Chapter 13

Acids and
Bases
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Introduction

* How do acids and bases differ from other
substances?

* What determines the pH of a solution?

Acids and Bases Affect Our
Lives

Figure 13.2

Figure 13.1

Figure 13.3 _/

Chapter 13 Topics

What are acids and bases?
Strong and weak acids and bases
Relative strengths of weak acids
Acidic, basic, and neutral solutions
The pH scale

Buffered solutions

o0, wNPE

Math Tools: Log and inverse log functions

13.1 What are Acids and
Bases?

 Acids and bases have properties that
differ from other substances:
— Acids taste sour
— Bases taste bitter, feel slippery
— Both change the color of some dyes

cabbage
rose

— Acids cause many metals to corrode reactions
— Acids and bases combine to neutralize each |
other. 0, + NaOH]

CAUTION: Do not taste laboratory chemicals. 5

Acid and Base Definitions

1800’s Arrhenius Model
— An acid in water produces hydrogen (H*) ions.
— A base in water produces hydroxide (OH-) ions.

HCI(g) — H*(aq) + Cl(aq)
NaOH(s) — Na*(aq) + OH-(aq)

Arrhenius earned the Nobel prize for his work
that showed that H*(aq) and OH-(aq) ions are

important in acid-base chemistry.
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The Hydronium lon

* Problem with Arrhenius

Model: J

— H* does not exist 9
completely free in < .
aqueous solution. It o

associates strongly with

\ ‘/
other water molecules. <

— Chemists recognize this >
by representing an _ 4]
aqueous H* ion as Flgure 134 i
H;O*(aq), the hydronium
ion.

Acid and Base Definitions

e 1923 Brgnsted-Lowry definitions:
— An acid donates an H* ion to another substance.
— A base accepts an H* from another substance.

HCI(g) + H,O() —» H;0*(ag) + Cl-(aq)
NHz(ag) + H,O() = NH,*(aq) + OH-(aq)

« In an acid-base reaction, the acid donates
(transfers) an H* to a base.

Acid-base reactions can take
place without water:

* NH;(g) + HCI(g) — NH,*(g) + CI(g)
« NH,*(g) + ClI(g) » NH,CI(s)

J Figure p. 492

Brgnsted-Lowry Acids and
Bases

« Many anions from dissolved ionic compounds
act as bases:

Na,CO4(s) — 2Na*(aq) + COz%>(aq)

* The carbonate ion acts as a base in water:
COz2(aq) + H,O() = HCOz;(aq) + OH-(aq)

« and with other acids:
HF(aq) + COs*(aq) = F(aq) + HCO;(aq)
acid base
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Conjugate Acid-Base Pairs

Imagine the following reaction going in the
reverse direction. What would be the acid and
what would be the base?

HF(aq) + COs*(aq) = F(aq) + HCO; (aq)

We call the acid and base products the
conjugates of the base and acid that formed
them.
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Conjugate Acid-Base Pairs

HF(aq) + COz*(aq) = F(aq) + HCO;(aq)

acid base conjugate conjugate

base acid

12




Conjugate Acid-Base Pairs
Group Work

« |dentify the acid and base reactants and
their conjugate acid and base:

« HCO; + H,PO, = H,CO, + H,PO,
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Conjugate Acid-Base Pairs

« Determine the formula of the conjugate
base of each acid.

* Acid Conjugate Base
H,CO,
H;PO,
HPO,>
NH,*
H,O
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Conjugate Acid-Base Pairs

» Determine the formula of the conjugate acid of
each base.

» Base Conjugate Acid
S0,2
HCO,-
NH,-
ClO,
H,PO, -
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Acidic Hydrogen Atoms

HeH
* In oxoacids, the H“c/g“b""
acidic hydrogen iy ”
atoms are bonded acetic acid
to hydrogen
atoms:
./H
HoH
H—ll’—O
OO RO RO RO IO 50

Figure 13.5 phosphorous acid

13.2 Strong and Weak Acids
and Bases

* Strong and weak acids and bases
differ in the extent of ionization.
— Strong acids ionize completely.

—Weak acids and bases ionize to only
a small extent — a small fraction of
the molecules ionize.
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Strong Acids

» Strong acids are strong electrolytes.

