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CH,COOH + NaOH |
e

_E}. CH3COONa + HZO
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1 Calculate the equilibrium concentration given the value of the equilibrium Textbook + Example
constant and equilibrium concentration of reactants and products. problem 4 + Practice | 96
) Calculate the value of Keq, Kc, or Kp when the concentration or pressure of Problems 97
reactants and products are given at a constant temperature.

For a general reaction:
aA+ bB = cC+dD

The equilibrium constant expression is:

CALCULATING EQUILIBRIUM CONCENTRATIONS At a temperature of 1405 K, hydrogen sulfide,

which has a foul odor resembling rotten eggs, decomposes to form hydrogen and diatomic sulfur.
The equilibrium constant for the reaction is 2.27 X 1073.

2H,S(g) = 2H,(g) + S,(q)
What is the concentration of hydrogen gas if [S,] = 0.0540 mol/L and [H_S] = 0184 mol/L?

The reaction below reaches equilibrium at a certain temperature Alma 5ha Aape die U1 Al Y olisl Jelal Jiay
ONbClyg = NbClye + NbClse,
If the equilibrium constant, K., = 6.90 x 10 i ‘K =690 x10 Y 585 el QS 1)
If the equilibrium concentrations are: e O Shs o8
[NbCl;] = 0.450 mol/L [NbCls] = 0.0380 mol/L
What is the equilibrium concentration of NbCl,? o) xe NDCly (S5 Lad
A) 4.98 mol/L
B) 2.75 mol/L
C) 1.69 mol/L.
D) 5.65 mol/L
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What is the equilibrium concentration of H,?

CO(g) + 3Hx(g) = CHy(g) + H,0(g)

TH, J oV3Y) 585 L

Ke [CO] [CH,] [H>0]

q

4.25 x 107 0.0937 mol/L 0.0312 mol/L 0.0312 mol/L

A) 1.15 mol/L
B) 1.76 mol/L
Q) 1.56 mol/L
D) 1.35 mol/L

What is the value of K., of the following

reaction?

N204(g) = ZNOZ(g)

¢ Jeliall K, dad Lo

e oY) de S ol Lle

The equilibrium concentrations are:

[N,04] = 0.0185 mol/L
[NO,] = 0.0627 mol/L

[N,0,] = 0.0185 mol/L
[NO,] = 0.0627 mol/L

A) 0.213
B) 0.00545
®) 3.39
D) 1.70
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What is the value of Keq at 400 k for this

€ 400 k i Jolidl 13! Keq 4ad b L

equation?
1)(:15(3) : })C‘IB(}J’) + (,112(5)
[PCls] = 0.135 , [PCls] = 0.550 , [Cl,] = 0.550.
A) 2.24
B) 4.07
C) 0.245
D) 0.447

0.45 mol/L.

In the general reaction A + B 2 C + D, 1 mol of A reacts with 1 mol of B in a closed

1 L vessel until equilibrium is reached. If the concentration of A at equilibrium is

What is the concentration of the other substances at equilibrium? And what is the K, value?

Option [B] (mol/L) [C] (mol/L) [D] (mol/L) K¢q value
a. 0.45 0.45 0.55 1.22
b. 0.45 0.55 0.55 1.49
C 0.55 0.55 0.45 1
d. 0.55 0.55 0.55 1.22
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3 | Write the solubility equilibrium expression for a given reaction equilibrium.
Textbook + Table 3 +

Calculate the molar solubility concentration of a sparingly soluble ionic . 98
4 . - Figure 17 + Example
compound using the solubility product constant, Ksp. . 99
T = : . - Problem 5 + Practice
5 Explore the application of the solubility product constant in radiology while Problems 100
exploring its effects on vital human systems. 101

6 | Write the solubility for a given reaction equilibrium.

| Solubility Constant |

Some ionic compounds dissolve easily in water, such as sodium chloride NaCl

-

NacCl () —> Na*@aqg + Cl (g J

)

Barium sulfate (BaSO,) is barely soluble in water.

» Although barium ions are toxic to humans, patients must
ingest barium sulfate prior to having an X-ray of the digestive

tract taken.

1 BaSO4 (s) — Baz+(aq) + SO‘%‘(HQ)

‘ BaSO, (s) < Baz+(aq) ¥ Soz—(aq) ‘

| BaSO, < Baltuy + SOF Gy

‘4 = i ok
BaSO, is slightly soluble; at equilibrium, the rates of dissolution and precipitation are equal, and its

dissolved concentration is very low, making it safe for humans.

The solubility product constant (Ksp): the product of the concentrations of dissolved ions, each
raised to a power equal to its coefficient in the equilibrium equation.

i Expression for the ‘

Compound Dissolution Equation Solubility Product Constant (K,,)
Barium sulfate | BaSOys == Ba’'(aq) + SO/ (ag) 24 2-
(BasO,) | - il fp = (B30

No coefficients in front of the ions

Magnesium Mg(OH)ys) = Mg*" (4 + 20H () :
hydroxide ? KSP = [Mgz' IoH J*

Mg(OH
(Mg )2) Coefficient of OH is 2
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What is the expression for the solubility product constant

for the following reaction?

2+ -
Can(s) — Ca fagy + 2F (at)

Ksp - [Caz+] [F~]

@ || ®

_ [Ca®][F ]
*  [CaF]

a2 [CaF]|
S (S [

©| @

Ksp = [Caz+] [F—]Z

Which of the following correctly represents the solubility product constant expression

for the given equation?

Option Equation Solubility Product Constant Expression
[Ag*1*[PO;7]
@ PiChy = PV g + 20T Kyp =
[PbCl, ]
Ag;PO,,, = 3Ag*. ., + PO;" K,, = [Ag*]’[PO] ]
3 &) T ¥ t4 (aq) 4 (aq) sp g 4
Pb;(AsO,); ) = 3Pb3T . + 2As03° K, = [Pb**][AsO; ]
3 4)2(s) ~ (aq) 4 (aq) sp 4

©
®

[H,CO3]

H,C0:, = Hgll, + €03 =
* = [Hg3*][CO37]

sp
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Which chemical equation represents the equilibrium for the reaction
corresponding to the following K|, expression?

K,p = [Mg**]°[POS7)?

Mg;(POy)y, = Mg’ + POI .,

(aq)

Mg;(PO,),,, = 3Mg?(,, + 2P0,

(aq)

Mgz.(raq) W Poi_(aq) - MgB(PO4)2(s)

3Mg?l,, + 2POi, = Mg;(POy),,

Barium sulfate (BaSQ,) is used for imaging the digestive tract, even though barium ions (Ba®*) are

toxic.
Given that:

K= L1 xQ0 ™

What is the best explanation for why BaSOy4 can be used safely?

@ BaSOy dissolves completely in the body, so it does not cause harm.

The small K, value means that only a very small amount of BaSO, dissolves, so the concentration of
barium ions remains extremely low.

@ The small K, value means that barium ions are not toxic.

The small K, value means that the compound reacts rapidly inside the body.




Grade 11 ADV

Chemistry (P2)

Mr. Issa Waswas

Telegram: @CHEMISTRYIW

WhatsApp: 0569190994

Greater definition is possible in a gastrointestinal
X-ray when patients drink a thick mixture
containing barium sulfate. What happens when
sodium sulfate Na;SO, is added to barium sulfate

before it is given to a patient?

gl 3lgall sl BasYl eal el g e Jpoanl oSas

13e - pgu ll Sl yS e (g 3 bl oyl (g yall ol e

Naz;S0;4 pssasuall Sl ,S GLs| A5 Ledie Susy

S el Lgillac] b pgalall s S

BaSOy(s) = Ba®*(aq) + SO4* (aq) |

The equilibrium shifts to the right and the number

(concentration) of the barium ions Ba?* increases

The equilibrium shifts to the left and the number

(concentration) of the barium ions Ba?* increases

The equilibrium shifts to the right to produce
BaSO, solid

The equilibrium shifts to the left and the number

(concentration) of the barium ions Ba?* decreases

Ba®" sl Glisi (5:55) 3 313529 Onasll g2 S5 ¢l

Ba2* ol Gligd (5:55) e alsiay sl go Ol g

lall BaSOy z3¥ osaddl 3o GI¥1 i

Ba?" assslll clisd (3:55) 336 Jing shull s Y1 s

CALCULATING MOLAR SOLUBILITY Use the Ksp value from Table 3 to calculate the solubility in
mol/L of copper(ll) carbonate (CuCQ,) at 298 K.

| cuco, | 2.5 x 1070
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If the K, of calcium hydroxide Ca(OH), is 5.32 x 107° $3kd Ca(OH)5 powSI! saSs i) kg Lesd 318 13}
at 298 K. What is the solubility of calcium hydroxide in Bammgs pordlS)l LS5y 4usld L3 | 298 K wie 5.32 % 1076
mol/L? ¢ mol/L

Ca(OH)Z(s) = Caz+(aq) AT 20H_(aq)

A) 330 x 1078
B) 1.60 x 1073
C) 2.80 x 1077
D) 1.10 x 1072

If the solubility product constant is:
K,,= 26 x 1028
What is the molar solubility of Ag;PO, in mol/L?

