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Lesson 2: Strengths of Acids and Bases

Strengths of Acids

The 0.10M HCl solution conducts electricity better than the 0.10M HC,H;0, solution.

Acids that ionize completely are called strong acids.

An acid that ionizes only partially in dilute aqueous solution is a weak acid.

The ionization of hydrochloric acid in water can be represented by the following equation.
HCl(aq) + H,O(l) — H;0" (aq) + CI (aq)

The equation has a single arrow pointing to the right, which means that a reaction goes to completion.

Table 3 lonization Equations

Strong Acids Weak Acids
lonization Equation m lonization Equations
Hydrachloric HCl —H* + CI™ Hydrofluaric HF = H* +F~
Hydroiodic H—HY+ 1~ Acetic HC,H30, = H* + CoH10;™
Perchloric HCIO s — H* + CIO4~ Hydrosulfuric HS=H" + HS~
Nitric HNO ; — H* + NQ~ Carbonic H,CO3 = H* + HCO5~
Sulfuric H,S04 — H* + HSO 4~ Hypochlorous HCIO = H* + CIO~

Acid strength and the Bronsted-Lowry model

| v
HX(aq) + H,O(l) = H30%(aq) + X (aq)

In the strong acids:

H,O is a stronger base (in the forward reaction) than is the

Acid Base Conjugate Conjugate
conjugate base X (in the reverse reaction). acid base
The base H,0 has a much greater attraction for the H* ion than ‘ A

does the base X"
Therefore, the ionization equilibrium lies almost completely to the right.

In the weak acids:

The ionization equilibrium for a weak acid lies far to the left. Why?

.............................................................................................................................. | +
........................................................................................................................... HY(aq) + HQO(D = H3O+(aq) + Y_(aq)
............................................................................................................................. Acid Base Conjugate Conjugate

.............................................................................................................................. aCici base
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Acid ionization constants
The equilibrium constant expression provides the quantitative measure of acid strength.
HCN(aq) + H,0(l) = H;0" (aq) + CN(aq)

Write the equilibrium constant expression for the ionization of hydrocyanic acid.

The concentration of liquid H,O is considered to be constant in dilute aqueous solutions, so it can be combined

with Keq to give a new equilibrium constant, Ka .

Ka= =6.2x 1070

Acid ionization constant (Ka) is the value of the equilibrium constant expression for the ionization of a weak acid.
The weakest acids have the smallest Ka values. Explain.

Note that each ionization of a polyprotic acid has a Ka value, and the values decrease for each successive ionization.

Hydrosulfuric, first ionization H,S = H* + HS~ 8.9x1078

Hydrosulfuric, second ionization HS— = H* + S2- 1x 10~ ‘

PRACTICE Problems

Write ionization equations and acid ionization constant expressions for each acid.

a. HClO,
b. HNO,
c.HIO

Write the first and second ionization equations for H,SeOs .

[AsO,43 J[H307]
[HASO 2|

Given the expression Ka =, . write the balanced equation for the corresponding reaction.
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Strengths of Bases

A base that dissociates entirely into metal ions and hydroxide ions is known as a
strong base.

Some metallic hydroxides, such as calcium hydroxide (Ca(OH),) have low solubility
but they are considered strong bases because all of the compound that dissolves is
completely dissociated.

A weak base ionizes only partially in dilute aqueous solution.

CH3NH,(aq) + H,0(l) = CH3NH3*(aq) + OH—(aq)

This equilibrium lies far to the left. Explain.

Base ionization constants

Write the equilibrium constant expression for the ionization of methylamine (CH;NH,).

Kb=

Table 5 Dissociation
Equations for
Strong Bases

NaOH(s) — Na"(aq) + OH (aq)
KOH(s) — K™(aq) + OH (aq)
RbOH(s) — Rb*(aq) + OH(aq)
CsOH(s) — Cs™(ag) + OH(aq)
Ca(OH) 5(s) — Ca?*(aq) + 20H " (aq)

Ba(OH) 2(s) — Ba?*(aq) + 20H (aq)

Base ionization constant (Kb) is the value of the equilibrium constant expression for the ionization of a base.

