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Chapter: Chemical Equilibrium Lesson 3: Using Equilibrium constants

Calculating Equilibrium Concentrations

CO(g) + 3H,(g) = CHu(g) + H,0(g)
0.850M 1.333M tM 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,

2H,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) = CH;0H(g).
Calculate the following 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;0H

c. [CH3;0H] 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 Keq?
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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 NaClin Water: ...

Sometimes low solubility is also important.

BaS0O,(s) = Ba**(aq) + SO, (aq)

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

Writing solubility product 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,*]=1.1x10"°

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

. Mg(OH),(s) = Mg**(aq) + 20H"(aq) A

Using solubility product constant

Agl(s) = Ag*(aq) + I"(aq) [Ag™][IT] = (s)(s) =s*=8.5x 107"

K, =[Ag'l[I'] =85x107at298K | s=v85x 1077 = 9.2 X 10~ mol/L

Calculating Molar Solubility
If Ksp=2.5x10". 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 1d‘“ at 298 K. What is the solubility
of lead(ll) carbonate in g/L?

Molar mass of PbCO3 = 267.2 g/mol
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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 102,

Calculate the concentration of [Ag+] in a solution of AgBr at equilibrium. Ksp =5.4 X 1013,
Calculate the concentration of [F-] in a saturated solution of CaF,. Ksp=3.5 X 107"
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 Ksp for AgCl.

molar mass of AgCl =143.3 g/mol
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Extra Final Exam Questions

What is the solubility in mol/L of lead bromide PbBr, at 298 K? g(mol/L saag) 298 K 2= PBBr, jaluasll a4l L

if Koz = 6.6 x107% Ko = 6.6 <1078 €13

~

PbBrz(S] — Pb2+(aq} + 2Br_(aq]

0.024
0.018
0.030

0.012

If the K, of calcium hydroxide Ca(OH), is 5.32 x 10°° W Ca(OH); sl 23Sy jug! Kgp dad cilS 1)

S 2 oo : o 1
at 298 K. What is the solubility of calcium hydroxide in B3 S 2S5 00 3ty L . 298 K e 5.32 X 10-

mol/L?
¢ mol/L
Ca(OH)z(s) == Caz"(a) 17 20H_(a)

3.30 x 1078
1.60 x 1073
2.80 x 1077

1.10 x 1072
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If the K, of magnesium hydroxide Mg(OH), is
5.60 x 1071* at 298 K. What is the solubility of

magnesium hydroxide in mol/L?

@sled Mg(OH),; assestiall 1uuy yugl Ky G cilS 13
pssital) 0S50 4a5) L . 298 K 22 5.60 x 10712

¢ mol/L saas:

Mg(OH)ys) = Mg* (ag) + 20H (o)

3.45 %107 o)

1.12 x 107* @)

4.73 x 107¢ O

2.52 % 107 (@)
What is the value of k¢, for CaF, compound if the Ls,L..u CaF; agudlsll a)eld 4313 il 1Y) CaFy Syall kep dad L
solubility of calcium fluoride CaF, is 2.06x107* M 9298 K 5 da )y xie 2.06x1074 M
at 298 K?

’Canls) = Cagg *+2Fqq)

4.2x

107

1.8x1077
8.8x1071?
3.5x107!!
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The reaction : t@“(:[z(g]) = c +

reaches equilibrium at 900 K.

Keq = 8.20 x 1072

If the equilibrium concentrations of CO and Cl, are 0.150 mol/L, ¢« 0.150 mol/L . Cl 5 CO J ()31 S5 culS 1Y
what is the equilibrium concentration of COCI,? fCOCI, J )5V 585 Lad

- 900 K gl s xie oY1 dlls ) e
Kass= 82010~

0.274 mol/L

0.183 mol/L
3.65 mol/L

0.550 mol/L

What is the concentration of silver ion [Ag*] in Ag,CO; O3 ) sie AG,CO;3 Uslae 3 [AgT] dadl) sl 555 L
solution at equilibrium if the kg, = 8.52x107'% at 298 k? ¢ 298 k i kgp = 8.52x10712

3.24x107 M
8.81x107* M
2.57x107* M

1.29x10™* M
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Chapter: Acids and Bases Lesson 1: Introduction to acids and bases

Properties of Acids and Bases

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

® (Citricand 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, (ag) + 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, (aq) + H,O(l) + CO, (g)

Geologists identify rocks as limestone (CaCOs) 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.
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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.

2
3.
4

w ® N o

Can turn litmus paper a different color

. Reacts with certain metals

Contains more hydrogen ions than hydroxide ions

. Feels slippery

Reacts with carbonates

Feels rough

Contains equal numbers of hydrogen and hydroxide ions
Tastes bitter

Tastes sour

Final Exam questions

What gas is produced during the reaction between | sk Jsiaal s syl g i § Joldi I8 pld) 0 e

basic solutions?

sodium carbonate and acetic acid solution Pl sl
COp H2 02 N2
Which of the following is a property of faclgill Jllas Lailad e é[‘ Lee .é‘

React with metals like zinc to produce hydrogen Cangpugll Sl 2 BY Hue)lAll Jie SHEN ae Jolis
gas

React with metal carbonates to produce carbon OsSl sl J6 jle #lsY Chlal Gl S e Jelis
dioxide (CO,) gas (CO,)
Taste sour i e
Taste bitter and feel slippery omalall dalyy 3iall 5ya
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Which of the following chemical equations Jelall (i 40y 4ulba<l) Y aladl) @T

f

represents the reaction that geologists e il fpnglaall dardtig (SN
use to identify limestone rocks from other ¢ sl dds (pe Lyl oAl
rocks?

