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CHM.5.4.02.006.03 Calculate the equilibrium concentration given the value of the equilibrium constant and egquilibrium concentration of
reactants and products

You

Textbook + Example problem 4+ Practice Problems

o J ©

7 |EHM.5.4.02.006.04 Calculate the value of Keq, Kc, or Kp when the concentration or pressure of reactants and products are given at a constant
temperature

Textbook + Example problem 4+ Practice Problems

96, 97

Calculating Equilibrium Concentrations

CO(g) + 3H,(g) = CHuylg) + H,O(g)
0.850M 1.333M M 0.286 M

The Keq for the reaction is 3.933 at 1200 K. calculate the concentration of CH,.

Write the constant equilibrium expression for this reaction. Then solve for CH,.

At a temperature of 1405 K, hydrogen sulfide, which has a foul odor resembling rotten eggs, decomposes to form hydrogen and a

diatomic sulfur molecule, S,. The equilibrium constant for the reaction is 2.27 x 107

2 H,S(g) = 2H,(g)+S;(g)

What is the concentration of hydrogen gas if [S,] = 0.0540 mol/L and [H,S] =0.184 mol/L?

At a certain temperature, Keq = 10.5 for the equilibrium CO(g) +2 H, (g) = CH5;OH(g).

Calculate the fﬂ[luwing concentrations:

a. [COJin an equilibrium mixture containing 0.933 mol/L H, and 1.32 mol/L CH;0H

b. [H,] in an equilibrium mixture containing 1.09 mol/L CO and 0.325 mol/L CH,OH

c. [CH;OH]in an equilibrium mixture containing 0.0661 mol/L H, and 3.85 mol/L CO

CHALLENGE In a generic reaction A+ B = C+ D, 1.00 mol of A and 1.00 mol of B are allowed to react in a 1-L flask
until equilibrium is established. If the equilibrium concentration of A is 0.450 mol/L, what is the equilibrium concentration of

each of the other substances? What is Kgq?

@the_garden_academy 6 The garden academy
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Keq = 8.20 X 1072 Keq = 8.20 X 1072
If the equilibrium concentrations of CO and Cl, are 0.150 mol/L, ¢« 0.150 mol/L & Cl, 3 CO J V) 3815 cal< 1y
what is the equilibrium concentration of COCI,? $COCI, J o)) 385 Lad

0.274 mol/L

0.183 mol/L

3.65 mol/L

0.550 mol/L

What is the value of Keq at 400 k for this

: Aie Jelddl) ). dad A Ls
equation? £400 k ¥= Jelidl) 13gd Keq 4a A

[PCls] = 0.135 , [PCly] = 0.550 , [Cl,] = 0.550

2.24
4.07
0.245
0.447

@the_garden_academy " 0 The garden academy J @mthprﬂnatﬂmymt @ 00971569174493




3 | CHM.5.4.02.007.02 Write the solubility equilibrium expression for a given reaction equilibrium Textbook 99
4 :.5.#.{:2.[!]3.{]1 Calculate the molar solubility [concentration) of a sparingly soluble ionic compound using the solubility product constant, Testbook+ Table 3+ Exa i 5.+ Practice Problems 100, 101
5 CHM.5.4.02.011.03 Explore the application of the solubility product constant in radiclogy while exploring its effects on human vital systems Textbook + Figure 17 98, 99

6 |CHM.5.4.02.007.03 Write the solubility for a given reaction equilibrium

Textbook + Table 3+ Example problem 5 + Practice Problems

100, 101

The Solubility Product Constant

Some ionic compounds such as sodium chloride, dissolve readily in water and some, such as barium sulfate (BaSO,) barely dissolve.

Write the ionic equation for NACHIN WALEE: ...ttt st sss e s st st

Sometimes low Sﬂluhility is also important.

At equilibrium, the solution is saturated, the concentrations of ions are small.

BaSO,(s) = Ba**(aq) + SO, (aq)

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

Can patients safely ingest BaSO4?

Writing 5u|ubi|ity prnduct constant expressions

The solubility product constant (Ksp) expression is the product of the concentrations of the dissolved ions, each raised to the

power equal to the coefficient of the ion in the chemical equation.

K sp=[Ba*][SO,*]=1.1x 10"

The small value of Ksp for BaSO, indicates what? ...,

Mg(OH),(s) = Mg**(aq) + 20H (aq)
In KSP:

Using solubility product constant

Agl(s) = Ag*(aq) + I"(aq) [Ag']II] = (s)(s) =s*= 8.5 x 1077

Ks.p =[Ag'][I'] =8.5x 107 at298K || s=V85x 1077 =9.2 X 10! mol/L

Calculating Molar Solubility

If Ksp=2.5x107". calculate the solubility in mol/L of copper(ll) carbonate (CuCO;) at 298 K.

Question At 298 K, K., for lead(ll) iodide is 9.8 x 10 »

What is the molar solubility of Pbl, at 298 K?

CHALLENGE The K_ of lead(ll) carbonate (PbCO,) is 7.40 X 10‘“ at 298 K. What is the solubility

of lead(ll) carbonate in g/L?

Molar mass of PbCO3 = 267.2 g/mol

@the_garden_academy 0 The garden academy
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Calculating lon Concentration

Calculate the concentration of [OH-] in a saturated solution of Mg(OH), at 298 K. The Ksp equals 5.6 x 1072

Calculate the concentration of [Ag+] in a solution of AgBr at equilibrium. Ksp =5.4 X 107,

Calculate the concentration of [F-] in a saturated solution of CaF,. Ksp=3.5 X 10",

Calculate the concentration of [Ag+] in a solution of Ag,CrO, at equilibrium 1.1 X 1072,

Calculate the solubility of Ag;PO, (Ksp =2.6 X 107).

CHALLENGE The solubility of silver chloride (AgCl) is 1.86 X 107 g/100 g of H,O at 298 K.
Calculate the K_ for AgCI.

molar mass of AgCl =143.3 g/mol

@the_garden_academy o The garden academy @m&hprdemudmynﬂ 0 00971569174493




Extra Final Exam Questions

What is the solubility in mol/L of lead bromide PbBr, at 298 K? f(mol/L s2as:) 298 K 2= PDBBry Lalayll 2y 4050 L
if K, = 6.6 x107° K, = 6.6 X107 1S 13

Pbeg(,l — Pb2+(.q} + ZBr"(.q]

0.024
0.018
0.030

0.012

If the Ky, of calcium hydroxide Ca(OH), is 5.32 x 10°° Sslss Ca(OH); 2 audlSll 20y jugl K A8 cuilS 1)

. ; - . s s
at 298 K. What is the solubility of calcium hydroxide in S3ngs pysndl€) 30y s 3005 Ld . 208 K sic 5.32 x 1078
mol/L?

¥ mol/L
CE(OH)H;) = Caz‘*(.) + ZOH_(.)

3.30 x 107
1.60 x 10°*
2.80 x 1077

1.10 x 1072

@ @the_garden_academy 0 The garden academy @mﬁtmminq_ @ 00971569174493




You

d‘Olf

If the Ky, of magnesium hydroxide Mg(OH), is L'5,1...5; Mg(OH); agsuinall 1Sy jagl Ko dad culS 13|
5.60 x 107!% at 298 K. What is the solubility of agaatinall 1Sy b 413 L . 298 K e 5.60 x 10712
magnesium hydroxide in mol/L? ¢ mol/L sass
2+ =
Mg(OH)zs) = Mg™ (aq) + 20H (g
3.45 x 107 O
1.12 x 10 O
4.73 x 10°° O
2.52x 10 O
What is the value of kg, for CaF, compound if the @Lﬁ CaF; poulSll 0418 00 CalS 1Y) CaF; (S all Kgp 408 La
solubility of calcium fluoride CaF, is 2.06x10™* M $298 K 3)l;a dpj0 2 2.06x107* M

at 298 K?

@ @the_garden_academy 0 The garden academy @mﬁtmmim_t__ @ 00971569174493
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What is the concentration of silver ion [Ag*] in Ag,CO, O 13 ) xie AG,CO; Jslase & [AgT] Aadl) Gl 35 L
solution at equilibrium if the kgp, = 8.52x107'* at 298 k? ¢ 298 k ic kgp = 8.52x10712

3.24x10 M
8.81x10* M
2.57x10* M

1.29x10* M

Greater definition is possible in a gastrointestinal ag) Jleadl aud) LasYl jal ol mguny o Jseandl (K4
X-ray when patients drink a thick mixture containing Ble Lagldl b, e (gging 73 Dl oyl sl B8 2ic
barium sulfate. What happens when sodium sulfate Sl € I NaySO, pansall Gl )€ 38LG)| 5 Laaie Siaay
Na,SO, is added to barium sulfate before it is given ¢ asyal il 3 a5l

fo a patient?

BaSO4ls) = Ba?*(aq) + SO4%(aqg)

The equilibrium shifts to the right and the number Ba®" 5Ll Clis (5:S5) 22e dahs Suedl g SIEY) z

(cﬂncentratinn) of the barium ions Ba®" increases

The equilibrium shifts to the left and the number pgg2* skl Sl (5S53) e laky ladl gad IV~

(cnnnentraliun) of the barium ions Ba“" increases

The equilibrium shifts to the right to produce Lol BaSO, s csad) sai ol £ B

BaSO, solid

The equilibrium shifts to the left and the number Ba®™ .a)lll ciligd (5:€5) e Jaug Hladl gad IV ~ 1

(concentration) of the barium ions Ba** decreases

@the_garden_academy o The garden academy @mtwmmm 0 00971569174493




Textbook + Fgure 2+ Practice Problems
bases, and electrical conductivity)

| :

Properties of Acids and Bases

CHM.5.3.04.001.01 List six general properties of aqueous acids (taste, color of indicators, reaction with metals, metal carbonates and ‘

Acids Bases
Physical properties: Physical properties:
® C(Carbonicand phosphoric acids give carbonated ® Taste bitter.
beverages their sharp taste. ® Soap becomes slippery when it gets wet.

