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Properties of Acids

What is an Acid?
Acids release hydrogen ions into solutions

Acids neutralize bases in a neutralization reaction.
Acids corrode active metals.
Acids turn blue litmus to red.

Acids taste sour.
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Properties of Bases

Bases release hydroxide ions into a water solution.
Bases neutralize acids in a neutralization reaction.
Bases denature protein.

Bases turn red litmus to blue.

Bases taste bitter.
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Arrhenius Acids and Bases

Arrhenius's definition of acids and bases dates back to the1800's.
It is now considered obsolete since it only relates to reactions in
water - aqueous solutions.

Arrhenius defined acids and bases this way:

An acid is a substance that, when dissolved in water,
increases the concentration ofhydrogen ions.

HCI + H,O ==»H;0* + CI-

H30* is called a hydrated proton or a hydronium ion.

A base is a substance that, when dissolved in water,
increases the concentration ofhydroxide ions.

NH; + H,O ==pNH,* + OH-

Brensted-Lowry Acids and Bases

A Bronsted-Lowry acid:
must have a removable (acidic) proton

or
must transfer a proton to another substance

NH; + ®4+ + Cl-
A Brgnsted-Lowry base:
must have a pair of nonbonding electrons
o must accept a proton
H—N H+HCI =»NH, + CI
H

Lewis Acids

Brensted-Lowry acids replaced Arrhenius acids becausethe former

were more general: Arrhenius acids could only bedefined in aqueous

(water) solutions. Brgnsted-Lowry acids don't have that limitation.
Arrehenius acids - only substances dissolved in H,O

Similarly, Bregnsted-Lowry acids are limited to substances
that gain or lose hydrogen.

Brensted-Lowry acids - only substances that gain or lose H*

The most general approach is that of Lewis acids; whichdo not require
an aqueous environment or an exchange othydrogen.

Bronsted-Lowry Acids and Bases

The Brensted-Lowry definition dates back to the early 1900's
and is considered the modern definition of acids and bases.

This definition is more general and it works for all reactions;
not just in those in water

An acid is a proton, H*, donor.
Abase is a proton, H*, acceptor.

NH3+ HCl ==pNH,* + CI-

Brensted-Lowry Acids and Bases
HCI +H,0 ==-CI + H;0*

HCI donates the proton and acts as a Brgnsted-Lowry acid.

H,0 accepts the proton and acts as a Brgnsted-Lowry base.

Lewis Acids

Lewis acids are defined as electron-pair acceptors.

Atoms with an empty valence orbital can be Lewis acids.

CHs CH3 H
H,C —C+ + "BHz _>H3C_C|:_O{'
CH3 CH3 H

Lewis Acid



Lewis Bases

Lewis bases are defined as electron-pair donors.

Anything that could be a Brgnsted-Lowry base is a Lewis
base.

Lewis bases can interact with things other than protons,

however. Therefore, this definition is the broadest of the three.

CH,4 CHs H
HeC —f+ + «OH, —>H3C—C—Oi-

CHs CH; H
Lewis Base

A Bronsted-Lowry base is defined as a substance
that

QA increases [H+] when~

QOB  decreases [H+] whi 5

» The Bronsted-Lowry definition
Oc increases [OH_] V‘E of a base is a substance that

is a proton acceptor.

QD acts aa s proton acc

QE  acts as a proton donoi

A Brgnsted-Lowry acid is defined as a substance
that

S
QA increases K, when & E
»  The Bronsted-Lowry definition

2 nst
OB decreases [H] whel ' %=
QC increases [OH] whel

QD acts as a proton accep-

QE  acts as a proton donor

1 ABrensted-Lowry base is defined as a substance
that

QA increases [H+] when placed in H,O
QB  decreases [H+] when placed in H,O
QC increases [OH-] when placed in HO
QD  acts aa s proton acceptor

QE  acts as a proton donor

2 ABrensted-Lowry acid is defined as a substance
that

QA increases K, when placed in H,O
QOB  decreases [H*] when placed in H,O

QC increases [OH] when placed in H,O
QD  acts as a proton acceptor

QE  acts as a proton donor

3 Which of the following compounds could never act

as an acid?
QA S04
QB HSO,4
QC H,S0O,
OD NHs;

OE CH3;COOH



3 Which of the following compounds could never act

as an acid?
QA SO4*
OB HSO, a A
3 In order to be an acid you must
7] be either be a substance that
O c HZSO4 £ increases the H* concentration or
< a substance that donates a
QD NH3 proton or an electron pair
acceptor. SO.* fits none of these
O E CH3COOH definitions.

4  According to the following reaction model,
reactant is acting like an acid?

QA
OB
Qc
QD
QE

H20 + H; SOy =pH3C

S
[

H2SO, 2 , , )
2 H,SO, is donating a proton so it

is the reactant that is acting like
HZO 9 an acid.
+
H;0
HSO,

None of the above

5  According to the following re action, which reactant
is acting like a base?

QA
OB
Qc
oD
QE

H;0* + HSO4 =pH,0 + H,SO,

H2804 o
] D
HZO g HSOy is accepting a proton so it
< s the reactant that is acting like
H O+ an base.
3
HSO,

None of the above

4

5

According to the following reaction model,
reactant is acting like an acid?

H,O + Hy SOy =pH; 0t + HSO4-

QA  H;SO,
QB H,0
QC H;0*
QD HSO,

QE None of the above

According to the following re action, which reactant
is acting like a base?

H;0* + HSO4 =pH,0 + H,SO,

OA  H,S0,
QOB HyO
QC H;0*
QD HSO4

QE None of the above

For the following reaction, identify whether the
compound in bold is behaving as an acid or a
base.

H;PO4 + H;O=pH,PO,4 + H; O

QA Acid
QOB Base
QC Neither
QD Both

QE None of the above



6 For the following reaction, identify whether the 7 For the following reactionjdentify whether the

compound in bold is behay” compound in bold isbehaving as an acid or abase.
base.
o H3PO, + HO==pH,PO4 + H;0*
H;PO,; + H,O == ) A )
g HsPO4is donating a proton so it
< is acting like an acid.
OA Acid QA Acid
QOB Base QOB Base
QC Neither QC Both
OD Both QD Neither
QE None of the above QE None of the above
7 For the following reactionjdentify whether the 8 Which of the following cannot act as a Lewis base?
compound in bold isbehaving as an acid or abase.
HaPO, + H,O=pH-PO, + H:0* QA Cl
QB NH;
OA  Acid 5 . QC BFs
08 Base [ R R oD oN
QOC Both QE H,O
OD Neither
QE None of the above
8 Which of the following cannot act as a Lewis base? 9 In the reaction BF; + F- ==»BF,"
QA Cr BF; acts as a/an acid.
O B NH3 3 A Lewis Base isCan electron pair i
OC BF g donor and any substance that is a QA Arrhenlus
B d Lowry b: wou
® & Lowis base. B i not a Broneied QOB Bronsted-Lowry
O D CN' Lowry base and can not act as an
electron pair donor. .
QC Lewis
QE H),O

QD Arrhenius, Bronsted-Lowry, and Lewis

QE Arrhenius and Bronsted-Lowry



9 In the reaction BF; + F- =»BF,-

BF; acts as a/an

“;’ BF;is acceptingcan electron pair Co nj u gate ACid Base Pa i rs
QA Arrhenius 2 from F-and is acting as a Lewis
< Acid.
QB Bronsted-Lowry
QOC Lewis
QD Arrhenius, Bronsted-Lowry, and Lewis Return to the

QE Arrhenius and Bronsted-Lowry Table of contents

Conjugate Acids and Bases Conjugate Acids and Bases
The term conjugate comes from the Latin word remove H*
“conjugare,” meaning “to join together.”
Reactions between acids and bases always yield HNOx(aq) + H.O(l) g NO> (aq) + H:s0*(aq)
their conjugate bases and acids. Acid Base Conjugate  Conjugate
| base acid
remove H* T
add H+
HNOx(aq) + H:O(l) g==NO> (aq) + Hs0*(aq)
Acid Bazse Conj?ugate Co;jugate After the acid donates a proton, the result is called its
| base acid conjugate base.
T After the base accepts a proton, the result is called its
add H+ conjugate acid.
Acids in Water 10 In liquid ammonia, the reaction represented
below occurs. In the reaction NH 4* acts as
What Happens When an Acid Dissolves in Water? 2NHs; =»NH.* + NHy
Which is the acid? QA acatalyst
. o .
Which s the base? ! QB both an acid and a base
Water acts as a Brgnsted-Lowry Qc the conjugate acid of NH
base and takes a proton (H+) 1ug 8
from the acid. nso, J OD the reducing agent
As a result, the conjugate base =3 QE the oxidizing agent
of the acid and a hydronium ion
are formed.

H,SO4 + HyO ==pH;0* + HSO4
Question from the College Board
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10 In liquid ammonia, the reaction represented
below occurs. In the reaction NH 4* acts as

2NH; =>NH,* + NH;

QA acatalyst

QB both an acid and & c ,
= NH,* acts as the conjugate acid of
Qc the conjugate acicz::’ NH.

OD the reducing agent

QE the oxidizing agent

Question from the College Board

11What are the conjugate bases of HCIO 4, H,S, PH.*,
HCO;?

QA ClO,4*, HS-, PH: B

To create a conjugate base for an
OB ClO4, HS-, Pf% acid you must remove an H and
» decrease the charge by 1.
2. 2 HCIO,'s conjugate base is ClO4,
Qc ClO.*, HSZ, lﬁ H,S's is HS-, and PH, * is PH; and
HCOj is COz2.
D C|O4', HQS', PH3,

Acid and Base Strength

Weak acids only partially
a dissociate in water.

100%
ionized
in H,0
Their conjugate bases are

weak bases.

strength increases

HC;H;0, (o
H i-:t_na! &
U3,

@ Acid

Jg’ 2,
: ® Proton C Vo
2 ® Negative ion
< H =™ 100%
CHy CHy’ protonated
in H,0

11 What are the conjugate bases of HCIO 4, H2S, PH.*,
HCO5?

QA ClO4*, HS-, PH3, CO5
OB C|O4', HS, PH3, C032'

Qc ClO4%, HSZ, PH3%*, COs*

D ClO4, H:S-, PHs, COs>

Acid and Base Strength

Strong acids completely
dissociate in water.

