH] = 0.150M — 1.5 x 1073M =
0.149M

x = [HT1IGH,C007] _ (1.5 x 1073)(1.5 x 1073)
) [C;H,COOH] (0.149)

K,=15X 107>
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Applications 34 27

CHALLENGE Calculate the K, of a 0.0092M solution of an unknown acid
(HX) having a pOH of 11.32. Use Table 4 to identify the acid.
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Applications 34 27

CHALLENGE Calculate the K, of a 0.0092M solution of an unknown acid
(HX) having a pOH of 11.32. Use Table 4 to identify the acid.

pH = 14.00 — pH

pH = 14.00 — 11.32 = 2.68

[H*] = antilog (—pH)

[H*] = antilog (—2.8) = 2.1 X 1073M
[X-]=[H*]=2.1 x 1073M

[HX] = 0.0091 — 0.0021 = 0.0070M
K = (0.0021)(0.0021)

=6.3 x 1074
@ (0.0070)

The acid could be hydrofluoric acid (HF).
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Review 35 28

Why is the pH of an acidic solution always a smaller number than the
pOH of the same solution?
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Review 35 28

Why is the pH of an acidic solution always a smaller number than the
pOH of the same solution?

The sum of pH and pOH is 14.00. If a solution is acidic, its pH is less
than 7.00. Therefore, pOH must be greater than 7.0o0.

Page 112

3.3 Hydrogen lons and pH



https://t.me/InLibrary
https://t.me/InLibrary

Review 36

How can you determine the pH of a solution if you know its pOH?
Subtract the pOH from 14.00.
Subtract the pOH from 7.00.
Add the pOH to 14.00.

Add the pOH from 7.00.
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Review 36

How can you determine the pH of a solution if you know its pOH?
Subtract the pOH from 14.00.
Subtract the pOH from 7.00.
Add the pOH to 14.00.

Add the pOH from 7.00.
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Review 37

Which of the following is true about K, in aqueous solutions?
a) Can be used to find H* or OH ions concentrations.

b) Itsvalue at 273 Kis 1.00 x 1074,

c) Itsvalueat298Kis1.00x107.

d) Itcanbe appliedto other solutions than water.
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Review 37

Which of the following is true about K, in aqueous solutions?
a) Canbe used to find H* or OH- ions concentrations.

b) Itsvalue at 273 Kis 1.00 x 1074,

c) Itsvalueat298Kis1.00x107.

d) Itcanbe appliedto other solutions than water.
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Review 38 31

What happens to the [H*] of a 0.20M solution of acetic acid when a drop
of NaOH solution is added?

a) The equilibrium shifts to the right
b) [H*]increases.
c) [OH-]decreases.

d) Water molecules increases.
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Review 38 31

What happens to the [H*] of a 0.20M solution of acetic acid when a drop
of NaOH solution is added?

a) The equilibrium shifts to the right
b) [H*]increases.
c) [OH-]decreases.

d) Water molecules increases.
NaOH ;e 505195 3103, s OH™ Slagai 2550030
Ol jo AcaS o 35 9 lucdtt g o Lalt 5140 (Lt p8S
.Ua.'é.'«:é [H+] Lol c[OH_] MAJ'.J‘& .mt).éé < 1
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Review 39

List the information needed to calculate the K, of a weak acid.
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Review 39

List the information needed to calculate the K, of a weak acid.

* pH, pOH, or[H*]
* the initial concentration of the acid

e Kb can also be used.
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Review 40 33

The pH of a tomato is approximately 4.50. What are [H*] and [OH] in a
tomato?
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Review 40 33

The pH of a tomato is approximately 4.50. What are [H*] and [OH] in a
tomato?

[H*] = antilog (—4.50) = 3.2 X 10—°M

pOH = 14.00 —4.50 = 9.50
[OH~] = antilog (—9.50) = 3.2 x 10~ 10V
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Review 41 34

Determine the pH of a solution that contains 1.0 x 209 mol of OH- ions
per liter.
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Review 41 34

Determine the pH of a solution that contains 1.0 x 209 mol of OH- ions
per liter.