® (itricand ascorbic acids give lemons their

tartness.

® Acetic acid makes vinegar taste sour.

Electrical conductivity: Acids and bases produce ions that cause the resulting solution to become a conductor.

Acids cause blue litmus paper to turn red. Bases cause red litmus paper to turn blue.

Acids Reactions with metals

Magnesium and zinc react with aqueous solutions of acids to produce hydrogen gas.
Zn (s) + 2HCl(aq) — ZnCl; (aq) + H, (g)

Acids Reactions with metal carbonates

Metal carbonates and hydrogen carbonates react with aqueous solutions of acids to produce carbon dioxide {CO,) gas and water.
NaHCO; (s) + HC,H;0, (aq) — NaC,H;0; (ag) + H,0(l) + CO, (g)

Geologists identify rocks as limestone (CaCO5) by using a hydrochloric acid solution. If a few drops of the acid produce bubbles of

CO,, the rock contains limestone.

Write balanced equations for the reactions between the following.

a. aluminum and sulfuric acid

b. calcium carbonate and hydrobromic acid

Challenge Write the net ionic equation for the reaction between calcium carbonate and hydrobromic acid.

Ethe_garden_academy 0 The garden academy @m,theg:rdenaudeﬂmnﬂ 0 00971569174493




For each description below, write acid if it tells about a property of an acid or base if it
tells about a property of a base. If the property does not apply to either an acid or a
base, write neither. If it applies to both an acid and a base, write both.

1. Can turn litmus paper a different color

2. Reacts with certain metals

3. Contains more hydrogen ions than hydroxide ions

4. Feels slippery

5. Reacts with carbonates

6. Feels rough

7. Contains equal numbers of hydrogen and hydroxide ions

8. Tastes bitter

9. Tastes sour

Final Exam questions

What gas is produced during the reaction between | o) Jsiaal s & s gl i 5 o DI s )

sodium carbonate and acetic acid solution fdly) janal
COy H> 02 N>
Which of the following is a property of ?-:-nb'-l‘dellu._mit-ni;:-‘,il.-tu\;l

basic solutions?

| Reacl Wll;l metals like zinc to produce hydrogen Cang gl e ZGY Oua)ladl Jie Sl ae Jelis |
gas
| React with meial_ca;bonates to produce carbon 0928 sl SO e WY Shlall Sy S ae Jolis
dioxide (CO,) gas (CO,)
L Taste sour gV lgank _
‘" Tasle bitter and feel slippery | ;...LlTlin, alaadl 5ya |

@the_garden_academy ﬂ The garden academy ﬂ @m.theprdmaudmr,nﬂ 0 00971569174493



Which of the following chemical equations e\l (o 48V d0la S cYolel) L_;i

represents the reaction that geologists e iyl cpaglanll daninig (sl
use to identify limestone rocks from other ¢ ggnall Ay e Ayl Hedall
rocks?

CaCO;(, + 2HCl gy — Cally(,q) + Hy0() + €Oy

NaHCO, () + HC,H;0,(,q) — NaC,H;0,,q) + H,04) + €Oy

Cuggy + 4HNO; (o) = Cu(NO3),(aq) + 2H, 04, + 2NO,

Zﬂ[l] + ZHCI.{nq] - ZIICII(aq} + Hz(s}

Which of the following is a property of acids? ¢ el Laillad e ybes 5,:1, Lea gi

Turn red litmus paper blue G Osll) M ehraall aalll 15 88 )5 Jgas
Feel slippery ealell dal)
React with zinc to produce hydrogen gas Oeng el e 8 G )lal) pa Jelin
It tastes bitter o lganks

Which of the following chemical equations represents a reaction -
el Jsladll o ol o A0l dsleedl Yl ,__;1

between the aqueous solution of an acid and metal hydrogen . e
€ e gl M Ss S5 aeal

carbonate?

Ingg) + 2HCloq) = ZnCly(5q) + Hyg

NEHCDE{,] + HCIHE thaq} B HECIHE DI{HQ} + Hzﬂ'{l] + CDE{El

CaC0;(4y + 2HCl,q) — Cally,qy + Hy 0y + €O,y

@the_garden_academy " 0 The garden academy J @mthprﬂnatﬂmymt @ 00971569174493
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Hydronium and hydroxide ions

All water solutions contain hydrogen ions (H") and hydroxide ions (OH")

R Acidity Neutral Basicity

Acidic solution Basic solution Neutral solution
contains more hydrogen ions than contains more hydroxide ions than contains equal concentrations of
hydroxide ions hydrogen ions hydroxide and hydrogen ions
[H7]>[OH] [H] <[OH] [H] = [OH]

Self-lonization of water

Pure water produces equal numbers of H ions and OH" ions in a process called self-ionization, in which water molecules react to

form a hydronium ion (H;0") and a hydroxide ion.
H,O(l) + H,0(l) = H;0"(aq) + OH(aq)
Water molecules & Hydronium ion + Hydroxide ion

The hydronium ion is a hydrogen ion which has a warer molecule attached to it by a covalent bond. The symbols H" and H;0" can

be used interchangeahly, as this simpliﬁed self-ionization equation shows.

H,O() = H" (aq) +OH (aq)

Which of the following is correct? foinaa b L
In basic solution [H] > [OH] [H] > [OH] QsS geldl dgladl 2 O
In neutral solution [H] > [OH7] [H] > [OH] s Jolaiall Jladll O
In acidic solution [H'] > [OH] [H] > [OH]  0sS paaadl Johadl 3 O
In acidic solution [H'] < [OH7] [H7] < [OHT] 055 pmandl Joladdl 2 O

@ @the_garden_academy 0 The garden academy @m.th;ndenaﬂdmpm.t: e 00971569174493




| g ' - ' ' ' Textbook + Figure 7+ Practice Problems 116, 117, 118

‘ CHM.5.3.04.001.08 Define acids and bases according to Brensied—Lowry theory, indicating the acd, base, conjugate acid, conjugale base
11

il i i e wl Dol S Rl S e i s Teatbook + Figure 7+ Practice Problems 116, 117, 118
Arrhenius acid(H") Arrhenius base(OH")
a substance that contains hydrogen and ionizes to produce a substance that contains a hydroxide group and dissociates to
hydrogen ions in aqueous solution. produce a hydroxide ion in aqueous solution.
HENS) =% v R INSOHEE) = coussnssinis s s s oA S

The shortcomings of Arrhenius model:

Ammonia (NHs) and sodium carbonate (Na,CO;) do not contain a hydroxide group, yet both substances produce hydroxide ions in

solution and are well-known bases.

The Bronsted-Lowry Model (H")

Acid Base
hydrogen-ion donor hydrogen ion acceptor
Use this equation to answer the following questions: HX(aq) + H,0(l) = H;0" (aq) + X (aq)
Which substanceisthe acid? ........ooovvvevvivvviiii, Why? .................................................................................................................................................
The water molecule acts as @ ...vvvciiioiiviississonen: B e L Er o g DR e R TR o I R T

In the reverse reaction there is a conjugate acid and a conjugate base.

Conjugate acid Conjugate base
the species produced after a base accepts a hydrogen ion the species that results after an acid donates a hydrogen ion
| S EXAOPIE NS v usmusmisamsasmrthasss In this example it's ..........ccccoocivniiiininn.
| .
HX H,0(1) = H;07 X~
A conjugate acid-base pair consists of two substances related to each {‘aqj +HOD ; _ (ag) +_* '{aq)
Acid Base Conjugate Conjugate
other by the donating and accepting of a single hydrogen ion. acid base
>
First pair (acid-conjugate base) Second pair (base-conjugate acid)

Explain how the ion HCO; can be both an acid and a base. Write the equation in both cases.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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Hydrogen fluoride—a Bronsted-Lowry acid

Hydrogen fluoride is an acid. Why?

Whichispecies is the conjugate base of Tyd rogem TIOTIIED . ... s oo o st sismi ntsoobes esasinssios

What is the otherconjugateacid-base pair? . uiiiomsms i ims s i i daies matasii

WHhat are the acid and Dase 1N e FEVETSE TRACTIONT oo e e e ettt e e,

Ammonia—a Brﬂnsted-anry base

Ammonia does not fit the Arrhenius model of bases

because .......ocovvvevveeenn..

Label the next equation:

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Water—a Bronsred-Lowry acid and base

i

NHjs(aq) + H,O(l) = NH, " (aq) + OH™(aq)

When HF dissolves in water, water acts as a ........ccoocovveivericeninnnns ; when NH; dissolves in water, water acts as an .........ccccoeveeeeciienenne,

Water and other substances that can act as both acids and bases are said to be am phnteric.

PRACTICE Problems

Identify the conjugate acid-base pairs in each reaction.

NH,"(ag) + OH (aq) = NH;(aqg) + H,0(l)
Acid Conjugate base Base Conjugate acid
HBr(ag) + H,O(l) = H;0 (aq) + Br (aq)
Acid Conjugate base Base Conjugate acid
CO;%(aq) + H,0(l) = HCO;(aq) + OH(aq)
Acid Conjugate base Base Conjugate acid

Challenge The products of an acid-base reaction are H;0" and SO, . Write a balanced equation for the reaction and identify the

conjugate acid-base pairs.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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In the reaction equation below, which of the following

is true? HX(aq) + H,O() = H30%(aq) + X (aq)

?