CaC03q) + 2HCl(oq) = CaClyrag) + Hy0p) + COyqq

NaHCO3(s) + HCZ H302(aq) - NaC2H3 OZ(aq) + HZO(I) + COz(g)

CU(S) + 4HN03(3q) =3 Cu(NOa)z(aq) + ZHZO(I) + ZNOZ(g)

Zn(s) + ZHCl(aq) > ZnC]z(aq) + HZ(g)

Which of the following is a property of acids? ¢ umlaa¥l jatlad e il b Les (g
Turn red litmus paper blue GV Ol ) shenll aal glo iy sl O
Feel slippery oalall 3 O
React with zinc to produce hydrogen gas Geng gl Sle E:“i'j Ol ga Jelis O
It tastes bitter el O

Which of the following chemical equations represents a reaction 5
Sl Jolaall G Jolis Jid A0 Al oY aleal o

between the aqueous solution of an acid and metal hydrogen

¢ Zmg gl ) cligs Sy (smnal

carbonate?

CU(S) + 4'HN03(aq) =2 Cu(N03)2(aq) + ZHZOO) + ZNOZ(g)
Zn(s) & ZHCl(aq) =¥ chlz(aq) + Hz(g)
NaHCOsq) + HC,H, 05aq) — NaCyH;05aq) + H;0q) + COsg)

CaC03(s) + ZHCl(aq) 4 CaClz(aq) + HZO(I) + COz(g)

@the_garden_academy ﬁ The garden academy n @www.thegardenaademy.net 0 00971569174493
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<+~———— 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
[H]>[OH] [H] < [OH] [H]=[OH]

Self-lonization of water

Pure water produces equal numbers of H" ions and OH" ions in a process called s

form a hydronium ion (H;0%) and a hydroxide ion.

elf-ionization, in which water molecules react to

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 water molecule attached to it by a covalent bond. The symbols H* and H;0" can

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

H,0(l) = H* (aq) + OH" (aq)

Which of the following is correct?

In basic solution  [H] > [OH7] H]

In acidic solution [H'] > [OH] [H]

In acidic solution [H] < [OH] [H]

In neutral solution [H*] > [OH] [H] > [OH] CsS Jabaiall Jeladll qﬂ o

> [OH]  UsS geldll Jlaall 3 O

> [OH] 05 qmaall Joladl G O

< [OH]  OsSe gemanl) Jslaall 3 e
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The Arrhenius Model (H* and OH")

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.

HCI(Z) — oo F o NaOH(S) = wovverrverrienrieriis F e

The shortcomings of Arrhenius model:

Ammonia (NHs) and sodium carbonate (Na,CO5) 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,O(l) & H;0* (aq) + X (aq)
Which substance is the acid? .......cooovveeveeevnan. WRY? s
The water molecule actsasa .....cococveveeeeeeenn.. DBCAUSE ..o v oo s s s s s e s s s r e s e s eereraene

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

In this example it's ...

| v
HX(aq) + H,0(1) = H307(aq) + X~ (aq)

In this example it’s ..o

A conjugate acid-base pair consists of two substances related to each

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 HCOj; can be both an acid and a base. Write the equation in both cases.

@the_garden_academy ﬁ The garden academy @www.thegardena(ademy.net 0 00971569174493
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Hydrogen fluoride—a Bronsted-Lowry acid

Hydrogen fluoride is an acid. Why?

HF H,0

F-

Which species is the conjugate base of hydrogen fluoride? ...,

What is the other conjugate acid-base Pair? ...

What are the acid and Dase i the FEVEISE FEACTIONT .......evveeveeeeeeeeeeeeeeeeeeeeeeeeeeeeereseseseesesesessessesesessesasssessassssnssssnesasssassons

Ammonia—a Brgnsted-Lowry base I *

Ammonia does not fit the Arrhenius model of bases NHo,(aq) + HzO(].) = NH4+(aq) + OH_(aq)

DECAUSE ..o esaen

Label the next equation:

Water—a Bronsted-Lowry acid and base

When HF dissolves in water, water acts as a ; when NHj; dissolves in water, water acts as an ..........coecevveevevvnnnnnn.

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

PRACTICE Problems

Identify the conjugate acid-base pairs in each reaction.

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

Acid Conjugate base Base Conjugate acid

HBr(aq) + H,0(l) = H;0"(aq) + Br (aq)

Acid Conjugate base Base Conjugate acid

CO;*(aq) + H,0(l) = HCO5 (ag) + 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.

@the_garden_academy 9 The garden academy @www.thegardenacademy.net 0 00971569174493
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In the reaction equation below, which of the following

is true?

HX donates hydrogen ion to water H,O

HX(aq) + H,O() = H3;0*(aq) + X (aq)

Srinam s Lan (gl colial Jelial Alils 3

Hy0 olall gy L.U.-.‘T HX T

H,O is a Bronsted—Lowry acid ol — o gstasl e HO 555
HX is a Bronsted—Lowry base Gysd — Al y acld g HX ol o
HX accepts a hydrogen ion from water H,0O HyO Ll o (g u sl HX Qi O
Which of the following is considered a conjugate € 3he 558 Limea za) e A Lea
acid —base pair?
H;PO, , HPO42_
H,O , D*
HNO; , NO;~
g
H2804 3 804‘
Which of the following is not a conjugate acid— base pair? 38 320l pana 79y ad L e é‘
HClO0, /ClO;
HSO03 /S03~
H,0/0H"
H,0*/0H~
Which of the following is amphoteric 4,090l Bala el L Laa (gl

substance?

H+

HPO.”

@the_garden_academy ﬁ The garden academy
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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

| 7
H—C—C s &
The formula of acetic acid is often written HC,H;0,.why? H O—H
............................................................................. o0 OO0 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. E'+ {;_
Hydrogen fluoride
Explain why benzene(C¢Hg) is not an acid. H
H H
H H
.............................................................................. H
Benzene

@the_garden_academy ﬁ The garden academy @www.thegardenacademy.net 0 00971569174493
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The Lewis Model

Lewis acid Lewis base

an ion or molecule with a vacant atomic orbital that can accept | anion or molecule with a lone electron pair that it can donate

(share) an electron pair. (share).