AgzPO,(s) = 3Agt(aq) + POZ (aq)

1.76 x 10~° mol/L

8.80 x 107° mol/L

3.52 x 10~° mol/L

2.60 x 10~ mol/L

©||©@||®||®
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What is the value of K, for CaF, compound if the CaF, sl sl 20513 S 13} CaF, Syl K p 4ad L
solubility of calcium fluoride CaF, is 2.06x107% M 2.06x1074 M gsluss
at 298 K? $298 K )l da s e

€aF, oy == Ga*' o + 2F

(aq)

(A) 4.2x 107

. 7

X

(B) 1.8x 10

C 8.8x 107"
(D) 3 x 1071

What is the concentration of silver ion [Ag™] in Ag,CO; Ag,CO; Jslas 4 [Ag*] Ladll ool 385 L
solution at equilibrium if the kg, = 8.52x107'*at 298 k? €298 k e kg, = 8.52x10712 o) o) s

A) 3.24x102 M
B) 8.81x10* M
C) 2.57x10% M

D) 1.29x104 M
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Calculate the hydroxide ion concentration [OH ~] in a saturated solution of
magnesium hydroxide Mg(OH), at 298 K if:

By = 58 % 107
Mg(OH),(s) = Mg**(aq) + 20H (aq)

1.12 x 107 mol/L

@||®

2.24 x 107* mol/L

4.48 x 10~ mol /L

O©

5.60 x 10712 mol/L

If the solubility of silver chloride (AgCl) is:
1.86 x 1074 ¢/100 g H,O
At 298 K, and the molar mass of AgCl is:
143.3 g/mol
Calculate the K, value for AgCl.

@ 1.68 x 10710
1.30 x 107°
@ 2.60 x 10718
@ 3.36 x 10°1°
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If the Ksp value for lead(I1) carbonate is 7.40 x 10~'4, what is its solubility in g/L?

-7
@ 2.72 x 10 Molar mass Catnmotnd
(g/mol) P
127 % 1073
267.2 g/mol Lead(II) carbonate (PbCO3)
@ 7.40 x 10714
@ 1.98 x 1071
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List six general properties of aqueous acids (taste, color of indicators, reaction Textbook + Figure 96
7 . . 2 + Practice
with metals, metal carbonates and bases, and electrical conductivity) 97
Problems
Acids Bases
Have a sour taste. Have a bitter taste and a slippery feel.
Produce ions and make aqueous solutions | Produce ions and make aqueous solutions
to conduct electricity. ‘ to conduct electricity.
Turn blue litmus paper red. | Turn red litmus paper blue.

Reactions of Acids with Metals and Carbonates
Acids react with certain metals, such as zinc, to produce hydrogen gas.

Zn(s) + 2HCl(aq) = ZnCl,(aq) +HZ(8)

Acids react with metél carbonates and hydrogen carbonates to produce carbon dioxide gas.

Acid+Carbonate—Salt+H20(1)+€02(g)

Example 1: Vinegar and Baking Soda

When vinegar is added to baking soda, acétic acid (HC;H;0,)reacts with sodium hydrogen carbonate
(NaHCO03). Carbon dioxide gas is produced, causing bubbling, along with water and salt.

NaHCO3(S) + HC2H302 (aq) d NaC2H302(aq) + Hzo(l) + COZ(g)

Example 2: Identifying Limestone

Geologists use hydrochlorlc acid to identify limestone (CaCO0,). If acid drops produce carbon d|0X|de
gas bubbles,/it indicates that the rock contains limestone.

CaCO03(s) + 2HCl(aq) = CaCl,(aq) + H,0(l) +€0,(g)
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What gas is produced during the reaction
between sodium carbonate and acetic acid
solution?

assguall Ciligs S Jelis s gl Sl L

el e Jylae pa

() co,

H,

© 0,

B v

Which of the following is a property of

basic solutions?

Suslgdll Jdlxes yailas go il Las

0,

React with metals like zinc to produce hydrogen

gas

ozl 3 ZUY ooyl Jie Ol ze Jelis

React with metal carbonates to produce carbon

090,51 waST B 5 oY Ol Clisy S g Jelis

dioxide (CO,) gas (CO,)
@ Taste sour gV lgasb
@ Taste bitter and feel slippery oalell dd; g emball 8y0
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Which of the following chemical equations Jelad) i 45Y) Ll c¥sladl

represents the reaction that geologists R P
use to identify limestone rocks from other OTF g Qe ¢

S ya5ea)) Ay pa ds | yasead!
rocks? 295a)) dudy (pa dy ) j95ual

@ C&COg(s) i 2HCl(aq) — C&Clg(aq) o= HQO(I) 4 COz(g)

NaHCO3(S) > HCQH;;OQ(M” — NaC2H302(&q) + HQO(I) t COQ(g)

@ Cll(s) 1N 4HNO3(aq) - CU(NO3)2(aq) + 2HZO(1) - 2N02(g)

@ ZD(S) + 2HC1(aq) -2 leClQ(aq) i Hg(g)

Which of the following is a property of acids? SuplesY yailas e 42 b las
@ Turn red litmus paper blue GV 031 ) elpacdl yuad) .13 Byg Jg5 O
Feel slippery palell i O
@ React with zinc to produce hydrogen gas 029 e)) 3 gaisd oyl ge Jslis O
@ It tastes bitter »hasb O
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Which of the following chemical equations represents a reaction
between the aqueous solution of an acid and metal hydrogen

carbonate?

Selis Jiad dll] dilasst OYslnbl
A Qlgs Sy passd Sl Jelowadl

§ duuzg yua/!

Cll(s) + 4HNO-3(aq) = CU(NO3)2(aq) + 2H20(1) + 2N02(g)

Zn(s) + QHCl(aq) = ZnClg(aq) + Hz(g)

NaHCO3($) S HCQH;;OQ(QQ) =¥ NaC2H302(aq) + HQO(]) + COz(g)

®|@|®|&

C&COg(s) + 2HC1(”q) g C&Clg(aq) + HZO(I) + COg(g)

What property does the experiment describe
in the picture below?

iy o) e I deo sl Lo
Solisl 8ygall

Change in the colour of litmus paper

omedd] gL @)9 09 S il @)

The ability to conduct electricity S deogtl O
@ Taste sour waslodl sl O
@ Feel slippery Y ol O
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Which of the following statements about acids wales¥l (e AL Slylall Ge
is WRONG? Tdauao b

@ Acids turn blue litmus paper red. has ) eyl puaddl g5 &y Jgo5 oo O

Acids react with metals like zinc b3l Jio Sl me (plesYl Jeliss O
to produce hydrogen gas. a2 i) & 2Ly
Acids taste bitter and feel ol :
, A8 gl el e lpasb 2Ly O
slippery.

@ Acids react with metal carbonates Slylall Sliss S me (olesYl Jelis

O

to produce carbon dioxide gas. 09050 ST 36 e sy
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1acWN@® IRP-u ) Ko
Differentiate among acidic, basic, and neutral solutions (in terms of the relative Textbook +
8 . o . 115
amounts of hydrogen ions and hydroxide ions). Figure 3

W W | SRR
\ st Y v\ T
\ e

Hydronium lons and Hydroxide lons

« Pure water undergoes _ producing equal amounts of hydronium ions

as

(H;0%)and hydroxide ions (OH alt IS@_.
FAR,
H,0(1) + ,0() = H;0%(aq) + OH (aq)

«—— Acidity ——— Neutral ————— Basicity ——————»

l l l

{ ACIDIC ] [ NEUTRAL} { BASIC J

l l l

[H*] > [OH] [H*] = [OH"] [OH"] > [H"]
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Litmus paper is blue when 0550 Ledze (3,51 el gls d8y5 09l
the H concentration in the SOIUtiON iS ..cocvvvviceees i Jolxal 3 HY 585
/%
N < 2 — a;
@ equals OH  concentration OH ;S5 ¢okw QO
equals zero Ao g O
@ less than OH ™ concentration OH" s8aondit ©
@ more than OH ™ concentration OH S5 O
Which of the following is correct? Souso il Lo gl

In basic solution [H*] > [OH]

[H'] > [OH] 05 gacldll Jsloxall 3 O

In neutral solution

[H'] > [OH7]

[H] > [OH] s dolssall gl 3 O

In acidic solution [H*] > [OH ]

[H'] > [OHT] 5% paesdl dsboll 3 O

© e ® &

In acidic solution [H*] < [OH ]

[H'] < [OH] 055 st dslaall 3 O
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- Describe the amphoteric behavior of water, H,0, and ammonia, NH; (using chemical | Textbook
equations, particulate diagrams, and space-filling models). + Table 1
10 Distinguish among monoprotic, diprotic, and triprotic acids using ionization + Figure | 116
equations, examples, and particulate diagrams. 7+ To
Define acids and bases according to Brgnsted—Lowry theory, indicating the acid, Practice | 120
11 | base, conjugate acid, conjugate base, and conjugate acid—base pairs, when chemical Problems

equations, formulae, or space-filling models are given.