The smaller the value of Kb , the weaker the base. Explain.

Table 6 lonization Constants of Weak Bases

Ethylamine C ;HsNH 5(aq) + H,0(l) = C;HsNH;(aq) + OH(aq)
Methylamine CH3NH 5(aq) + H0(l) = CH3NH;*(aq) + OH (aq)
Ammonia NH 3(aq) + H,0(l) = NH,;*(aq) + OH(aq)
Aniline C ghbNH 5(aq) + H,0(l) = CgH sNH3 (aq) + OH™(aq)

lonization Equation Ky (298 K)

5.0 x 1074
43 %1074
25x10°°

43 %1071

PRACTICE Problems

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

a. hexylamine (CgH13NH,)

b. carbonate ion (CO3%)

c. propylamine (C3H;NH,)

d. hydrogen sulfite ion (HSO5’)

Write an equation for a base equilibrium in which the base in the forward reaction is PO,> and the base in the

reverse reaction is OH".
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Strong acids Strong bases
HCl Hydrochloric acid NaOH Sodium hydroxide
HBr Hydrobromic acid KOH Potassium hydroxide
HI Hydroiodic acid RbOH Rubidium hydroxide
HNO;  Nitric acid CsOH Cesium hydroxide
H,SO, Sulfuric acid LiOH Lithium hydroxide
HCIO, Perchloric acid Ca(OH), Calcium hydroxide
HCIO; Chloric acid Ba(OH), Barium hydroxide
Sr(OH),  Strontium hydroxide

Regarding the figure below, which of the following is tmnia ol L b oolal JSatl gl Lad

correct?

1 2

The light is dim in 1 because CH,COOH is @ aea CH3COO0H o 1 3 el plaadl opun 03 O

a strong acid

The light glows brightly in 2 because HCI o HOl L N 2 oAbl Bag 2 Uy O

ionizes only partially Ladh e

The light glows brightly in 2 because HCl is g4 aen HCI M2 & Gl Bag ~luaall 2

a strong acid
The light is dim in 1 because CH,COOH ionizes CH;COOH _aes (N 1 o Bl s laadl som 065 o
completely Lol (b
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What is the correct descending order of the acids in

the table below according to the concentrations of ions

in each solution?

sl Jsoall 3 sylall aleaB mmcall AN il L
Tlete US Jslaa B s 5SIA g

bl oyl
S Acid sl
lonization Constants
8.9 x107°® H,S
6.3 x 1074 HF
1.8 x 107° CH;COOH
4.5 x 107 H,CO;
H,S —»H,CO, —» HF —» CH,COOH ®)
HF —— CH,COOH —» H,CO; —» H,S e,
H,S —»H,CO; —» CH.COOH —» HF '®)
CH,COOH —» HF ——» H,CO; —» H,S O

Which of the following statements is correct about the

reaction shown below?

falial o Uil Auudly dauaua ADS) @) jlall ¢l

CH3NHz(aq) + H,0() = CH3NH;*(aq) + OH (aq)

A. The base CH;NH, is weak and the conjugate base OH" is strong

aush OH 4B jad) 530\ g Adms CH3NH, s A

B. The base CH;NH; is strong and the conjugate base OH" is weak

Adaua OH 4B jal) 55l g 48 CH;NH, s B

C. OH- ion has lowest attraction for H* ion than has a

molecule of CH;NH,

CH3NH; £ > Asiias baa JB1 H* (5 Wda lliay OH 38l .C

D. The equilibrium lies far to the right

Oeadl ) Voe O3 428 .D

Which of the following substances ionize completely in
aqueous solutions producing hydronium ions H;O*?