The H" ion is the Lewis acid because

HE—"+ F:&7 —— H—F:

Lewis acid Lewis base The fluoride ion F is the Lewis base because
The @Cid S coveeeeeeeeeeeeeeeeeeeeeeeeeeee e Because
:'T': |-|| :i|=': |-|| ..............................................................................................................
I'f_B.-/_\:N—H — F—B—N—H .
| | | | The DaS@ S e Because
F H ‘F: H

Another Lewis acid-base reaction occurs when gaseous

1?2 Cl) > sulfur trioxide (SO3) is brought into contact with solid
:C:): 5/\:6:2_ — [:0—5—0: magnesium oxide (MgO).
| =TT
:0: Lewis base 0 SO; (g) + MgO(s) — MgSO;, (s)
Lewis acid

This reaction between SO; and MgO is important for some reasons:
1. Aheptahydrate known as Epsom salt (MgSO,-7H,0). It's useful in soothing sore muscles and acting as a plant nutrient.
2. MgO reacts with SO;, that can combine with water in the air to form sulfuric acid, which falls to Earth as acid precipitation.

Anhydrides

Nonmetallic oxides (acid anhydride) Metallic oxides (base anhydride)
Nonmetallic oxides that can combine with water to form an acids Metallic oxides combine with water to form bases
COL Wl FOFM oo CaO WIllFOIM oo

Table 2 Three Models for Acids and Bases

“ Acid Definition Base Definition

Arrhenius H* producer OH" producer
Brensted-Lowry H* donor H* acceptor
Lewis electron-pair acceptor electron-pair donor

@the_garden_academy 9 The garden academy @www.thegardenacademy.net 0 00971569174493
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Final Exam questions

Which of the following is correct about to the reaction below? £alial JP ULl Agnaily dasaua Al ) ) 51

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

A. NH; is considered as Arrhenius base epish ) 528 NH; as A
B. Hz0 is considered as a Bronsted - Lowry acid g =By x paea H,0 s B
C. NH; accepts an electron pair from H.0 Hy0 O g i) 3 Jelie NH; .C
D. H:0 accepts H'* ion in the forward reaction @A) B B H* Gl Jeliems H,0 LD
Which of the following is correct about to the reaction below? Solial Jolitll Apudlly Aasaa A0l ) jlad) (g

H*+ F- >H—F:

A. F-ion accepts an electron pair @lig sl zo) F Qs Jidew LA
B. F- ionis considered as acceptor of hydrogen ion O sl Gl Qs i B
C. H* ionis considered as Arrhenius base Cusish i BB HY (gl g C
D. H* ion donates an electron pair to F-lion Foogsl o) @iy SN e o) HY s s .D
Which of the following is true? frania 93'[5 Lea
:FI': |]| :]If: |-i|
Her=" =W ——n F=B=N=H NHs(ag) + H,0() = NH,4*(ag) + OH (aq)
o | B |
:F: H |
1 2
The ammania NH; in reaction 2 is an electron by 5 20 Jitiaa 2 Jelill 3 NH; Lugal) i
pair acceptor
The ammonia NH; in reaction 1 is a Lewis base cugd 5@ 1 Jelal 8 NH; Ligadl ol
The ammonia NH; in reaction 2 is a Bronsted— Sygl — By s 2 Jolall 8 NH; Ligai) jad
Lowry acid
The ammoenia NH; in reaction 1 is a Lewis acid sl pman 1 Jelal) 8 NH; Ligal el

@the_garden_academy ﬁ The garden academy @www.thegardenacademy.net 0 00971569174493
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Why does BCI; represent Lewis's acid susl ass BCl3 i) 13l
in the following reaction? @ A Jelihl 3
H{o k4
| :Cls
tca— B + :Cl: - ’9"%‘9"
* | I :Cls
e
Because it is proton acceptor from the base CI~ ClI™ 520 l@ll e Os3g il Jiftuse &
Because it is proton donor to the base CI~ CIm sxaldll ) G539 pll mile P
Because it is an electron pair donor to the base CI~ CF saolall 3 ity oSN mo il mile Y
Because it is an electron pair acceptor from the base CI~ CI™ saa il (e il €l 7y 3] Jiss Y
Why does O? represent Lewis's base in the a0 Jelall (8 ugd 53cld 02" hd 13kl
following reaction?
:(I): :0: 2
Q=? + :Q:z- _ :Q—S—Q::
:0: :0:
Because it accepted a proton from SO; SO; (e Ugigy cibinad Loy 0O
Because it donated a proton to SO, SO; M Usgys cania e (o)
Because it donated a pair of electrons to SO, SO; Y cilig SN () cinia e o)
Because it accepted a pair of electrons from SO; SO; e cilig 5N (e gy culitiad LY (o)
What is the substance that contains hydrogen, and eyl Sligd zlwy g gy o ggias Al skl L
ionizes to produce hydrogen ions in aqueous solution? ‘.‘Q_SL.I\ Jsbsall q,_ﬂ:
Lewis acid gl aen O
Lewis base sl 528 (@)
Arrhenius acid w_sg:\_-,lﬁ_)I aen O
Arthenius base usauaf Bl O
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Review and assessment

Identify the conjugate acid-base pairs in the following equation. HNO + HO = NO + HO*
2 il B 2 3

Write the Lewis structure for phosphorus trichloride (PCl;). Is PCl; a Lewis acid, a Lewis base, or neither?

In the accompanying structural formula, identify any hydrogen atoms that are likely to be ionizable.

H o o
\ | KD H
C—C—C
/ | A
H—0O H (@]

Classify each compound as an Arrhenius acid or an Arrhenius base.
H,S Mg(OH),
RbOH H;PO,

When a geologist adds a few drops of HCl to a rock, gas bubbles form. What might the geologist conclude about the nature

of the gas and the rock?

Write a balanced chemical equation for each of the following.

a. The dissociation of solid magnesium hydroxide in water

b. The reaction of magnesium metal and hydrobromic acid

c. Theionization of propanoic acid (CH;CH,COOH) in water

d. The second ionization of sulfuric acid in water

@the_garden_academy ﬁ The garden academy @www.thegardenacademy.net 0 00971569174493
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Chapter: Acids and Bases Lesson 2: Strengths of Acids and Bases

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
fon

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.