[ ARRHENIUS MODEL |

\ Produces H* (hydrogen ion) in water. Produces OH™ (hydroxide ion) in water.
‘ Example: HCI Example: NaOH
| HClg — H'eg + Cl (g NaOH(s) — Na'@ag + OH (g
— = === . S N By

_Shortcomings of the Arrhenius Model

Some bases, suéh_‘aé ‘(NH3 and Na,CO,), do not contain the hydroxide ion (QH') but“’sfi'll produce

OHT when dissolved in water.
BRAONSTED-LOWRYMODEL

Bregnsted-Lowry acid: H* l Brensted-Lowry base: H* T
a hydrogen ion donor. decrease a hydrogen ion acceptor. EUIEEERS

0 Conjugate acid: the chemical compound produced when the base
receives a hydrogen ion from an acid.

° Conjugate base: the chemical compound produced when an acid
gives off a hydrogen ion.

onjuc two substances linked together by donating and
receiving one hydrogen ion.

I v
HX@) + HO0p &  H30'ay + X'
|| S
acid base conjugate conjugate
acid base

e o ) ) _ N
| N | Conjugate pairs: (HX, X7), (H,0, H;0%")
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Amphoteric substance: a substance that can behave as both
an acid and a base.

| v
HBruag + Hy;Oq = H3O+(aq) + Br (g
l 4
acid base
(donates proton) (accepts proton)
| v
NH3aqg + H;Oan <2 NHi'aq + OH g
| 4
base acid
(accepts proton) (donates proton)

Water can behave as an acid or a base depending on
the nature of the substance dissolved in it.

Examples:

H,0, NH;, HS, OH, HCO;, HSO,, HPO,>

Types of Acids

(by number of protons)
|

Polyprotic Acids Monoprotic Acids

can donate more than one H* can donate one H' only

I
l I

Triprotic Acids Diprotic Acids
can donate three H* can donate two H™

Examples:
[ Examples: ] [ Examples: J HCI, HF, HCIO,, HNO;,

H3PO4 H2504, H2C03 CH3COOH (HC2H302)
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M ti =
e HF o + H0n 2 HiO0%eg + Flag
W8otic H,CO39 + H O 2 H3O0' g + HCO3 (ag)
- HCO3 g + H,00 2 HiO0fey + (€O o)
H;PO4a9 + HyOn 2 H30aq + HPOL g
Triprotic
acid H,PO7 g + HOp 2 H30% @ + HPOS (a)
HPO4 g + H,0n 2 H30%aq + POs o

lonization of Hydrogen

. 1on formation depends on bond polarity.
Hydrogen ionizes when bonded to a highly electronegative atom.
The most electronegative atoms are O, F, Cl, Br, and I.

Acid ionization in water produces hydronium ions (H;0")and a negative ion (anion).

‘ ' 3 S
H i ‘
" " H—e—c?° ?, i3
| N O—H §v—=—F
H H H
H - .
Benzene Acetic acid Hydrogen fluoride
Hydrogen not bonded to Hydrogen bonded to Hydrogen bonded to
highly electronegative atom highly electronegative atom highly electronegative atom
(oxygen) (fluorine)
Hydrogen not ionizable Hydrogen ionizable Hydrogen ionizable

Not an acid Is an acid Is an acid
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In the reaction equation below, which of the following Spune Gb Loo (gl ool Jolidl Dolaa |
|
is true? + =
s e HX(aq) + H,O(l) = H3zO0"(aq) + X (aq) |
|
I |
(A\ HX donates hydrogen ion to water H,0 HoO slall sy (sl HX ] ‘

‘\ H,0 is a Bronsted—Lowry acid Saf — Sy poleal e HaO iy

@ HX is a Bronsted—Lowry base o) — Mg el e HX jom

) HX accepts a hydrogen ion from water H,0O HoO bl oo g sas Osl HX i

Q| ] | K

Which of the following is considered a conjugate

acid—base pair?

0380 50815 a5 i (5 oo ol

H,PO, , HPO,*

H,O , O

HNO, , NO,~

H,S0, , SO,*
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Which of the following is not a conjugate acid-base pair? 838l 3el8 ans 79y ol b Leo gl
HCIO, /ClOy O
HS0, /504" O
H,0/O0H" O
H,0* /OH O
Which of the following is not a conjugate pair? a8 e B g yad b Lae g/
@ HC,H30, / C,H,0," O
OH-/H,0 O
@ H,S0, / SO~ O
(D) NH, / NH,* $
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Which of the following is the conjugate acid $NH3 dgazall 520l 38 50 plaes b lea sl

of the weak base NH3?

(A) NH, O
® o
(© NH, O
(D) NH,* O

Which of the following is amphoteric

substance? 9%y 9ol Bole yiiad (i Las (g
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Which of the following is an amphoteric substance?
(A)| so
(B)| msoy j
(C)| Hs0, O
lD H,S0, E

Which of the following is NOT amphoteric?
® | wo o
OH- O
© | weos o
D) | Hpo* O

Which of the following is a polyprotic acid? i gl g sll daadia Ulnaa yuiad Ay Lea gsf
|

(a) HC,H50, O
(b.) HCl O |
() HNO, O
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The figure below represents benzene. What explains fana Luals 3y pe il g3 Lo gl ey ol JSal

why benzene does not have acidic properties?

(") There is a small difference in electronegativity

between carbon and hydrogen

H
O There is a significant difference in electronegativity — H H
between carbon and hydrogen
H H
O Hydrogen atoms ionize easily |

O The bond between carbon and hydrogen is polar

Togl
O3 el ALl e i 2w O
g ielly sl

oo il L) i w8 disg O

O pelly Sl
g gy 3 s O

Ak el S o B O

What is the number of hydrogen atoms that can be
‘ o) ionized in the following compound?

@)

s, | [@

O—H
/‘\
© 4 (D 1
( H | What is the number of hydrogen atoms that can be
H H ionized in the following compound?
® 1 3
H H
H © o D 6
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Which factor determines whether a compound can exhibit acidic

behavior by releasing a hydrogen ion (H*) in water?

The color of the compound

The polarity of the bond containing hydrogen

The size of the compound

The temperature of the solution

CONONONO
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12

Define acids and bases according to Lewis’s theory.

Textbook + table 2

121

Lewis Theory (Electron Pair Theory)

Lewis Acid

Lewis Base |

A species that accepts
an electron pair.

A species that donates
an electron pair.

Lewis base

Lewis base

Lewis acid

:0—S—O:

Why does BCl; represent Lewis’s acid owsl sasa BCIy Jid 13U
in the following reaction? ¢ AEN Jelssll 3
:Cl: o -
l :Cl:
. -« == "
3Cl—B + :Cl: = [:CI-B—CI:
s e .. | ..
| :Cl:
:Cl:
A Because it is proton acceptor from the base CI” Cl™ 3aclill e 05595l Jadions €Y O
B Because it is proton donor to the base CI” CI” sueldll Y] sigsl! mile <Y O
C Because it is an electron pair donor to the base CI” CI” aclall Jl ol iSY1 795l mils <Y O
D Because it is an electron pair acceptor from the base CI” = ClI” 3uclall fe g 51 7930 Judtns oy Q
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Why does O represent Lewis’s base in the

following reaction?

€A Jelidll 8 o gl 5208 02 Jia) 13

20): 2-

SO; e Uiy culiin LY

SOy ) Gy p cunia el

A Because it accepted a proton from SO,

B Because it donated a proton to SO,

(o Because it donated a pair of electrons to SO,

D Because it accepted a pair of electrons from SO,

SO (I g S (3a iy conia LY

OO0 |0

805 o llig A e Ly sl L3

What does NH; represent in the reaction

Solial Jelidll & NH3 Jis 13l

below?
Va\ S,
|
H—ITH/\!'S—F — H—N—B—F
|
H F H F
Lewis acid ou gl s
Arrhenius base e st f acd

Arrhenius acid

Lewis base

esih )l aes

OO | D

vu._l}] 3acd
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¢

Which of the following is true? {rasia \,.'.L Lea é‘l

H ¢

| /\\
H_T:

H

F:

| .

B—:F: — H—N-—B—F | NHj(ag) + H,0() = NH,;*(aq) + OH (aq)
|

E:

1 2

The ammonia NHa, in reaction 2 is an electron § ,
A by S 795 Jaitne 2 Jelidll s NHj Ligall ,ia
pair acceptor o

B The ammonia NHj, in reaction 1 is a Lewis base ousl 8ael 1 Jelinll 3 NHj Ligad! ya5 O
The ammonia NHa, in reaction 2 is a Bronsted— . s " Y
C Gas) — iy paan 2 Jelidl i NH; s L | ()
Lowry acid i
D | The ammonia NHa, in reaction 1 is a Lewis acid ousl paes 1 Jelinll & NHj3 Lige¥l el O
What is the similarity between SN 2 hsnanll g N iy Lo

the following two formulas?