1.0 x 1079
1L

mol _ 40 x 10°m

[OH™] =

pOH = —log 1.0 x 1072 = 9.00
pH = 14.00 — pOH
pH = 14.00 — 9.00 = 5.00
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Review 42
Calculate the pH of the following solutions.

a. 1.0M HI c. 1.0M KOH

b. 0.050M HNO,
d. 2.4 x 10-3M Mg(OH),
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Review 42

Calculate the pH of the following solutions.

a. 1.0M HI c. 1.0M KOH
[Hf] = 1.0M [OH™] = 1.0M
pH = —|og[H+] = —log 1.0 pOH = —log[OH™] = —log 1.0

pH = 0.00 pOH = 0.00

b. 0.050M HNO3 pH = 14.00 — 0.00 = 14.00

[H*] = 0.050M .24 x10°M Mg(OH),

pH = —log[H*] = —log 0.050 ~ [OH7] =2 x [Mg(OH),] = (2)(2.4 x 107°M) =

H = 130 4.8 x 107°M
pH = 1.
pOH = —log 4.8 X 107> = 4.32

pH = 14.00 — 4.32 = 9.68
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Review 43 36

What happens to the [H*], [OH], pH, and pOH as a neutral solution
becomes more acidic? As a neutral solution become more basic?
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Review 43 36

What happens to the [H*], [OH], pH, and pOH as a neutral solution
becomes more acidic? As a neutral solution become more basic?

As the solution becomes more acidic, [H*]
increases from 10~/ to 1, [OH~] decreases from
10=7 to 10~ 4, pH changes from 7 to 0 and pOH
changes from 7 to 14. As a neutral solution
becomes more basic, [H*] decreases from 10~/ to
10—14, [OH] increases from 10~7 to 1, pH changes
from 7 to 14 and pOH changes from 7 to 0.
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Mastering Concepts 75 37

What is the relationship between the pOH and the OH-ion concentration
of a solution?

[OH] = - log (pOH)
pOH =log [OH]
[OH] = 10PCH

pOH = - log [OH]
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Mastering Concepts 75 37

What is the relationship between the pOH and the OH-ion concentration
of a solution?

a) [OHT=-log (pOH)
b) pOH =log[OH]
c) [OH7]=10POH

d) pOH=-log[OH]

pOH = —log [OH]
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Mastering Concepts 76 38

Solution (A) has a pH of 2.0. Solution (B) has a pH of 5.0. Which solution
is more acidic? Based on the H* ion concentrations in the two solutions,
how many times more acidic?

a) (A)is more acidic; 100 times.

b) (B)is more acidic; 100 times.
(A) is more acidic; 300 times.
(B) is more acidic; 300 times.
(A) is more acidic; 1000 times.

(B) is more acidic; 1000 times.
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Mastering Concepts 76 38

Solution (A) has a pH of 2.0. Solution (B) has a pH of 5.0. Which solution
is more acidic? Based on the H* ion concentrations in the two solutions,
how many times more acidic?

(A) is more acidic; 100 times.
(B) is more acidic; 100 times.
(A) is more acidic; 300 times.

(B) is more acidic; 300 times.
Solution A is more acidic than
solution B. It is 103, or 1000

(B) is more acidic; 1000 times. times more acidic.

(A) i1s more acidic; 1000 times.

Page 127
3.3 Hydrogen lons and pH



https://t.me/InLibrary
https://t.me/InLibrary

Mastering Concepts 77 39

If the concentration of H* ions in an aqueous solution decreases, what
must happen to the concentration of OH" ions? Why?
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Mastering Concepts 77 39

If the concentration of H* ions in an aqueous solution decreases, what
must happen to the concentration of OH" ions? Why?

[OH™] increases. [HT][OH™] = K,
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Mastering Concepts 78 40

Use Le Chatelier’s principle to explain what happens to the equilibrium
H20 () = H* (aq) + OH" (aq) when a few drops of HCl are added to pure
water.
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Mastering Concepts 78 40

Use Le Chatelier’s principle to explain what happens to the equilibrium
H20 () = H* (aq) + OH" (aq) when a few drops of HCl are added to pure

water.

The HCl adds H* ions to the water, which causes the equilibrium to
shift the left.
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Mastering Concepts 79
Use the data in table to answer the following questions.

a) Which substance is the most basic?

b) Which substance is closest to neutral?

c) Which has a concentration of H* = 4.0 x 107 M?

d) Which has a pOH of 11.0?

e) How many times more basic is antacid than blood?