@the_garden_academy 9 The garden academy ) @www.theprdenandemy.net 0 00971569174493
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Strong acids

Weak acids

Acids that ionize completely

Acids that ionize only partially

All the molecules in the solution are ionized completely 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 Hl — H* + I~ Acetic HCHO,=H"+ CHO,~
Perchloric HCIO, — H* + CIO,~ Hydrosulfuric H,S = H" + HS~
Nitric HNO, — H" + NO,~ Carbonic H,CO, = H" + HCO,"
Sulfuric H,SO, — H" + HSO,~ Hypochlorous HCIO = H* + ClIO~

Final exam questions

What is the difference between the two figures below?

Hydronkum lon

0.1 M &3S asa Jsbaa

0.1 M acetic acid solution

folial <l CEEAY) 4ag Le

Hydronium ion

prnsies o

0.1 M &) 5is5 jgh) Gans Jsbas
0.1 M hydrochloric acid solution

HCI acid solution is weak conductors of electricity while

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

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

Lo Bja Jolaal) lgagins I HCI (aes clisia ol

Gls Jslaall leaginy 1 HC,H30, (mes livia ol

Laiy ligV) (e 22e oall HCI (aes Jglae mais
Jil cligd HC)H30, (aes Jolas iy

ﬁ The garden academy
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Which of the following substances ionize completely in Siligal gaiy Al Jaltaad) ‘,5 Galas clis A6 sgall e ‘l‘i
aqueous solutions producing hydronium ions H3;O*? 0 3
$H307 aguig gl
I. | HCI
Il. | HC;H10;
1. | H,SO4
IV. | HCIO
A land il s 1 A
B. lland Il s It .B
C. land Ill st .C
D. I, lland IV IVslisl .D
The bulb is connected to a solution of 0.1 M HCI in CL_HAAI‘ Laws ¢ 1 <&l ‘fs 0.1 M HCI Jelae: Juase c\,uad\

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

of the bulb in the two figures below?

L2 JSH 3 0.1 MHCHI0, Jsaa duage

e.m!;amgcw&,ugqx;\nwu
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HC;H;0; is a strong acid and completely ionizes in
aqueous solution

The number of ions in HCI solution is less than

the number of ions in HC,H,0, 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 Jsladll 3 a5 IS8 opling (58 asa HOH;0, sl

gl 20 e Sl HCH Jyladl 5 clig) 2o
HC.H;0, Jslaall 3

Jelaall B gl 3o e ST HOI Jaladll 3 i) e
HC,H.0,

Pl Jglad) 8 L8 Ui iy Chieia saea HCI sl
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Regarding the figure below, which of the following is

comrect?

The light is dim in 1 because CH,COCH is $ _iman CH;COO0H o 1 A Bal rladl opda 65
a strong acid
The light glows brightly in 2 because HCI

oo HOI pmen 0 2 3 Ll 5ag il s
ionizes only partially

b e
The light glows brightly in 2 because HCI is il aa HCI o2 _r-n lahls Bag »lunall mag

a strong acid

The light is dim in 1 because CH,;COOH ionizes CH;CO0H _mes 2N 1 o Bl mlaadl g 05

completely Ll ks
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In the strong acids:

HX represents a strong acid, and its conjugate base (X) is weak. It's
100% ionized

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

HX(aq) + H,0(I) — H30%(aq) + X~ (aq)
Acid Base Conjugate Conjugate

v

‘ acid base

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. |

The conjugate base Y~ has a greater attraction for the H" ion than HY(aq) + H,O() = H30+(aq) + Y_(aq)
does the base H,0. Acid Base Conjugate Conjugate

It captures the H"and does the reverse reaction.

The ionization equilibrium lies far to the left.

v

‘ acid base

Final exam questions

Which of the following statements is correct

according to the following ionization equation?

A0 il Aslaey Blaty Lagd dagma 000 il jlaall (4

HCN(aq) + HO(l) = H30*(aq) + CN~(aq)

The equilibrium lies far to the right because Gas el ON™ ahal sac B o el () Vs o)) 4y

the conjugate base CN™ has a greater attraction

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

Hy0 saclil 0 LSTH (0

The equilibrium lies far to the left because the Laa @l ON™ dsilyall sac B o Jlaall (3 12 53V dasy

conjugate base CN™ has a greater attraction

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

H,0 sxclill e LI HY (e

The equilibrium lies far to the right because Las el CN™ i) sac @l oY Cpadl ) 12y o5V s

the conjugate base CN™ has less attraction

for the Hion than does the base H,0

H,0 sxclill (e J3 H™ (30

The equilibrium lies far to the left because Gia ol ON™ ai)yal) sac il oY sl N 12y o)5Y) 4any

the conjugate base CN™ has less attraction

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

@the_garden_academy ﬁ The garden academy
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Regarding the two reactions (1) , (2) in the table

below. Which of the following is correct?
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ol Lea sl ol Jysadl 3 (2) 5 (1) culelily 3las Lo

s

Reaction (2) Jelil

Reaction (1) Jelall

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

HX(aq) + H,0() — H;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

Hy0 sacldll 0¥ ladl ) Guin 48 o) o) as (1) Jelad)
X sacldl) aSha Lae HY (e dually 8 580 i dlba

H20 saeldll ¥ Oaadl N Gujie 4l ool o) any (1) Jeliadl 8
X sae ) aSho Laa H 00 doally 080 6T B3y alba

Y @bl saclll 0¥ Cadl ) Vg calil) ol 43 (2) Jelid) o
H,0 s @l (e Jif HY (el Bia dlba

Y™ a@hal sacall OF Sl ) Vs ) ol s (2) delad) A
H,0 sacldll S ST HY 0080 Gaa dlha

shown below?