A Both are Lewis acids ousl psleal Laads O
B Both are Arrhenius acids oussia ) palaal Laads O
C Both are Lewis bases eyl del sl Lads O
D Both are Arrhenius bases ousia i ac) g8 LaadiS O
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Compare between strong and weak acids (using examples, particulate ) 124-
13 o . Textbook + Figure 3
diagrams, and ionization equations). 126
T\ = LI\
\:4:2«;‘\, \ wire L

Figure 9 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
won

- acid > _ ionization » - ions > - electrical conductivity » - lamp

HCl(aq) + H,0(l) » H30%*(aq) + Cl™(aq)

¢\e4a6““ _ WasW??
T \ Y. 165 18 \N |f.‘"'l}<\{\\“
e\ W | @crEY i 4
\ \\'\y ',J'&‘":L\\‘

Acetic acid
molecule

- Acetate ion

— Hydronium ion

Figure 10 When electrodes are placed in 0.10M acetic acid
solution, the light is dim. Compare this illustration with Figure 9.

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

Weak acid > Partial ionization > Fewer ions > Poorer electrical conductivity » Dimmer lamp

CI-\{@QOOH(aq) + H,0(l) = H30*(aq) + CH;C00~ (aq) \NaS“"as
" ;t\ \'w | ML \SS?‘ <YW 5 "W“/ 7\ ,‘\‘ N“ \55 51 x'\”
\ 33\ \" W ‘\ Q}‘,JC‘“‘:"':V‘S "' 2 \ W \ gCHe!
\'v ;,_,: "',L,I\\““ = \ W ,,-

Strong Acids: HCL, HBr, HI, HNO,, H,SO,, HClOs, HClO,.
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aab ~«1AD

What is the difference between the two figures below? Solial ISl s CEDEAY) An g L
Acetic acid
molecule Hydronium ion
(aan g et osl
EER]
Acetate ion Chloride ion
Cd) o L2350 o o
Hydronium ion
pasiasgd O
0.1 M acetic acid solution 0.1 M hydrochloric acid solution
0.1 M i) aaa Jslaa 0.1 M &l 585,08l e Jsbaa
A HCI acid solution is weak conductors of electricity while Ly el g€l daseiall cagal) e HCI Lmea Jelas O
the HC,H;0, acid solution is good conductors of electricity = oL Sl suall Clagall o HC,H30, (e Jslss
The HCI acid molecules contained in the solution are S U il Qi o HOY oan i iz
ionized partially while the HC,H;0, acid molecules O
B i et Lla Jslaal lgasing 0 HC,H30, mea cilisja ol
contained in the solution are ionized completely
c HCI acid solution produces a maximum number of ions Laiy clig¥l e 220 aadl HCI jaea Jslae o
while HC,H;0, acid solution produces fewer ions Jil cligd HC,H;0, (aes Jslas zi O
D HCI acid solution produces fewer ions while HC,H,0, Lain Jil @il HCI Laaes Jglas ] O
acid solution produces a maximum number of ions il e 230 eail HC,H30, aaa Jslas i

Which of the following tables is correct Jallxall s> e I Jglazd) (gl
about the solutions contained Solial 1,2 Gualsl 3

in beakers 1 and 2 below?

a. Beaker 1 Beaker 2 2 sl 1 Lalsh
strong acid weak acid s o SP pae O
completely ionized | partially ionized Lisa oidas Ll LS oty
b. Beaker 1 Beaker 2 2 elsh) 180 |
strong acid weak acid i e S8 paea O
partially ionized completely ionized Lla W sy Lisa oy
c. Beaker 1 Beaker 2 208 | 1o o 0
weak acid strong acid SH Uaas s yaas O N ! as\j" =3
14 completely ionized | partially ionized Lu)a . ol | s L_.IS_,_H\* ARTIV
a Al e = — = = p——— =w—cw
N
; d. Beaker 1 Beaker 2 [ 2o [ sk
weak acid strong acid { S8 Haes s aes O
partially ionized | completely ionized [ Lla L _‘EJE | G 7__3;1.’.5 ‘
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aab —aS
. What is the reason for the difference in the brightness ¢ aliaf il & cladll plan B GOEAY Cus e
= \\ | of the bulb in the two figures below?
\ \\
=
1
HC,H,0, is a strong acid and completely ionizes in Sl Jlaall o U85 s 58 (e HCH,0, sl O
aqueous solution
The number of ions in HCI solution is less than Gligh) e e J3l HCL Jelaall 3 Glig¥) o
the number of ions in HC,H,0, solution HC,H,0, Jsladl 3 O
The number of ions in HCI solution is more than Jsladll 8 cligl) e e ST HCT Jladl) 3 clig) s O
the number of ions in HC,H,0, solution HC,H,0,
swas
{14 HCl is a weak acid and only partially ionizes in Al alaall 3 1 U iy Ciinia Gaes HCI yiaasll O W
"o\ T ?
\‘y \ ‘\\V aqueous solution

Regarding the figure below, which of the following is correct?

The light is dim in 1 because CH;COOH is a strong acid.

The light glows brightly in 2 because HCl ionizes only partially.

The light glows brightly in 2 because HCl is a strong acid.

The light is dim in 1 because CH;COOH ionizes completely.

OHONONO,

U || QO
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Define the acid ionization constant, K, while writing the ionization constant
14 : . . Textbook +
expression for different weak acids. Table 4 126

15 | Relate the strength of weak acids to the numerical values of K,,.

Acid lonization Constant (K )

Acid ionization constant (K,): The equilibrium constant for the ionization of a weak acid

in water.
For the weak acid HCN:
HCN(aq) + H,0(l) = H;0%(aq) + CN~(aq)

o _ [H0"1[CN"]
*! = THCN][H,0]

Sinceé the/doncéntration of liquid water is constant, a new constant,'\K,, is défined:

K, = Keq [H,0]

_ [H307][CN7]
®  [HCN]

Alarger K,value indicates a stronger acid because it ionizes more extensively in water.
W N |
» Most polyprotic acids ionize only partially in water.

» Eachionization step has its own acid ionization constant (K ).

» The value of K;decreases with each successive ionization step oa Waste

S hca | lonsation Equation | K (298K

Hydrosulfuric, first ionization H,S = H" + HS™ 89 x10°°

Hydrosulfuric, second ionization HS — H'" 1§ 1x 107"
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A\ below?

What is the acid ionization constant of the equation shown

oLal Aiall Astaall Haeall ol cul juei b

Y oy i
HIO(aq) o H20“) = H,0 i ¥ [0 i

[HIO][H,0]

a

_ [HIO][H,0]

* [H;01[107] O

a [HIO]

* [H;01][107] O

_ [H;0*](107] ®
O

_ [H;0*][107]
[HIO]

|
3

Al

\\
N

What is the correct order of the following acids

according to its strength from weakest to strongest?

Al GaleaW pumaall sl Le
TVl I cana¥l e Lt cans

K. (298K) Acid oAl

6.3x107* Hydrofluoric ahyslasyougll
6.2 %1010 Hydrocyanic  lileag juugl)
1.8 x 1075 Acetic el
1.8x10™* Formic i) sd]l

Hydrocyanic — Acetic — Formic — Hydrofluoric

lojlig gl liaypall il libing gl

Formic — Hydrocyanic— Hydrofluoric — Acetic

i) elygligyugdl il agll e cluaygill

Hydrofluoric — Hydrocyanic — Acetic — Formic

laoysill il e cliliwg suugll  dlsjglis gl

Q1 Q|0 || O

Acetic —» Formic — Hydrofluoric - Hydrocyanic

il gl € aligliy gl  olosyall el
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Which of the following statements is correct regarding the ¢ A ol Yl Blads Lasd Aauaa 06N & jlad)

following ionization equations?

K. (298 K) ol Astae sasall
lonization equation Acid
89 x 107 H,S = H* + HS~ IV ol ey 5 il g 526l

Hydrosulfuric, first ionization

1 %10~ HS™ = H* + §* Gl el il pugl)
Hydrosulfuric, second ionization

O The acid in the first ionization is weaker than the acid S B aaad e tinasad A SN B siman

in the second ionization

The concentrations of ions produced by the second ionization g 3815 e ﬁs‘ S ol e Aadlil iy 305

are greater than the concentrations of ions produced by the first
O 9 ops:p y J,‘x’l JL‘«_!\ wi;.jl_dl

ionization

O Hydrosulfuric acid is a strong acid because it is a polyprotic Gl el (58 ans Sl il g ugll aes

The acid in the second ionization is weaker than the acid in the . " ¢
O I ol 3 manl (e il S8 0 3 ymaall

first ionization

What is the weakest acid among the acids eslial J gaall & oabeal G (e il asall L

in the table below?

K, (298 K) acid saasl)

6.3 x107* HF

6.17 x 10710 HCN |

1.75x107° CH3;COOH ‘

1.77 x 10~* HCOOH
HF O
CH;COOH ) B

' HCN O

HCOOH O
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following equation?