HX donates hydrogen ion to water H,O H,O elall fung o Ol HX mie O
H,O is a Bronsted—-Lowry acid Gysl — Bikig yialeal G HO el O
HX is a Bronsted-Lowry base Gt~ Dy el e HX e O
HX accepts a hydrogen ion from water H,O Hy0 sl Ga (g Ol HX Jiiey O
Which of the following is considered a conjugate T 38 320 anm ) sind b Laa
acid —base pair?
H,PO, , HPOf‘
H,0O , O*
HNO, , NO;~
H.SO, , SO,
Which of the following is not a conjugate acid- base pair? Tgﬂ;mﬂw@ﬂﬁh__ﬁ
HCIO, /CI0;
HSO; /S02-
H,0/0H"
H,0*/OH-

Which of the following is amphoteric

substance?

4L 0ghal B2l il L Las gl

HPO4* H*

@ Ethe_pni_en_au&emy ” 0 The garden academy

H3PO, PO4>

@mﬁthtprdemﬂdm}nﬂ_ e 00971569174493




Im

CHM. 5.3.04.001.10 Destinguish among monoprotic, diprotic and triprotic acids using ionization equations, examples and particulate diagrams Textbook + Table 1 119 120 I

Monoprotic Acid and polyprotic acids

Monoprotic acid

An acid that can donate only one hydrogen ion.

Examples:
Polyprotic
It has more than one ionizable hydrogen atoms.
Diprotic Triprotic
Acids that contain two ionizable hydrogen atoms per molecule. Acids with three hydrogen ions to donate.
Examples: Examples:
lonizable hydrogen atoms H o
H (lf'. C’/,
\d &
The formula of acetic acid is often written HC;H30,.why? H O—H
....................................................................................................................................................................................................... Acetic acid
Explain the difference between acetic acid’s ionizable hydrogen atom and the other three hydrogen atoms.
Hydrogen fluoride (HF) is an acid in solution. Explain. & &
H—F
Hydrogen fluoride
Explain why benzene(C¢Hg) is not an acid. H
H H
H H
................................................................................................................................................................................................................ ~
Benzene

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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Extra questions

Which of the following acids is an example of a

monoprotic acid?

S0s3g Ml galal paas e Ylie uay b Las 4

A | Acetic acid (HC5H50-) (HC,H;0,) el oo
B | Sulfuric acid (H,50,) (H,SO,) cLiipasdl nas>
C [ Phosphoric acid (H;PO,) (HsPO,) cliygbwgall oo
D | Carbonicacid (H,CO;) (H,C0;) elige SN Laaa
If an acid can donate two ionizable hydrogen ions per conbid Caalils g e (D e audaiu aezdl OIS 13
molecule, what is it called? fale 3l 13La
A | Monoprotic acid Osig Ml golsl (s
B | Diprotic acid 0339 ! LS o>
C [ Triprotic acid Og3g ol W Laes
D | Polyproticacid Og39 ! duaie Has>
What determines whether a hydrogen atom in a molecule abils 5t § nagyded) 855 S6lS 13) e dumy sl L
is ionizable? S ol
A | The color of the molecule ST NI
B | The polarity of its bond Aoyl 3 adad
C [ The size of the molecule ¢S5 px>
D | The temperature of the solution Jelell 351> o0
Why is benzene not considered an acid? e uad! aias ¥ 13
A | lt contains no hydrogen atoms Az 9ydua Sihd e ggremy W Y
lts hydrogen atoms are bonded to highly electronegative Al S adlo ol wlyds Alagye 4ud a9y dl 3 Y
: atoms Adle
- There is little electronegativity difference between the carbon O xS 2hyd o 4l S ALl § (Lis (3,98 aa s
and hydrogen atoms o9 dlg
D | Itis asolid at room temperature Adyall Byly> Aoy 8 cdus il
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EL‘I"H.EJIH—MLII Define acids and bases according to Lewis theory

The Lewis Model

Lewis acid

Lewis base

an ion or molecule with a vacant atomic orbital that can accept

(share) an electron pair.

an ion or molecule with a lone electron pair that it can donate

(share).

The H ionis the Lewis acid because

H -~ F:m — H—F:
Lewis acid Lewis base The fluoride ion F is the Lewis base because
The acidiS oooeeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeveeeennnn.. Because
f H N oo,
l | T
F—B N—H — F—B—N—H .
| | T | TREBASEIE s e Because
F H ‘Fr H

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Another Lewis acid-base reaction occurs when gaseous

=E?: :f:?: -5 sulfur trioxide (SO;) is brought into contact with solid
f:;‘;= 5/_\: @:2_ e 0O—S—0 magnesium oxide {MgD).
| i |
16 - Lewis Dasg 0 ] SO; (g) + MgO(s) — MgS0, (s)
Lewis acid
Which of the following is correct about to the reaction below? !ﬂi}ﬁ:ﬂmmm##ﬂgi

A. NH; is considered as Arrhenius base

NHs(aq) + H,0() = NH,*(aq) + OH (ag)

Oegid ) 32l NH, sas A

B. H:0 is considered as a Bronsted - Lowry acid

SiP ey pan H,0 e B

C. NH; accepts an electron pair from H.0

H0 Oa Sl 280 £ 5 il NH; .C

D. H:0 accepts H' ion in the forward reaction

A JBD A L) Sy H,0 D

6 The garden academy
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You J O
Tube

Which of the following is correct about to the reaction below?

Talal Joliall Zoudlly Zaana LGN & sl (g

H*+ F->H-—F:

A. F- ion accepts an electron pair

Gl 28l 93 F Col Jeliews LA

B. F- ion is considered as acceptor of hydrogen ion

Oi gl G Jallins - ilad B

C. H' ionis considered as Arrhenius base

b 3asld HY (el s C

D. H*ion donates an electron pair to F- lion

Foos o) Sl i) e ga) H Qs g WD

Which of the following is true?

e £ L

:F: H F:
= ! %
:_F_-?./\*T-H PR :_F_-

:_E: H

Me—m—n
|
IT=—=Z=T
|
-

NHi(aq) + H,0() = NH;*(aq) + OH (aq)

pair acceptor

The ammonia NH; in reaction 1 is a Lewis base

Lowry acid

The ammonia NH- in reaction 1 is a Lewis acid

The ammonia NH, in reaction 2 is a Bronsted- T

The ammonia NH; in reaction 2 is an electron Sliy S =) Jiieas 2 Jo il > NH; Lige! jad

ougl 32l 1 Jelid 3 NH; Ligel) joad
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Why does BCI; represent Lewis's acid
in the following reaction?

¢Cls
o
tICl—— B +
$1C1s

Because it is proton acceptor from the base CI~

Because it is proton donor 1o the base CI”

Because il is an electron pair donor to the base CI”

Why does O? represent Lewis's base in the
following reaction?

O
I
O—wn—0

L

™
&

LN

+ :0:%

Because it accepted a proton from SO;
Because it donated a proton to SO,
Because it donated a pair of electrons to SO,

Because it accepted a pair of electrons from SO,

Because it is an electron pair acceptor from the base CI”

A Jelall 4;

CI 3204l e O pill Jiiie Y
CI sl I (yg3gll puile 4y
CF saeldll U cilsg 5<ll oy sile ady

CF sl e by 5€0 g3l iina oY

f

e 0N Jelall & jugl 5acd 0% A 1hkdl

-
L]
L]
L]

Q

L]
L]
L]
L]

?
O—T—O

SO; e Uigigyn calitnad L
SOy M Ugigp cania g

SO; ) cilig SN e gy Cinia LY

Q|| O Q| O

SO, (e cilia SN (e L) it LY
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I 13 |CHM.5.3.04.003.0]1 Compare between strong and weak acids (using exampies, particulate diagrams and ionization equabons) Textbook + Table 3 ‘ 124,125,126 [

Strengths of Acids

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
ion

Chloride
ion

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
the concentration of ions in solution.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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Strong acids

Weak acids

Acids that ionize cﬂmpleteiy

Acids that ionize only partially

All the molecules in the solution are ionized cﬂmpieteiy into

ions (no molecules are left)

The solution contains molecules and ions

They produce the maximum number of ions

They produce fewer ions

They are good conductors of electricity (bright light)

They are poor conductors of electricity (dim light)

The ionization equation uses a single arrow (completion)

The ionization equation uses a double arrow (equilibrium)

Table 3 lonization Equations

Strong Acids

Weak Acids

m lonization Equations
Hydrochloric HCl — H* + CI- Hydrofluoric HF=H*+F
Hydroiodic Hi—H" 3-I7 Acetic HCHO,=H"+CHO,~
Perchloric HCIO, — H* + CIO,~ Hydrosulfuric H,S+ H*+ HS-
Nitric HNO, — H* + NO,~ Carbonic H,CO,+= H" + HCO,"
Sulfuric H.950, = M4+ M50, Hypochlorous HCIO = H* + CIO~

Final exam questions

What is the difference between the two figures below?

Solial AN s CEAY) ang Le

0.1 M ;650 s J3ias
0.1 M hydrochloric acid solution

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

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

contained in the solution are ionized completely

HCI acid solution produces a maximum number of ions

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

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

acid solution produces a maximum number of ions

Loty elijgSl diunal) SBiagall (3o HCI (nas Jglas
ﬁ'lzl_)‘s.u i.'i;l:-.“ \;IL_"I" e HCIHJDIM@ ‘_l’.'la.-

Laiy G Jplaall lgsging 3V HOI s il ouls

Lo J8l cligd HOI (aas J5las i
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Which of the following substances ionize completely in <l gl iy dgilal) Jallaal "5 Lalas oplis 0N Sgad) e “‘i
aqueous solutions producing hydroninm ions H,0*? Mgy
THI0" agig gl
l. | HCI
Il. | HC;H10;
.  H;504
IV.  HCIO
A. land Il s | LA
B. lland N s I .B
C. land Nl sl .C
D. I, Il and IV IVslisl .D
The bulb is connected to a solution of 0.1 M HCI in :ML@;IMJD.IMHCIJHJ.‘,CM

figure 1 ,while the bulb is connected to a solution of
0.1M HC,H-0O, in figure 2.
What is the reason for the difference in the brightness

of the bulb in the two figures below?