Figure 13.6 WOHgs + HaOun Hy0 gt + Cliag 18




Strong Acids (know these)
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Common Strong Acids

Formula Name

HCI hydrochloric acid

HBr hydrobromic acid

HI hydroiodic acid

HNO, nitric acid

HCIO, chloric acid

HCIO, perchloric acid

H.50, sulfuric acid (only one H" ionizes completely)

Strong Bases

« Strong bases are strong electrolytes.

Strong Bases (know these)
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Common Strong Bases

Formula Name Formula* Name

LiOH lithium hydroxide Mg(OH), magnesium hydroxide
NaOH sodium hydroxide Ca(OH), calcium hydroxide
KOH potassium hydroxide Ba(OH), barium hydroxide

* Although the group 11A metal hydroxides are not completely water soluble, they are strong bases because
he amount that dissolves dissociates almost completely.
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Weak Acids and Where they are
Commonly Found
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Common Weak Acids

Name Formula Occurrence

Acetic acid CH.COH Vinegar, sour wine

Carbonic acid H.CO, Soda, blood

Citric acid HiCeHs04 Fruit, soda

Hydrofluoric acid HF Used in glass eiching and semiconductor
manufacturing

Hypochlorous acid HOCI Used to sanitize pool and drinking water

Lactic acid HC:H0;4 Milk

Malic acid HC,H,0, Fruit

Oxalic acid H.C0, Nuts, cocoa, parsley, rhubarb

Phosphoric acid H.POy Soda, blood

Tamaric acid H.C,H,0, Candy, wine, grapes

Figure 13.7 Malllh e Pty + O 2
Weak Acids
* Weak acids are weak electrolytes
Figure 13.8 CHCOMHiag + Hi === CHCOag) + Hy0"ag) 2
Weak Bases
* Weak bases are weak electrolytes
24

Figure 13.9

NHyag) + HO) === NH,%aq) + OH(ag)




Weak Bases and where they
are commonly found:
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- CIREX B Common Weak Bases

|

Name Formula Occurrence

Ammonia NH; Gilass cleaners

Calcium carbonate CaCOy Antacids, minerals

Caleium hypochlorite CalQCly, Chlorine source for swimming pools
Methylamine CH;NH; Herring brine

Trimethylamine (CHy)sN Rotting fish
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Strong and Weak Acids and
_Bases

Cogyright © Th M

quired o snproduction or display.

Molecular-level Representations
of Strong and Weak Acids

One of the diagrams shown represents a solution of HF, and the other represents
an agueous solution of HCL Which is which? Explain your reasoning.

ldentify each as a strong or
or base:

weak ac_id

Question 13.27

13.4 Acidic, Basic, and Neutral
Solutions

* Neutral Solution: [H;0*] > [OH"]
« Acidic Solution: [H;0%] > [OH"]
» Basic Solution: [OH-] > [H;0%]

* Why would there be hydronium ions in a basic
solution?

« Why would there be hydroxide ions in an acidic
solution?

« Why would either be present in a neutral
solution?
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The lon-Product Constant of
Water, K,

» Water self-ionizes to a very small extent:
H,O() + HO() = H;0*(aq) + OH~(aq)

* The product of [H,0*] and [OH] is a constant at a
given temperature:

Ky, = [H;0*][OH]
» At 25°C, the value of K, is 1.0x10-14, so in a

neutral solution:
[H;0%] = [OH] = 1.0x10-7
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The lon-Product Constant of
Water, K,

K,, = [H;0*][OH-] = 1.0x10%4

* In an acidic solution, there is excess
H;O*, so OH- goes down.

¢ In a basic solution there is excess OH-,
so H;O" goes down.

30




The lon-Product Constant of
Water, K,
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Definitions of Neutral, Acidic, and Basic Solutions
in Aqueous Solution

Relative
Type of Solution  Concentrations [H;0'] [OH] K,
Neutral [H:0*=[OH] =10x10"M =10x10"M 10x107™
Acidic [H:0*]>[OH]  >10x107M <10x107M 1.0x10™
Basic [OH]>[H,07]  <10x107M >10x107M 10x10™

31

Calculating H;O* and OH-
Concentrations

* When the H;O* concentration is known:

-14
[OH 1= —Ku 1010
[H,0'] [H,07]

* When the OH- concentration is known:

[H,0'] = Kwi _10x {0’“
[OHT] [OH]
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[H;0*] and [OH] Relationships
Fill in the blanks

[H30"] [OH]
10° M
10" M
10° M
10" Mm
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Strong Acid and Base Solutions

L]

What is the [H;O*] and [OH"] for each
solution?