What is the expression for the acid dissociation constant, K, for the

HNO, (aq) + H,O(l) = H;0(ag) + NO; (aq)

®] - oo 0
—@ e :_ [HNO,|[H,0] O

[H;07][NO; ]

What is the correct descending order of the acids in
the table below according to the concentrations of ions

in each solution?

sial Jyradl 853l calandl uaal AN Cazll L

e TN T
tlgte JS Jplaa A i) jslal

. —ll - 1&
ol culs ACId el
lonization Constants

8.9x10°* H,.S

6.3 x 107 HF

1.8 x 107 CH,COOH

4.5 x 107 H,CO;
H,S —H,CO, » HF » CH;COOH O
HF — CH,COOH — H,C0; — H,S 0O
H,S — H,CO; —» CH,COOH —» HF g 2

CH.,COOH —+» HF —» H,CO, —» H,S 0O
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Identify the relationship between the strength of an acid and its

16
conjugate base, and the strength of a base and its conjugate acid. [Sbeck

125
126

| v
HX@g + HyOn = H30%eq + Xg

—_—
strong strong weak weak
acid base conjugate conjugate
acid base
has more ability has less ability
to attract H* ion to attract H* ion

H,O is a stronger base (forward reaction) than the conjugate base X~ (reverse reaction)
The attraction of the H,O base to the H* ion is greater than that of the conjugate base X~

The ionization equilibrium is almost shifts to the right and HX ionizes at 100%

| i
HY@q + HOn 2 H3O0%aq + Y g
| |
weak weak strong strong
acid base conjugate conjugate
acid base
! I
has less ability has more ability
to attract H* ion to attract H* ion

Y™ is a stronger base (reverse reaction) than the base H,O (forward reaction)

The attraction of the conjugate base Y™ to the H* ion is greater than that of the base H,O

The ionization equilibrium is almost shifts to the left.
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Which of the following statements is correct

according to the following ionization equation?

HCN(aq) + H,0(l) = H;0%*(aq) + CN~(aq)

A bl Aol (3ley Lagd Aniaa A0 & a6

’ p
The equilibrium lies far to the right because

the conjugate base CN™ has a greater attraction

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

L

G i ON™ 4ailsal saelall 0 Cal ) Fms OI5Y1 4n

H,0 selill o ,SIHY 000

——
| The equilibrium lies far to the left because the
conjugate base CN™ has a greater attraction

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

Gaa i CN™ Aaslyal) sac il oY bl ) 1 SV 4ady
H,0 s:clill o HSEHY 5

The equilibrium lies far to the right because

the conjugate base CN™ has less attraction

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

Gia elli CN™ @yl sacldll oY cpal) ) Vams oY1 asy
H,0 saxcldll ;e J8l HY (s

‘ The equilibrium lies far to the left because
the conjugate base CN™ has less attraction

| for the H* ion than does the base H,0

Gia olia ON™ Adlall saclill 0 Jlad) ) Vs 1Y) 4y
H,0 sl ;e Jil HY a0

Which of the following is NOT true according to the following

reaction?

£ A oAy i L gyt e

HCI(aq) ¥ HzO(" - H30+(aq) o Cl—(’“”

Conjugate base CI" is weaker than H,0 base

The ionization equilibrium lies far to the left

H,0 base has a greater attraction for the H* ion

than does the base CI

The ionization equilibrium lies far to the right

H,0 sl (je il Cf 48l jall sacldl

Sl ) ol o) 3 asgy

H* 050 s H,0 sl i

Cl saeldll (o &

O o Gl 0130 4y
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Which of the following statements is correct about the reaction

shown below?

¢olial Jooliall duuailly dsuaaa 4l i aall gi

HC,H;0,(aq) + H,0() = Hy0*(aq) + C,H;0,7(aq)

The acid HC;H30, is strong and the conjugate base
C,H30,7 is weak

dueaa CpH307 48 yall scldll 5 588 HCyB,

B. The base C;H;0, is weak than H,0 base

H,0 s3elil) (e Ginudal C,H;0,™ 5@l B

The conjugate base C;H;0,™ has greater attraction
for H* ion than does the base H,0

St Laa 5 1 H* (Y Gl Gla i CoH30, 4yl sl .C
H,0 saclall

D. The equilibrium lies far to the right

Osadl M T )3V 4 D

Regarding the two reactions (1) , (2) in the table

below. Which of the following is correct?

b Lae sl Lolial Jgaall 3 (2) 5 (1) Oulelilly (Blad Lah

O
e

Reaction (2) Jelall

Reaction (1) J= il

HY(aq) + H,0() = H30%*(aq) + Y~ (aq)

HX(aq) + H,0() — H3;0%(aq) + X (aq)

In reaction (1) the ionization equilibrium lies almost
completely to the left because the base H,0 has
a much greater attraction for the H* ion than does
the base X~

In reaction (1) the ionization equilibrium lies almost
completely to the right because the base H,0 has
a smaller attraction for the H* ion than does

the base X

In reaction (2) the ionization equilibrium lies almost

completely to the right because the conjugate base Y~

has a smaller attraction for the H* ion than does the
base H,0

In reaction (2) the ionization equilibrium lies almost
completely to the left because the conjugate base Y~
has a much greater attraction for the H* ion than does
the base H,0

Ho0 sl Y jlall ) Tojis 1S Gl Gl aasy (1) Jelidh 3

X7 saclall ashian bae HY ooV dpalyy 13S0 6 Laa Sl

Ha0 528l 0¥ Gl ) i 41 G Gt aagy (1) Jelidl &

X 500l 4S5 Lo HY ¥ ity iy Bl g i O

Y™ ddhall aclill OF Cpad) (M Gagis ul Gl 4y (2) Jetaa 3

H,0 saclill e HY oo J8 Ls ol

O

Y™ il saclil Ol Y Gosis ol ) any (2) Jelidd 3

Hy0 sxclill 5o HY ol L3S Sl Las i
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- Define base ionization constant, Kb, while writing the ionization constant Textbook +
expression of different weak bases. Tables5 &6 | 127
18 Compare between strong and weak bases (using examples, particulate diagrams, + Practice 128
and ionization equations). problems

— 1 v
CH3NHz@q + HOp <  CH3NH3'(aq) + OH7(ag)

| T

weak weak conjugate acid conjugate base
base acid of CH;3;NH, of H,O
CH;NH, | ’ OH-

has greater ability

has less ability
to attract H* ion

to attract H* ion

The relationship of the base dissociation constant K, for CH;NH, is given by:

_[CH;NHF1[OH™]
PN\ CH3NH,]

Strong bases:.NaOH, KOH, RbOH, CsOH, Ca(OH),, and Ba(OH)z,.
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| Which of the following statements is correct about the

reaction shown below?

Solia Joliall dpuiilly daana A i jlal)

CH;NHj(aq) + H,O(l) & CH3NH;3*(aq) + OH (aq)

A. The base CH3;NH, is weak and the

| conjugate base OH is strong

&\‘)A]‘ EJG\.m_, a.l'._u...a CH3NH2 saclall A.
48 OH™

B. The base CH3NH, is strong and the

conjugate base OH" is weak

o)) 5:0ly 448 CHaNH, 5@l B.

Lz OH-

\
| C. OH  ion has lowest attraction for H* ion
\

than has a molecule of CH3NH,

H* 3 Jif L iy OH osd  C.
CH3NH, gy 4Sliay Laa

D. The equilibrium lies far to the right

ol Ml W 4ayy D,

Which of the following is correct according to the following

reaction?

NH,(agq) + H,0(l) & NH,*(ag) + OH (aq)

$ A Jeliily (3lats Lagh rinas (b Laa gl

NH; molecule has a greater attraction for H* ion more

than OH™ ion

OH™ ipf 4Shias Lo H* (s 581 cidng NH, sign s

The equilibrium lies far to the left because the base

NH; is weak while the conjugate base OH™ is strong

A NH; saelill o Ll ) ey 151 4

L OH™ iyl sl Lay

NH, is a strong base completely ionizes

in dilute aqueous solution

Gaisal AL Jglaall G oul5 458 NH, sacldl

QI Qf @ O

The equilibrium lies far to the right because the base

NH, is strong while the conjugate base OH™ is weak

8 NH; salill OF el ) Vmy OBV 40y

A OH™ ddil ) s2e @) Laiy
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Which of the following is correct according to the
bases in the table below?

9oL Jgaal A 5algl seleilly alads Lk priaa (b Laa

Ky (298 K) lonization Equation ool Alalaa Base 5. lall
2.5x107° NHs(aq) + H,0(l) = NH,*(aq) + OH™(aq) Ammonia Ligy!
5.0x107* C;HsNH,(aq) + H,0(l) = C,HsNH3*(aq) + OH(aq) Ethylamine el i
4.3x10 CH3NH,(aq) + H,0() = CH3NH3*(aq) + OH™(aq) Methylamine (yul Jiial)
4.3x1071° CeHsNH,(aq) + H,0(1) = CgHsNH;*(ag) + OH(aq) Aniline ;L)

Ammonia solution produces the maximum number

of ions

Ethylamine solution produces the maximum number

of ions

Aniline solution contains lower concentrations of the
un-ionized molecules

Methylamine solution contains higher concentrations of

the un-ionized molecules

Which of the following represents the chemical equation

and K, expression for the ionization of ethylamine in water?