100%

ionized

in H,O . . .
Their conjugate bases are quite

weak.

strength increases

E-
HC>H30,  C:HsO,
H 2

® Proton
® Negative ion

Acid strer

B 100%
CH, CHs protonated
in H,O

Acid and Base Strength

Acid Base

100% HCI cr . .
ionized H,50, HSO: Y Substances with negligible
in H,0 HNOs NOy & acidity do not dissociate in
«—HSO/ sof —s 5 water. They will not readily
HsPOs HzPOs = give up protons.
HF F- £
HC;HiO,  CoHsOp ®
HCOy @ ___Their conjugate bases are

strong.

<

Acid strength i

100%
protonated
in H,O
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Acid and Base Strength Acid and Base Strength

In any acid-base reaction, equilibriumwill favor the reaction in HCl (aq) + H.O (I) =>H;0" (aq) + CI" (aq)

which the proton moves toward the strongerbase. acid base conj. acid  conj. base
In other words, a stronger base will"hold onto" its proton whereas Acid Base
a strong acid easily releases its proton(s). In this example, Hy0isa e Heo. @ "
much stronger base than in H0 HNO; NO. g
HCI (aq) + H:0 (1) HsO" (aq) + CI (aq) ClI- so the proton moves —:SF%— H_—» 2
- > A . from HCl to H,O o £ 5
acid base conj. acid conj. base R o, Ciror 5
Conversely, HCI is a much 4 Moo Hcor I3
. . L o stronger acid than §a@isen oy
An alternative way to consider equilibrium ighat it will favor the | 2

hydronium ion, so

reaction AWAY from the stronger acid. equilibrium lies very far to %
the right Z -
2 —H; H & — 0,
K>>1 CH, CHy :)?(?té’nated
in H,0
Acid and Base Strength Acid and Base Strength

Consider this equilibrium between acetic acid and acetate ion: CH;COOH (aq) + H.0 () ;0" (aq) + CH;,COO" (aq)

Acid Base
CH3COOH (aq) + H,O (I) ==»H30* (aq) + CH;COO- (aq) 100% ol -
ionized H,80. HSO Since the hydronium
Does equilibrium lie to the left (K<1) or to the right (K>1)? in H,0 NO;’ ion is a stronger acid
H0

than acetic acid,
equilibrium lies to the

SO

If you look for the stronger |If you look for the stronger

strength increases

acid: base: <1).
Equilib lies away from the |Equilib favors this base =
stronger acid. accepting a proton. 2
< 100%
Ha H protonated
CH, CHy in H.O
Acid and Base Strength 12 Strong acids have conjugate
bases.
Acetic acid is a weak acid. This means that only a small
percent of the acid will dissociate.
The double headed arrow is used only in weak acid or QA strong
weak base dissociation equations.
OB  weak
CH3;COOH (aq) + H,O (I) ==»H30* (aq) + CH;COO- (aq) QC  neutral

A single arrow is used for strong acid or strong bases OD  negative

which dissociate completely.

NaOH ==»Na* (aq) + OH- (aq)



12 Strong acids have conjugate 13 HBr, hydrobromic acid is a strong acid. This means

bases. that it
g QA aqueous solutions of HBr contain equal
QA strong é 5 concentrations of H* and OH-
OB  weak <
QOB does not dissociate at all when it is dissolved in
QC  neutral water
QD negative ) Qc  cannot be neutralized by a base
QD dissociates completely to H* and Br- when it
dissolves in water
13 HBr, hydrobromic acid is a strong acid. This means 14 For the following reaction, determine which side
that it . of the equilibrium is favored.
Hi;PO4 + H,O ==»H,PO4 + H;0*
Oa aqueous solutions of H D Acid Base
concentrations of H* ag Sttong acids grr::] |Z?:|§S .1:):”%23 E;S'g Fﬁ%‘" g
o A the right side 2 3 : g
QB does not dissociate at all n . 'ght si —lisor sor £
water OB the left side e 8

c ) .
Q cannot be neutralized by a base OC  Neither side i€

QD dissociates completely to H* and Br- when it
dissolves in water

H,O
oM 0¥ 100%
H, H protonated
CH, CHs' in H,0O
14 For the following reaction, determine which side 15 For the following reaction, determine which side
of the equilibrium is favor=~ of the equilibrium is favored.
HsPO4 + H,O = B H;O* + HSO4 =pH,0 + H,SO,
. The left side is favored because
@  H,PO,-is a stronger base than .
g ’ H:O and the side of the . . Acid Base
& equilibrium that is favored is the 2 QA the rlght side 100% Hel cr @
<  side where the stronger base 8 ianeg H,S0, HSO, i
. . o . in N 5
QA the right side hes accepted the proton. |2 QB the left side S ho "o 5
£ HSO, S0.” r
QB the left side g QC  Neither side is favored o R 5
g @

HCH;0,  CyH30,

incrdases

QC Neither side i§

9|Q!5!I59N

=
=
g
-— —_— o -
OH o* 100% 2 OH o !
H, H protonated H, H 100%
CH, CHg in H,O CH, CHy protonated

in H,O



15 For the following reaction, determine which side 16 For the following reaction, determine which side

of the equilibrium is favored. of the equilibrium is favored.
H;O0* + HSO et =77 HNO;3 + Hy0O ==»H;0* + NO3
Acid Base
. . A . .
QA the rlght side @ The right side is favored because ? QA the I'Ight side 100% HCl cr @
H H,0O is a stronger base than & ionized H,SO. HSO, a
) HSO and the side of the o in H,0 HNO, NOs g
H y o . 2 3 2
OB the left side é equilibriam thatis favored isthe  » 2 OB the left side 4—"‘30'3 H230—> <
. . . side where the stronger base £ :SFE)& Hsgg_ £
QC Neither side is favol  has accepted the proton. b3 QC Neither side is favored | HE o k2
o 4 HC,Hs0;  C;H:0,° @
elqlﬁub‘eN faiblbaN S
§’ NHe NH3: El
g HCO5. COs% g
3 HPO,* PO i
2 H.0 OH, 3 OH
< ‘—S:* e (T < ‘_SH HQZ'_' 100%
CH, CHy’ %r?_:g(r;ated Cf—h CHy i;:\ro}_tgated
16 For the following reaction, determine which side
of the equilibrium is favored.
HNO;3; + H,O ¢
A
. . S . . v
@ Theright side is favored because
QA the ”ght side 2 H:Ois a stronger base than NO3- §
(] and the side of the equilibrium @ H
O B the |eft side é mztsif“f;\éoer?g;:;hhea:igtcacv;r;?ers é Am p h Ote rl c S u bsta n ces
. . . the proton. %
QC Neither side is favore g

afa1b1BaN
£ Return to the Table
§ of Contents
+—oH 0" 100%
Ha H protonated
CH, CHy in H,0
Amphoteric Substances Amphoteric Substances
If a substance can act both as an acid and base, it is known Another term for amphoteric is amphiprotic.
as amphoteric. For example, water can act as a base or For each of the following substances, write two equations,
acid depending on the situation. one showing it as a Bronsted-Lowry acid and another

showing it as a Bronsted-Lowry base.
HCl + H,O ==»CI- + H;0*

Above, water accepts a proton, thus acting as a base.

NH; +H,O  ==$NH,* + OH-

Above, water donates a proton, thus acting as an acid. HSO,

H20
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" A substance that is capable of acting as both an acid
and as a base is

QA
OB
oc
oD
QOE

18 Write the equations and equilibrium expressions for HS-
when it is acting like a Brgnsted-Lowry acid and when it

autosomal
conjugated
amphoteric
saturated
miscible

is actifigike s Briristéd-Lowry base.

Strong Acids

Recall, strong acids completely ionize in solution.

The seven strong acids are:

- HCI

- HBr

- HI

- HNOs
- H.SO,
- HCIO;
- HCIO,

hydrochloric acid
hydrobromic acid
hydroiodic acid
nitric acid
sulfuric acid
chloric acid
perchloric acid

Memorize this list.

" A substance that is capable of acting as both an acid
and as a base is

OA autosomal
OB conjugated
OC amphoteric
OD saturated
QOE miscible

Answer
(@)

Strong Acids and Bases

Return to the Table of
Contents

Strong Acids

The seven strong acids are strong electrolytes because they are
100% ionized. In other words, these compounds exist totally as ions
in aqueous solution.

For the monoprotic strong acids (acids that donates only one proton
per molecule of the acid), the hydronium ion concentration equals the
acid concentration.

[Acid] = [H:0]

So, if you have a solution of 0.5 M HCI, then [HsO*] = 0.5 M


page175svg

Strong Bases 19 What is the hydroxide ion concentration of a

0.22 M calcium hydroxide solution?
All strong bases are group of compoundscalled "metal hydroxides."

QA 01

All alkali metals in Group | form hydroxides that are strong

bases: LiOH, NaOH, KOH, etc. OB 0.22

Only the heavier alkaline earth metals in Group Il formstrong Qc 044

bases: Ca(OH), Sr(OH),, and Ba(OH),. OD 088

Again, these substances dissociate completely in aqueous QE Not enough information.

solution. In other words, NaOH exists entirelyas Na* ions and OH-

ions in water.

19 What is the hydroxide ion concentration of a 20 What is the concentration of H* in a 25ml solution of
0.22 M calcium hydroxide solution? 0.05M HCI when diluted to final volume of 100mI?
QA 0.1
C
OB 022 _ Calcium hydroxide's formula is
QOcCc 044 ®  Ca(OH),. For every 1 mole of
% Ca(OH), there are 2 moles of OH-.
OD 0.88 & [fyou have a 0.22M solution of
Ca(OH), then the concentration of
QE Not enough OH- is 2x as much or 0.44M.
20 What is the concentration of H* in a 25ml solution of 21 What is the [H*] ion concentration of a 50 ml solution
0.05M HCI w* . <100mI? of 0.025M H,SO., when diluted with 150 ml of water?

To determine the new concentration
you can use the formula M:V1=M,V,
M, =.05M, V=25 ml and V> = 100 ml
Mz = MV4/V,
M= .05M x 25 ml /100 ml
M, = 0.0125M HCI
The concentration of H* equals the
concentration of the HCI solution and
therefore equals 0.0125M.

Answer



21 What is the [H*] ion concentration of a 50 ml solution 22 A solution of 25 ml of 0.1M HCI and 50 ml of 0.5M
of 0.025M H,SO; “of water? HNG; are mixed together. What is the [H+] ion
Using M= MaVa You are given: concentration of the resulting solution?
M; = 0.025M, V4= 50 ml and V>=100 ml.

‘q') Mz = MiVi/V2

HS M. = 0.025M x 50 mI/100 ml

7] M. =0.0125M

é For every 1 mole of H,SO, there are 2
moles of H*.

If you have a 0.0125M solution of H,SO4
then the concentration of H* is 2x as much
or 0.0250M

Auto-ionization of Water

As we have seen, water is amphoteric, meaning that it
can act as either an acid or a base.