Substance pH

Household ammonia

Lemon juice 2.3
Antacid 9.4
Blood 7.4
Soft drinks 3.0
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Mastering Concepts 79

Use the data in table to answer the following questions.

a) Which substance is the most basic?
Which substance is closest to neutral?
Which has a concentration of H* = 4.0 x 10° M?
Which has a pOH of 11.0?
How many times more basic is antacid than blood?

household ammonia
blood

antacid

soft drinks

100 times e

Substance pH

Household ammonia

Lemon juice 2.3
Antacid 9.4
Blood 7.4
Soft drinks 3.0

Page 127
3.3 Hydrogen lons and pH



https://t.me/InLibrary
https://t.me/InLibrary

Mastering Problems 8o 42

What is [OH"] in an aqueous solution at 298 K in which [H*] = 5.40 x 1073
M?
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Mastering Problems 8o 42

What is [OH"] in an aqueous solution at 298 K in which [H*] = 5.40 x 1073
M?

K, = [H*][OH]
1.00 X 10~ = (5.40 X 10~3)[OH]

[OHT] = 1.85 X 10~ "2Mm
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Mastering Problems 82 43

If ;.00 mL of 6.00M HCl is added to 95.00 mL of pure water, the final
volume of the solution is 100.00 mL. What is the pH of the solution?
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Mastering Problems 82 43

If ;.00 mL of 6.00M HCl is added to 95.00 mL of pure water, the final
volume of the solution is 100.00 mL. What is the pH of the solution?

mol HCl = mol HT = 0.00500 L X 6.00 mol/L
= 0.0300 mol

+7 — 0.0300 Mol HT _
[HT] 0100 L 0.300M

pH = —log [HT] = —log (0.300) = 0.523

M;V; = MV,
(6)(0.005) = M, (0.1)
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Mastering Problems 83 Iy

Given two solutions, 0.20M HCl and o0.10M HF, which solution has the
greater concentration of H* ions? Calculate pH values for the two
solutions, given that [H*] =7.9 x 103M in the 0.120M HF.
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Mastering Problems 83 Iy

Given two solutions, 0.20M HCl and o0.10M HF, which solution has the
greater concentration of H* ions? Calculate pH values for the two
solutions, given that [H*] =7.9 x 103M in the 0.120M HF.

For 0.10M HCl, a strong acid, [HT] = 0.10M
pH = —log [H*] = —log 0.10 = 1.00
For 0.10M HF, [HT]1 = 7.9 X 1073Mm

pH = —log [HT] = —log 7.9 X 1073 = 2.10.

HCl has the greater concentration of hydrogen
ions because it has the greater pH.
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Mastering Problems 84 45

Chromic acid is used as an industrial cleaner for metals. What is K for the
second ionization of chromic acid (H2CrOg4) if a 0.040M solution of
sodium hydrogen chromate has a pH of 3.946?
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Mastering Problems 84 45

Chromic acid is used as an industrial cleaner for metals. What is K for the
second ionization of chromic acid (H2CrOg4) if a 0.040M solution of
sodium hydrogen chromate has a pH of 3.946?

HCrO,  (aq) + H,O(l) —» H*(aq) + CrO,2~(aq)
[HT] = antilog(—pH)

[H*] = antilog(—3.946) = 1.13 X 10~*M
[H] = [Cr0,2"]1 = 1.13 X 107*M

_ [HTICro 271 (1.13 X 10742

a [HCrO,”]  (0.040 — 1.13 X 1079

= 3.2 X 1077
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Mixed Review g6

What is the pH of a 0.200M solution of hypobromous acid (HBrO)?
K,=2.8x109
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Mixed Review g6

What is the pH of a 0.200M solution of hypobromous acid (HBrO)?
K,=2.8x109

[HT][BrO~]
2 [HBrO]

[H*]°
0.200

[H*]2 = 2.8 x 10~? x 0.200

= 2.8 x 107

[H*] = 2.4 x 10—°M

pH = —log(2.43 10~°) = 4.63
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Mixed Review 101 47

The pH probe shown is immersed in a 0.200M solution of a monoprotic
acid, HA, at 303 K. What is the value of Ka for the acid at 303 K?
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Mixed Review 101 47

The pH probe shown is immersed in a 0.200M solution of a monoprotic
acid, HA, at 303 K. What is the value of Ka for the acid at 303 K?

