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Inspire Chemistry
Module 17

“Acids & Bases”

Lesson 2: “Strengths of acids and Bases”
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Learning Outcomes: @9 A

D Relate the strength of an acid or base to its degree of ionization.

D Compare the strength of a weak acid with the strength of its
conjugate base.

—

D Explain the relationship between the strengths of acids and bases
and the values of their\ionization constants.
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Part 1

Acids and Bases
Lesson 2: Strengths of acids and bases
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Learning objectives: ) \o—s€ y
ac{;&zs “* 3=C‘(\S \)S

Define strong and weak acids using\\Bronsted-Lowery mode7

/
——

Use ionization equations of acids to wrate the acidity constant equation K._.

— ——
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Focus Question

What makes an acid or base strong or weak?

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




New Vocabulary

strong acid

weak acid

acid ionization constant
strong base

weak base

base ionization constant



Review Vocabulary

T\

electrolyte: an ionic compound whose agqueous
solution conducts an electric current

Remember: The en |NHG @ub’ﬁ?/d nlgm;gn Hg@{l)

mean the same thing and a y used interchan




Review Vocabulary

electrolyte: an ionic compound whose agqueous
solution conducts an electric current

Remember: The hydrogen ion H* and the hydronium ion H,O*
mean the same thing and are usually used interchangeably.
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Starter Activity

What is the KeEI for the following equilibrium?

AB = A+ B

[A][B]
[AB]

If the K, is 3.4 x10° At equilibrium, which is favored:products
or reactants?

Reactants (A*and I§), because K, <1



IIREMEMBER!!
The quﬂibﬂum Constant (K

eq)

* A value that relates the position of a reaction

at equilibrium

Calculated by inserting values into the
equilibrium constant expression

Keq does NOT have units

Keqg > 1

——P%oduct favored ™°¥¢ yradvehs 7 oderts
Keq <1

— Reactant favored

| resdredks 7 Rroduels
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Quick Revision on K_ / ve 3o e (S)ad

eq Q)
\(v}s ECL\)‘SQ\S‘G:)s ]
C,Hs0H(l) = C,Hs0H(g)

s

L:-. qC}I—I{l]]
HE,HsOH( U] [CEHSOH g)] _E{]

S et
Loaes)  Keg=[CHsOH(g)] —




Strengths of Acids Pages 98 & 99 .
Hol 1) —h0 3
+

= Figure .11 The light glows brightly when electrodes are placed
in 0.10M hydrochloric acid solution because all of the HCl is in the form
of hydronium ions and chloride ions.

Hydronium
ion

Strong Acid = More ions = High electrical conductivity

Chloride
ion

Acetic acid
molecule

Weak Acid = Less ions = Low electrical conductivity
————e —

WC 0B +#,0 2 HT 4
(b5 LeoW

Acetate ion

Hydronium ion

= Figure 12 When electrodes are placed in 0.10M acetic acid solution,
the light is dim. Compare this illustration with Figure 18.11.

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




Strengths of Acids

Ut s
Acids thatq)\'r’nze compTeter are called strong acids.

T i3S
Because they produce the maximum number of hydrogen |ons strong
acids are good conductors of eIectr|C|ty]

Acids that ionize gﬁﬁartlally in dilute aqueous solutions are called

weak acids.
—_——




Strengths of Acids _ 5 forwecd

Acid strength and the Bronsted-Lowry model <— reve(se
— —=—mee ————
C T
 With a strong acid, the conjugate base is a weak base. \sase - W oS
L _l D= N~ e nS
| 3 =
HX(aq) + HO0)(=)H,0"(aq) Shrevir *"
Acid Base  Conjugate Conjugate “ﬂ 7\99-36

acid

|

* Equilibrium lies almost completely to the right, hecause the conjugate base has a
weaker attraction for th@on than does the\base)in the_ forward reaction.