Auto-ion ization of Water In pure water, a few molecules act as bases and a few

act as acids, in a process referred to as autoionization.
H—? + H—f —>H—T—H + O—H
H H H

Return to the -
Table of contents The double headed arrow indicates that both the

forward and reverse reactions occur simultaneously.

H20 (I) + H20 () ==»H30* (aq) + OH- (aq)

Autoionization of Water lon-Product Constant
H.O (1) + H.O (I) ==»H;0* (aq) + OH- (aq) In most dilute acid and base solutions, the concentration of
undissociated water, remains more or less a constant.
When there is an equilibrium state, the ratio ofproducts to We can thus disregard the denominator in the equilibrium

expression.

This value is known as the equilibrium constant, Kand will be K= [HsO*] x [OH]
discussed in more depth later in this unit. [H20] x [H.0]

reactants yields a constant.

becomes K,, = [H30*] x [OH]

All concentrations are in M, molarity, asdesignated by brackets,

[l
K = H,O (I) + H,O (I) ==»H;0* (aq) + OH- (aq)
[HsO%] x [OH]
K= — M
[H20] x [H0]

Answer
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This special equilibrium constant, K, is referred to as

lon-Product Constant

Kw = [H30] x [OH]

the ion-product constant for water.

At 25°C, K, = 1.0 x 10", Since this is such a small
number, we conclude that pure water contains relatively

very few ions.

23 The magnitude of K, indicates that

QA water ionizes

QOB  the autoionilg K is a very small number that means the
amount of reactants is much greater than
o the amount of products. Water ionizes to
. S
Qc water ioniz& very small extent.

QD  water ionize:

24 The ion-product constant for water, K, is
represented by

QA
OB
QcC
QD

[H-0F
o
[H:0*] x [CF B
£ Kw=[HO1x[OH]
[HsO*] + [O!
[HsO*] - [OF

23 The magnitude of K, indicates that

QA water ionizes to a very small extent

QB the autoionization of water is exothermic
QC  water ionizes very quickly

QD  water ionizes very slowly

24 The ion-product constant for water, K, is
represented by

QA  [H,0p

OB [H;0*] x [OH]
QC [H;0"+[OH]
OD  [H;0*]-[OH]

25 What is the [H*] ion concentration of a solution with an
[OH] ion concentration of 1 x 10-9?

Try to solve without a calculator!
QA 1x10-4

QB 1x10°%
QOcC 1x10°%

OD 1.23x10%

QE 1x107



25 What is the [H*] ion concentration of a solution with an
[OH] ion concentration of 1 x 1097

Try to solve without a

C

OA 1x10™ 5  Ke=[HIOH]

2 [H]=Kw/OH]

+] = -14 9

OB 1x105 g 00
QOC 1x10°
OD 1.23x10 5
QE 1x107

26 What is the [OH] ion concentration of a solution with an
[H*] ion concentration of 1 x 104?

Try to solve without a calculator!

QA 1x10 E

" = Kw TOH:
OB 1x10" 2[H]=1x10%1x 10
Qc 1x10° 2
OD 1.23x10
QE 1x10-°

27 What is the [OH] ion concentration of a solution with an
[H*] ion concentration of 1.23 x 10-9?

OA 1x10 -+ E

= K = [H][OH]
OB 4.34x10 g [H'] = Kw /[OH]

2 [H]=1x10"1.23x10-°
QOC 123x105 < [H]=8.13x 10
OD 1.23x10
OE 8.13x10+%

26 What is the [OH] ion concentration of a solution with an
[H*] ion concentration of 1 x 10-4?

Try to solve without a calculator!
QA 1x10-4

QB 1x1010
QC 1x105

OD 1.23x10

QE 1x10-1°

27 What is the [OH] ion concentration of a solution with an
[H*] ion concentration of 1.23 x 10°7?

OA 1x10-1

OB 4.34x10
QC 1.23x105
OD 1.23x10

OE 8.13x10+%

Return to the
Table of contents
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pH pH

pH is defined as the negative base-10 logarithm of the

It is a measure of hydrogen ion concentration, [H*] in a concentration of hydronium ion.

solution, where the concentration is measured in
moles H* per liter, or molarity. pH = -log [H307]

The pH scale ranges from 0-14.
Hydrogen ion

pH is defined as the negative base-10 logarithm ofthe congentration, [H+] pH
concentration of hydronium ion. in moles/Liter
1
pH = -log [H30%] 1.0x 10 1
1.0 x 102 2
1.0x 107 10

Is the relationship between [H *] and pH a direct or an inverse one?

pH

Because of the base-10 logarithm, each 1.0-point value
on the pH scale differs by a value of ten.

A solution with pH = 9 has a hydrogen ion concentration, [H*],
that is ten times more than a pH = 10 solution.

A solution with pH = 8 has a hydrogen ion concentration, [H*],
that is 102 or 100 times more than a pH = 10 solution.

A solution with pH = 7 has a hydrogen ion concentration, [H*],
that is 102 or 1000 times more than a pH = 10 solution.

28 The molar concentration of hydronium ion, [H;O"], 28 The molar concentration of hydronium ion, [H;O"],
in pure water at 25 °C is . in pure water at 25 °C is
QA 0 QA 0
0B 1 0B 1 g
»n If the solutio_n is neutral trle
oc 7 oc 7 I el
o 107 o 107 concentaton of

QE 10™ QE 10™



29 A solution with pH = 3 has a hydrogen ion

concentration that is than a solution
with pH = 5.

QA  2x more

QOB 2xless

Oc  100x more

OD 100x less

30 A solution with pH = 14 has a hydrogen ion
concentration that is than a
solution with pH = 11.

QA
QOB
Qc
oD

3x more

3x less
1000x more

1000x less

pH

Therefore, in pure water

pH = -log [H;0*] = 7.00

pH = -log (1.0 # 107) = 7.00

An acid has a higher [H;O*] than pure water, so its pH is <7.

A base has a lower [H;O*] than pure water, so its pH is >7.

Solution type [H +](M) [OH-] (M) pH value
Acidic >1.0x10 7 <1.0x10 7 <7.00
Neutral =1.0x10 7 =1.0x10 7 =7.00
Basic <1.0x10 7 >1.0x10 7 >7.00

29 A solution with pH = 3 has a hydrogen ion

concentration that is
with pH = 5.

QA 2x more

OB  2xless
Q¢ 100x more
QD 100x less

than a solution

Cc
© The solution with a pH of 3 has a
= hydrogen ion concentration is 100
g x more than a solution with a pH of
< 5, because pH is a log function
and the difference is
1x103%vs 1 x 10° which is 100 x
more.

30 A solution with pH = 14 has a hydrogen ion

concentration that is

than a

solution with pH = 11.

QA 3xmore
OB  3xless

QC 1000x more
OD  1000x less

D
The solution with a pH of 14 has a
hydrogen ion concentration is
1000 x less because pH is a log
function and the difference is
1x10 " vs 1x 10 " which is 1000
x less.

Answer

pH

ACID

BASE

[H+] > [OH-]
There are excess
hydrogen ions in

[H+] < [OH-]
There are excess
hydroxide ions in

solution. solution.
Solution type [H +](M) [OH-] (M) pH value
Acidic >1.0x10 7 <1.0x10 7 <7.00
Neutral =1.0x10 7 =1.0x10 7 =7.00
Basic <1.0x10 7 >1.0x10 7 >7.00
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pH 14 31 For a basic solution, the hydrogen ion
concentration is than the
These are the 13 Bleach hydroxide ion concentration.
pH values for S 12 Soapy water
several common @ 11 Ammonia
substances. g 10 Milk of Magnesia QA greater than
o .
9 Baking soda OB |ess than
8 Sea water o
7 Distilled water C equalto
6 Urine OD Not enough information.
5 Black coffee
4 — Tomato juice
3 — Orange juice
2 Lemon juice
1 Gastric acid
0
Slide 76 (Answer) / 208 Slide 77/ 208
31 For a basic solution, the hydrogen ion 32 For an acidic solution, the hydroxide ion
concentration is than the concentration is than the
hydroxide ion concentration. hydrogen ion concentration.
QA greater than A . QA greater than
[ . .
OB |eSS than t% conc;rr‘\t?al:;iwc)?ﬁ%gg;:eion is OB IeSS than
é less than the cqncgntration of
Q C equal tO hydroxide ion. OcC equal to
OD  Not enough informa OD  Not enough information.
Slide 77 (Answer) / 208 Slide 78 / 208
32 For an acidic solution, the hydroxide ion 33 Which solution below has the highest
concentratonis _____ thanthe concentration of hydroxide ions?
hydrogen ion concentratior
lq-’ n an acidi p ion OA =
QA greater than t% con(!e:tra?igr?gfsr?;:trgxiatehﬁ)n is pH =3.21
é less than the concgntration of
OB |eSS than hydrogen ion. OB pH =7.00
OC equal to OC pH=893
QD Not enough informatic. OD  pH=126



33 Which solution below has the highest 34 Which solution below has the lowest

concentration of hydroxide ions? concentration of hydrogen ions?
D -
QA pH =3.21 5 The smaller the pH the more acidic QA pH =1.98
thi lution. The | the pH th
P ’ < concentration of hydroxi?:le ion, the oc H =591
_ t basi lution, has th = 9.
OC  pH=893 Targest pH in this case 12.6. P
OD  pH=126 OD  pH=114
34 Which solution below has the lowest 35 For a 1.0-M solution of a weak base, a reasonable
concentration of hydrogen ions? pHwould be_ .
O A = A
pH 1.98 5 The smalller the pH the more acidic QA 2
O B H =853 5 the solutg)n.l 'I'trp]e Iarglgetr thle 'Irfr'j the O B 6
P £ "Soluion wih te highest
ocC pH =5.91 concenttrati%n of r;y:‘:lrogtra]n iotrpl, the QcC 7
: most aclidic solution, has the
oD pH 114 smallest pH in this case 1.98. QD 9
' QE 13
35 For a 1.0-M solution of a weak base, a reasonable 36 For a 1.0-M solution of a strong acid, a
pH would be . reasonable pH would be .
OA 2 5 D QA 2
2 A weak base would have a
OB 6 é relatively high pH but not a very OB 6
high pH. A strong base would
Qc 7 have a much higher pH Qc 7
Qb 9 oD 9
QE 13

QE 13



36 For a 1.0-M solution of a strong acid, a 37 The pH of a solution with a concentration of 0.01M

reasonable pH would be . hydrochloric acid is
QA 2 | da 107
)
=
A B 12
OB 6 g A reasonable pH for a strong acid
is 2. c 2
Qc 7
D D 10-12
oD 9
QE 13
37 The pH ofg solytipn with a concentration of 0.01M 38 A solution with the pH of 5.0
hydrochloric acid is
QA is basic
A 1072 . .
QB has a hydrogen ion concentration of 5.0M
B 12 = .
- S pH = _ﬁ’,g H] QC is neutral
c 2 2 =- S . X
J & PH plﬁg=(g'010) QD has a hydroxide-ion concentration of 1x107®
D 1072
38 A solution with the pH of 5.0 How Do We Measure pH?
For less accurate measurements, one can use Litmus paper
QA is basic “Red” litmus paper turns blue above ~pH = 8
] ) “Blue” litmus paper turns red below ~pH =5
QOB has a hydrogen i Or an indicator (usually an organic dye) such as one of the following:
QC is neutral H range for color change
o 11 hwdrogen ior ration of PriTang 9 4 6 8 10 12 14
D haS a h drOXi e ny rqgen |§>n concentra |9n o)
Q y <§ a solution with a pH of 5.0 is
2 1x10 5. Methyl violet —---» |—mm
< [OH-] = Kw/[H"]
[OH]=1x 1041 x 105 = 1 x 10°. Thymol blue = T
Methyl orange -El:J
Methyl red
Bromothymol blue |
Phenolphthalein [— |
Alizarin yellow R | |




For more accurate
measurements, one
uses a pH meter,
which measures the
voltage in

the solution.