Which of the following statements is correct about the reaction

i) Jo Ll Ay Aauaua A & ) 61

HC,H50,(aq) + H,0() = H;0*(aq) + C,H;0,~(aq)

A. The acid HC;H;0; is strong and the conjugate base C;H;0, is weak

b CyH;0, AR jall sl téJs e HCH30, LA

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

H,0 3\l (e inidl C,H;0, 35 B

than does the base H.,0

C. The conjugate base C,H;0, has greater attraction for H* ion

ASS Laa (5 681 HY (gl i i 50, AR yall el C
H,0 3l

D. The equilibrium lies far to the right

Gl 1 e 7Y 45 D
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Acid ionization constants
Any weak acid produces an equilibrium mixture of molecules and ions in aqueous solutions.
The equilibrium constant Keq provides the quantitative measure of acid strength.
HCN(ag) + H,0(l) = H;0" (ag) + 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= =6.2x107°

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

The weakest acids have the smallest Ka values. Explain.

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

k(298

Hydrosulfuric, first ionization H,S = H" + HS™ 8.9 x10°*

Hydrosulfuric, second ionization HS = H" + S~ 1 % 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,SeOs5 .

[AsO43 J[H30 ]
[HASO,2 |

Given the expression Ka =, . write the balanced equation for the corresponding reaction.
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Final exam questions

What is the correct descending order of the acids in sbal Jgaall 3 g2yl (alaall zenall (A sl L
the table below according to the concentrations of ions Plgie S Jolaa B il _9.531 Sl Lfﬁ_,

in each solution?

= - Il-
ool ey Acid el
lonization Constants
8.9 x107°® H,S
6.3 x 107 HF
1.8 x 107 CH;COOH
4.5 x 1077 H,CO;
H,5 —»H,CO;, —» HF —» CH,COOH @)
HF — CH,COOH —» H,CO, —» H,S e
H,S —»H,CO; —» CH,COOH —» HF [®)
CH,COOH — HF —» H,CO;, —» H,S e
What is the acid ionization constant of the equation shown below? | okl Aal) Addaall paaadl (s et e
HNO,,, +H,0,, =H,0%, + N0,

K. = [H0'liNoz]
- [HNO;)

_ [H30*]INo3)
2 [HNO;][H;0]

__ [uNoy)
2 [H30*][NO3]

_ [HNOz][H20]
[H30*][NoOZ ]

@the_garden_academy ﬁ The garden academy ﬁ @www.thegardenacademy.net 0 00971569174493
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Which of the following statements is correct regarding the ¢ Al ) Y alesy (3l Lok Aauaia 200 flal) ‘__gi
following ionization equations?

K. (298 K) ol Allas aeall
lonization equation Acid
8.9 x 107® HoS = H* + HS- Ja o) ceslin €y yugl
Hydrosulfuric, first ionization
1x107% HS=H*+ S° N PEESER
Hydrosulfuric, second ionization

The acid in the first ionization is weaker than the acid

S G B maall e Vo T W) ol 8 maal)

in the second ionization

The concentrations of ions produced by the second ionization i) 3815 e ST SN Bl e Aslil) cligd) 381 5
are greater than the concentrations of ions produced by the first ;_i,?'l ;,J:,Ii e daalall
ionization

Hydrosulfuric acid is a strong acid because it is a polyprotic Osigpl dena oy S8 (men Ao pnngll mea

The acid in the second ionization is weaker than the acid in the Js¥) bl 8 maadl e e ST S il 3 pmeal)
first ionization

Which of the following statements is correct according to Sl Glats Las dasas 40N ) Ll ‘é“
Salial J saally 53,14l
the data in the table below?
K (298 K) ool Bstas aasll
lonization equation Acid

I el el g U
Carbonic, first ionization

i HCO3~ = H* + €02~ ol R i)
' Carbonic, second ionization

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

Carbonic acid is a strong acid because it is a polyprotic Ogdl 2axie 4 (8 (mas Sligs Kl mes

The concentrations of ions produced by the second Ciligl) 305 e ST SEI b e Aa3ll gl 5S1s
ionization are greater than the concentrations of ions J ol e 2l
produced by the first ionization

The acid in the first ionization is weaker than the acid

Sl 8 meal) e Camaal Jo) a3 masd)

in the second ionization

The acid in the second ionization is weaker than the

JsY) culil 8 manl) e Cimaal B ol 5 aaal
acid in the first ionization
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Strong Bases
The conductivity of a base depends on the extent to which the base produces OH" ions.

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

Table 5 Dissociation
Equations for
Strong Bases

NaOH(s) — Na“*(aq) + OH (aq)
KOH(s) — K*(aq) + OH (aq)
RbOH(s) — Rb*(aq) + OH (aq)
CsOH(s) — Cs*(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,=6.5x10"*

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.

CH3NH,(aq) + H,0(l) = CH3NH;3*(aq) + OH~(aq)

This equilibrium lies far to the left. Explain.

Final exam questions

Which of the following substances dissociate ciligd g Atal Jullaall 8 Lalas IS8 406D dgal) (e (6
completely in aqueous solutions producing i e N
hydroxide ions OH- ? TOH™ syl
I. | NaOH
II. | NH3
. | Ca(OH);
V. CHs3NH»
A.land Il s 1 .A
B. land Il sl .B
C. lland Ill s .C
D. 1, llland IV IVsllisl .D
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Which of the following statements is correct regarding the
following ionization equation?