[H*] = antilog (—pH) = antilog (—3.10)
=7.9x 10"%m
= (7.9 x1079(7.9 x 1074

s =3.1x 1076
(0.200 — 7.9 x 107%)
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Challenge Problem 112 48

You have 20.0 mL of a solution of a weak acid, HX, whose K, equals 2.14
x 10®. The pH of the solution is found to be 3.800. How much distilled
water would you have to add to the solution to increase the pH to 4.000?
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Challenge Problem 112 48

You have 20.0 mL of a solution of a weak acid, HX, whose K, equals 2.14
x 10®. The pH of the solution is found to be 3.800. How much distilled
water would you have to add to the solution to increase the pH to 4.000?

[H+] = antllog(—pH) = antilog (_3800) (1.00 % 10_4)2
inal — = 0.00467M
= 1.58 x 1074 final 2.14 x 10-6 0.0046

HH]Ix-1_ (1.58 x 10792 _ ./ 10-6 Moles of HX in the initial and final solutions are
[HX] M;pitial equal.

(1.58 x 1074)2 (M itiadVinitia) = Mgnan)(Viina)

= = 0.0117M
nitial = (3 14 x 10-6)

(0.0117M x 20.00 mL) = (0.00467M X Vi, .)
v. . = (0.0117 mol/L) (20.00 mL)

final

[H*] = antilog(—pH) = antilog (—4.000) 0.00467 mol/L
= 1.00 x 1074

Diluted solution:

o Add 30.1 mL of distilled water to the original
(1.00 x 1077) 20.0 mL.
Mfinal

2.14 x 1076 =
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Multiple Choice 3 49

Hydrogen bromide (HBr) is a strong, highly corrosive acid. What is the
pOH of a 0.0375M HBr solution?

a) 12.574
b) 12.270
¢) 1.733

d) 1.433
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Multiple Choice 3 49

Hydrogen bromide (HBr) is a strong, highly corrosive acid. What is the
pOH of a 0.0375M HBr solution?

a) 12.574 pH =—log (0.0375) = 1.430

b) 12.270 pOH = 14 — 1.43 = 12.574

C) 1.733

d) 1.433
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Multiple Choice 4

Use the table below to answer question, which acid is the strongest?

a) formic acid

b) lutidinic acid

C) cyanoacetic acid

d) barbituric acid
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Solution

K

a
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Multiple Choice 4

Use the table below to answer question, which acid is the strongest?

a) formic acid

b) lutidinic acid

C) cyanoacetic acid

d) barbituric acid
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lonization Constants and pH Data for
Several Weak Organic Acids

Acid

pH of 1.000 M
Solution

K

a

Formic

1.87

1.78 x 1074

Cyanoacetic

?

3.55 X 1073

Propanoic

?

Lutidinic

7.08 x 1073

Barbituric

9.77 X 107>
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Multiple Choice 5

What is the hydronium ion concentration of the propanoic acid?

a) 1.4 %1075
b) 3.72x1073
C) 2.43%x10°

d) 7.3 x104
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Acid

pH of 1.000 M
Solution

K

a

Formic

1.87

1.78 x 1074

Cyanoacetic

?

3.55 X 1073

Propanoic

?

Lutidinic

7.08 x 1073

Barbituric

9.77 X 107>
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Multiple Choice 5

What is the hydronium ion concentration of the propanoic acid?
a) 1.4 %1075
b) 3.72 x 103

C) 2.43%x10°

lonization Constants and pH Data for
d) 7.3 x104 Several Weak Organic Acids

pH of 1.000 M
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Solution

K

a

Formic

1.87

1.78 x 1074

Cyanoacetic

?

3.55 X 1073

Propanoic

?

Lutidinic

7.08 x 1073

Barbituric

9.77 X 1073

c i a
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Multiple Choice 6

What is the pH of a 0.40M solution of cyanoacetic acid?

a) 2.06

b) 1.22

C) 2.45

d) 1.42
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Acid

pH of 1.000 M
Solution

K

a

Formic

1.87

1.78 x 1074

Cyanoacetic

?

3.55 X 1073

Propanoic

?