Slide 85 /208

How Do We Measure pH?

Slide 87 / 208

How Do We Calculate pH?

What is the pH of the solution with hydrogen ion
concentration of 5.67 x 10 M (molar)?

pH = -log [H*]
First, take the log of 5.67 x 10-8= -7.246
Now, change the sign from - to +
Answer: pH =7.246

If you take the log of -5.67 x 10, you will end up
with an incorrect answer.

The order of operations: 1. Take the log
2. Switch the sign

Slide 88 (Answer) / 208

39 What is the pH of a solution with a hydrogen ion
concentration of 1 x 10° M?

QA
QB
Qc
QD

1x10°
c
g pH = -log H*
-5 g PH = -log (1 x 10%)
< pH=5

Slide 86 / 208

How Do We Calculate pH?

Recall that pH is defined as the negative base-10logarithm of the
concentration of hydronium ion (or hydrogen ion).

pH = -log [H5sO*] or pH = -log [H*]

Slide 88 / 208

39 What is the pH of a solution with a hydrogen ion
concentration of 1 x 105 M?

QA 1x10°
OB -5
Qc 5
oD 9

Slide 89 /208

40 What is the pH of a solution with a hydroxide ion
concentration of 1 x 102 M?

QA 1x10?
oB 12
oc 2

oD -12



40 What is the pH of a solution with a hydroxide ion
concentration of 1 x 102 M?

QA 1x10? c
Kw = [H*][OH]
. [H*] =1 x 10 ¥/[OH]
OB 12 3 [H]=1x10"%1x10-"
£ [H]=1x102
OC 2 N pH=-Ic;(gH*
pH = -log (1 x 10?)
Ob -12 PH=2

41  What is the pH of an aqueous solution
at 25.0 °C in which [H *] is 0.0025 M?

QA 34

OB 26

OC -26 ] pH= I»Eiog H*
OD -34 3 pH = -log (0.0025)
OE 225 < pH =2.60

42 What is the pH of a solution whose hydronium ion

concentration is 7.14 x 10 2 M?

41

What is the pH of an aqueous solution
at 25.0 °C in which [H*] is 0.0025 M?

QA
OB
QcC

QD
QE

3.4
26
-2.6
-3.4
2.25

Additional pH Calculations

If you are given the pH and asked to find the [H*]
(or [H3O*]) in a solution, use the inverse log.

Since pH = -log [H*], then [H*] = 10"

What is the hydrogen ion concentration (M) in a
solution of Milk of Magnesia whose pH = 9.8?

[H+] = 1098
[H*] = 1.58 x 10-'®© M or mol/Liter

42 What is the pH of a solution whose hydronium ion
concentration is 7.14 x 10 - M?

) pH = -log [H*]
2 pH = - log (7.14x 10-3M)
g pH=2.15



43 What is the pH of a solution whose hydronium 43 What is the pH of a solution whose hydronium

ion concentration is 1.92 x 10 -° M? ion concentration is 1.92 x 10 -° M?
§  pH=-log[H]
o pH=-log (1.92 x 10-°M)
& pH=8.72
44 What is the hydronium ion concentration in a 44 What is the hydronium ion concentration in a
solution whose pH = 4.297 solution whose pH = 4.297
= [H*]=10-°H
g [H] = 10-42
@ [H]=513x10"°M
<

45 What is the hydroxide ion concentration in a 45 What is the hydroxide ion concentration in a
solution whose pH = 4.29? solution whose r*
[H]=10-#"
N [H*] = 10—4.29
g [H]=5.13x105M
@ Kw = [H] [OH]
. [OH] =K./ [H]

[OH] = 1x10-%/ 5.13 x 10 M
[OH]=1.95x 10 -0



Other “p” Scales Relationship between pH and pOH

The “p” in pH tells us to take the negative base-10 Because
logarithm of the quantity (in this case, hydronium ions). [HsO*] [OH] =Kw =1.0 x 104,

L we know that
Some similar examples are

-log [H307] + -log [OH] = -log Ky, = 14.00
SO = -1og [OH] g [H:0"] + -log [OH] = -log

or, in other words,

pKw = -log Ky
pH + pOH = pK,, = 14.00
pKa = -log Ka
pKy = -log Ky
46 An aqueous solution of a base has a pOH 6.12 what is 46 An aqueous solution of a base has a pOH 6.12 what is
its pH? its pH?
< c
QA 422 QA 422 g pH + pOH = 14
(] pH =14 - pOH
OB 8.88 OB 8.88 é OH = 14 6.12
QcC 7.88 Qc 788 pH =7.88
ob 211 ob 211
QE 7.59x107 QE 7.59x107
47 An aqueous solution of an acid has a hydrogen ion 47 An aqueous solution of an.acid hac a hudraaan jon
concentration of 2.5x10 . What is the pOH of this concentration of 2.5x1C is
solution? solution? A A
) pH = -log[H"]
QA 104 QA 104 2 pH=-log(2.5x10“M)
c pH = 3.60
QOB 6.13 OB 6.13 < pH + pOH = 14
pOH = 14 - 3.60
QCc 84 QcCc 84 pOH =104
QD 75 QD 75

QE 94 QE 94



48 An aqueous solution of an acid has pH of 4.11 what is 48 An aqueous solution of an acid has pH of 4.11 what is

the [OH-] concentration of this solution? the [OH-] concentration of this solufion?
D
N pH + pOH = 14
QA 4.55x10" QA 4.55x10M ) pOH = 14 - pH
2 POH = 14 - 4.1
QB 5.78x10" QB 5.78x10M g pOH = 9.89
[OH] = 10-pOH
QC  4.25x10° QC  4.25x10° [OH] = 10-9¢0
OD  1.20x10 1 OD  1.20x10 1 [OF] =129 x 107
QE 4.03x107 QE 4.03x107
49 An aqueous solution of an base has pOH of 3.33 what 49 An aqueous solution of an base has pOH of 3.33 what
is the [H*] concentration of this solution? is the [H*] concentration of this.enlutian?
B
N pH + pOH = 14
QA 4.68x10* QA 4.68x10* g pH = 14 - pOH
# pH =14 -3.33
QOB 2.14x10" QB 2.14x10™ S pH = 10.67
[H] = 107"
QOC 5.67x10% QOC 5.67x10® [H*] = 101067
[H]=2.14 x 10"
QD 9.07x10° QD 9.07x10°
QE 4.88x107 QE 4.88x107

Acid Dissociation Constants, K,

HA (aq) + RO (I) ==»A (aq) + H;O* (aq)

For a generalized acid dissociation, the equilibrium expression is

Weak Acids and Bases
[H30*] [A]

Ke, AKA K, = [HA]

This equilibrium constant is called the acid-dissociation constant, Ka.
Return to the

Table of contents
_ [H:O*][A]
T HA


page175svg

Acid Dissociation Constants, K, 50 The acid dissociation constant (K,) of HF is
6.7 x 10**. Which of the following is true of a 0.1M

The greater the value ofK,, the stronger is the acid. solution of HF?
QA [HF] is greater than [H*][F]

Acid Proton Transfer K, Value
Hydrochloric acid | HCI + H,0 == H,0* + CI- Large QOB [HF] s less than [H*][F]
Sulfuric acd H2SO4 + HO =9 H;0* + HSO4 | Large QC [HF]is equal to [H*][F]
Nitric acid HNO; + H,O ==p-H;0* + NO About 20 .

QD [HF]is equal to [H][F*]

Hydrofluoric acid HF + H,O ==pH;0* + F- 1.2x10*
Carbonic acid H2CO3 + H;O ==pH;0* + HCOs | 4.3 x 107
Hydrogen cyanide| HCN + H,O «=pH;0* + CN- 4.9x 107

50 The acid dissociation constant (K,) of HF is Calculating K, from the pH
6.7 x 10*. Which of the following is true of a 0.1M
solution of HF? The pH of a 0.10 M solution of formic acid, HCOOH, at 25°C

is 2.38. Calculate K, for formic acid at this temperature.
QA [HF]is greater tharb Because the K. o1

value is so small it X Lo X . . .
means that the amount of The dissociation equation for formic acid may be written as a

QB [HF]is less than [H@ reactants is much greater than the reaction with water

amount of products therefore [HF]
is greater than [H*][F]

QC [HF]is equal to [H*] HCOOH +H,0 ==HCOO- + HsO*

QD [HF]is equal to [H][ or, without water

HCOOH =+HCOO" + H*

Calculating K, from the pH Calculating K, from the pH

The pH of a 0.10 M solution of formic acid, HCOOH, at 25°C pH = -log [H50"]

is 2.38. Calculate K, for formic acid at this temperature.
2.38 = -log [H30]

HCOOH + H,O ==»HCOO + H;0* -2.38 = log [H30"]
From this dissociation equation, write the K, expression: 10238 = 1009 [H30+] = [Hs0"]
= = 3
- _[H:O*][HCOO]
K= —Trcoom 4.2 x 103 M = [H;0*] = [HCOO]
To calculateK_a, we need the equilibrium concentrations of Note that this is a monoprotic acid, so
all three species. [acid] = [conjugate base]

We know the concentration of HCOOH,
how do we determine the concentration of H;O*?