The equilibrium lies far to the left because the base NH: is

strong, and the conjugate base OH" is weak

The equilibrium lies far to the left because the base NH; is

weak, and the conjugate base OH™ is strong

The equilibrium lies far to the right because the base NH; is

weak, and the conjugate base OH™ is strong

The equilibrium lies far to the right because the base NH; is

strong, and the conjugate base OH ~is weak

NHs(aq) + H,O(D) = NHs*(aq) + OH (aq)

EN
“~RCADEMY
® 2l ol Alsleas (3 Lok Gaas 3060 bl

A NHy 5ol oY Jluadl ) Vi 3V 453

A OHT A&l saslally

A NHy sl OF sladl ) 15 05V 493

L OH™ aahdl seeldlly

Amca NH; 520l 0 Cad) ) 13 IR ans

iud OH™ 2 520y

dsd NHy 50l oY el ) Ve 3wy

i.i_au.-'a OH" iﬂb.l\ 3.‘9\1“_’

Which of the following statements is correct about the
reaction shown below?

o) Joliil] Auly Aaaa Al @ jlad )

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

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

A OH 48yl 5l 5 dhns CH;NH, 50 LA

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

iad OH 4kl 55 5 4 8 CHNH, 5l B

C. OH- ion has lowest attraction for H* ion than has a
molecule of CH;NH,

CH3NH; £ 4Stias baa 81 H* (5 Lia iy OH 0ss! .C

D. The equilibrium lies far to the right

sl ) 1as O 31 42 D
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Base ionization constants
It is the value of the equilibrium constant expression for the ionization of a base.

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

Table 6 lonization Constants of Weak Bases

lonization Equation K. (298 K)

Ethylamine C,H.NH,(aq) + H,O(l) = C,H.,NH,*(aq) + OH"(aq) 5.0 X 1074
Methylamine CH,NH,(aq) + H,0() = CH,NH,*(aq) + OH(aq) 43 x 10
Ammonia NH.(aq) + H,O(l) = NH,"(aq) + OH™(aq) 25 %1075
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 following bases.

a. hexylamine (CgH3NH,)

b. carbonate ion (CO3%)

c. propylamine (C3H,NH,)

d. hydrogen sulfite ion (HSO5)

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

@the_garden_academy ﬁ The garden academy ﬁ @www.thegardenacademy.net 0 00971569174493
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Final exam question

Which of the following is correct according to the $alial Joand) A 53lgll aclgally ey Lok pranaa b Laa (4
bases in the table below?

K, (298 K) lonization Equation ol die | Base sl
2.5%x1073 NHi(aq) + H,0() = NH4*(aq) + OH (aq@) Ammonia L)
5.0x10™* CaHsNH (aq) + H0) = C,HsNH;*(aq) + OH(aqQ) Ethylamine ol (&
4.3x107* CH3NH(aq) + H0() = CH;NH;*(a@) + OH (a@) | Methylamine (.l Jiudll
4.3x10710 CeHsNH (aqQ) + H0() = C4HsNH;*(aq) + OH-(aq) Aniline ;L1

Ammonia solution produces the maximum number g (e e ] Liga¥) Jslaa mii
of ions
Ethylamine solution produces the maximum number gl (e 23 aall (el L) Jglae 230
of ions
Aniline solution contains lower concentrations of the dungall e Sliiall e 315 Jal Se ol Jalae (S

un—ionized molecules

Methylamine solution contains higher concentrations of e Sluiall e 3815 el e el Jduddl Jglas S
the un-ionized molecules dugall

Important tables

Strong acids Strong bases

HClI Hydrochloric acid NaOH Sodium hydroxide
HBr Hydrobromic acid KOH Potassium hydroxide
HI Hydroiodic acid RbOH Rubidium hydroxide

HNO; Nitric acid CsOH Cesium hydroxide

H,SO, Sulfuric acid LiOH Lithium hydroxide

HCIO, Perchloric acid Ca(OH), Calcium hydroxide

HClO, Chloric acid Ba(OH), Barium hydroxide
Sr(OH), Strontium hydroxide
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Review and assessment

Describe the contents of dilute aqueous solutions of the strong acid HI and the weak acid HCOOH.

Hi HCOOH

Identify the conjugate acid-base pairs in each equation.

a. HCOOH(aq) + H,O(l) = HCOO(aq) + H,O"(aq)

b. NH.(aq) + H,O() = NH,*(aq) + OH(aq)

Identify the conjugate acid-base pairs in the reaction of H;PO, with water.

Hypochlorous acid (HCIO) is an industrial disin fectant. Write the chemical equation and the Ka expression for the ionization of

hypochlorous acid in water.

Write the chemical equation and the A'b expression for the ionization of aniline (C,HsNH,) in water. Aniline is a weak base.

Afictional weak base, ZaH, , reacts with water to yield a solution with a OH"ion concentration of 2.68 X 10* mol/L. The chemical
equation for the reaction is ZaH, (aq) + H,0(l) = ZaH;" (aq) + OH" (aq). If [ZaH,] at equilibrium is 0.0997 mol/L, what is the value
of Kb forZaH,?
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Chapter: Acids and Bases

Lesson 3: Hydrogen ions and pH

lon Product Constant for Water

Pure water contains equal concentrations of H" and OH" ions produced by self-ionization.

H,0

The numbers of hydronium and hydroxide ions formed are

+
- ® @

H3O+

The equation for the equilibrium can be simplified as follows

Writing Aw

Figure 11 In the self-ionization of
water, one water molecule acts as
an acid, and the other acts as a
base.

OH™

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

The lon Product of Water

K =

K, is the ion product constant for water. [H*] represents the
[H+] [OH_] concentration of the hydrogen ion. [OH™] represents the
concentration of the hydroxide ion.

The ion product constant for water (Kw) is the value of the equilibrium constant expression for the self-ionization of water.

[H,0] does not appear in the denominator. Why?

Experiments show that in pure water at 298 K, [H] and [OH] are both equal to 1.0 x 107 M.

K, = [H][OH] = (1.0 x 107)(1.0 X 107)

Kw and Le Chatelier’s Principle

The product of [H+] and [OH-] always equals

If the concentration of H" increases, the concentration of OH"

Le Chatelier’s principle.

K =10 x 104

Adding extra hydrogen ions is a stress, the system reacts in a way to relieve that stress. The added H" ions react with OH" ions to form

more water molecules. Thus, the concentration of OH decreases.
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ﬁ The garden academy

@www.thegardenacademy.net 0 00971569174493




\

/AN

THE
~ GRRDEN

RCADEMY

d O o f

You

Final exam question

In the self-ionization reaction of water shown below. aly 13) Gaany 13k Lol sl gLl S el Jelis &
What happens if the concentration of H" ions SH (ang ygl) cligd 35
increases?