Lutidinic

7.08 x 1073

Barbituric

9.77 X 107>

g e



https://t.me/InLibrary
https://t.me/InLibrary

Multiple Choice 6

What is the pH of a 0.40M solution of cyanoacetic acid?
a) 2.06

b) 1.22

C) 2.45
lonization Constants and pH Data for

d) 1.42 Several Weak Organic Acids

pH of 1.000 M

3.55 X 1073 x 0.40 M = [H*]? Acid Solution K,
. . Formic 1.87 1.78 x 1074

[Ht] = 0.038M Cyanoacetic ? 3.55 x 1073
Propanoic ?

Lutidinic 7.08 x 1073

pH = —log (0.038) = 1.42

Barbituric 9.77 X 107>
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Section Summary

* In aneutralization reaction, an acid reacts with a base to produce a
salt and water.

The net ionic equation for the neutralization of a strong acid by a
strong base is H+ (aqg) + OH- (ag) — H20 (l).

Titration is the process in which an acid-base neutralization
reaction is used to determine the concentration of a solution.
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Reading Check 01

Write the complete ionic equation and the net ionic equation for the
neutralization of HNO3 by KOH.
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Reading Check 01

Write the complete ionic equation and the net ionic equation for the
neutralization of HNO3 by KOH.

HNOg(aq) + KOH(aq)—> KNOg(aq) + HZO(I);
H*aq) + NO3™(aq) + K*aq) + OH(q) —
K*aq) + NO3s™(aq) + H2Oy

i miadl b Y1

H*aq) + OH7(oq) — H,Oy,
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Figure 22 02

Identify two ways in which the graphs are different. e

0 10 20 30 40 50 60 70
Volume NaOH added (mL)

0 50.00 mL 0.1000M HCOOH Titrated
with 0.1000M NaOH
14

10 20 30 40 50 60 70
Volume NaOH added (mL)
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Figure 22 02
0 50.0 m!. 0.100M HCl Titrated
Identify two ways in which the graphs are different. _ LB R

* The equivalence point is different.
* The difference in pH levels is bigger in the
strong acid titration.

0
0 10 20 30 40 50 60 70

C’I“’I“ - p‘S“I‘ l “I XS Volume NaOH added (mL)

Jgbl gl 8aslil) o S5l andl il gogandt 22l o
i)l G2l § el S0 g0ad) < 530 0 EEEEEmErGR

10 20 30 40 50 60 70
Volume NaOH added (mL)
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Example 6 03

A volume of 18.28 mL of a standard solution of 0.2000M NaOH was
required to neutralize 25.00 mL of a solution of methanoic acid
(HCOOH). What is the molarity of the methanoic acid solution?
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Example 6 03

A volume of 18.28 mL of a standard solution of 0.2000M NaOH was
required to neutralize 25.00 mL of a solution of methanoic acid
(HCOOH). What is the molarity of the methanoic acid solution?

HCOOH(aq) + NaOH(aq) — HCOONa(aq) + H-,0(l)

MV _ MV, (01)(1828x107%)  (My)(25x107%)

ny n, 1 1

~(0.1)(18.28 x 1073)

M =7.312 X 10~% mol/L
2 (25 x 10-3) mol/
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Applications 44 04

What is the molarity of a nitric acid solution if 43.33 mL of 0.2000M KOH
solution is needed to neutralize 20.00 mL of the acid solution?

Page 118
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Applications 44 04

What is the molarity of a nitric acid solution if 43.33 mL of 0.2000M KOH
solution is needed to neutralize 20.00 mL of the acid solution?

HNO; + KOH — KNO; + H,0

MyouVkon  Muno,Vinos, . (0.1)(43.33 x 1073) _ (Myno, ) (20 x 1073)

NKOH MHNO, 1 1

~(0.1)(43.33 x 107%)
ANOs ™ (20 x 10-3)

=0.2167 mol/L
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Applications 45 05

What is the concentration of a household ammonia cleaning solution if

49.90 mL of 0.5900M HCl is required to neutralize 25.00 mL of the
solution?
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Applications 45 05

What is the concentration of a household ammonia cleaning solution if

49.90 mL of 0.5900M HCl is required to neutralize 25.00 mL of the
solution?

HCl + NH; — NH,™ + CI™

MyciViacr _ Mnn., VNH, . (0.59)(49.9 x 1073) _ (Myp,)(25 % 1073)

Nycl NNH, 1 1

~ (0.59)(49.9 x 1072)
NHs =™ (25 x 1073)

=1.178 mol/L
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Applications 46 06

CHALLENGE How many milliliters of 0.500M NaOH would neutralize
25.00 mL of 0.200M H3PO4?
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Applications 46 06

CHALLENGE How many milliliters of 0.500M NaOH would neutralize
25.00 mL of 0.200M H3PO4?