-2 8 A 0.1 MHCHO, Jgass Juase

¢ ol €Al 3 sluadi gl A DAY s L

HC,H,0, is a strong acid and completely ionizes in
aqueous solution

The number of ions in HC! solution is less than
the number of ions in HC,H,O, solution

The number of ions in HCI solution is more than
the number of ions in HC,H.O, solution

HCI is a weak acid and only partially ionizes in
aqueous solution

Sl Jgladl 8 2l UK by i saea HCH;O, aeal

gl 330 e Sl HOI Jgladd) 3 i) 2
HC,H;0; Jshadll &

dslaall & Cligll 330 e ST HOI Jgladdl 3 cilig) 330
HC,H.0,

Gl Jgladll 8 Lt Wi by Lo siaea HOI jaaadl

@m_pm_mw . Omepmnm

a
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Regarding the figure below, which of the following is

cormrect?

1 2

The light is dim in 1 because CH,COOH is $# saea CH;COO0H ¥ 1 A Gal rluad cpi S

a strong acid

The light glows brightly in 2 because HCI

by HOI jaea Y 2 4 Ghls Gag #luadl sag
ionizes only partially

i e
The light glows brightly in 2 because HCI is 9 e HCI 0V 2 3 Llls Bag o luadl sag

a strong acid

The light is dim in 1 because CH;COOH ionizes CH;COOH _aes oY 1 o Bl rlaadl g (55

completely Ll s
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14 |CHM.5.3.04.006.0]1 Define acid ionization constant, Ka, while writing the ionization constant expression for different weak acids

Textbook + Table 4+ Practice Problems

15 |CHM.5.3.04.003.02 Relate the strength of weak acds fo the numencal values of Ka

Texthook + Table 4+ Practice Problems

Acid ionization constants

Any weak acid prﬂd uces an Equiiibrium mixture of molecules and ions in aqueous solutions.

The equilibrium constant Keq provides the quantitative measure of acid strength.

HCN(ag) + H,O(l) = H;0" (aq) + CN (aq)

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

new equilibrium constant, Ka .

Ka=

=6.2% 10"

Acid ionization constant (Ka) is the value of the equilibrium constant expression for the ionization of a weak acid.

The weakest acids have the smallest Ka values. Explain.

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

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

298

Hydrosulfuric, first ionization

H,S = H* + HS"

89 x10°°

Hydrosulfuric, second ionization

HS- = H* + §*

1x 10~™

PRACTICE Problems

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

a. HCIO,

b. HNO,

c. HIO

Write the first and second ionization equations for H,5e0s; .

[AsO,°J[H30 "]
[HASO 42 7]

Given the expression Ka =,

@the_garden_academy 6 The garden academy

@m.theprd!niudmr,nﬂt 0 00971569174493

. write the balanced equation for the corresponding reaction.




Final exam questions

What is the correct descending order of the acids in slaal Jgaall & 53l alaadll eaall A sl L
the table below according to the concentrations of ions Plgia S Jolan 3 cilip) 3050 G,
in each solution? -
lonization Constants
8.9 x 1078 H,S
6.3 x 107 HF
1.8 x 107 CH;COOH
4-5 X 10—? H2C03
st "'H2003 » HF —» CH3COOH O
HF —— CH.COOH » H,CO, » H,S o
H,S » H,CO. » CH.COOH » HF e
CH.COOH » HF » H,CO. » H,S O
What is the acid ionization constant of the equation shown below? ol Al Ll Jaaall il okl ot

HNO, ) + 1,00 SH,0% + N0y

. = [H30%][NOZ ]
. (HNO]

K - [H0"liNoz)
*  [HNO;][H;0]

K, = — ol
* H30*][Noz]
. (HNO;][H,0]
* [H30*][Nno3z]

@the_garden_academy o The garden academy @mtwmmm 0 00971569174493




Which of the following statements is correct regarding the
following ionization equations?

¢ adull bl eV oleas @l Lad dacas 200 Sl

K. (298 K) oo b ol
lonization equation Acid
8.9 x 1078 H,S = H* + HS™ ol bl (i Sy pgl
Hydrosulfuric, first ionization
1x107* HS=H*+ S° SN bl (s prgl
Hydrosulfuric, second ionization

The acid in the first ionization is weaker than the acid
in the second ionization

The concentrations of ions produced by the second ionization

are greater than the concentrations of ions produced by the first
ionization

Hydrosulfuric acid is a strong acid because it is a polyprotic

The acid in the second ionization is weaker than the acid in the
first ionization

S Bl A ) el ST S0 G 3 sl

Ciligl) 3813 e 8T S8 bl e daolill Gl 380 5
Ja¥ ol e dpalal

Sl s 4 g e oSyl Gaee

...I_;‘I‘:,_-EEI\@M h}nli-.«.hjs'iq.aﬂﬁ L.ELI'.;SQMI'

Which of the following statements is correct according to

Sl Blaty Last Asa o 000 & jlall g

?ﬁU..‘.Iu 23 il
the data in the table below? dyallssa i
K (298 K) 0 s 0
Jg¥! ol el g S
-7 — + - :
- HzCO: Ll HCOB Carbonic, first ionization
4.7 x 10~ HCO;~ = H* + CO4*~ S ol g S
' Carbonic, second ionization

Carbonic acid is a strong acid because it is a polyprotic

The concentrations of ions produced by the second

ionization are greater than the concentrations of ions
produced by the first ionization

The acid in the first ionization is weaker than the acid

in the second ionization

The acid in the second ionization is weaker than the

acid in the first ionization

Osispd) 22t Y (g (mes i) Gaes
Cligl1 385 e S8l S ol e Al Sl 3805

J_,‘ﬂll l_:,._'i‘.'d'l (e asslill

S BN 8 el e il J) el B sl

Ja¥ culal s el SR ) sl bl & el
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CHM.5.3.04.003.04 |dentify the relationship between the strength of an acid and its conjugate base and the strength of a base and s
16 Textbook + Practice Problems 175, 126
conjugate acd

Acid strength and the Bronsted-Lowry model

In the strong acids: | v

HX represents a strong acid, and its conjugate base (X) is weak. It's HX(aq) + H,O(l) — H307(aq) + X~ (aq)

100% ionized Acid Base Conjugate Conjugate
acid base

The base H,0 has a much greater attraction for the H" ion than "

does the base X".

Think of this as the battle of the bases: Which of the two (H,0 or X') has a greater attraction for the hydrogen ion?
In the case of all strong acids, water is the stronger base. Therefore, the ionization equilibrium lies almost completely to the right.

In the weak acids:

HY represents a weak acid, and its conjugate base (Y) is strong. | v

The conjugate base Y™ has a greater attraction for the H" ion than HY(aq) + H,O(l) = H30+(ﬂQ) + Y~ (aq)
does the base H,0. Acid Base Conjugate Conjugate
It captures the H" and does the reverse reaction. acid base
The ionization equilibrium lies far to the left. !

Final exam questions

Which of the following statements is correct e il Ay Blats Lagd dagaa 4000 &) Ll (4
according to the following ionization equation?

HCN(ag) + HO(l) = H;0*(ag) + CN~(aq)

The equilibrium lies far to the right because Lis dlhas CN7 dad)yall s2c 1A Q‘g Onadll ) Ve OlEY) aany
the conjugate base CN™ has a greater attraction H,0 s:cldl e ST HY e
for the H'ion than does the base H,0

The equilibrium lies far to the left because the Gaa ol CN™ &adhya) saclal) oY Sl I Vauas )5V aass
conjugate base CN™ has a greater attraction H,0 saclill e L8l HY o0

for the Hion than does the base H,0

The equilibrium lies far to the right because Uas $lbs ON™ daihyal) soc @) o opadl I Vs )5Y) ass
the conjugate base CN™ has less attraction H,0 sl oo J8l HY oy
for the H ion than does the base H,0

The equilibrium lies far to the left because Gaa dlba CN™ dadhad) sacal oY bl ) Vs )5V 4ass
the conjugate base CN™ has less attraction H,0 s:clill e Ji HY oy
for the H'ion than does the base H,O

@the_garden_academy 0 The garden academy @m.theg:rdmaudnﬂy,nﬂ 0 00971569174493




Regarding the two reactions (1) , (2) in the table o Lea gl bl Jgaadl 3(2) (1) Celelialy hady Lo

below. Which of the following is correct? St

Reaction (2) Jelall Reaction (1) Jelal)

HY(aq) + HO() = H30%(aq) + Y (aq) HX(aq) + H,0(l) — H;0*(aq) + X" (aq)

In reaction (1) the ionization equilibrium lies almost H,0 sacldl) oY Slad) I Guji IS ool o) agas (1) Jelal o
completely to the left because the base H,O has X sacldl aSha L HY oo il 8S ,81 B0g albo
a much greater attraction for the H" ion than does

the base X~

In reaction (1) the ionization equilibrium lies almost HO socldl Y Cuad J) Gy aS ol ol agy (1) Jeliad o
completely to the right because the base H,O has X saclal) asha L HY 50 il 85 Ul B3y dlha
a smaller attraction for the H' ion than does
the base X~

In reaction (2) the ionization equilibrium lies almost Y™ aahd sacldl oY cpadl ) ey oulill ol ag (2) Jelad) o
completely to the right because the conjugate base Y has H,0 sacldll 0 JiT HT (50 Bia o

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

In reaction (2) the ionization equilibrium lies almost Y™ d@ sacldll O Sl ) Vs cpltll S5 ap (2) Jelall
completely to the left because the conjugate base Y~ H,0 zaeldl) e SSTH i B dlibg
has a much greater attraction for the H™ ion than does

the base H,0

Which of the following statements is correct about the reaction Tl Jeill Ll faaa 1030 ol sl o
shown below?