13.5 The pH Scale

e The pH of a solution is defined as the negative
logarithm (base 10) of the H;O* concentration:

pH = -log[H;07]

*  What is the pH of solutions with the following hydronium ion
concentrations?

a) [H01=101M
b) [H,07=105M
¢) [H,01=107M
d) [H,07=101M
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+ 0.10 M HCl
+ 0.10 M NaOH
+ 0.00010 M HCI
The pH | . o

Most aqueous
solutions have pH
values that range from
1-14.

MUHEE BASIC

Milk (6.4)
s 6 |t Urine {48751

However, some w? itk 51
concentrated solutions | w* |----

fall outside of this i0?
range. 10

— What is the pH of a 1.0 =i
M HCI solution? Figure 13.12

— Beer
. 4.0-4.5)

Stomach scid
(1030}

1 ML)




[H XL M

ThepH ||

pH

—— 1 M NaDH
(14

« By what factor does
[H;0*] change when
the pH changes T Scamaner (70

+ from 8.0 to 9.0? ;|- -

e from 4.0to 2.0? 0

8.3)

Figure 13.12 . R

(R TT

Calculating pOH
pOH = —log[OH]

pH + pOH = 14.00
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[H,0*][OH] = 1.0 X 10-14
[H30+]I= »| [OH7]
A A
I =z
Q= T |3
= 5 =
== =

sg| =)
S| = TN
| +O nl o
T =
X
z T 3 S
Y Y
H + pOH = 14.00
pH I: P P > pOH |

Calculating pH

* The hydroxide ion concentration in a
soil sample was determined to be
5.0x10°" M.

a) What is the pH of the soil?
b) Is the soil acidic or basic?
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Calculating Concentrations from pH
or pOH

« [H,0% = 10-#H
« [OH] = 10-P0H

* What is the H;O*
concentration in a
soil sample if the pH
is measured to be
6.20?

Figure 13.13
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Measuring pH

Figure 13.17

i =]
\ 1 pH meter 42
Figure 13.15 5/ ﬁ i e




OH

Measuring"‘\Q Q
L -_—
Q + H0
Acid, Hin (colorless)
H 0
Qs
3

G + H0"
%

* Indicators are
brightly colored
organic dyes that are
weak acids or bases.

» Phenolphthalein has
an acid form that is
colorless and a
conjugate base form
that is bright pink.

e,
of ~C

Figure p. 513 Base, In” (pink)

indicator

Acid-Base Indicators
and their Colors Change Ranges
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Indicator = 0 1 2 3 4 5 6 7 % 9 o 11 12

Methyl violer Yellow W Violet
Thymad hlue L Vellow {acid range) Yellow T il (base cange)
Methyl orange Red B Yellow-orange
Bromeresal green Vellow M e
Methyl red Red _—— Yellow
Chloephenal red Yellow T et
Bromthymol bluc Yellow (. i
Fhenol red Yellow . Red
. Rl
Colorless W Blo:
O Violel

Phenolphihalein Calorless
Thymeiphtiabein

Alizarin yellow Yellow

Figure 13.16
44

13.6 Buffered Solutions

A buffer (also known as a buffer system) is a
combination of a weak acid and its conjugate
base (or a weak base and its conjugate acid) in
about equal concentrations.

The main buffer system in blood is made of
H,CO4/HCO; :
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Buffer after addition of H,0* Buffer after addition of OH

Buffer with equal
concentzatives of
conjugate base and acid

Hy0* oH

Hyxn + HCOyaq  +——  Hy'tag + HCO togy | HyCOumg + O tagy  ——  HEOy tagh + Hylen
N 45
Figure 13.18

Buffer Systems

* Which of the following systems,
when added to water, can act as a
buffer system? For each buffer
system, write a balanced equation.
a) HCI and NaOH
b) CH,CO,H and NaCH,CO,

c) HBr and KBr
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