3NaOH + H,PO, — Na,PO, + 3H,0

My,po,VH,p0,  MnaouVNaoH R (0.1)(25) _ (0.5) (VNaon)

Ny, PO, "NaOH 1 3

S (0.1)(25)(3)
NaOH — (0.5) -

15 mL
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Applications 47 07

Write equations for the salt hydrolysis reactions occurring when the
following salts dissolve in water. Classify each as acidic, basic, or neutral.

a. ammonium nitrate

b. potassium sulfate
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Applications 47 07

Write equations for the salt hydrolysis reactions occurring when the
following salts dissolve in water. Classify each as acidic, basic, or neutral.

a. ammonium nitrate  NH,NO5
NH,"(aq) + H,0(l) <> NH;(aq) + H;07(aq)
The solution is acidic.
. potassium sulfate = K,SO,
SO,%(aq) + H,O(l) «> HSO, (aq) + OH(aq)

The solution is neutral.
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Applications 47 08

Write equations for the salt hydrolysis reactions occurring when the
following salts dissolve in water. Classify each as acidic, basic, or neutral.

c. rubidium acetate

d. calcium carbonate
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Applications 47 08

Write equations for the salt hydrolysis reactions occurring when the
following salts dissolve in water. Classify each as acidic, basic, or neutral.

¢. rubidium acetate  C,H,O,Rb

CH;CO00~(aq) + H,0(l) < CH;COOH(aq) +
OH~(aq)

The solution is basic.

. calcium carbonate = CaCO,
CO;2~(aq) + H,0(l) <> HCO;(aq) + OH~(aq)

The solution is basic.

Page 119
3.4 Neutralization



https://t.me/InLibrary
https://t.me/InLibrary

Applications 48 09

CHALLENGE Write the equation for the reaction that occurs in a
titration of ammonium hydroxide (NH4OH) with hydrogen bromide
(HBr). Will the pH at the equivalence point be greater or less than 7?
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Applications 48 09

CHALLENGE Write the equation for the reaction that occurs in a
titration of ammonium hydroxide (NH4OH) with hydrogen bromide
(HBr). Will the pH at the equivalence point be greater or less than 7?

NH,OH(aq) + HBr(aq) — NH,Br(aq) + H,0(l)
NH,"(aq) + H,0(aq) <> H;0%(aq) + NH;

Hydronium ions are formed so the pH will be less
than 7.
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Review 49 10

Explain why the net ionic equation for the neutralization reaction of any
strong acid with any strong base is always the same.
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Review 49 10

Explain why the net ionic equation for the neutralization reaction of any
strong acid with any strong base is always the same.

After the elimination of spectator ions from the neutralization
equation, each neutralization reaction is the reaction of one mole of
hydrogen ion with one mole of hydroxide to form one mole of water.

¢ dwuiS g yoing| somol1 & O 9 g | Qyi > mol 1 Jols 9 Jols Jelis s
U gemol T ¢y gs
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Review 50

Which of the following is true?

The equivalence point is where the pH equals 7.

The end point is the point at which the solution have equal moles of
H* and OH" ions

The equivalence point is the point at which the indicator used in a
titration changes color.

The end point is the point at which the indicator used in a titration
changes color.

Page 122

3.4 Neutralization



https://t.me/InLibrary
https://t.me/InLibrary

Review 50

Which of the following is true?

The equivalence point is where the pH equals 7.

The end point is the point at which the solution have equal moles of
H* and OH" ions

The equivalence point is the point at which the indicator used in a
titration changes color.

The end point is the point at which the indicator used in a
titration changes color.
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Review 50 12

What is the difference between the equivalence point and the end point
of a titration?
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Review 50 12

What is the difference between the equivalence point and the end point
of a titration?

Equivalence point is the pH at which the moles of H+ ions from the
acid equal the moles of OH- ions from the base.

The end point is the point at which the indicator used in a titration
changes color.