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

A. The acid HC,H;0, is strong and the conjugate base C,H;0, is weak ddaia CH;0, Akl yal) 3asldl 53 Uaa HGH;0; .A

B. The base C,H;0, is weak than H,0 base H,0 3\l (4 il C,H;0, 3@ B

C. The conjugate base C,H;0, has greater attraction for H* ion ASG Laa (558 H* Gga¥ s S C,H,0, 4R ya sl €
than does the base H.0 H,0 sl

D. The equilibrium lies far to the right sl ) Vs Y 42 D
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17 | CHM.5.3.04.006.02 Define base jonization constant, Kb, while writing the ionization constant expression of different weak bases Textbook + Tables S, 6 + Practice Problems 127,128

18 | CHM.3.3.04.003.03 Compare between strong and weak bases (using examples, particulate diagrams and ionizafion equations) Textbook + Tables 5 , & + Practice Problems 127,128

Strong Bases
The conductivity of a base depends on the extent to which the base produces OH" ions.

A base that dissociates Entireiy into metal ions and hydrnxide ions is known as a strong base.

Table 5 Dissociation
Equations for
Strong Bases

NaOH(s) — Na*(aqg) + OH (aq)
KOH(s) — K*(aq) + OH (aq)
RbOH(s) — Rb*(aq) + OH (aq)
CsOH(s) — Cs*(aq) + OH (aq)
Ca(OH),(s) — Ca*'(aq) + 20H (aq)
Ba(OH),(s) — Ba**(aq) + 20H (aq)

Some metallic hydroxides, such as calcium hydroxide (Ca(OH),) have low solubility and thus are poor sources of OH- ions.

Ca(OH),(s) = Ca**(aq) + 20H (aq) K,=65x10"°

Nevertheless, they are considered strong bases because all of the compound that dissolves is completely dissociated.
Weak Bases

A weak base ionizes only partially in dilute aqueous solution.

CH5NH,(aq) + H,0(l) = CH;NH;3*(aq) + OH—(aq)

lSECELIII rium hes rar to the lert. PHH‘L
......................................................................................................................................................................................................................................................

Final exam questions

Which of the following substances dissociate AR ey Al Jullaall ‘!5 Galas ISASS 4G dgal) e (g
completely in aqueous solutions producing e )
hydroxide ions OH-? TOH™ gy gl
I. | NaOH
Il. | NH;
. | Ca(OH);
IV. |CH3NH;
A.land Il s 1 .A
B. land I HNis! .B
C. land Il sl .C
D.I, llland IV IVsllisl .D
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Which of the following statements is correct regarding the ¢ adull ol Asless ala L daas 0 llall 4
following ionization equation?
NHi(aq) + H,O(D = NH *(aq) + OH (aq)
The equilibrium lies far to the left because the base NH. is L NH; ol oY Jled) ) ey S5V assy
strong, and the conjugate base OH" is weak i OH™ 4@ 503l
The equilibrium lies far to the left because the base NH, is i NH; W@ ¥l ) 1o SV 4
weak, and the conjugate base OH" is strong i OH™ a@)ddl s=ldly
The equilibrium lies far to the right because the base NH, is ddinca NH; 530l 0 Cpad) ) 15 1Y) <o
weak, and the conjugate base OH" is strong e OH- & ssldlly
The equilibrium lies far to the right because the base NH, is g NH; sl oY Suadl I 130 SV agss
strong, and the conjugate base OH - is weak s OH™ AL 522 Wy
Which of the following statements is correct about the sl Jolill Ly Lo L0 @ jlad 51
reaction shown below?

CH3NH,(aq@) + H;0() % CH3NH;*(aq) + OH™(aqg)

A. The base CH;NH, is weak and the conjugate base OH  is strong 5 OH 4B Sl 5 ddas CH;NH, =@ A

B. The base CHiNH, is strong and the conjugate base OH s weak Ll OH 4k all 35U 5 4 8 CH3NH, 35 B

C. OH ion has lowest attraction for H* ion than has a CH3NH; £ 5 4Sias baa B H* 05 Uia iy OH 0 .C
molecule of CH;NH,

D. The equilibrium lies far to the right sl )\ N 42 D
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Base ionization constants

Itis the value of the Equiiibrium constant expression for the ionization of a base.

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

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Table 6 lonization Constants of Weak Bases

lonization Equation K (298 K)

Ethylamine C,H.NH (aq) + H,O(l) = C,H_NH."(aq) + OH"(aq) 5.0 X 101
Methylamine CH_NH_(aq) + H,O(l) = CH_,NH."(aq) + OH (aq) 43 x 10
Ammonia NH.(aq) + H,O(l) = NH,*(aq) + OH"(aq) 2.5 %X 1073
Aniline C.,H.NH.(aq) + H,O(l) = C_H.NH,"(aq) + OH (aq) 43 x 107

PRACTICE Problems

Write ionization equations and base ionization constant expressions for the fu!lﬂwing bases.

a. hexylamine (CgH,sNH,)

b. carbonate ion (CO3%)

c. propylamine (C;H,NH,)

d. hydrogen sulfite ion (HSOy)

Write an equation for a base equilibrium in which the base in the forward reaction is PO,* and the base in the reverse reaction is OH"
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Final exam question

Which of the following is correct according to the Salial Jaapll & 0l acledlly Bl Lo musa q,:.l.. Las él
bases in the table below?

Aot
ciomine . 3
etyamne o2 55
Anines

Ammonia solution produces the maximum number Sligl) (o 2o oall Ligall Jolaa gz
of ions
Ethylamine solution produces the maximum number Slga¥l (e 236 el fual Qi) Jglaa Y
of ions
Aniline solution contains lower concentrations of the Lugal e Cluiall e 3805 B e Gl Jglaa Sy

un-ionized molecules

Methylamine solution contains higher concentrations of e Slial) Ge 3815 el e fual Jludd) Jglaa (goiay
the un—ionized molecules dugall
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20

CHM.5.3.04.007.0]1 Use Kw to calculate the hydronium on and hydroxide ion concentration at a given temperature and wice versa

Textbook + Example problem 1 + Practice Problems 129 130, 131

Calculate [H'] and [OH] Using Kw

At 298 K, the H ion concentration in a cup of coffee is 1.0 x 10° M. What is the OH" ion concentration in the coffee? Is the

coffee acidic, basic, or neutral?

The concentration of either the H+ ion or the OH- ion is given for four aqueous solutions at 298 K. For each solution,

calculate [H+] or [OH-]. State whether the solution is acidic, basic, or neutral.

Calculate H" or OH to compare acidic-basic-neutral

a.[H1=1.0x10"M

b.[OH]1=1.0x10"M

c. [OH]=1.0x10"M

d.[H']=4.0x10°M

Challenge Calculate the number of H" ions and the number of OH" ions in 300 mL of pure water at 298 K.
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Final exam questions

Which of the following solutions is basic? $ e B Al Jullaall L:_;i
2908 K 2 1S5l
( Concentrations at 298 K) ( U
Osadll jrac el o sle Byed Olaid
Lemon juice Seawater Pure water Coffee cup
[H*]= 6.0x 10~° [OH"]= 1.0x 10~° [OH"]=1.0x 1077 [H*]= 1.0x 10~°
Pure water S sle
Lemon juice Gsadlll Huac
Seawater sl cla
Coffee cup 5963 Olaid
Which of the following aqueous solutions is acidic? ¢ stea A L2 Ll
(298 K 2o 35130 )

( Concentrations at 298 K)

D Jsaddl C Jsadl B Jsladl A Jsadll
Solution D Solution C Solution B Solution A
[H*]= 4.0x 107* [OH7]= 1.0x 1077 [OH™]= 1.0x 1073 [H*]= 1.0x 1073
Solution A A Jdad
Solution B B Jdall
Solution D D Jdaddl
Solution C C Jdadl
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What is the number of hydroxide ions (OH")? ve Al gLl 50 0.750 L A (OH) 25uS5 50l Slisd 2 e
in 0.750 L of pure water at 298 k? 298 k

Avogadro’s number

4.52 x 101
4.52 x 10"
8.03 x 101
8.03 x 10*
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CHM.5.3.04.006.03 Relate the acidity and basicity of an aqueous solution to the hydronium and hydroxide jon concentration and pH at
bl Textbook+ Figure 13 4+ Practice Problems 131, 132
250C of 298 K
21 |CHM.5.3.04.007.04 Calculate pOH when the [H+] or [OH] is given and vice versa Textbook + Example problems 2, 3 + Practice Problems 131,132,133
22 |CHM.5.3.04.007.06 Calculate [H+] and [OH"] from pH Textbook + Example problem 4 + Practice Problems 134
. — +
What is pH? pH = —log [H™] pH
The pH of a solution is the negative logarithm of the hydrogen ion concentration. .
Battery acid
Acidic solutions have pH values below 7. Basic solutions have pH values above 7.
Stomach acid

A solution withapH of 0.0 is strongly ...,

A solution with a pH of 14.0 is strongly ...,

Practice: Calculate the pH of solutions hiwing the fuiluwing ion concentrations.

a.[H1=1.0x10"M

b.[H]=3.0x10°M

c. [H]=0.0055M

d.[H] =0.000084 M

What is the pH of a neutral solution at 298 K?