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

The concentration of OH™ ions increases K, iad 3355 OH 2uSg pugll il 3855 S
and K, value increases

The concentration of OH™ ions decreases add O9d Ky el a0y OH 0y jagl) cligld 35 i

and K, value does not change

The concentration of OH™ ions increases O3 Ky Aad iy OH 0 jugl) s 585 3
and K, value does not change e
The concentration of OH™ ions decreases Ky iad (59 OH 2l jaugll cligl 35 i

and K, value decreases
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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]=1.0x10"M

c.[OH]=1.0x10°M

d.[H]1=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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Which of the following solutions is basic?

?sels A0 Jdlaall

298 K 1 3815l
( Concentrations at 298 K) ( SSIA)
Lemon juice Seawater Pure water Coffee cup

[H*]= 6.0x 102

[OH-]=1.0x 10~

[OH~]=1.0x 1077

[H*]= 1.0x 10-5

Pure water

Lemon juice

Seawater

Coffee cup

EpE
L‘u.@]]'l ixal
Jaall ela

Bggd (lad

Which of the following aqueous solutions is acidic?

¢ ann L0 A3l illal o

208 K 2 32030
( Concentrations at 298 K) ( S )
D Jsbadll C Jobadll B Jsladll A Jsladll
Solution D Solution C Solution B Solution A
[H*]= 4.0x 107* [OH"]= 1.0x 1077 [OH™])= 1.0x 1073 [HT]= 1.0x 1072

Solution A

Solution B

Solution D

Solution C

A Jgladl

B Jsbadl

D Jslaell

C Jsladll
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What is the number of hydroxide ions (OH")? ve Al gldl 6 0.750 L 3 (OH) 205 pall cligd axe L
in 0.750 L of pure water at 298 k? €298 k

6.02 x 10%

aplasdl s
Avogadro’s number

@the_garden_academy ﬁ The garden academy

4.52 x 10*°
4.52 x 10°
8.03 x 10
8.03 x 10°!
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What is pH?

pH = —log [H]

The pH of a solution is the negative logarithm of the hydrogen ion concentration.
Acidic solutions have pH values below 7. Basic solutions have pH values above 7.
A solution with a pH of 0.0 is strongly ...,

A solution with a pH of 14.0 is strongly

Practice: Calculate the pH of solutions having the following ion concentrations.

a. [H]=1.0x10"M

b.[H]=3.0x10°M

c. [H]=0.0055 M

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.
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Battery acid

| 2

Stomach acid

Lemon juice |
: - Soft drinks
A :
Vinegar
—— Tomatoes

Coffee ity

— 6 —
Pure water — Milk

- 7 —
Blood

— 8 —

Seawater

Antacid

Detergent

Milk of
magnesia

Household
ammonia

Oven
cleaner

pH Hydrogen ion concentration [H'] pH Hydrogen ion concentration [H']
1 1x107 8 1x108
2 1x 1072 9 1x10°
3 1x1073 10 1x107°
4 1x10* 11 1x10™M
5 1x10° 12 1x107"?
6 1x10° 13 1x10™
7 1x107 14 1x10™

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

EN
EMY

How many times increases the concentration
of hydrogen ions [H*] in the solution X than | (e X Jslaal 8 [H'] s g sl Csdd 38 5 83 5a a8
in the solution Y according to the figure oLl a1 una Y glanall
below?
Xislae ¥ Jglus
solution X solution ¥
g &
3 4 5 6 7 8 9 10 n
" 10 9 8 7 6 5 “ 3 2 1 0
A. 2 times (CE) 2.A
B. 10 times <10 .B
C. 100 times 334100 .C
D. 1000 times 3+ 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?

0 X Jotaall 3 [HT] oo ) Gl JuS 5 2 3a e S
£alial i ) Gia Y glaal)

XJglxeo Y Jolxo
solution x solution Y

pH 0 1 2 3 4 5 6 7

pOH 14 13 12 n 10 9 8 7

A. 2 times (Chm) 2.A
B. 10 times <10 .B
C. 100 times 534100 .C
D. 1000 times 5341000 .D

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

What is pOH?

The pOH of a solution is the negative logarithm of the hydroxide ion concentration.
pH + pOH = 14.00

[H*] 1 10
pH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

POH 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[oH71 107" 107" 1072 107" 107" 107° 107 1077 107 107 107* 107 1072 107" 1

t

Increasing Increasing
— acidity Neutral basicity >

A typical cleaner has a hydroxide ion concentration of 4.0 x 103 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
. [H]=3.6x10"°M
d.[H]=2.5x102M
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) [OH] =
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

Challenge Calculate the [H"] and [OH7] in a sample of seawater with a pOH = 5.60.

Final exam questions

If [OHT] = 2.5> 1077 Min a solution. o Jglae A[OH]=2.5x 107 M 813

What is the pH of the solution? flslnall pH dat L
a7 O
6.6 O
7.4 O
3.5 @)
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Which is the correct arrangement according to
the pOH values of the solutions (X), (Y), and (2)
which have the following characteristic?

3(Y) 3(X) Jilaall pOH 4asd s fuawall selualll cad ) L
¢ Al Lailadll 23 (Z)

(X):pH = 10.5
): ) =102

(Z): [OH ] = 107°

A. glowest) (Y) = (X) — (Z)nighest

L (Z) « (X) « (V) @3 A

B. towest) (X) = (Y) = (Z)(nighest)

) (Z2) < (Y) « (X) @w B

C. owest) (Z) — (X) = (¥) (nighest

) (Y) « (X) « (Z) @ .C

D. gowest) (X) — (Z) — (Y)nighest

s (¥) « (Z) « (X) @ .D

Which is the correct arrangement according to the
pH values of the solutions (X), (Y), and (Z) which
have the following characteristic?