Vg mo comanll o HE wlgl o¥s0 e sgless ) PH 2 Pl s @
Sueld) 5o OH- &b gl

B aladl 3 Jasiaall CaslSJ) o9 aaie ity () Al o dplgsdl Ay ©
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Review 52 13

Calculate the molarity of a solution of hydrobromic acid (HBr) if 30.35
mL of 0.2000M NaOH is required to titrate 25.00 mL of the acid to the

equivalence point.
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Review 52 13

Calculate the molarity of a solution of hydrobromic acid (HBr) if 30.35
mL of 0.2000M NaOH is required to titrate 25.00 mL of the acid to the

equivalence point.

HBr(aq) + NaOH(aq) — NaBr(aq) + H,O(l)

MyNaouVNaoH _ MygVypr R (0.1)(30.35) _ (Myg;)(25)

NNaOH NYBr 1 1

~ (0.1)(30.35)
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Mastering Concepts 85 14

What acid and base must react to produce an aqueous sodium iodide
solution?
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Mastering Concepts 85 14

What acid and base must react to produce an aqueous sodium iodide
solution?

Hydroiodic acid (HI) and sodium hydroxide (NaOH) must react.
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Mastering Concepts 86 15

What acid-base indicators would be suitable

for the neutralization reaction whose 12
titration curve is shown in the figure? 10

Equivalence

a) Bromphenol (3-5)

Methyl red (4-6)

Bromcresol purple (5-6.5)

Volume of base added

Bromthymol blue (6-7.5)
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Mastering Concepts 86 15
What acid-base indicators would be suitable

for the neutralization reaction whose 12
titration curve is shown in the figure? 10

Equivalence

a) Bromphenol (3-5)

b) Methylred (4-6)

™ ||

c) Bromcresol purple (5-6.5) —

Volume of base added

d) Bromthymol blue (6-7.5)

Bromcresol purple or alizarin would be suitable because they would
change color near a pH 6.0 equivalence point.
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Mastering Concepts 87 16

When might a pH meter be better than an indicator to determine the
end point of an acid-base titration?
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Mastering Concepts 87 16

When might a pH meter be better than an indicator to determine the
end point of an acid-base titration?

A pH meter could be used when there is no acid-base indicator that
changes color at or near the equivalence point, or when such an
indicator is not available
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Mastering Concepts 89 17

When methyl red is added to an aqueous solution, a pink color results.
When methyl orange is added to the same solution, a yellow color is
produced. What is the approximate pH range of the solution?

Use the figure below

0 1 2 3 4 5 6 7 8 9 10
W Crystal violet

| BN Cresol red
| M Thymol blue
W Bromphenol blue
I Methyl orange
BN Bromcresol green
Methyl red
W Bromcresol purple
., 1 lizarin
W Bromthymol blue
WIE Phenol red
Phenolphthalein
W Thymolphthalein
W Alizarin yellow GG
I Universal indicator

Page 127
3.4 Neutralization = 9



https://t.me/InLibrary
https://t.me/InLibrary

Mastering Concepts 89 17

When methyl red is added to an aqueous solution, a pink color results.
When methyl orange is added to the same solution, a yellow color is
produced. What is the approximate pH range of the solution?

Use the figure below

The pH is between approximately 4.2 and 5.6.

0 1 2 3 4 5 6 7 8 9
W Crystal violet
[ B Cresol red

L M Thymol blue
W Bromphenol blue
I Methyl orange
BN Bromcresol green
Methyl red
W Bromcresol purple
., 1 lizarin
W Bromthymol blue
WIE Phenol red
Phenolphthalein
W Thymolphthalein
W Alizarin yellow GG
I Universal indicator
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Mastering Concepts 90 18

Give the name and formula of the acid and the base from which each salt
was formed.

a. NaCl

b. KHCO,
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Mastering Concepts 90 18

Give the name and formula of the acid and the base from which each salt
was formed.

a. NaCl

base: sodium hydroxide (NaOH); acid:
hydrochloric acid (HCI)

. KHCO,

base: potassium hydroxide (KOH); acid:
carbonic acid (H,CO;)
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Mastering Concepts 90 19

Give the name and formula of the acid and the base from which each salt
was formed.

c. NH,NO,

d. CaS
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Mastering Concepts 90 19

Give the name and formula of the acid and the base from which each salt
was formed.

c. NH,NO,

base: ammonia (NH,); acid nitrous acid (HNO,)