Important: A change of one pH unit represents a tenfold change in ion concentration.

Lemon juice

Soft drinks

Coffee
Pure water — Milk
L Y o
Blood
Seawater
Antacid
Detergent
Milk of
magnesia
Household
ammonia

Oven
cleaner

pH Hydrogen ion concentration [H] pH Hydrogen ion concentration [H']
1 110 8 1x10°

2 1x10% 9 1x10*

3 1x107 10 1x10™

4 1x 104 11 1x10™"

5 1x107 12 1x10°"

6 1%10° 13 1x 10

7 1x107 14 1x10™

Determine whether seawater (pH=8) or detergent (pH=10) has a higher concentration of H" ions. How many times higher?

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
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Final exam questions

How many times increases the concentration
of hydrogen ions [H"| in the solution X than
in the solution Y according to the figure
below?

08 X sl A [HY] Omassd Cgdd I8 20 5m 8
o) e ) i Y gl

A. 2 times I (CEm) 2.A
B. 10 times i34 10 .B
C. 100 times 54100 .C
D. 1000 times 54 1000.D

How many times increases the concentration of
hydrogen ions [H*] in the solution X than in the
solution Y according to the figure below?

G8 X Jolaall A [HY] Con g i) Ol JS 5 &3 3 S
aliai i ) a Y slaal)

XJslns Y Jglxo
solution x solution Y

A. 2 times (Ch) 2 .A
B. 10 times <! 10 .B
C. 100 times 334100 .C
D. 1000 times 54 1000 .D

Challenge Calculate the pH of a solution having [OH] =8.2 x 10° M.

@the_garden_academy o The garden academy
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What is pOH?

The pOH of a solution is the negative logarithm of the hydroxide ion concentration. pOH = —'lﬂg [0H _]

pH + pOH = 14.00

] 1 10 107 10 10 10 10 1077 107 107 107™ 107" 107 107 107™
pH 0 1 2 3 4 5 6 7 8 g 10 N 12 13 14

pOH 14 13 12 1 10 g 8 7 6 5 4 3 2 1 0
O3 1™ e 1w 1w 1w o ot o wt w10t w9

f

Increasing iasaia
e acidity Eeesss——— Neyutra] —————— basicity J —

A typical cleaner has a hydroxide ion concentration of 4.0 x 10 M. calculate the pOH and pH of a cleaner at 298 K.

Calculate the pH and pOH of aqueous solutions with the following concentrations at 298 K.

a.[OH]=1.0x10°M
b.[OH]=6.5x10*"M
c.[H]=36x107"M
d.[H]=25x10?*M
e. [OH] =0.000033 M
f.[H] =0.0095 M

Challenge Calculate pH and pOH for an aqueous solution containing 1.0 x 10~ mol of HCl dissolved in 5.0 L of solution.
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Calculating ion concentrations from pH

[H*] = antilog (—pH)
Calculate [H'] and [OH] in each of the following solutions.

a. Milk, pH = 6.50.

c. Milk of magnesia, pH = 10.50

b. Lemon juice, pH = 2.37

d. Household ammonia, pH=11.90

e.Blood, pH =7.40

[OH_] —

Challenge Calculate the [H'] and [OH] in a sample of seawater with a pOH = 5.60.

Final exam questiuns

If [OH] = 2.5 x 1077 Min a solution.

What is the pH of the solution?

4.7

6.6

7.4

3.9

@the_garden_academy _ o The garden academy
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the pOH values of the solutions (X), (Y), and (Z)
which have the following characteristic?

Which is the correct arrangement according to 3(Y) 3 (X) Jitaall pOH Aad canes Caall (535 Lualll s 21 La

Al Galadd S3 (2)

(X):pH = 10.5
(¥): [H*] = 10712

(Z): [OH ] = 107?

A. (lowest) (Y) = (X) = (Z)mighest

ey (Z) « (X) « (V) g A

B. jowest) (X) — (Y) — (Z)nighest)

s (Z) « (Y) « (X) (@ .B

C. jowest) (Z) = (X) = (¥) (nighest)

ey (Y) « (X) « (Z) o .C

D. lowest) (X) — (Z) — (¥ )(nighest)

ey (¥) « (Z) « (X) g .D

Which is the correct arrangement according to the Jillaall (e JSI pH Aad caa uauall a5 lalll cus 30 L

pH values of the solutions (X), (Y), and (Z) which
have the following characteristic?

A Gailaddl I3 (Z) 5 (Y) 5 (X)

(X):pOH = 9.5
(¥): [H*] =10~°

(Z): [OH"] = 10~

A. (lowest) (Y) = (X) = (Z)nighest

) (Z) « (X) « (¥) @) .A

B. lowest(X) — (¥) — (Z)(nighest)

s (Z) « (V) « (X) (s .B

C. lowest) (Z) = (X) = (¥) (nighest)

) (¥) « (X) « (Z) @ .C

D. jlowest) (X) — (Z) — (¥)nighest)

sy (¥) « (Z) « (X) (@ .D

Which of the following solution is the most acidic?

[H;O']=1x10"* , pOH =13 ,

Ethe_garden_academy o The garden academy

Ciiaes LAY oo 30N Jdlad (4

[OH] =1x10"* : pH = 3
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What is the correct ascending order according to

the pH value for each of the following solutions? ¢ adull Qe e JSIpH
A el L gad Sl juae il il ulal
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 3y 5 14 41 el jume « (ulall & Lisidl cula

Household ammeonia — lemon juice — milk — milk of magnesia

Milk — household ammonia — lemon juice — milk of magnesia . n ... « asadl) peae £ I35 e — bl

b Gl Gulall = Geadll juas ¢ ddjiadl Ligal!

Lemon juice —+ milk — milk of magnesia —+ household ammonia ;.. 5 15 41  Lociadl Cuda « udall = 5yadll

What is the correct ascending order according

to the|OH | value for each of the following solutions?

dad Cues uaall (gaclatll Canjll L
¢ LI Jdlaall e JS3[OHT]

D Jslaall C Jylaall B Jglaall A Jslaal
Solution D Solution C Solution B Solution A
[H*]= 2.5x 107%m [OH"]= 4.0x 10~3M pH=7.40 pOH=5.60

Solution D = solution B — solution A — solution C

CUsadl « 4 Jadl « Blsladll « D Jsladll

Solution B = solution C = solution D = solution A

A Jgad) « D Jsadl « Cslaall « B Jylaal

Solution C — solution A — solution B — solution D

D Jshadl « B Jshaadll & AJslaall « € Jsladll

Solution A — solution B — solution C — solution D

D Jssdd « C Jsladdl — Blgsdll « A Jgladll

@m.tluprdemadmpmt_ 0 00971569174493
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I 23 |CHM.5.3.04.006.04 Calculate the acid dissociation constant, Ka, given acid concentration, [H+] and pH Textbook + Example problem S + Practice problems 135, 136

Calculating Ka from pH

Write the Ka expression for HF(aq) = H" (aq) + F (aq)

Calculare Ka for HF if the pH of 0.100M solution is 3.20.

il+_ o] BT
[ ] [F] +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

[HF] = 0.100M - coovoveoeoeoeeeeeeeeeeeereeeeee e

The pH of a 0.100M solution of formic acid (HCOOH) is 2.38. What is Ka for HCOOH?

1.8x10™
Calcularte the Ka for a 0.220M solution of H;AsO,, pH=1.50

5.4x10°
Calculate the Ka for a 0.0400M solution of HCIO,, pH = 1.80

1.1x107
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Calculate the Ka of the following acids using the given information.

a. 0.00330M solution of benzoic acid ( CgHsCOOH), pOH = 10.70

89x107
b. 0.100M solution of cyanic acid (HCNO), pOH = 11.00
1.0x10°
c. 0.150M solution of butanoic acid ( C;H,COOH), pOH=11.18
156103
Challenge Calculate the Ka of a 0.0091M solution of an unknown acid (HX) having a pOH of 11.32.
6.3 x 10°*(HF)
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Final exam question

The pH of a 0.200 M solution of hydrofiuoric acid HF Sijs gl amea 54 0.200 M Jsladd pH sy gl G311

is 2.15. What is the Ka value of HF acid? THF JawalKa i . 2.15 a HF

4.7 x 1074

3.2 x 107

1.8 x 10

2.6 x 107

What is the value of K, of 0.0400 M solution of acid HCIO, 0.0400 M 5,€5 HCIO; _iaes Jsladd K, dad L

pH=
with pH=1.807 'PH=1.80 ;

49x% 10°°

58x 1073

1.0x 1072

2.6x 1074

What is the value of K, of 0.0044 M solution 0.0044 M 0,85 CqHsCOOH aan Jslaal K, dai L

of acid C4H;COOH with pH=3.307? tpH=3.30

3.8x 10~%
26x 10%

6.5% 103

QO[O |l O

49x% 10~°
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I 24 | CHM.5.3.04.005.07 List different methods used to measure the pH of a solution

Textbook + Figure 16 135,136

Meaf.uring pH

Figure 16 The approximate pH of a
solution can be obtained by wetting
a piece of pH paper with the solution
and comparing the color of the wet
paper with a set of standard colors
as shown in a. The portable pH
meter in b, which is being used to
measure the pH of rain water,
provides a more accurate measure-
ment in the form of a digital display
of the pH.

Which tool provides a more accurate measurement of pH?

SpH gyl 08l 351 Lokl y3 93 8151 4

pH paper

pH &3

Thermometer

(asa) ylyaull Glite

Portable pH meter

Jgazll a2yl @801 wlida

ol O e R = -

Litmus paper

et #1335

A scientist needs to monitor the pH of rainwater over time.
What reasoning supports the use of a portable pH meter

instead of pH paper?