————
e

H2.0
* Notice that the equation i§ shown with a single arrownto the right for strong acids.
The reaction goes to completiomh;c). S~—_




peske &€ a Strengths of Acids

wkas o SXY© ‘ﬂd{ Acid strength and the Bronsted-Lowry model
con) i best P
* Inaweakacid, the ionization equilibriunflies to the far left|because the
conjugate base has a greater attraction for H* ions than does the base in the
forward reaction. o

| & v
@aq) + H,O(l) = H,0*(aq) + Y;(aq)

Aci B Conjugat Conjueat

ci ase onjugate onjugate

w L

“ acid base (Y, \)‘ZD
4 Shrorspl

E——/N

*  Notice that the equation is shown with{equilibrium arrow$ for weak acids.




Strengths of Acids |
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Table 3 lonization Equations
Strong Acids Weak Acids

Name lonization Equation Name lonization Equations

Hydrochloric HCI =) H* + CI- Hydrofluoric HREH* + F-
Hydroiodic Hlé—:» H™ + I~ Acetic HCH,O=WH"+ CH,O,~
Perchloric HCIO(—)H" + CIO,~ Hydrosulfuric HES@H+ + HS™
Nitric i\loaK? H™ + NO,~ Carbonic H,CO, &H"* + HCO,"
Sulfuric H2504®'|+ + HSO,~ Hypochlorous HCIC@H* + CIO™




Quiz

acids dissociate completely in agueous solutions.

l —

Only strong

Only weak
Both strong and weak

Neither strong nor weak



The equilibrium constant, K.,
ionization of an acid.

NN

HCN(aq)+HZO® H,O"(ag)#CN (aq)

The acid ionization constant

Strengths of Acids

—_
€

provides a measure of the degree of
Chzot JCen]
Kesy = CHCN]

T/[HO][Q\I]

[HCN][H I

/:/__,\ i @IS e value of the equilibrium constant
expression for the ionization of a

[H,07][CN"]

K)=K_[H,0]=—3 =6.2x107%°
‘/Qj Bgn 2 [HCN] —

“(-d'y& e




Strengths of Acids

K, indicates whether products (lons) or reactants(Acid) are favored (more) at
equilibrium. —— P

For weak acids, the products tend to be smaller compared to the un-ionized
molecules (reactant).

Fav . \ess ‘:o\mﬁ)
Weaker acids have a smaller K. <_ 1 LMOW A‘/\C& and ¢

——*

Table 4 lonization Constants for Weak Acids

~ lonization Equation K (298 K)
Hydrosulfuric, first ionization HES‘(;‘ H* + HS™ 8.9 x 1078 &

—_—

Hydrosulfuric, second ionization HSkfﬁ‘)H+ + Sz~ 1x107"° < ‘
Hydrofluoric HF(;‘)H* +F 63x10* < 1
Hydrocyanic HCN(;‘_)H’r + CN~ 6.2 x 107° &K1
Acetic CH,COOH(= H* + CH,CO0- 18 %107 £2¢
Carbonic, first ionization H,CO, = H" + HCO_~ 45 %1077 && 1L

Carbonic, second ionization HCO,” = H* + CO*~ 47 x 107"




2. In the equation below, CH;COOH is a

CH3COOHEH™ + CH3C00™

A strong acid

B weak acid

C strong base

D weak base



Practice Problems:

APPLICATIONS
. ‘ e
. X = =

for each acid NV “av We 10 =

a. HCIO, b. HNO, c. HIO
13. Write the first and second ionization equations for H,SeO 5. ,’X

As0,3~][H30*
14. Challenge Given the expression Ka = [ S[HdAso][ ;] ], write the Cafl CCQO_U
4

balanced equation for the corresponding reaction. \L . /
N Hcl, — #T +00// e ©)
«) PR ¥ CH0 8™

or HCIOZ-[— H0 = [430« *C\Q — \(a:







Answers: Applications

12. Write ionization equations and acid ionization
constant expressions for the following acids.

(/a. HCIO,
HCI0,(aq) + H,0(l) <3 H;0*(aq) + €10, (aq)
_ [H;04][CIO,]
3T TT[HOO,]
v b. HNO,
HNO,(aq) + H,O(l) <+ H;0%(aq) + NO,(aq)
_ [H,0+] [NO,7]
d [HNO,]
4. HIO 2
HIO(aq) + H,0(l) <> H;0™(ag) + 107(aq)

_ [H;0*0107]
3 [HIO]

/Il Write the first and second ionization equations

for H,5e0;.
H,5e0,(aq) + H,0(1) <> HSe0;™ (aq) + H;07(aq)
HSe0, (aq) + H,0(l) +» Se0.2~ (aq) + H;0%(aq)

1/1/Ehallenge Given the expression

. [ASO,” ] [H;0"]

. 3 , write the balanced
[HAsO, "]

equation for the corresponding reaction.