Calculating K, from the pH Calculating K, from the pH

The pH of a 0.10 M solution of formic acid, HCOOH, at 25°C
is 2.38. Calculate K, for formic acid at this temperature.

K, = LHOIHCOO]

The pH of a 0.10 M solution of formic acid, HCOOH, at 25°C
is 2.38. Calculate K, for formic acid at this temperature.

[HCOOH] Important note:
In the case of weak acids and bases, we assume little
[HCOOH], M| [HCOO'], M| [Hs0*], M ionization and therefore we ignore the amount of

ionization and write 0.10 and not 0.10 - x.

Initially 0.10 0 0 If you find that the % ionization is greater than 5% you

can't ignore the x term and you must use the quadriatic
equation to solve.

Change -42x103 | +4.2x10% | +4.2x10

At 0.10 -
Equilibrium| 4-2x 10 = 42x10° | 4.2x10°
0.10
Calculating K, from the pH Calculating Percent lonization

Now, we substitute values into the Ka expression and solve: o
One way to compare the strength of two acids is by the

[H:0*][HCOO]] extent to which each one ionizes.
= [HCOOH] This is done by calculating percent ionization, or the ratio of [H*]
ions that are produced, compared to the original acid concentration.

K, = [4.2#10°][4.2#1073]

H;0]e
[0.10] Percent lonization = &# 100%

[HA]nilia\

Ky = 1.8 #104

51 What is the K, of a 0.125M solution of hypobromous acid

Calculating Percent lonization (HBrO) that has a pH of 4.74.

o [HO'k .
Percent lonization = Al # 100% ] 2.42x10 4
nitial
In this example [12.65x10-°
[H30+]eq = 42#10°%M
[HCOOH]iitar = 0.10 M J 3.71x10-1°
Percent lonization = __ 4.2 X 10° # 100% (J213x10°
0.10
[]6.78x10 12

42 %



51 What is the K, of a 0.125M solution of hypobromous acid

52

53

(HBrO) that has a pH of 4.74.

[]242x10+
[1265x10° 5 B
$ Ka = x2/0.125

o g X=[H*]= 10 -474

J3.71x10 < x=1.82x10%
Ka=(1.82x10-%)2/0.125

] 213x10- Ka=2.65x10"°
[]6.78x10 12

What is % ionization of a 0.125M solution of
hypobromous acid (HBrO) that has a pH of 4.74.

[ 1.45%
c

[168.89% 3 [H*] =10 -474

z =1.82x10

€ % ionization = [H*]/[HBrO] x 100 %
L1.0145% < ™ 480 % 105/ 0.125 x 100 %

=.0145%

] .00145%
[ .6889%

What is the K, of a 0.20M solution of nitrous acid (HNO,)
that has a pH of 2.027?

] E
113x10° . K. = 51020

5 x = [H*] = 10 -202
(19.9x102 g Xx=9.55x 10

Ka = (9.55 x 10 )2/ 0.20

J12x108 Ke=4.6x10"
(J42x107
0 46x10

52

53

54

What is % ionization of a 0.125M solution of
hypobromous acid (HBrO) that has a pH of 4.74.

] 1.45%

] 68.89%
(] .0145%
(] .00145%

] .6889%

What is the K, of a 0.20M solution of nitrous acid (HNO;)
that has a pH of 2.02?

(J1.3x10~
[J9.9x107
(112x10-®
142x10~7

(146x10+

What is % ionization of a 0.20M solution of nitrous acid
(HNO,) that has a pH of 2.02?

] .0477
14.77%
J 5.99%
[ .0599%

] .6889%



54 What is % ionization of a 0.20M solution of nitrous acid
(HNO,) that has a pH of 2.02?

[ .0477
B

o = [H*] =10 -202

04.77% g T oles % 10
2 % ionization = [H*]/[HNO;] x 100 %
1 599% <« =9.55x10-3/0.20 x 100 %
=4.77%

(L] .0599%
] .6889%

55 What is the K, of a 0.115M solution of a weak acid that
has a 2.55% ionization?

(146x10-3 .

« % ionization = [H*]/[HA] x 100 %

-1 [ [H*] = % ionization/100 x [HA]

D 7.45x 10 5 [H*] =2.55/100 x 0.115

& i A
[]748x105 Kq = (2.93 x 1092/ 0.115

Ka=7.48x10"5

] 9.0x10+
] 12x108

56 If the acid dissociation constant, K, for an acid HA is

8x10-* at 25°C, what percent of the acid is dissociated in
a 0.50-molar solution of HA?

QA 0.08% E
Ka = [\k/i*]?/ [HA]

N [H*]=V Ka x [HA]
OB 0.2% o [H] =8 x 104 x 0.50

: [H+] =0.02
QcC 1% £ % ionization = [H*}/[HA] x 100%

% ionization = 0.02 / 0.50 x 100 %

oD 20 % ionization = 4 %
QOE 4%

Question from the College Board

55 What is the K, of a 0.115M solution of a weak acid that

has a 2.55% ionization?

[146x10-3
[17.45x10""

(J7.48x10°
J 9.0x10+

1 12x10%

56 If the acid dissociation constant, K, for an acid HA is

8x10 at 25°C, what percent of the acid is dissociated in
a 0.50-molar solution of HA?

QA 0.08%
OB 0.2%
QC 1%
OD 2%

QE 4%

Question from the College Board

Calculating pH from K,

Calculate the pH of a 0.30 M solution of acetic acid,
HC,H;0,, at 25°C. K, for acetic acid at 25°C is 1.8 x 105.

First, we write the dissociation equation for acetic acid

HC2H30; (aq) + H20O (/) ==»H30* (aq) + C.Hs0, (aq)


http://apcentral.collegeboard.com/home
http://apcentral.collegeboard.com/home

Calculating pH from K,

Calculate the pH of a 0.30 M solution of acetic acid,
HC2H30,, at 25°C. K, for acetic acid at 25°C is 1.8 x 10°5.

From the dissociation equation, we obtainthe
equilibrium constant expression:

_ [H30+][CzH302']
"~ [HC.Hs05]

Calculating pH from K,

Calculate the pH of a 0.30 M solution of acetic acid,
HC,H;0,, at 25°C. K, for acetic acid at 25°C is 1.8 x 10°5.

Now, substituting values from the ICE chart into the
Ka expression yields

se
18 #10% = —5ss

(1.8 #10%) (0.30) = x2 Remember what

your "X" is!
In this case, it's
[H30%], but other

times it's [OH].

54x10°=x?

2.3x10°% =x

57 What is the hydrogen ion concentration of a weak acid
that has a dissociation constant is 1 x 10 and a
concentration of 0.01M?

QA 1x10°
OB 1x10°%
QOC 1x10*

QD 1x103

Answer

Calculating pH from K,

Calculate the pH of a 0.30 M solution of acetic acid,
HC:H30,, at 25°C. K, for acetic acid at 25°C is 1.8 x 10-5.

We next set up an ICE chart...

[HC2H:02], M [H30*], M [C2H302-], M
Initial 0.30 M 0 0
Change -X + X +Xx
Equilibrium about 0.30 M X X

We are assuming that x will be very small comparedto 0.30
and can, therefore, be ignored.

Calculating pH from K,

Calculate the pH of a 0.30 M solution of acetic acid,
HC2H30,, at 25°C. K, for acetic acid at 25°C is 1.8 x 10-5.

pH = -log [H:0"]
pH =-log (2.3 x 103)
pH = 2.64

Significant figure rules for pH on the AP exam:

- The calculated pH value should have as many DECIMAL places as
the [H*] has sig figs.

- So if the [H'] has 2 sig figs, report the pH to the 0.01 place value.

- If the [H'] has 3 sig figs, report the pH to the 0.001 place value.

58 What is the pH of an acid that has an acid dissociation

constant K, of 3.2 x 10* and the acid concentration is
0.122M?

QA 2.00
OB 220
Oc 250

oD 217




58 What is the pH of an acid that has an acid dissociation
constant K, of 37

0.122M?
QA 2.00
OB 220
Oc 250
oD 217

59 What is the concentration of the acid if the pH is 4 and

Answer

the Kyis 1 x 107?

QA
OB
oc
QD

1x 107
1x10°%
1x10-3
1x 10"

tion is

B
Ka = [H']%/ [HA]
3.2x 104 =x20.122
x2=3.2x10%x0.122
x2=3.904 x 10 5
x=6.25x10"

pH = -log (6.25 x 10-%)

Answer

pH = 2.20

D
Ka = [H*/[HA]
[HA] = [H']¥ Ka
[H] =10
[H]=10+
[HA] = (1 X 10 4)2 /1 x 107
[HA] = 1x 10

60 What is the pH of a 0.05M solution of acetic acid
(HC2H30) that has a % ionization of 1.22%?

1.15
J4.22

U 3.21

J 213

[16.78

Answer

Cc
% ionization = [H*] /[HA] x 100%
[H+] = % ionization/100 x [HA]
[H+] = 1.22/100 x 0.05M

[H+]=6.1x 104
pH = -log [H']
pH = =3.21

'./O I

59 What is the concentration of the acid if the pH is 4 and
the Kais 1 x 10772

QA 1x107
OB 1x10°
QOC 1x103
OD 1x10"

60 What is the pH of a 0.05M solution of acetic acid
(HC,Hs0y) that has a % ionization of 1.22%7?
[]1.15
[]4.22

] 3.21

213

J6.78

Weak Bases

Bases react with water to produce a hydroxide ion.

H +
{ g 5

i = I — s F o
H oo NH N H v ’\ ;
H H H H

Even though NH; does not have the hydroxide ion, OH-,

in its formula, it is a base according to both the
Arrenhius and Bronsted-Lowry definitions.



Weak Bases
B-+H,O ==»HB + OH-
The equilibrium constant expression for this reaction is

[HB][OH']
[B1]

where K, is the base-dissociation constant.

Just as for K, the stronger a base is, it will have a higher K, value.

In fact, since the strong bases dissociate 100%, their
Ky values are referred to as "very large".

Kb, can be used to find [OH] and, ultimately, pH.

61 Which base has the smallest base dissociation
constant, Ky?
[JA potassium h
(B sodium hyc
0C calcium h@ D

@ Ammonia is the only weak base so
(D ammoniag its Ky, is very small.

62 A base has a dissociation constant, K, = 2.5 x 10-"1.

Which of the following statemante.ic trun?

QA This is a concentratgc
[ This base ionizes slightly in
H : H H aqueous solution. lts K, value is
O B ThIS base lonizes S|I§ very small which meabns the
< amount of reactants is greater than

OC Thisis a Str’ong base the amount of the products.