2900 sUas¥l sle A gan days bl je I elle 2 iy
08,1 ulida aludin! pe s (A1 lwdl 2 L .cdgl!
TPH 39 (0 Yok Jgamel!l sz gyl

A The portable pH meter is less expensive.

485 51 Jgemll guzgyiull 03,01 ulide

The portable pH meter provides consistent, accurate, and digital

measurements, reducing human error in color comparison.

Auady milulid Jgazmll (gum gyl @301 ulida 435

V¥ &lae § gdull Uil (o Jlas Lon cdasulag Aasdd

C The pH paper is more durable.

wlzs AS1pH 39

D The pH paper is easier to use.

Azl § Jiwl pH 39
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I 25 CHM.5.3.04.004.01 Define neutralization reaction while writing the neutralization equation (Complele ionic and net ionic equations)

Textbook + Figure 18

138,139

Reactions Between Acids and Bases

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

A saltis an ionic compound made up of a cation (positive ion) from a base and an anion (negative acid) from an acid.

Writing neutralization equatinns

What kind of reaction occurs when magnesium hydroxide (Mg(OH),), the active ingredient in milk of magnesia, contacts

hydrochloric acid(HCl) solution produced by the stomach?

For the reaction between hydrochloric (HCI) acid and sodium hydroxide (NaOH).

Formula equation

Cnmplete ionic Equatiun

Eliminate the spectator ions and write the netionic equation

In an aqueous solution, a H" ion exists as a H;O" ion, so the netionic equation for an acid-base neutralization reaction is

Writing the complete ionic equation and the net ionic equation for the neutralization of HNO; by KOH.

Formula equation

Complete ionic equation

Eliminate the spectator ions and write the net ionic equation

@the_garden_academy 0 The garden academy
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What is a neutralization reaction?

fJoladdl Jelas oo Lo

A reaction in which an acid and a base in an aqueous solution

A react to produce salt and water. slaggle gl e lplaa sy s 4d Jelagy Jalis

B [ Areaction in which two acids react to produce water. W 2 oY lass 448 Jelan Jelas

C [ Areactionin which a base reacts with water to produce salt. e z LY ) ae duels 48 Jelaw Jelas

D [ Areaction in which an acid reacts with salt to produce water. sz Y =l pe (e 448 Jelan Jelas
Which products are formed when Mg(OH)z reacts with a guutiall dwS o, uua Jelas wie 49Sall 251 gdl 2 Le
HCI? S(HC) b )35, 00 ! s> ae (Mg(OH)2)

A | Water and magnesium chloride PTVORIEIINESTN SPIY

B | Magnesium oxide and hydrochloric acid Lsys Ko suudl Lae>g o guaial] wpws)

C | Magnesium hydroxide and water Wl aguantiall uuSo, 0

D | Magnesium chloride and oxygen nxawS g o gruniall iy
What is the formula equation for the reaction between hyglS gy dl o ( Jelaill dolasd) dalall (2 L
hydrochloric acid (HCI) and sodium hydroxide (NaOH)? $(NaOH) ags394all duuS g a9 (HCI)

A HCl(ag) + NaOH(aq) — H20(l) + NaCl(aq)

B HCl(aq) + NaOH(ag) — NaOH(l) + HCl(aq)

C HCl(aqg) + NaOH(ag) — NaCl(s) + H20(g)

D HCl(aq) + NaOH(aq) — NaCl(aq) + O2(g)
What is the net ionic equation for the neutralization of saes Jolad Jelanl 48 all 3 g¥ Aalall Pl
HCl by NaOH? Tagedguall duuSe)aua Aaslgs 2liys o el

A H™(ag) + OH™ (aq) — H20()

B Na™(aq) + CI”(aq) — NaCl(aq)

C HCl(ag) + NaOH(agq) — NaCl(aq) + H2O(l)

D H+(aq) +Cl (aq) — HCl(aq)

@the_garden_academy 0 The garden academy
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CHM.5.3.04.004.02 Define titration, and titrant

26 Textbook + Figures 19, 23 139
CHM.5.3.04.004.03 Explain how 1o cary out an acid-base titration

27 | CHM.5.3.04.004.04 Explain the difference between the equivalence point and the end point of titration process Texthook + Figure 23 141, 142
CHM. 5. 3.04.009.02 Describe the titration curve of a weak acld with a strong base with respect to type of salt formed, pH and nature of

28 Textbook + Figures 20, 22 140, 141, 142
solution al equivalence point, indicator used and its color change and volume of titrant needed for changing color of indicator
CHM. 5. 3.04.009.02 Describe the fitration curve of a weak acid with a sirong base with respect 1o type of salt formed, pH and nature of

29 Textbook + Figure 20 139, 140
solution at equivalence point, indicator used and its color change and voluma of titrant needed for changing color of indicator

Acid-base titration

Titration is a method for determining the concentration of a solution by reactinga known

volume of that solution with a solution of known concentration.

Titration prm:edu re How is an acid-base ritration perfnrmed?

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

@the_garden_academy 0 The garden academy

1- A measured volume of an acidic or basic solution of unknown concentration is placed

in a beaker, and the initial pH of the solution is read and recorded.

2-  Aburetis filled with the titrating solution of known concentration. This is called the

standard solution, or titrant.

3- Measured volumes of the standard solution are added slowly and mixed into the

solution in the beaker. The pH is read and recorded after each addition. This process

continues until the reaction reaches the equivalence point, which is the point at

which moles of H ion from the acid equal moles of OH ion from the base.

Figure 19 In the titration of an acid by a
base, the pH meter measures the pH of

the acid solution in the beaker as a
solution of a base with a known concen-
tration is added from the buret.

@ 50.0 mL 0.100M HCI Titrated @ 50.00 mL 0.1000M HCOOH Titrated
with 0.100M NaOH ) with 0.1000M NaOH
14— : i - 14
12 ¢ t i r ol 12
10 | |
8 8 }L?, .
T g S st e T Equivalence point |
a gl ! i . =  — I 2 6| ———+  — ———1—
Equivalence point | e p— j
4 ' a7~ .-
2 - 2
0 | ! | ﬂ | |
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Volume NaOH added (mL) Volume NaOH added (mL)

Figure 20 Graph a shows the titration of a strong acid with a strong base. Graph b shows the titration of a
weak acid with a strong base. In each titration curve, a steep rise in the pH of the solution indicates that all of
the H* ions from the acid have been neutralized by the OH ™ ions of the base. The point at which the curve

flexes (at its intersection with the dashed line) is the equivalence point of the titration.
Compare Identify two ways in which the graphs differ.

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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Acid-base indicators

Chemical dyes whose colors are affected by acidic and basic solutions are called acid-base indicators.

Figure 21 The familiar dark color of tea
becomes lighter when lemon juice is

“——')_ added. A substance contained in tea is an
f - Indicator. Most indicators are large
molecules that act as weak acids. Slight
differences in bonding patterns when an
indicator molecule is ionized or un-ionized
_ account for the color changes.

Tea contains compounds called polyphenols that have slightly ionizable hydrogen atoms. Adding acid to a cup of tea depresses the

ionization according to Le Chatelier’s principle, and the color of the un-ionized polyphenols becomes more apparent.

0 1 2 3 4 5 6 7 8 9 10 n 12 13 14
N Crystal violet
= N Cresol red
[ | Thymﬂl blue

s Bromphenol blue
e Methyl orange
e Bromcresol green
Methyl red
I Bromcresol purple
e A\lizarin
s Bromthymol blue
e Phenol red
Phenolphthalein
Nl Thymolphthalein
e Alizarin yellow GG
f—— T Universal indicator

Figure 22 Choosing the right indicator is important. The indicator must change color at the equivalence
point of the titration, which is not always at pH 7.

Choose some indicators that may be used for a titration of a strong acid with a strong base.

Choose some indicators that may be used for a titration of a weak acid with a strong base.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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Indicators and titration end point

Indicators used for titration are weak acids. Each has its own particular pH or pH ranges over which it changes color.

The point at which the indicator used in a titration changes color is called the end point.

The indicator for a titration should change color at the equivalence point of the titration.

The buret contains the standard The standard solution is added slowlyto  The end point of the titration is marked
solution (0.1000M NaOQOH), and the the acid solution. The phenolphthalein by a permanent, but very light, pink
flask contains 25.00 mL HCOOH indicator turns pink, but the color color. A careful reading of the buret

solution along with a small amount of  disappears upon mixing, until the end reveals that 18.28 mL 0.1000M NaOH

phenolphthalein indicator. point is reached.

has been added.

Figure 23 Titration is a precise procedure requiring practice. The white paper under the flask provides a

background for viewing the indicator color change.

Final exam questions

[Which of the following statements is correct according to the ) 5<0) ] gad 5 3 bl daday (Bl Lad Ao 40D G lad) )
titration curve and indicator table shown below? Talial A gall
23]
12—
11 -4
104
o
= Equivalence
adlll 5ae Sl & 7 pont pH, 7.00
Indicator range Indicator :
8.2-10 ol g a4
Phenolphthalein 3
6.0-7.6 Jsadisas ol G55 .
Bromthymol blue o 4 S NS S S SN T Sh———
0o S5 10 15 30 25 3 35 40 a5 S0
Volume of 0.100 M NaOH added (mi)
(L) o 0.100 MNSDM s
A. The acid is weak, and Phenolphthalein is the suitable A5 pdaall saa A dalaii) eulladl Ay chas paaad) A
indicator to use in this titration m—
B. The acid is strong, and Bromothymol blue is the JuJ) 98 B daadl sda 2 dalaiin) canlall allSll 5 98 aeadl B
suitable indicator to use in this titration Jpa 3 g )
C. The acid is strong, and Phenolphthalein is the suitable 98 5l sda B Alaiin waddadl walisl g g o8 aead) C
indicator to use in this titration e
D. The acid is weak, and Bromothymol blue is the S0 A Bl sda A Al edlall alis)) § chas paeadl D
suitable indicator to use in this titration J g g g
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@www.thgardenaudmy.nﬂt 0 00971569174493




Which of the following statements is cormrect according to the

titration curve and indicator table shown below?