HAsO,2-(aq) + H,0(l) «» H;0%(aq) + AsO,3~




Part %

Module 17: Acids and Bases
Lesson 2: Strengths of acids and bases

Learning Objectives

Define strong and wealgsing “Bronsted-Lowery model”.

Use ionization equations of bases to wrote the@luty cons}

equatlon@




Strengths of Bases_Self Study 102

A base that dissociates completely into
metal ions and hydroxide ions is known

as a strong base.

———

ot

Table 5 Dissociation
Equations for
Strong Bases )

aOH(s)(—Na“(aq) + OH (aq)

A weak base ionizes only partially in (0 g

dilute aqueous solution.

"KOH(s) (=K "(@q) + OH(aq)

O\ -
A
G

"RbOH(s)(— Rb*(aq) + OH(aq)

CsOH(s) @sﬂaq) + OH~(aq)

&,

-Ca(OH),(s) =) Ca?*(aq) + 20H(aq)

~—

Ba(OH),(s) (>)Ba*(aq) + 20H-(aq)




Strengths of Bases_103 |, y ook
Y\q ?W\r a%s of &‘Q)

Key
 The base ionization constant,@ is the value of the equilibrium constant expression

for the ionization of a base.

* For example, for Methylamine}CH;NHz) (Reaction is below in Table 6):
\oase- gam WA lose.ﬂrf v W piR

[CH,NH,*][OH ]
CH&N&‘I' \'\ “ Kb
= & c@ ;N [CH,NH, ]
Jﬁ?) A

* The smaller the value of K,, the weaker the base. <L -

Table 6 lonization Constants of Weak Bases %mﬁ\\ S
lonization Equation 60 0
Ethyla_nji_ng C,H.NH_(aqg) + H,O I)@ C,H.NH,"(ag) + OH™(aq) 5.0 x 10°*
Methylamine @aq) + H20(|)é CH,NH_*(aq) + OH—(aq) 43 % 104 1
Ammonia NH,(aq) + H20(I)©NH (ag) + OH (aq) 2.5 x10°° 3 TN
Aniline C.H.NH_(aq) + HQO(I)(—)C H.NH.*(ag) + OH™(aq) 43 %107 | |/>¥/\Q




Strengths of Bases_Page 103
o+t\~ +\ or@ o~\=629

APPLICATIONS

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

\0«!“ e hexylamine (CgH13NH>5) carbonate ion (CO327)
“_ . .
3. propylamine (CsH7NH5) . hydrogen sulfite ion (HSO37)

16. Challenge Write an equation for a base equilibrium in which the
base in the forward reaction is PO,3~ and the base in the reverse J/

9"25\‘3:“@ & lose H‘7 o @ X
‘ C H/g 2 + B0 f N Hs ooy T H@i)
CCQHSNH“ICO“ -5
CC 64’: 12N H;) o
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Strengths of Bases_Page 103

f-2= o=

APPLICATIONS

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

a. hexylamine (CgH 13NH>5) @ carbonate ion (CO327)
b. propylamine (C3H;NH>,) d. hydrogen sulfite ion (HSO37)

16. Challenge Write an equation for a base equilibrium in which the
base in the forward reaction is PO,3~ and the base in the reverse

reaction is OH™. @
» HO,

an Lt loses (T
Coj@ —+ d ZO < 7
T K, - Eﬁ\*\ CO& —S EQH/
b CCcO>)

2




Strengths of Bases_Page 103

APPLICATIONS

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

a. hexylamine (CgH 13NH>5) c. carbonate ion (CO327)
b. propylamine (C3H;NH>,) d. hydrogen sulfite ion (HSO37)
16. Challenge Write an equation for a base equilibrium in which the

base in the forward reaction is PO,3~ and the base in the reverse
reaction is OH™.