OD An aqueous solution

61 Which base has the smallest base dissociation
constant, K,?
[JA potassium hydroxide
(B sodium hydroxide
[JC calcium hydroxide

(1D ammonia

62 A base has a dissociation constant, K, = 2.5 x 10-'".
Which of the following statements is true?

OA This is a concentrated base.
QB This base ionizes slightly in aqueous solution.
OC This is a strong base.

QD An aqueous solution of this would be acidic.

Calculating K, from pH

What is the K, of a 0.20 M solution of hydrazine
H2NNH; at 25°C that has a pH of 10.9?

First, we write the dissociation equation for hydrazine

H2NNHz(aq) + H20 (/) ==»0H- (aq) + H.2NNHs*(aq)

From the dissociation equation, we obtain the equilibrium
constant expression:

B [OH][HNNH3*]
® T [H.NNH]



Calculating K, from the pH

pOH = 14 - pH
pOH =14-10.9
pOH = 3.1
3.1 = -log [OH]
-3.1 = log [OH1]
1031 = 1Qlog [OH] = [OH-]

7.94 x 10+ =[OH] = [H:.NNHs*]

Calculating K, from the pH

What is the K, of a 0.20 M solution of hydrazine
H.NNH; at 25°C that has a pH of 10.9?

Now, we substitute values into the K, expression and solve:

[OH][H2NNH;']
[H2NNH;]

Kb=

K,= [7.94x104][7.94%104]
[0.20]

Kp= 3.15x10 6

63 Calculate the K, of a 0.450M solution of weak base
solution with a pOH of 4.98.

QA 3.22x107
OB 2.11x10°
QC 2.03x10-18
OD 2.33x10

QE 2.44x10-1°

Calculating K, from the pH

What is the K, of a 0.20 M solution of hydrazine
H2NNH, at 25°C that has a pH of 10.9?

H2NNH(aq) + H.O (/) ==»OH- (aq) + H.NNHs*(aq)

[HoaNNH2], M [OH], M [HoaNNH3*, M

Initially 0.20 0 0

Change -7.94 x 104 [+7.94x10#4| +7.94x104

At 0.20-7.94x 10 4=

4 4
Equilibrium 0.20 7.94x10*| 7.94x10

Calculating Percent lonization

What would be the analogous formula to
calculate percent ionization for a base?

[OH]eq

[Base€]initiai

Percent lonization = #100%

63 Calculate the K, of a 0.450M solution of weak base
solution with a pOH of 4.98.

QA 3.22x107 E
. Ko = [OHT%/[B]
5 9 [OH] = 10-0H
OB 211x10° = [OH] = 10-458
- [OH]=1.05x 10
QC 2.03x10- Ky = (1.05 x 10 )2 / 0.450
Ko = 2.44 x 10-10
OD 2.33x10°

QE 2.44x10-1°



64 Calculate the K, of a 0.724M solution of hypobromite ion
(BrO-) that has a pH of 11.23.

[14.80x102
[]14.00x10°
] 2.35x 103

J1.22x10*
] 6.10x 10°

65 What is the K, of 0.125M solution of a weak base that is
1.25% ionized?

Students type their answers here

Calculating pH from the K,

What is the pH of a 0.15 M solution of NH;?

NH; (aq) + H.O (I) ==»NH,* (aq) + OH- (aq)

[NHs, M | [NHs ], M | [OH], M
Initially 0.15 0 0
Change -X +X +X
At 015-x= " x
Equilibrium 0.15

Answer

3

64 Calculate the Ky, of a -7~ ~hromite ion

(BrO") that has a pk B
[H*] = 10 -+
o [H]=10-12
[14.80x10% 3 [H] = 5.89 x 1012
- [OH] =1 x 104/ [H¥]
[OH] =1 x 10 -1/ 5.89 x 10-12
[14.00x10° [OH]=1.70 x 102
Ky = [OH]/[BrO1
[ 2.35x 103 Ko=(1.70 x 103)2x 0.724
Kp= 4.00 x 10
] 1.22x 10+
] 6.10x 105

Calculating pH from the K,

The same process we followed to determine K, from
the pH we can use to determine K, from the pH.

What is the pH of a 0.15 M solution of NH;?
NH; (aq) + H.O (I) ==$NH,* (aq) + OH- (aq)

First write the equilibrium expression for the dissociation
equation. Obtain the K, value from an earlier page.

_ INH.'J[OH]

=1.8x10°
[NH]

Calculating pH from the K,
(xp

(0.15)
(1.8 #10%) (0.15) = x2

2.7x10% =x2
1.6 x 108 =x

1.8710%=

Again, remember what your "x" is!



Calculating pH from the K, 66 What is the OH- concentration of a 0.550M solution of the
weak base aniline, CsHsNH,? (K, = 4.3 x 10 -19)
In this case, "x" is [OH].

11
Therefore, L 2.37x10
[OH]=1.6x103 M
pOH = -log (1.6 x 103) []1.54x10-°
pOH = 2.80
] 7.69x10-1°
So, now solving for pH:
] 1.30x 10"
pH =14.00 - 2.80
pH = 11.20

66 What is the OH- concentration of a 0.550M solution of the 67 What is the pH of a 0.550M solution of the weak base
weak base aniline, CsHsNH,? (K, = 4.3 x 10 -19) aniline, C¢HsNH,? (K, = 4.3 x 10 -1°)
] 237x10" ] 237x10"

B
[(J154x10° ] Ko = [OH2/[B] [(J154x10°
z, ot = VKo x [B]
-10 [OH= V4.3 x 10 -° x 0.550 -10
1 7.69x10 < [OH] 1,54 x 105 1 7.69x10
] 1.30x10" ] 1.30x10"

67 What is the pH of a 0.550M solution of the weak base 68 What is the pH of a 0.135M solution of trimethylamine,
aniline, CeHsNH,? (K, = 4.3 x 10 1) (CH3)sN? (K, = 6.4 x 10%)
0 2.37x10 " QA 8.94

B

5 K, = [OH1?/[B] Q

1 1.54x10 g OIEI']=\/Kbx[B] B 11.47
=+4.3 x 10 -1° x 0.550
] 7.69x10-1° 2 [OH']); 1.54 ;10-5 QcC 253
< pOH = -log[OH1]

-11 pOH = 4.81

] 1.30x10 oH = 14 - pOH OD 5.06
ph=9.19

QE 345



68 What is the pH of a 0.135M solution of trimethylamine,

(CH3)3N7 (Kb =6.4x 105)

QA 8.94
B
OB 1147 5 K, = [OHT?/[B]
§ e,

= 4 X ~ X 0.
Qc 253 & =8.64 x 10 4
=2.94x10-3
OD 5.06 pOH= 2.53
pH=14-2.53
H=11.47

QE 345 P

69 What is the pH of a 0.112M solution of ethylamine
e (CsHsNHQ)’) (Kb =6.4x10. 4)

Students type thelr answers here

D
K, = [OHT%/[B]
[OH] =V K, x [B]
=6.4 x 10 4 x 0.724
=4.63x10+
=2.15x102
pOH= 1.67
pH = 14-1.67
pH =12.33

Answer

Polyprotic Acids

Polyprotic acids are characterized by having
more than one acidic proton.

Here are some examples:

Sulfuric acid H2S04
Phosphoric acid H;PO,
Carbonic acid H.CO;
Oxalic acid H.C;0,

69 What is the pH of a 0.112M solution of ethylamine
,,,,,,,,,,,,,, (C:sHtsNHg)’7 (Kb =6.4x10. 4)

Students type thelr answers here

Polyprotic Acids

Return to the
Table of contents

Polyprotic Acids

Polyprotic acids have a K, value for each proton that can be
removed. For example, consider carbonic acid, H,COs

The first ionization equation for carbonic acid is
H,CO3; + H,O «==pHCO; + H:0*

Write the Ka expression for this equation. This is referred to as Kas.
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Polyprotic Acids

Polyprotic acids have a K, value for each proton that can be
removed. For example, consider carbonic acid, H,COs

The first ionization equatic
H,CO; + HyO e

S
Write the Ka expression for this qu

5 . . [HCOIHOT
< [H2C05]
Polyprotic Acids

Now, we examine both dissociation constants.

The second ionization equation for carbonic acid is
HCOs + H,O ==p”

Write the Ka expression for this eqt

S _ [COs*][H;07]
s - [HCO57]
Polyprotic Acids

The equation for the complete ionization of carbonic acid is

H,CO3 + H,O ==»CO32% + 2 H;0*

and the K, expression for this reaction is

_ [COs*][Hs0"P
[H2.COs]
_ [HSQ4][H30*][COs*][H307]
Ko x K2 = 3000 ol
Ka1 X Ka2 = overall K

So, the product of Ka1 x Ks, for a diprotic acid yields the overall K for

complete dissociation.

Polyprotic Acids
Now, we examine both dissociation constants.

The second ionization equation for carbonic acid is
HCOs; + H,O == COs% + H;0*

Write the Ka expression for this equation. This is referred to as Kaz.

Polyprotic Acids

Notice that the bicarbonate ion, HCOg, appears in each
expression; in the numerator for K,; and in the
denominator for Ks,.

[HCO3[Hz0*][CO5%][H30]
= [H.COs] [HCO;1]

Ka1 X KaZ

~ [FSQL][H30*][COs#][H307]
[H2COs] [H'SOQ]

Ka1 X KaZ

Polyprotic Acids

Generally, the pH of polyprotic acids depends only on the
removal of the first proton.

This holds true when the difference between the Ka and Ka.
values is at least 102,



70 The K, of carbonic acid is 4.3 x 107
H,CO; ==pH*+ HCO;"

This means that H,CO; is a .

QA good hydrogen-ion acceptor

QOB good hydrogen-ion donor

QC poor hydrogen-ion acceptor

QD poor hydrogen-ion donor

71 A diprotic acid, H.X, has the following
dissociation constants:
Ka1 =2.0x 10+
Ka2 =3.0x 106

What is the overall K value for this acid?

QA
OB
oc
oD
QE

5.0X107°
6.0 X 107°
50X 10%
6.0 x 10
6.0 x 10%

72 A diprotic acid, H.X, has the following
dissociation constants:
Ka1 =2.0x 104
Kaz =3.0x 10

What is the pH of a 0.10 M solution of H,X?

QA
OB
oc
oD
QE

5.11
6.11
10.22
211
5.21

70 The K, of carbonic acid is 4.3 x 107
H,CO; ==pH* + HCO;-

This means that H,CO; is a .