Lyl pe cligall e 385 B e ) Jlae (sgin

22 Sl ge 3805 el o G Jiadl Jylae gy

gl e e S0 Liga¥) Jglae a3y

gl e 2o S Gl Q) Jglaa 2y

O||O|O| O

i

K, s gl Aldna (i I LRGN

plall (B Caal JAY 00

C,HsNH; + H,O 2 C;HsNH;" + OH™

[C,HNH:][OH ]
) NG s . a.
|C;H;NH, |[H,0]

_ [CHsNH; [[OH]

C,HsNH, + H,0 = C,HsNH;*+ OH™ . b = [C,H.NH, |[H,0] b.
S y . » = [C,HsNH3][OH |

C,HsNH; + H,O = C,HsNH;" + OH ; b= TG HNH,] &
. ki 3 ., _ [C;HsNH3][OH "]

C,HsNH; + H,O0 2 C;HsNH;™ + OH 2 K, = d.

[C2H5NH, |
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>0 Use Kw to calculate the hydronium ion and hydroxide ion Textbook + Example Problem 129
concentration at a given temperature and vice versa. 1 + Practice Problems 12(1)

lon-Product Constant of Water (K,,)

Itis the product of the concentrations of hydrogen ions and hydroxide ions in dilute

agqueous solutions. K, = [H"][OH]
At 298 K (25°C): 1.0 X107 = [H"][OH]
Type of Solution Relationship Between lons lon Concentration (mol/L)
Acidic Solution [H*] > [0H7] [H*] > 1.0 x 1077 mol/L
Neutral Solution [H'] = [OH] [H] =[0H ]| =1.0x 107 mol/L |
Basic (Alkaline) Solution [OH7] > [H'] [0H ] > 1.0 x 1077 mol/L
In the self-ionization reaction of water shown below. oLl s gall elall S ol Jelas o
What happens if the concentration of H™ ions 33 13] Su 13k
increases? §HY Hezg)all Oligl 585

H,O(l) = H*(aq) + OH (aq)

CA/> | The concentration of OH™ ions increases OH™ swuSgyuugll Sligil 585 olss O
and £, value does not change. g 090 K, dad S

@ | The concentration of OH™ ions decreases OH™ wuSg )l Oligal 585 Jas O
and K, value does not change. a9 Ky dad A

C The concentration of OH™ ions increases OH™ aSgyugll Sl 385 slaj O
and K, value increases. LKy dad Ba3y

(5\\ The concentration of OH™ ions decreases OH™ suSsyaugll Sbgsl 385 Jas O
\,) and /K, value decreases. Ky dad i
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Which of the following solutions is basic?

$ e ) Jlaad) g 6l

( Concentrations at 298 K ) (298 K xe 314 )
Gsadll juac el ohicla Bygd (o
Lemon juice Seawater Pure water Coffee cup

[H*]= 6.0 x 1072

[OH]=1.0x 1076

[OH]=1.0x 1077

[H*]=1.0x 10"*

Pure water

Lemon juice

Seawater

Coffee cup

Which of the following aqueous solutions is acidic?

Gl Hrae

sl ol

O|101||0O| O

Bygd Olad

§ man Al Al Jilladll gl

( Concentrations at 298 K) (298 K xe 5S40
D Jslaall C Jsbaall B Jsaall A Jslaall
Solution D Solution C Solution B Solution A

[H*]=4.0x 107*

[OH"]= 1.0 x 1077

[OH ]=1.0x 107*

[H*]= 1.0x10713

Solution A

Solution B

Solution D

Solution C

A Jsladl

B Jsiaal

D Jslaal

C Jylaall

OO | O
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What is the number of hydroxide ions (OH™) e il slall 3o 0.750 L 3 (OH") suuSgyngll cligsl 3ac Lo

. in 0.750 L of pure water at 298 K? 7298 K)
so3la gl a2
6.02 x 10% Avogadro’s number
1. 4.52 % 10
P 4.524 103!
3. 8.03 x 10'°
4. 8.03 x 103!
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o Relate the acidity and basicity of an aqueous solution to the hydronium Textbc‘)o.k +
and hydroxide ion concentration and pH at 25°C (298 K). Example Problems 11:9;1
21 | Calculate pOH when the [H*] or [OH] is given and vice versa. 2,3,4 + Figure 13+ 134
22 | Calculate [H*] and [OH"] from pH. Practice Problems
pH = —log [H"]

pOH = —log [OH™]

Relationship between pH and pOH (at 298 K or 25°C):
pH + pOH = 14

Calculating [H*]and [OH " ]from pH and pOH:
[H*] = 107PH
[OH™] = 107POH

pH Value Type of Solution Relationship Between lons

pH <7 Acidic [H'] > [OH7]

pH =7 Neutral [H"] = [OH™]

pH > 7 Basic (Alkaline) [OH"] > [HT]
HH] 1 1! 102 102 10 1% 105 1077 10°% 1% 1010 " 12 0B pM
pH 0 1 2 3 4 5 6 7 8 9 W mn 12 13 U

<

pPOH ¥ 13 12 n 1 9 8 7 6 5 4 3 2 1 0
[oH™] 0~® 1077 102 1" 107 ©-? 10°% 107 105 105% w* 102 102 10 1

0

Increasing Increasing
_ acidity s Neutral basicity d

> When the pH changes by 1 unit, the concentration of H *changes by a factor of 10.

> When the pOH changes by 1 unit, the concentration of O H changes by a factor of 10.
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How many times increases the concentration
of hydrogen ions [H*| in the solution X than
in the solution Y according to the figure
 below?

OF X el B [HY] ot Sl S8 5 23800 8
f.u&i,..j\%vd";hd\

—— .|

X, pone Y Jpina
solution X solution Y
¢ 0
pH 0 1 2 3 B 5 [ 7 8 9 10 n 2 13 i
pOH “ 13 12 1 0 ) ~ 7 3 5 4 3 1 | 0
A. 2 times (5) 2 A
B. 10 times <10 B
C. 100 times 32100 .C
D. 1000 times I YN %1000 .D

08 X Jsbal B [H™] Gt Ol 383 138 80 8
DU a ) i Y plaal)

How many times increases the concentration of
hydrogen ions [H*] in the solution X than in the
solution Y according to the figure below?
XJplaa ¥ Jgixe
solution x solution Y
& &
o 0 1 2 3 4 S 6 ? 8 9 10 n 12 13 1%
poN 4 13 12 1" 10 9 8 7 13 5 1 3 2 1 0

V

A. 2 times (¢54) 2.A
B. 10 times =110 .B
C. 100 times 534100 .C
D. 1000 times 534 1000 .D
\
How many times more acidic is solution A 2B Jsbaall i A Jglaad Lapen baly  plis bz oS
than solution B?
pH Solution
sl
2 A
5 B
(A) | 1000 )
\.‘:'Ev‘l = — (e ¥ as
rilssd i (e : M. 322
LR W (B) 3 A Y
W '.L'J Q,‘ — é i
(c) | 10 O

(D) | 100
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Which is tht; corréct arrangement according to | s (¥) 5 (X) Jfaall pOH‘ w ead fanall (536 Lall) cas 2 L
the pOH values of the solutions (X), (Y), and (Z) 400N Lalladd <43 (2)

which have the following characteristic?