. CaS

base: calcium hydroxide (Ca(OH),); acid
hydrosulfuric acid (H,S)
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Mastering Problems 91 20

Write formula equations and net ionic equations for the hydrolysis of
each salt in water.

a. sodium carbonate

b. ammonium bromide
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Mastering Problems 91 20

Write formula equations and net ionic equations for the hydrolysis of
each salt in water.

a. sodium carbonate

Na,CO;(s) + H,0O(l) — NaHCO4(aq) +
NaOH(aq);

CO5;~%(aq) + H,0(l) - HCO;~(aq) + OH~(aq)

. ammonium bromide
NH,Br(s) + H,0(l) — HBr(aq) + NH;(aq);
NH,"(aq) + H,O(l) — NH;(aq) + H;0"(aq)
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Mastering Problems 92 21

Lithium hydroxide is used to purify air by removing carbon dioxide. A
25.00-mL sample of lithium hydroxide solution is titrated to an end point
by 15.22 mL of 0.3340M hydrochloric acid solution. What is the molarity

of the LiOH solution?
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Mastering Problems 92 21

Lithium hydroxide is used to purify air by removing carbon dioxide. A
25.00-mL sample of lithium hydroxide solution is titrated to an end point
by 15.22 mL of 0.3340M hydrochloric acid solution. What is the molarity

of the LiOH solution?

HCl + LIOH — LiCl + H,0O

Myc1Vaa _ MyiouVLion . (0.334)(15.22) _ (MLion)(25)
1

NHcl NLioH 1

~(0.334)(15.22)
LiOH — (25)

= 0.2033 mol/L
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Mastering Problems 93 22

In an acid-base titration, 45.78 mL of a sulfuric acid solution is titrated to
the end point by 74.30 mL of 0.4388M sodium hydroxide solution. What
is the molarity of the H2SO04 solution?
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Mastering Problems 93 22

In an acid-base titration, 45.78 mL of a sulfuric acid solution is titrated to
the end point by 74.30 mL of 0.4388M sodium hydroxide solution. What
is the molarity of the H2SO04 solution?

H,SO, + NaOH — Na,SO, + H,O

MNaonVNaon _ My, so,VH,s0, . (0.4388)(74.3) _ (My,s0,)(45.78)

NNaOH nH,S0, 2 1

~ (0.4388)(74.3)
My,s0, = (2)(45.78)

= 0.3561 mol/L
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Mixed Review g5 23

How many milliliters of 0.225M HCl would be required to titrate 6.00 g of
KOH? (KOH molar mass = 56.1056)
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Mixed Review g5 23

How many milliliters of 0.225M HCl would be required to titrate 6.00 g of
KOH? (KOH molar mass = 56.1056)

HC | + KOH — KCl + H,0

Myoy = o8
KOH ™ 56,1056 g/mol

= 0.107 mol/L

Myc1Vua _ MkouVkon . (0.225) (Vyqy) _ (0.107)(1 mL)
Nycl NKOH 1 1

v, =(0'107)=475mL
HCL ™ (0.225)
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Think Critically 108 24

Sketch the shape of the approximate pH v. volume curve that would
result from titrating a diprotic acid with a 0..0M NaOH solution.
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Think Critically 108 24

Sketch the shape of the approximate pH v. volume curve that would
result from titrating a diprotic acid with a 0..0M NaOH solution.

Volume of NaOH added
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Multiple Choice 1

What is the pH at the equivalence point of y Titration Curve for a Base
this titration?

a) 10

Volume of acid added
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Multiple Choice 1

What is the pH at the equivalence point of y Titration Curve for a Base
this titration?

a) 10

Volume of acid added

Page 130
3.4 Neutralization



https://t.me/InLibrary
https://t.me/InLibrary

Multiple Choice 2

Which indicator would be effective for
detecting the end point of this titration?

a) methyl orange, with arange of 3.2-4.4
b) phenolphthalein, with a range of 8.2-10
c) bromocresol green, with a range of 3.8-5.4

d) thymol blue, with a range of 8.0-9.6
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Multiple Choice 2

Which indicator would be effective for
detecting the end point of this titration?

a) methyl orange, with arange of 3.2-4.4
b) phenolphthalein, with a range of 8.2-10
c) bromocresol green, with a range of 3.8-5.4

d) thymol blue, with a range of 8.0-9.6
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