QA good hydrogen-ion ¢

)
QB good hydrogen-ionF
[=

D
Carbonic acid is a weak acid so it
poorly donates the hydrogen ion

QC poor hydrogen-ion &

QD poor hydrogen-ion dt

71 A diprotic acid, Hz.X, has the following
dissociation constan*
Ka1 =2.0x 10+
Ka2 =3.0x10%

-
[

B

S
What is the overag K=20x104x3.0x 10

K=6.0x10-1"

QA 5.0X1(
6.0 X 10

50X 10%
6.0 x 10

QB
Qc
Qb
QE

6.0x1

0%

72 A diprotic acid, H.X, has the following
dissociation constants:
Ka1 =2.0x 104
Kaz =3.0x 10

What is the pH of

QA
OB
oc
oD
QE

a
511 &

Z
6.11
10.22
2.11
5.21

A
Ka = [H]?/ [HA]

[H*] = Ka x [HA]
[H*] = 6.0 x 10-19x 0.10
=7.74x10
pH =-log (7.74 x 10-9)
5.11



73 Absorbic acid, H,C,HsOs has the following 73 Absorbic acid, H,C,HsOs has the following

dissociation constants: dissociation cons*=*
Ka1 =8.0x 10 Ka1 =8.0x 10 A
Ka2 = 1.6 x 10-12 Ka2 =1.6 x 10 Because the difference between

Kar and Ka2 is more than 103, only
Ka1 is relevant.

What is the pH of a 0.20 M solution of Absorbic What is the jl Ka = [H2/[HA]
acid? acid? 7] [H] =V Ka x [HA]
g =8.0x 105x .20
OA 240 QA 2. =4x10-3
pH = - log (4 x 10%)
OB 8.30 OB 8. =240
Oc 3.00 QC 3.
QD 4.20 OD 4.20
QE 11.2 QE 11.2
K. and Kp

For a conjugate acid-base pair, K, and K, are relatedin a
special way.

The Relationship
Between K, and K,

Write the ionization equations for the following:

1) reaction of ammonia (NH3) and water

2) reaction of ammonium ion (NH 4*) and water

Return to the Table
of Contents

K, and K, K, and K,

NH; + H:O =NH* + OH  NH,* + H,0 =3NH; + H;0

+ - * o+ - * ot =pNH; + +
Write the corresponding equilibrium constant expression NH, + H.0 NH, OH NH, H0 Hs + H;0

for each of these equations.

_INH.*JOH] _INHs][H0"]
Ko ="—INFy] Ka =INFL]

What do these expressions have in common?

Which of these expressions is referred to as "K,"?
Which is referred to as "Ky"?


page175svg

K, and K,

[NH*JOH] [NH][Hs0%]
N3] [NH.]

ok o NNCIOHT NNgIHO']
a W T

Kb x Ka = [OH'][HgO*’] =Ky

KbXKa=

So, the product of K, x K, for any conjugate acid-base pairyields the
ion-product constant, K, .

74 For the acid HCN, what is the equation on which the K,
expression is based?

QA HCN<-->O0OH"+HCN
OB HCN<->OH +CN
QC HCN + H;O <--> CN- + H30*
OD HCN+H;0<-->0H +CN

75 The K, for an acid, HX, is 2.0 x 10 #. What is

the K, for its conjugate base, X-?
No calculator.

QA 5.0X10-"

QOB 2.0X10-°

OC 5.0X 10

OD 8.0x 10"

QE 2.0x10*

K, and K,

For a specific conjugate acid-base pair, K, and K, are related
in this way:

Ka X Kb = K

Therefore, if you know the value of one of them, you can
calculate the other.

74 For the acid HCN, what is the equation on which the K,
expression is based?

=
. g C

QA HCN<-->0OH + HCI\E For the acid dissociation

€ constant K,for HCN, HCN

- <
OB HCN <> OH "+ CN T e aoting
QC HCN + H,0 <-->CN- +

as a proton donor.
OD HCN+H;0<-->0H +CN

75 The K, for an acid, HX, is 2.0 x 10 4. What is
the K, for its conjugate base, X-?
No calculator.

QA 50X10M
QB 2.0X 1010 g N
OC 5.0X10" 2 PRI
< Ke=1x10-14/2.0x 104
QD 8.0x 101 .50x 109 0r 5.0 x 10 "

QE 2.0x10*



76 The K, for NH; is 1.8 x 10-5. What is the
K, for the ammoninum ion, NH 4+?

QA
OB
oc
oD
QE

25X10°
25X10*
25X10°
4.3 x 10
5.6x 10 "

77 Which of the substances below is
the strongest acid ?

QA
OB
Qc
QD
QE

HCIO

HCO*

H.S

NH.CHs*

H.S and HCIO

Acid-Base Properties
of Salt Solutions

Return to the Table
of Contents

76 The K, for NH; is 1.8 x 10-5. What is the
K, for the ammoninum ion, NH 4+?

QA
OB
oc
QD
QE

25X10°
25X10*
25X10°
4.3 x 10
5.6 x 10 "

Answer

E
Ka x Ko = Ky
Ka = Ku/Kp
Ka=1x10-14/1.8x 10
Ka=5.6 x 1010

77 Which of the substances below is

the strongest acid ?

QA
OB
Qc
QD
QE

HCIO
HCO®

H.S

NH;CH*

H.S and HCIO

Answer

The strongest acid would
have the weakest conjugate
base. HS-is the weakest
base. It has the smallest K,
value. Which makes H>S
the strongest acid. Another
explanation is that the acid
with the highest K. would
the strongest acid. H.S has
the highest K.

Neutralization Reactions

Neutralization reactions are a special class of double-
replacement reactions that occur between an acid
and a base.

Recall from last year that the general formula for a
double-replacement reaction is:

AB + CD==»AD + CB

Double-replacement reactions are also known as ion-
exchange or precipitation reactions.
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Neutralization Reactions
The general formula for any acid-base neutralization reaction is:
acid + base==p-salt + water

Note that the term "salt" refers to any ionic compoundthat does
not include H* or OH-.

Anion Effect on pH

The pH of a salt solution depends on the ability of the
salt ions to hydrolyze.

Each salt contains a positive ion, a cation, and a negative ion,
the anion.

Let's consider the anion first which can be denoted, X-.

X is the conjugate base of the acid in the neutralization reaction.
This anion may undergo hydrolysis as shown below:

X+ HO ==—p
Predict the products.

Do you think the resulting solution will be acidic,
basic or neutral? Justify your response.

Anion Effect on pH

The pH of a salt solution depends on the ability of the
salt ions to hydrolyze.

The conjugate base (NO;) of a weak acid (HNO;) will hydrolyze, it

will react with water because HNO, does not dissociate completely
and a dynamic equilibrium exists.

Write the equilibrium expression for the reaction of NOz-and water.

All conjugate bases of weak acids will hydrolyze and the
resulting solutions will be basic.

Acid-Base Properties of Salt Solutions
acid + base==%salt + water

When an acid and base react together, the resulting solution is
not always neutral. The pH of the resulting mixture depends on
the relative strengths of the acid and of the base.

The pH of a salt solution depends on the ability of the salt ions to
hydrolyze.

Hydrolyze means to interact with water molecule and dissociate.

Anion Effect on pH

The pH of a salt solution depends on the ability of the
salt ions to hydrolyze.

The conjugate base (CI) of a strong acid (HCI) will not hydrolyze,
it will not react with water because HCI dissociates completely.
In fact, none of the anions from the strong seven acids will
hydrolyze. In other words, these anions will not affect pH.

List here the conjugate bases of the strong seven acids.

The conjugate bases of strong acids will not undergo
hydrolysis and will not affect pH.

Anion Effect on pH

The pH of a salt solution depends on the ability of the
salt ions to hydrolyze.

The conjugate base (HSOs") of a weak acid (H.SOs) is a special
case because HSOj3 is amphoteric. It can behave as either an
acid or as a base.

How it behaves is determined by the relative magnitude of K, for
its acid and K, for its base. If Ks> K it will behave as an acid if
Ko> K, then it will behave as a base.

When amphoteric anions hydrolyze they will make acidic
solutions if their Ks>K, or make basic solutions if their Ko>Ka.



Cation Effect on pH

The pH of a salt solution depends on the ability of the
salt ions to hydrolyze.

The metal cation (K*) of a strong base (KOH) will not hydrolyze. In
fact, none of the cations from the strong bases will hydrolyze. In
other words, these metal cations in solution will not affect pH.

List here the metal cations from Groups 1 and 2
that form strong bases.

None of the cations of strong bases will undergo
hydrolysis and affect pH.

Cation Effect on pH

The pH of a salt solution depends on the ability of the
salt ions to hydrolyze.

Metal cations other than Group 1 and heavy Group 2 cations
can hydrolyze to affect pH.

This effect is greatest for small, highly charged cations

like Fe®* and AP*.

The effect of these cations increases as ionic charge increases.
The K, for Fe?* is 3.2 x 10 -'° and for Fe®* is 6.3 x 10-3.

These values are in the range for some weak acids we are familiar
with like acetic acid K, = 1.8 x 10 5.

Acid-Base Properties of Salt Solutions

We have observed that metal cations (hydrated in solution)
lower the pH of a solution.

Compare the following:

attraction betweena 1* cation and H,O molecule.

attraction betweena 3* cation and H:O molecule.

The cation with the greater charge will make the
solution more acidic.

Cation Effect on pH

The pH of a salt solution depends on the ability of the
salt ions to hydrolyze.

The conjugate acid (NH.*) of a weak base (NHs;) will hydrolyze and
the resulting solution will be acidic.

Write the equilibrium expression for the reaction of NH,* and water.

All cations that are conjugate acids of weak bases will undergo
hydrolysis and will affect pH.

Acid-Base Properties of Salt Solutions

We have observed that metal cations (hydrated in solution) lower the
pH of a solution.

Lone pairs on oxygen are attracted to the cation.

The shift of electron density in water makes the O-H bond more
polar.

Hydrogen atoms become more acidic, and thus more likely to
become H* ions in solution.

Shift in electron density away from hydrogen atoms.

Cation Effect on pH

The pH of a salt solution depends on the ability of the
salt ions to hydrolyze.

Consider the ability of the aluminum Fe®* to hydrolyze:
Fe3* + H,O ==»fe(OH); + H*
The increased H* concentration reduces the pH.

Small positively charged cations will hydrolyze and form acidic solution.



Combined Effect of Cation and Anion

If a salt contains an anion that does not react with water
like Cl- and a cation that does not react with water like
Na* the solution will be neutral and have a pH of 7.

Why do CI- and Na* not react with water?

Combined Effect of Cation and Anion

If the salt contains an cation that reacts with water and an
anion that does not, the resulting solution will acidic. This
results when the cation is the conjugate acid of a weak base
or a small metal ion with a 2+ or greater charge.