(X):pH =10.5
(¥): [H*] = 10712

(Z): [OH"] = 107°

A. gowest) (Y) = (X) = (Z)uighest | L (Z) « (X) « (¥) o A
B. lowest) (X) — (Y) = (Z)nighest) ' s (Z) «(Y) «(X)um.B
C.powest (Z) = (X) = (V) i) [ vy () « (X) « (Z) (€
D st L)~ ) > O sl e | (D) (@) — (X) oD

Was

Nasw

~a WN© g

What is the value of pOH of an aqueous solution [H'] = 2.5% 10724 (5% e Jglaal pOH dadd L
that have [H*] = 2.5x 1072 at 298K? 298K o

1.60

10.81

12.40

2.00

o] [e]ikellle
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What is the correct ascending order according to

the pH value for each of the following solutions?

el (ua el gl L3l L

€ Al Adladd ;e O8I pH

i) O el —la el
Household ammonia Lemon juice Milk of magnesia Milk
pOH=2.10 pH= 2.37 [OH ]=3.2x 107 [H*]=3.2x 1077

Milk of magnesia — milk — lemon juice = household ammonia

Milk — household ammonia — lemon juice — milk of magnesia

Household ammonia — lemon juice — milk — milk of magnesia

Lemon juice - milk — milk of magnesia — household ammonia

Ll il aidall

Al igad! = Geadll juas el e Lusiiall Gula

Ll e gl spume 5 2l Lipall) ¢ Qulad

-— h.r'l"ln e — 435 B‘_-':,..Lﬂ

Adjial igad) o Luaaal cale — el — Gaall juas

VK
Q(E“‘-;H

What is the correct ascending order according

to the[OH "] value for each of the following solutions?

dagd (s :_\_._all é.‘r.".;ﬁl'n il

\
a

€ 0N Ml o JSI[OHT]

[H*]=2.5% 10~2M

D Jglaall C Jslaall B Jslaall A Jslaall
Solution D Solution C Solution B Solution A
[OH"]= 4.0% 10~3m pH=7.40 pOH=5.60

Solution D = solution B — solution A — solution C

Solution B = solution C - solution D = solution A

Solution C — solution A — solution B — solution D

Solution A — solution B = solution C = solution D

€ Usadl A Jshad) &« Blslaall « D Jsladl
AJ,L—;A! ¢—DJ_,LH=.H FCJJL_‘H 4 BJJL,_AI

D (ssdl & B Jshsal & AJslaal) « C Jolsal)

DJ’L.A“ e—CJJl;.A_ﬂ d—B_L,LAl (—AJ"L—LA“
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Calculate the acid dissociation constant, Ka, given acid Textbook + Example 135
23 . + Problem 5 + Practice
concentration, [H*], and pH. 136
Problems
[H*]? [OH™]?
a = .. K, = _
[acid]-[HY] [base]-[OH™]

CALCULATE K, FROM pH Formic acid is used to process latex tapped from rubber trees

into natural rubber. The pH of a 0.100M solution of formic acid (HCOOH) is 2.38. What is K_ for
HCOOH?

HCOOH(aq) = H*(aq) + HCOO(aq)

The pH of a 0.200 M solution of hydrofluoric acid HF g gl o 56 0.200 M Jiladd pH g agll A3

is 2.15. What is the Ka value of HF acid? HF jawalKa 4t L. 2.15 a HF

47 107

3.2%x 107

18 %10°

2.6 % 10™
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What is the value of K, of (0.0400 M solution of acid HCIO,

with pH=1.807

What is the K, value of cyanic acid (HCNO)

49x% 107°

58x 1072

1.0x 1072

26x 1074

solution with a concentration of 0.1 M and pOH = 11.0?

1.01 x 103

1.01 x 1012

1.0 x 10-21

1.0 x 1010

‘.‘pH=l-80 3

pOH = 11.0 3 0.1 M 538 5 HCNO ibadl (jaas Jglaal K, 4ad

2 (| Q|9 | O
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24 | List different methods used to measure the pH of a solution. Textbook + Figure 16 1;2

v T @

pH measurement

pH paper pH meter
| 3 [ i
determine the pH gives a direct digital
value of the solution reading of pH

pH papers are treated with one or more The pH meter gives a more accurate
substances called indicators. measurement of pH.

Two students measured the pH of the same solution. Student A used pH paper and
obtained a pH of about 5. Student B used a pH meter and obtained a pH of 5.23.

Which result is more reliable?

O

>

Student A's result because pH paper is simpler to use.

(O B. Student B's result because a pH meter provides a direct
and more accurate reading.

W @ (O C. Both results are equally accurate.

() D. Neither result is reliable.
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25

Define a neutralization reaction while writing the neutralization
equation (complete ionic and net ionic equations).

138

Textbook + Figure 18 139

> A neutralization reaction is a reaction between an acid and a base in an aqueous
solution to produce salt and water.

> Aneutralization reaction is a type of double replacement reaction.

> Asaltis anionic compound composed of a base cation (positive ion) and an anion

(negative ion) of an acid.

Example

A neutralization reaction occurs when NaOH reacts with a solution of HCL.

Complete lonic Equation

Spectator lons

Net lonic Equation

HCl(aq) + NdOH(aq) - NClCl(aq) + HZO(I)
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. What are the products of the neutralization reaction?

A salt and water

Acid and base

Acid and water

O LK O] O

A base and water

Which statement best defines a neutralization reaction?

A. A reaction between two acids to form a salt

B. A reaction between an acid and a base to produce a salt and water

C. A reaction between a metal and an acid to produce hydrogen gas

D. A reaction between two bases to form water

J || € || &2 || 2
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What is the net ionic equation for the neutralization of HCI by NaOH?

A. HCl + NaOH — NaCl + H,0

B. Na" + CI' — NaCl

C. H" + OH - HO

QO[]0 || O

D. H,0* + CI" - HCI + H,0

What is the complete ionic equation for the neutralization reaction between nitric acid, HNO;(aq), and
potassium hydroxide, KOH(aq)?

A.  HNO;(aq) + KOH(aq) — KNOs(aq) + Hy0(l) )

B.  H'(ag) + NO; (aq) + K*(aq) + OH (aq) —~ K*(aq) + NO; (aq) + H,00) ()

C. H'(aq) + OH (aq) — H0() £ )

D. K" (aq) + NO; (aq) — KNO3(aq) O
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Which products are formed when calcium hydroxide, Ca(OH),, reacts with nitric acid, HNO;?

A. Water and calcium nitrate

O

B. Calcium oxide and nitric acid

C. cCalcium hydroxide and water

D. Calcium nitrate and oxygen

O
O
O

=
. N2
\Nas"

Which equation correctly represents the neutralization reaction between nitric acid and sodium

hydroxide?

A. HNOj;(aq) + NaOH(aq) — NaNOj(aq) + H,0(l)

B. HNOs(aq) + NaOH(aq) — NaH(aq) + HNO,(aq)

C. HNO;(aq) + NaOH(aq) — NaO(aq) + Ha(g)

D. HNOj;(aq) + NaOH(aq) — NaNO,(aq) + H,O(l)

QO] CQ
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Chemistry (P2)
e Define titration and titrant.
Explain how to carry out an acid—base titration.
27 E.xpla.in the difference between the equivalence point and the endpoint of a Textbook + | 129
titration process. Figures 19 e
Describe the titration curve of a strong acid—strong base and a weak acid-strong 23 142

28 | base titration, including the type of salt formed, the pH and nature of the
29 | solution at the equivalence point, the indicator used and its color change, and the
volume of titrant required to reach the endpoint.

Titration: A method of determining the conéentration ofa solution by reacting a known volume of that
solution with a solution of known concentration.

Titration Solution and the Equivalence Point

Equivalence point: The point at which the moles of H"ions from the acid are equal to the moles of

OH  ions from the base.

Titration Steps

\
[ Titration: Acid of unknown concentration — Base of known concentration |

(1) 2 (3) (4) (5)

Put a known Add 2-3 drops Fill the burette Add the base Record the volume
volume of acid of suitable with base of slowly to the acid of base used at
of unknown indicator. known while swirling the endpoint
concentration in concentration. until the (or equivalence

a conical flask. - endpoint color point).
appears.

‘ " W —0

/(, -: 3 10
& /8 S »

2 , =1 30
—t 40
=1 50
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titratration solution and the equivalence point

strong acid

weak acid

strong base

neutral (pH =7)

basic (pH > 7)

weak base acidic (pH <7)
'\'{ \Na=>¥
(a) 50.0 mL 0.100M HCI Titrated (b) 50.00 mL 0.1000M HCOOH Titrated
- with 0.100M NaOH with 0.1000M NaOH
14 J I - 14
ol ol O 10 L= 12 200
! W A
10| FAIE.
| ! .
' | | . | V
I N T % T T
= o Bromthwmol biue s G E Equivalence point
o P | &g =2
1 | Equivalence poile B SR B S S R
4 : ] ] ] L 4 |7 !
LA S ¥
_._l--'-""":.:-‘__ — L L | ! — 1 1 3 L I L
oLl . | oLl [ |
0 10 20 30 40 50 60 7O 0 10 20 30 40 50 60 7O

Volume NaOH added (mL)

Volume NaOH added (mL)

165a
G

-

_: Chemical dyes whose colors are affected by acidic and basic solutions.

» Each indicator has a specific pH range at which the color change occurs (indicator's range).

pH Relative to Indicator Range

Observed Color

Less than the range

Acid color

Within the range

Endpoint color

Greater than the range

Base color

-: The point at which the indicator used in the titration changes color.
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Which of the following statements is correct according to the
titration curve and indicator table shown below?