Cligyl gy dlal) Jullaall (B Wl Gl 40N Sgad G (gl

SHY0" pguig gl
l. | HCI

Il. | HC;H30,;

I, | H,SO4

IV. | HCIO
A. land Il s | .A
B. lland Il s 1l .B
C. land lll sl .C
D. I, lland IV IVslisl .D
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What is the acid ionization constant of the equation shown below? | £aa) Al sl Jaaad) [l cad putd e

i + -
HNO,,,, +H,0, <H,0% ., +NO,"

_ [H30%]INOZ]
Ka = " lanos)

K - [H30%]N03)

*  [HNO2][H20]
_ __[uNoy)

* " [H30*][No3z]

_ [HNO3)(H;0]

* 7 [H30*][Noz]

Which of the following statements is correct about the reaction £l Jo il Al daiaa Al il jld) 51

shown below?

HC,H;0,(aq) + H,0() = H;0*(aq) + C,H;0,~(ag)

A. The acid HC;H;0; is strong and the conjugate base C;H;0; is weak Adad (5H;0, 488 pall 33l g (5 8 (aes HCH30, .A
B. The base C,H;0; is weak than H,0 base H,0 33l ( cinl C,H;0, sl B
C. The conjugate base C,H;0, has greater attraction for H* ion ASGS Laa 5 980 HY (g Lda S C,H;0, 4R yal) Sl €
than does the base H,O H,0 3=l
D. The equilibrium lies far to the right Onadl M 1aas O 3N 4235 D
Which of the following substances dissociate ciligd g Aslal) Jullaall (B Ualad GISAT AGN dgal) (e L.Si
completely in aqueous solutions producing ° FOH" uassrug)
hydroxide ions OH ? : = =
I. | NaOH
II. | NH;
. |ca(OH),
IV. | CH3NH;
A.land Il ls I .A
B. land llI s 1 .B
C. lland Ill sl .C
D.l, llland IV IVsliisl .D
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Which of the following statements is correct regarding the € Al ol Albleas abets Lasd Gaais Al Gllad) éi
following ionization equation?

NHi(aq) + HO(D = NHs*(aq) + OH (aq)

The equilibrium lies far to the left because the base NH; is G NH; saseldd o Jledl 1) 15 Y1 ags
strong, and the conjugate base OH™ is weak e OH™ A&l s ldlly
The equilibrium lies far to the left because the base NH; is G NH: s 0¥ Sl ) 13 oY) 4
weak, and the conjugate base OH" is strong s OH™ &&)l saaldlly
The equilibrium lies far to the right because the base NH; is Gmaa NH; 520l 0 csad) ) 13 olEY) ass
weak, and the conjugate base OH" is strong igd OH™ &l s ldlly
The equilibrium lies far fo the right because the base NH; is A NH; sl OY cuall I 1w BV s
strong, and the conjugate base OH ~is weak Aeas OH™ 415l 500 il
Which of the following statements is correct regarding the ¢ Al el oY ey (@b Lasd daaa AED cladl *éi

following ionization equations?

K. (298 K) ol Albles aeall
lonization equation Acid
8.9 x 107° HoS = H* + HS™ JV1 ool el i€y yugh
Hydrosulfuric, first ionization
1X105™ HS=H*+ s S ) LSy gl
Hydrosulfuric, second ionization

The acid in the first ionization is weaker than the acid S Bl 8 mandl e e ST W) ol 3 piaeal)

in the second ionization

The concentrations of ions produced by the second ionization i) 815 e ST SN ) e Al clig) ) 5
are greater than the concentrations of ions produced by the first Jah ol e dmsl)
ionization

Hydrosulfuric acid is a strong acid because it is a polyprotic Gfgdl 2aie 4 S8 Umen Aoyl (mea
The acid in the second ionization is weaker than the acid in the Js¥) bl 8 Gmaadl e e ST S ol 3 paeal)

first ionization
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The bulb is connected to a solution of 0.1 M HCI in zluadl las ¢ 1 J<an f 0.1 M HCI Jdae: luase zlad)
figure 1 ,while the bulb is connected to a solution of <284 4 0.1 MHCHL0, Jsaw: hase
0.1M HC,H-0, in figure 2.

What is the reason for the difference in the brightness ¢ ol oKl & zluadl g,l..‘ & DY) e b

of the bulb in the two figures below?