Strengths of Bases_Pa/gfe }03

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

a. hexylamine (C,H ;NH,)

CHysNH,(aq) + H,0(1) 5 CH,;NH,*(aq) +
OH~(aq)

= [GoHisNH; T [OH] /

b
ICEH 1 3” H 2]

16. Challenge Write an equation for a base

b. propylamine (C,H-NH,) o . ] ]
. equilibrium in which the base in the forward

C;H,NH,(aq) + H,0(l) «» C;H,NH,*(aq) +

OH~(aq) reaction is PO,”~ and the base in the reverse
B [C;H,NH,*] [OH"] reaction is OH™
® [CH,NH, ] PO (aq) + H,0(l) <3 HPO,2 (ag) + OH (aq)

¢. carbonate ion {C‘Df‘]
C0,% (aq) + H,O(l) +» HCO?*(aq) + OH (aq)

‘/ « _ [HCO; T[OH]
®T [0y

d. hydrogen sulfite ion (HSO; ™)
HSO,™ (aq) + H,0(l) « H,50,(aq) + OH™ (aq)

_ [H,50,] [OHT]
b [HsO;]




Quiz

3. The expression shown below is the
for methylamine.

k|, = [CHNHIIOH]
CH,NH,
¥_/->[S=-&~ |

A equilibrium constant C baseionization constant

B’ acid ionization constant D ionization equation



= W \vﬁ\' 4
Gconsyes et Quiz

4. Which is the @kest bas%shown in the table below?

Table 6 lonization Constants of Weak Bases

lonization Equation K (298 K)

Ethylamine C,H.NH,(ag) + H,O(l) = C,H,NH,"(aq) + OH (aq) 50x 10

Methylamine CH NHz(aq) + H,O(l) = CH_NH_ "(aqg) + OH™(aq) 43 x 107

Ammonia NH.(aq) + H,0O(l) = NH,*(aq) + OH (aq) 2.5 X 1075

Aniline C,H.NH,(aq) + H,O(l) = C_,H_,NH_"(ag) + OH™(aq) i 43 x 1028 >
(A ethylamine (¢ ammonia

(8 methylamine (D analine




REVIEW Page 103

Section Summary ‘/ 17. MAINIDEA Describe the contents of dilute aqueous solutions of the

* Strong acids and strong bases are strong acid HI and the weak acid HCOOH.
completely ionized in a dilute aqueous 18. Relate the strength of a weak acid to the strength of its conjugate base.
solution. Weak acids and weak bases 19. Identify the conjugate acid-base pairs in each equation.

are partially ionized in a dilute

aqueous solution. a. HCOOH(aq) + H,0(l) = HCOO~(aq) + H30™(aq)

b. NH + H,0() = NH,*(aq) + OH™
e For weak acids and weak bases, the (@) + Hz0() 47(aq) (aq)
value of the acid or base ionization 20. Explain what the Kj, for aniline (CgHsNH) tells you (K, = 4.3 X 1079).

constant is a measure of the strength 21. Interpret Data Use the data in Table 4 to put the seven acids in order according
of the acid or base. to increasing electrical conductivity.




SECTION 2 BE!IEW Answers

[

17. Describe the contents of dilute aqueous 19. Identify the conjugate acid-base pairs in each

solutions of the strong acid HI and the weak equation.

acid HCOOH. a. HCOOH(aq) + H,0(l) < HCOO™(aq) +
H,0"(aq)

The solution of HI contains only H;0™ and I~ ions ]

and water molecules. The solution of HCOOH acid: HCOOH; conjugate base: HCOO™; base:

contains H;0™ and HCOO™ ions, and HCOOH and H,0; conjugate acid: H;0™;

H,0 molecules.

b. NH,(aq) + H,O(l) < NH, " (aq) + OH™(aq)
18. Relate the strength of a weak acid to the

. . acid: H,0; conjugate base: OH™; base: NH,;
strength of its conjugate base.

conjugate acid: NH, ™
The stronger the acid is, the weaker its conjugate

base. The weaker the acid is, the stronger its 20. Explain what the K for aniline tells you.

conjugate base. (K, =43x 10-10),
The size of aniline’s h’h indicates that aniline is a
weak base.

21. Interpret Data Use the data in Table 18.4
to put the seven acids in order according to
increasing electrical conductivity.

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