) 52 (Jgan g b phaeall |y (s Lk A 40D S Jlnd) (51
Tolial Aud gall

13
12
i1

10—
9
8
2SN s3e —ais) = 7
Indicator range Indicator 24
8.2-10 St gud 2
Phenolphthalein 3
6.0-7.6 Jsadizas dl G5 .
Bromthymol blue o

5
Volume of 0.100 M NaOH added (mL)
(ML) o 0.100 MNAOM s

o

SO b
EqQuivalence
point pH, 7.00

1

10 1S 20 25 30 35 40 a5 SO

A. The acid is weak, and Phenolphthalein is the suitable

3P 5 paall 0da 2 daladiny) uiall Lidis) ) Chaud gaedll A
indicator to use in this titration Ol gadl)

B. The acid is strong, and Bromothymol blue is the B0 98 Bodtaall 03 [ Aaladind) imldall a2 g 5 58 Jaeall B
suitable indicator to use in this titration J ot g g ol

C. The acid is strong, and Phenolphthalein is the suitable 9 B aall 03 2 Adlaiin) canlial) S g 5 98 yaeadl C
indicator to use in this titration O\l gadl)

D. The acid is weak, and Bromothymol blue is the 200 9h B pslaall 0ih A daladied) Cillal) ISl § chaid jasall D
suitable indicator to use in this titration J gasti g4 3 yal)

NG
catAc\NS?

Which of the following statements is correct according 1o the

titration curve and Indicator table shown below?

@Sl saa sl
Indicator range Indicator
5.2-6.8 U338 gm0 ol
Bromocresol purple
8.2-10.0 ol il
Phenolphthalein

The base is NH,OH, and phenolphthalein

is the suitable indicator

The base is NH,OH ,and bromocresol purple

is the suitable indicator

The base is KOH ,and bromocresol purple

is the suitable indicator

The base is KOH ,and phenolphthalein

is the suitable indicator

Was
N2

T o, e it i
oy Dl Jaie 3t Led daas A0 Sl S

2l Zaagall Al

o | Eqif-vaeme \
| 1 point ™

L] <

Volume of base added (L)

(ML) Sl =W s

‘)_;;M,.n.al\ » asliall Q.‘.\S."g « NH,OH s=0

Jap)S sasp gl g culad) CastSlly . NHLOH z2d

J’)a)s 9 ‘rp..n. P il Calishy JKOH s:=1al

ol ga Canlidl Ca2iSYy (KOH s:cldl)
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Which of the following statements is correct according to the

IS Jin )y § ) iy 30 L A 2D Sl 1

titration curve and indicator table shown below? CsLial Ao pall
14
134
12.4
114 90 S Woas
10+ Equivalence
9 point pH. 8 72
[
ST PP T T
L3
| Indicator range Indicator o
[ 8210 AU o
| Phenolphthalein 2
4.2-6.2 Jal el ;
) e v e ey e
L— — Methyle Orange ¢ S 10 15 20 25 30 35 40 45 S0
Volume of 0.100 M NaOH added (mlL)
(ML) G 0.100 MNaOMH ans

A. The acid is weak, and Phenolphthalecin is the suitable

indicator to use in this titration

9 0 add) sia A Adladio) el 2Dl cdands aeall A

i

B. The acid is strong and Methyl orange is the suitable

indicator to use in this titration

) 98 5 phaall 038 (A Aalaita) caldal) A 5 o g Qaead) B

it

C. The acid is strong and Phenclphthalein suitable

indicator to use in this titration

98 5 piaall 23k A Aaldiiul aaliall 2S¢ ot aeadl C

Ol godl)

D. The acid is weak and Methyl orange suitable indicator to

use in this titration

oAl 92 5 ladd) o3 (A Aalidin) cauliadl cadlsl) § caad paead) D

Caaad)

aS

Which of the follbwing is correct for both (a, and b) curves

shown below?

Solial Gasylgll (b 5 ¢ ) (inda (e JS) s (s Laa sf

Was

N

(b) (a)
14 14
13 + 13 +
12 12
s ALY ddsas 1
10 2 10
Equivalence i S
9 - point pH, 8.72 8 o
8 Equivalence
T - L 7 point pH, 7.00
6 6
S S
4 a
3 3
2 4 2
1 1
0 4+— —————T——F— T 0 +———T—T—— 7T
o 5 10 15 20 25 320 35 40 45 SO o 5 10 15 20 25 30 35 40 45 50
Volume of base added (mL) Volume of base added (mL)
(ML) —ilealt 3aclil mpa (ML) il 3ol apn
Jsasisa gl 33l A o | i)
Bromothymol blue Methy! red Indicator
o AL IR
6.0-7.6 4,1-6.2 :
Indicator range

In curve b the acid is strong, and Methyl red

is the suitable indicator

In curve b the acid is weak, and Bromothymol blue
e N is the suitable indicator

In curve a the acid is weak, and Methyl red

Is the suitable indicator

In curve a the acid is strong, and Bromothymol blue

is the suitable indicator

sl jaal g odliahl a1l 458 asall b atd) b

sl Gl gt il A3y b et B i)

il paal g Cadidl GariSlly cbeia pmaalia il

Jpadsagsdl Gyl g0 cacdliall CALISHG ¢ (i yaaall @ el _“_l
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Which of the following is true regarding the titration $olial Slaall niey 3lady Lad riaua (A Laa s

curve below?

— |

0 10 20 30 40 50 60 70
(mL) iliaall 3aclall FEEN

Volume of the added base(mL)

Jsaigasy G | sl jaal | JEpll Sl | Jpasdipagpll 3 S
Bromothymol blue | Methyl red Methyl orange | Bromopheno! blue The indicator
Al () e s S pH ol
6.0-7.6 42-6.2 32-46 3.1-4.7 pH values at which the
indicator’s color changes

The acid is weak, and the base is weak Gyl sa pidlall Cidlslly ddanis Buclilly Churis aeadl
and the suitable indicator is Bromophenol blue Jyiadgagg
The acid is strong, and the base is weak IZial] s g oDl ISy disasn Baclilly gob Gaan

and the suitable indicator is Methyl red

The acid is strong, and the base is stron - e - P g
9 9 Jgatisas s 33l 98 aBlall CidlSlly 4,8 Baclilly g58 aanl
and the suitable indicator is Bromothymol blue

The acid is weak, and the base is strong Sl iy 5 wall ChEISHy Lugi Baclilly hancs e
and the suitable indicator is Methyl orange i
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What is the main purpose of a titration?

A. To identify the color of a solution

B. To determine the concentration of an unknown solution

C. To measure the mass of a solute

O|O||O| O]

D. To separate a mixture

o 1689

What occurs at the equivalence point of an acid-base titration?

A. The indicator changes color O ‘
B. The solution becomes ne;ral in all titrations O ’
C. Themolesof H* equﬁeﬁ:les of OH™ O J
D. The pH becomes 7 O ‘

What is a titrant in an acid-base titration?

A. The solution of unknown concentration

C. The indicator used in the titration

O| 0|00

D. The salt formed during the reaction

{ B. The solution of known concentration added from the burette
(

Which statement correctly distinguishes the endpoint from the equivalence point?

A. The endpoint occurs when the acid is completely consumed, while the OT
equivalence point occurs when the indicator changes color.

B. The endpoint is the point at which the indicator changes color, while the O
equivalence point is the stoichiometric point of the reaction.

C. The endpoint and equivalence point are always exactly the same. O

D. The endpoint occurs before any reaction takes place. O
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Calculate the molarity (concentration) and volume of a solution Textbook + Problem-Solving

using titration data.

Strategy + Example 6 +
Practice Problems

142
143

A 25.00 mL sample of lithium hydroxide solution
LiOH, is litrated by 0.425M sulfuric acid H,S0,
solution, 20.25 mL of the acid solution is required to

reach the end point. What is the molarity of the

LiOH solution?

Macid X Vacid . Mbase X Vbase

Nacid a1 My age

0.6885 M
0.3443 M
0.5275 M
0.4550 M

» aplaal) Al At ) Usead! (aeadl Jslase (0 20.25 mL

SLIOH asfill) 205508 Jolae ij¥pa Lo
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What is the molarity of H;PO, solution if 15.00 mL 15.00 mL 3113 H3PO, Jslas 3 Ns5a L

of 0.500 M NaOH solution is needed 25.00 mL :\asd NaOH Jlae 0.500 M e

to neutralize 25.00 mL of the acid solution? Toaaal)l Jglaa e
H3P0y44q) + 3NaOH g, » NazP0,,q, + 3H,0,

0.0075 M
0.0025 M
01M
0.200 M
- e 74.30 ML .31 131 H,80; Jsbas 4,33 b
What is the molarity of H,80, solution w2 i ARG
4 45.78 mL aslad NaOH Jydas 0.4388 M
if 74.20 mL of 0.4388 M NaOH sclution is needed 2 vaantl Jslaa

to neutralize 45.78 mL of the acid solution?
H,S04aq) + 2NaOHoq) — Naz804(q, + 2H,04
0.2320 M
0.4211 M

0.1569 M

QOO O

0.3561 M

What is the molarity of sulfuric acid H.SQ4
solution if 68.4 mL of 0.333 M NaOH solution is 0a 68.4 L 25 19 HyS0, i 580 Jaan Jghaa &y 4 e
needed to neutralize 49.0 mL of the acid solution? | £ awd Jsias 5e 49.0 mL Aldaal 0,333 M NaOH Jyss

H,SO4(ag) + 2NaOH(ag) = Na,SO; + 2 H,0(/) r

0465M

0.116M

0.880 M

0.22M
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