—allsll o sl
Indicator range Indicator
5.2-6.8 s S sas 0 il
Bromocresol purple
8.2-10.0 O] gl
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

12

Volume of base added (mL)
(ML) i S aaa

Collal gl g8 anliddl CaliSlly o NHLOH sae i

Jj_}'_)s §a9 ) ,_ﬁ—-ﬂ-u 9 idl CasiSlly (KOH 522l

Odtalguall ga aulidl CaliSly (KOH 322 1))

Which of the following statements is correct according to the

titration curve and indicator table shown below?

i) 58I Jgan 5 3 pulaall Hades gl Lasd daaa A @ lal) (o
Eolial Aauds gall

L X ek SJ)
Indicator range Indicator
8.2-10 ol i
Phenolphthalein
4.2-6.2 Jiudl jaal
Methyle orange .

I i I | | | I | I

O § 10 15 20 25 30 35 40 45 S50

Volume of 0.100 M NaOH added (mlL)

(ML) (3iah 0.100 MMNaOH a==

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

98 Bl sl R Aalaiie) Giudiall Sl g chaud paaadl A
LTI

indicator to use in this titration Oyl paudl)

B. The acid is strong and Methyl orange is the suitable Al gh 5 plaadl s A Anladia) eaddall il g (g 8 paaall B
indicator to use in this titration Creal!

C. The acid is strong and Phenolphthalein suitable 52 Bl 0da A daladin) liall il g o 68 paaad) C
indicator to use in this titration Calliil pludl)

D. The acid is weak and Methyl orange suitable indicator to saa) sh 3 ulaall s2a un Aaladin) iediall cadlS]l § wdawa gaaaldl D
use in this titration sl
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Which of the following is frue regarding the tilration E;mlw#gﬁ@wu:_huﬁ

curve below?

14

12

10

L

] M0 W 0 40 50 &0 T

Volume of the added base(mL)

6.0 -7.6 4.2- 6.2 3.2-46 3.1-47 pH values at which the

The acid is weak, and the base is weak A g AOLY ANl Fhen Bnlilly Dot el

and the suitable indicator is Bromophenol blue ot nag 3l

The acid is strong, and the base is weak il jaal 58 T CA2SH, Rieiin B lilly gib meall

and the suilable indicalor is Methyl red
The acid is strong, and the base is strong Jsafizag 335 sp DAl CalSlly Ao 50 llly 58 Linanll
and the suitable indicator is Bromothymol blue

The acid is weak. and the base is strong el iy o Sl SISl A Bs )yl el

and the suitable indicator is Methyl orange
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Which of the following is correct for both (a, and b) curves

shown below?

)

You

Tube]

Talial (pagll (D@ ) Jaie o IS moaa L Lea g

(=)

14 14

i3 i3

12 I

BB Ay ded 11 =

10 Copurynbence 10

P — okt o, B.T2 2 A mlad

a 8 E qurvalence

a7 5 7 poan piH, 700

] L+

S - &

a- >

P = 2

1 1

nﬂ;laﬂlT!l?.ﬂIL]L]ﬂlﬂ:ﬂh‘ﬂ uﬂ;llhlgﬂ:ﬂ;ﬁméi‘:?;!i;ﬂ

Plremestenjerm iy m et
Jyadyas sl 3,5 Jdisall el il
Bromothymol blue Methyl red Indicator
6.0-7.6 4.1-6.2 sl ool
Indicator range
In curve b the acid is strong, and Methyl red Jiuall janl g8 Cauliall CadISH, ‘g8 paaallb sl i
is the suitable indicator
In curve b the acid is weak, and Bromothymol blue Jsatigag dl (35 & acdiall C22SNy (Liinia asall B Jaiall ¥
is the suitable indicator
In curve a the acid is weak, and Methyl red Jiuall jaal ga Cacliall CASISNy cCiuea (asall @ el
is the suitable indicator
In curve a the acid is strong, and Bromothymol blue Jsadigagyll (3))) 98 auliall LAl ¢ (g msall @ Jaial) &
is the suitable indicator
Extra questions

What is the purpose of titration in acid-base chemistry?

Sielgally oles¥l cliasS 3 plall oo yo,all Lo

A | To determine the concentration of acidic and basic solutions Luslally Aa ezl Jdlell 1S5 wass
B | To create new acids and bases Bsus ueledy yales| aazs
C | To measure the temperature of a solution Jel=ll 3l ,> a3 wlid
D | Toseparate mixtures into their components LebigSe Jl Ldlell Lad

What is the equivalence point in an acid-base titration? Buclally ool Bylas (3 336300 dads 2 L
A | The point where the solution changes its color Jolell 0ol Laiie pazy (&1 daddl

The point where the pH is exactly 7 Jaally 71 Goluws (pH) guzgpiedl 08,01 Lpd 0956 (&1 daall

The point at which moles of H™ from the acid equal moles of Cpe (H™) (29 )l S¥ge due Lasie (Sobuds (HI Andill
- OH™ from the base saclall e (OHT) w8y audl c¥gn due an paex]!
D | The point where the titrant is completely used up

JalSIL B yslall Joloes lacie cllzud (&) alagal
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30 |CHM.5.3.04.004.06 Calculate the molarity (concentration) and volume of a solution using fitration data }'Iba:rlu Problem solving strategy+ Example 6 + Practice F'mhh{ 142,143

Calculating Molarity from Titration

The balanced equation for a titration reaction is the key to caitulating the unknown mﬂ[arity.

Practice: Use the acid and base given to write a balanced neutralization equation

HCl KOH

HzSGq Mg(DH)z

H,PO, | NaOH

HNO; | Fe(OH),

H,PO4 | Ca(OH),

Then use the fnl[nwing relatiﬂnship to calculate the unknown concentration

MaVa MbVb

na nb

M is molarity, V is volume, n is the number of moles (coefficient from the equation), a is for acid, b is for base

Practice problems:

Avolume of 18.28 mL of a standard solution of 0.171000M NaOH was required to neutralize 25.00 mL of a solution of methanoic acid

(HCOOH). What is the molarity of the methanoic acid solution?

What is the molarity of a nitric acid solution(HNO3) if 43.33 mL of 0.1000M KOH solution is needed to neutralize 20.00 mL of the

acid solution?

@the_garden_academy 0 The garden academy @m.theg:rdmaudnﬂy,nﬂ 0 00971569174493




What is the concentration of a household ammonia cleaning solution(NH,OH) if 49.90 mL of 0.5900M HCl is required to neutralize

25.00 mL of the solution?

Challenge How many milliliters of 0.500M NaOH would neutralize 25.00 mL of 0.100M H,P0,?

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

reach the end point. What is the molarity of the

LiOH solution?

Final exam questions

0.6885 M

0.3443 M
0.5275 M

0.4550 M
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LIOH 58l 20085508 (50 25.00 ML )38 dic 5ylea o5
ails il 3295 0.425 M oS5 HySOy i€l mes Jslaay
c Bylaal) Al Al ) Jgeasll aaall Jslas (30 20.25 mL

TLIOH 5l 3085508 Jglas 4s)¥5a La




What is the molarity of H,;PO, solution if 15.00 mL 15.00 mL 313 H3PO, Jslas 4550 L
of 0.500 M NaOH solution is needed 25.00 mL a:lead NaOH 5las 0.500 M (4

to neutralize 25.00 mL of the acid solution? foaaall Jolaa e

H3P0,4(aq) + 3NaOH 5g) — Na3P0,oq) + 3H,0(,

0.0075 M
0.0025 M
0.1 M
0.200 M
va 74.30 mL .3 13 H,S0 LyYea Le
What is the molarity of H,SO, solution o 3t 1 2804 dyaatslse
2 45.78 mL dslad NaOH J4sae 0.4388 M
if 74.30 mL of 0.4388 M NaOH solution is needed ¢ oaaall Jelaa

to neutralize 45.78 mL of the acid solution?

HzSOq,.[.q} + ZNHOH(.,‘-U — Hﬂzsn4(.q} + 2“20{1}

0.2320 M

0.4211 M

0.1569 M

QIQIOIO

0.3561 M
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"What is the molarity of sulfuric acid H;SO4
solution if 68.4 mL of 0.333 M NaOH solution is e 68.4 mL 23 13 H, 50, S Sl Gaaa Jglase 4y Y 3a e
needed to neutralize 49.0 mL of the acid solution? | *_aall Jsas e 49.0 mL 4ddaal 0.333 M NaOH Jsaas

H,SO4(aq) + 2NaOH(ag) —= Na,SO; + 2 H,0())

0.465 M

0.116 M

0.880 M

0.23:2 M
In an acid-base fitration, 25.80 mL of a sulfuric acid Jyne e 25.80 ML 3les 3 ctas Wl = aeall 2ilas 2
solution H,S0, is titrated to the end point e 54.70 ML jske; Aslgll akeiis e H SO, Slany€ll mes

by 54.70 mL of 0.6500M potassium hydroxide KOH
solution. Whalt is the molarity of the H,SO, solution?

¥ H,50, Jslas iy L

0.7 M

0.6 M

1.2 M

1.4 M
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