Can you give two examples of this type of salt?

L )

78 The pH of a solution of 0.1M solution of NaCl will be
approximately

QA2

OB 5
Qc 7
OD 11

QE 13

Combined Effect of Cation and Anion

If a salt contains an anion that reacts with water to
produce hydroxide ions and a cation that does not react
with water then the resulting solution will be basic.

Can you give two examples of this type of salt?

[ )

Combined Effect of Cation and Anion

If a salt contains a cation that reacts with water and an
anion that reacts with water then the solution's pH will be
determined by comparing the cation's K, to the anion's K.
If Ka> K then the solution will be acidic if K,<K, then the
solution will be basic.

For example, let's consider a salt solution of Fe(CIO)s,
Ka for Fe®* 6.3 x 10 s the K, for CIO-is 3.33 x 10 7

This solution would be acidic because K:>Ks.

78 The pH of a solution of 0.1M solution of NaCl will be

approximately

QA 2
S

OB 5 @  NaCl contains a cation from a
'% strong base, Na* and the

O & conjugate base of a strong acid,

c7 <L CI. Neither will hydrolyze and the
resulting solution will be neutral
with a pH of 7.
OD 11
QE 13



79 The pH of a solution of 0.1 M solution of KsPO, will be 79 The pH of a solution of 0.1 M solution of KsPO, will be

approximately __ . approximately
QA2 QA 2
OB 5 OB 5
K3PO, contains the cation of
- a strong base, K*, that will not
O C 7 O C 7 g react with water and the
n conjugate base, PO4*, of a
Q D 11 QO D 11 é weak acid, HPO, 2. The

PO.* will hydrolyze
increasing the OH-
concentration, making a
O E 1 3 O E 1 3 basic solution of pl—?
approximately 13.

80 The pH of a solution of 0.1M solution of LIHCO; at 25° C 80 The pH of a solution of 0.1M solution of LIHCO; at 25° C
will be approximately . will be approximately
QA 2 QA 2

LiHCO:; contains the cation of
a strong base, Li*, that will
O B 5 O B 5 not react with water and the
amphoteric, conjugate base,
HCOy, of a weak acid, H.COs
The K, for HCOzis 5.6 x 10 -1
and the Ko = 1 x 10 4/ K,

Qc 7 Qc 7

Answer

Kb =179 x 104. The K, is

OD 11 OD 11 greater than K, therefore in
water HCO5 will act like a base

with a pH approximately 11.

QE 13 QE 13

81 A 0.1M aqueous solution of will have 81 A 0.1M aqueous solution of will have

a pH of 7.0 at 25°C. a pH of 7.0 at 25°C.
OA NaOCI OA NaOCI 5
OB Babr, OB Babr, 2 o,
OC NH.CI OC NHCI e o
OD Ca(C H.O ) OD Ca(C H-O ) solution will be neutral.
2113V2)2 2113V2)2

QE none of these QE none of these



82 A 0.1M aqueous solution of has a pH of less 82 A 0.1M aqueous solution of has a pH of less

than 7.0 at 25°C. than 7.0 at 25°C.
OA Na;S OA Na;S
QB KF QB KF
5 NH,,fCI comsigs theNCSnjugadt?hacid
y 4+ an e
O c NaN03 O c NaN03 5 cgnjig‘;v;g bazzeof a strong acid,
S CI. Only the NH,* will hydrolyze
QoD NH4C| QoD NH4C| < andthe resultingd_solution will be
aciaic.
QE NaF QE NaF
83 An aqueous solution of will produce a basic 83 An aqueous solution of will produce a basic
solution at 25¢°C. solution at 25¢°C.
O A NH4C|O4 O A NH4C|O4 o CaCOs contain?the cation of a
[T} strong base, Ca?* and the
O B KBr O B KBr 2 conjugate base of a weak acid,
& €Oz The COz will hydrolyze
QC NaCl QC NaCl T olton, KELCIO, and Fa(Ciog,
will make acidic solutions. KBr and
QD CaCOs; OD CaCOs; NaCl will make neutral solutions.
QE Fe(ClO 3), QE Fe(ClO 3),
84 A 1-molar solution of which of the following salts has 84 A 1-molar solution of which of the following salts has
the highest pH? the highest pH?
OA NaNO; QA NaNO; E
The only two salts that will
QOB Na,COs3 QB Na,COs3 _| resultin a basic solution are
) Na,COs; and Na,SO..
QC NHCI OC NHCI 2 The Ko for COs is 1.79 x 10+
é The K, for SO is 8.33 x 10
D D 13, A 1-molar solution of CO;*
Q NaHSO, Q NaHSO, would be the mos‘g basic and
OE Na,SO, OE Na,SO, would have the highest pH.
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85 An aqueous solution of ___ will produce a neutral
solution.
QA NH,CIO,4
QOB AIBr3
QOC FeCls
OD SrCO;
QE BaCl,

86 Of the following substances, an aqueous solution of

will form basic solutions.
NH;Cl, Cu(NOs),, K.CO;, NaF
QA NH4Cland Cu(NO;),
OB NH;Cland K,COj;
QC K,CO; and NaF
QD NaF only
QE NH4Cl only

Acid-Base Properties of Salt Solutions

Summary: Anions

The conjugate bases of strong acids will not undergo hydrolysis
and not affect pH.
(Examples: CI,I-, NOy")

The conjugate bases of weak acids will hydrolyze and will raise
pH by creating excess OH ions.
(Examples: NO-, CIO-, COs?)

Amphoteric anions will either act acidic or basic based on the
Ka and K, values of the acid and base.

(Examples: HCOg, H,POy)

85 An aqueous solution of will produce a neutral
solution.
QA NH4CIO,
S
[ . .
BaCl; contains the cation of a
O B AIBr3 a strons base and the conjugate
S base of a strong acid. Neither the
O C FeC|3 < cation or anion will hydrolyze and
the resulting solution will be
O D SI’CO3 neutral.
O E BaC|2

86 Of the following substances, an aqueous solution of
will form basic solutions.

NH4Cl, Cu(NG;),, K.CO;, NaF
QA NH,Cland Cu(NO3)i
QOB NH4Cland K,CO;
QC K,CO; and NaF
QD NaF only
QE NHyCl only

C
Only KoCOs and NaF contain
anions that will hydrolyze and
produce basic solutions. The
other two salts will hydrolyze
and form acidic solutions.

Answe

Acid-Base Properties of Salt Solutions

Summary: Cations

Cations from strong bases will not undergo hydrolysis and
will not affect pH.
(Examples, Na*, Li*, Ca?*)

The conjugate acids of weak bases will hydrolyze and
will lower pH by creating excess H* ions.
(Examples: NH,*, CoHsNHs*)

Small metal cations from weak bases will hydrolyze and
lower pH by creating excess H* ions. The higher the charge on
the cation the greater the affect on pH.

(Examples Fe?*, Fe®*, AP*)
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Factors Affecting Acid Strength

In oxyacids, in which an -OH is bonded to another atom, Y,
the more electronegative Y is, the more acidic the acid.

K,= 3.0x108
Ka= 2.3x101

In HOCI, the electron density will be shifted to the
more electronegative Cl atom weakening the O-Hbond.

The strength of the acid will be in the order

HOCI > HOBr > HOI

Factors Affecting Acid Strength

o]
Resonance in the conjugate i ///_\\\;(”;,C, + POH)
bases of carboxylic acids — 1l
o W)
stabilizes the base and N
makes the conjugate acid o
more acidic. s [
|:C?E_>’T,,4"‘\T‘:—C—Gi + POCl; + HCI
o /]
~ ] gt
('/—\“‘\» G—OH ~
|
N/ —
~ Pa
SOCL[ 7T C~C + 802 + HCI
lhe s
s |
PBr, /r/F\\";CfBr + P(OH);
PBrs (7 )
Lo

Factors Affecting Acid Strength

The more polar the H-X bond and/or the weakerthe H-X
bond, the more acidic the compound.

So acidity increases from left to right across a rowand from
top to bottom down a group.

Factors Affecting Acid Strength

Among oxyacids, the more oxygen atoms in the molecule,
the stronger the acid would be.

The electron density will be more towards the oxygen
atoms and the oxidation number increases, the strength
of the acid increases.

For a series of oxyacids, acidity increaseswith the number
of oxygen atoms.

87 Which of the following would be the strongest acid:
HBr, HCI or HI?

QA HCI
QOB HBr
QcC HI

OD they would all be equally strong acids


page175svg

87 Which of the following would be the strongest acid: 88 H.S is a stronger acid than H,O

HBr, HCl or HI? because
(¢}
HI would be the strongest acid . .
QA HcCl . because | is the largest atom. QA The strength of the H-X bond is greater in H,O
“;’ Bond strength decreases as the
OB HBr @ size of the atom bonded to H OB The strength of the H-X bond is less than in H,0
< increases. Less bond strength
makes the substance more readily . . .

Qc HI lose the H*. QC The H-X bond is more polar in H,0 than in HzS
OD they would all': OD The H-X bond is more polar in HzS than in H,0
88 H:S is a stronger acid than H.O 89 Order the following acids from weakest to strongest:

because .
- H20O, HF, NH;, and CH..
QA The strength of the H-X bond is greater in H,O QA HF<H,O<NHs<CH,
OB The strength of #-="!3temmstisdonstioan in H,0 OB HF<NHs<H,0<CH,
QC The H-X bon A : 1,S QC CH4<HF<NH3<H,0
e 0N As you go down a group the size 12 4 3~z
= of the atoms increases, as the size
OD The H-X ba#) increases the bond strength 4,0 OD NH3s<CH,<H,O<HF
¢ decreases. S is a bigger atom than
<</ O and the bond strength is less in OE CHs<NH;3;<H,O<HF
H.S and in H.S would be the
stronger acid.
The correct ordering is
: H H H.SO4s>H,Se0,>H,SeO
90 Arrange the following compounds in order of decreasing 90 Arrange the For oxyacids like H;90s and QZSeOA
acid strength: H,SO,, HzSeOs, H2SeO.. Justify your ____acid strengt which have the same number of O
responge vype iherranswers here | . responge” atoms and the same number of OH
; S groups, the electronegativity of the

5 central atom becomes important.
ES Because S is more is more
o electronegative than Se, H,SO, is
< the stronger acid. For acids with the
same central atom such as H,SeO4
and H,SeO; the acidity increases
with the number of oxygen atoms
bonded to the central atom,
therefore H,SeO, is a stronger
acid then H,SeOs.

Answer



Slide 208 / 208