HC,;H;0, is a strong acid and completely ionizes in Sl Jgladl 8l OS5 ;_eh.,__, S8 asa HC)H;O0; [maall
aqueous solution

The number of ions in HCI solution is less than Clig¥) 336 e Jil HCL Jgladdl & i) ae

the number of ions in HC,H,0, solution HC,H;0; Jsadll 2
The number of ions in HCI solution is more than Jladl A Gl ae e SSTHCH Jaladl & Sl 2

the number of ions in HC,H;O, solution HC,H,0,

HCl is a weak acid and only partially ionizes in ! Jstaall 3 Lok Ui _'gt'._;_, e asa HOL (aeall

aqueous solution
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Which of the following statements is correct according to Gl (3laty L Asgmas 40N 0 jlaall ]
Salial J anlly 23

the data in the table below?

K (298 K) ol Aatas aaall
lonization equation Acid
IV el el S

Carbonic, first ionization

45 x 1077 H,COs = H" + HCO;~

HCO,~ = H* + €042 g sl i 28

7 %10=4
* 10 Carbonic, second ionization
Carbonic acid is a strong acid because it is a polyprotic Ogodl 2aete N G paas Slig Sl e
The concentrations of ions produced by the second Ciligl1 3815 e ST S G e da3l Gl 3815
ionization are greater than the concentrations of ions IV ol e dastal

produced by the first ionization

The acid in the first ionization is weaker than the acid Sl 8 el e Canaal ) cpl) 3 aasd)

in the second ionization

The acid in the second ionization is weaker than the IV culil 8 man) e Caeal B ol 3 aaal
acid in the first ionization

Which of the following statements is correct I bl Aoy (Bl Lah e A0 Ll 4

according to the following ionization equation?

HCN(aq) + H;O(l) = H30*(aq) + CN~(aq)

The equilibrium lies far to the right because Gis dlbies CN dahall sac @l oY Cadll L 1 o)) sy
the conjugate base CN™ has a greater attraction H,0 saclill (ye LT HY 5s80

for the H'ion than does the base H,0

The equilibrium lies far to the left because the Las @b CN™ daahpal) saclall o Jlead) ) 13wy o)aY) 4ss
conjugate base CN™ has a greater attraction H,0 s:clil o L&t HY opdll
for the H'ion than does the base H,0

The equilibrium lies far to the right because Uaa elbia ON™ Zathal sac il o8 Cpall U 1y oY) assy
the conjugate base CN™ has less attraction H,0 sacldl o Jil H (50

for the H'ion than does the base H,0

The equilibrium lies far to the left because Laa el ON™ @@hall sac ) oY bl I 13y oY) 4an
the conjugate base CN™ has less attraction H,0 sxcldll e J5I HY stu

for the H'ion than does the base H,0
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What is the difference between the two figures below?

Acetic acd
molecule

e g
I T |
Acetate oo

it Sl

paasiea Opl
Hydronkum lon

0.1 M &3l Jass Jsbaw

0.1 M acetic acid solution

HCI acid solution is weak conductors of electricity while

the HC,H;0, acid solution is good conductors of electricity

The HCI acid molecules contained in the solution are
ionized partially while the HC,H;0, acid molecules

contained in the solution are ionized completely

HCI acid solution produces a maximum number of ions

while HC,H;0, acid solution produces fewer ions

HCI acid solution produces fewer ions while HC,H;0,

acid solution produces a maximum number of ions

Solial (Il CaDEAY) asg La

Hydronium ion

0.1 M &) a5 08l Gaas Jshas
0.1 M hydrochloric acid solution

Laiy elijeSl ddn il CMasall (10 HCL (aas Jslaa
liygSll saall eBlagall e HC,H30, e Jslas

i Bja Jolaal) lgsgins I HCI (aes clisia culs
Lla Jolaall esging AV HCH30, (e cliis oifs

Laiw @l (e 236 oadl HCI aas Jslse i

Lo J8l ciligd HCI (aas Jslaa 2ty

el e 22 u_.aii HC,H30, (aes Jsbsa o
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