Jellawall Ga JSI pH z.gé‘,waeadl e lalll cud Al L
SR ailadd) <3 (2) 5 (Y) 5 (X)

(X):pOH =9.5
¥): [H*] = 10~°

(Z): [OH"] = 107

A. jowest) (Y) = (X) > (Z)(nighest)

L) (Z) « (X) « (¥) @A

B. owest(X) — (¥) = (Z)nighest)

s (Z) « (Y) « (X) (&0 .B

C. (lowest) (Z) = (X) — (¥) (nighest)

L) (¥) « (X) < (Z) s C

D. (towest) (X) = (Z) — (¥)(nighest)

) (V) « (Z) « (X) (@ .D

Which of the following solution is the most acidic?

[H;0 '] =1 x10 ™ , pOH =13

Siscaas ST o 000 Jladl (o

; [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?

¢ gl Qlladd e JSI pH

Al il Ls saY) Oyl juae U sl
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

Al Liga¥) e Gpadl juse o culall e Ll s
Leasinall e & Geadll juas ¢ Adjiall Lisad) ¢ ulal
Ll Cula = sl e Ggadll s e Adjial) Ligal)

Adjiall Lgal| o Lasitall il < adadl — Ggalll e

What is the correct ascending order according

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

dad G osall gaelall Cagll L
¢ A ) e JSY[OHT]

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

Solution D — solution B — solution A — solution C

Solution B — solution € — solution D = solution A

Solution C — solution A — solution B — solution D

Solution A — solution B — solution C — solution D

C Jsadl) —« A Jsladll « Bl « D Jglall
A Jsadll « D Jsladll « Clsladll « B Jsladll

D Jdadl « B Jshadll e Akl « € Jglaall

D Jshadl e € Jsadll — Blgadll « A Jsladl

ﬁ The garden academy
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Molarity and the pH of strong acids and bases

Strong acids and bases are essentially 100% in the form of ions in solution.

State the [H*]in the HCI flask and the
[OH ] in the NaOH flask.

Strong polyprotic acid and Multiple OH"

The concentration of hydroxide ions ina 7.5 x 10* M solution of Ca(OH), is
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Figure 15 The label on a bottle of a
strong acid or a strong base tells you the
concentration of hydrogen ions or
hydroxide ions in the solution. That is
because, in solution, strong acids and

POH = oo pH = bases exist entirely as ions.
Final exam question
What is the pH value of 6.50 x 107> M calcium 23555 Ca(OH)y asuallSll 35 p0m Jolaal pH a8 Lo

hydroxide Ca(OH), solution?

9.8

7.5

4.3

13.1

£6.50 x 1072 M

O O O O
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Calculating Ka from pH

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

Calculate Ka for HF if the pH of 0.100M solution is 3.20.
[HE T S I o ettt sttt

[HF] =0.100M - ....ccoovvvvernne B ...t aatans

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

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

5.4x103
Calculate the Ka for a 0.0400M solution of HCIO,, pH =1.80

1.1x10?
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Calculate the Ka of the following acids using the given information.

a. 0.00330M solution of benzoic acid ( C¢H;COOH), pOH =10.70

8.9x10°
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
1.5x10°
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 hydrofluoric acid HF Slyslis gl aea 50 0.200 M staad PH ims pasell G35

is 2.15. What is the Ka value of HF acid? THF =eslKa de#le. 2.15 s HF

4.7 x 10711

3.2 x 107

1.8 x 107

2.6 x 107

What is the value of K, of 0.0400 M solution of acid HCIO, 0.0400 M 6,5 HCIO; mes Jglaal K, dad Le
pH=1.80
with pH=1.80? P 7

49x%x 107°
58x 1073
1.0x 1072

26x 1074

What is the value of K, of 0.0044 M solution 0.0044 M 5,55 CEHsCOOH aas Joladl K, 40 L

of acid CgH;COOH with pH=3.30? epH=3.30

3.8x 102
26x10~%

6.5x 10~5

O O O O

4.9% 107°
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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.
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Extra practice

1. Explain, Using Le Chatelier’s principle, what happens to the [H*] of a 0.10A/solution of acetic acid when a drop of NaOH solution
is added.

2. The pH of a tomato is approximately 4.50. What are [H+] and [OH ] in a tomato?

3. Determine the pH of a solution that contains 1.0 %10 mol of OH ions per liter.

4. Calculate the pH of the following solutions.

a. 1.0M HI

b. 0.050M HNO;

c¢. .0MKOH

d. 2.4x10° M Mg(OH),

5. Solution A has a pH of 2.0. Solution B has a pH of 5.0. Which solution is more acidic? Based on the H* ion concentrations in the

two solutions, how many times more acidic?
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6. Use Le Chatelier’s principle to explain what happens to the equilibrium H,0(l) = H*(aq) + OH(ag) when a few drops of HCl are

added to pure water.

7. Use the data in the table to answer the following questions(a to e).

A | Substance | pH |

b. Which substance is closest to neutral? Household ammonia 1.3
Lemon juice 2.3
c. Which has a concentration of H' =4.0 x 107"° AR .
Antacid 9.4
d. Which has a pOH of 11.0? Blood 74
Soft drinks 3.0

e. How many times more basic is antacid than blood?

8. Whatis [OH7 in an aqueous solution at 298 K in which [H"] =5.40 x 10 AR

9. What are the pH and pOH for the solution described in Question 8?

10. If 5.00 mL of 6.00AMHCl is added to 95.00 mL of pure water, the final volume of the solution is 100.00 mL. What is the pH of the

solution?

11. Given two solutions, 0.10A/HCl and 0.10 M HF, which solution has the greater concentration of H" ions?

Calculate pH values for the two solutions, given that [H"] = 7.9 x 10~ Min the 0.10MHF.
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Chapter: Acids and Bases Lesson 4: Neutralization

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.
Asaltis an ionic compound made up of a cation (positive ion) from a base and an anion (negative acid) from an acid.
Writing neutralization equations

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

hydrochloric acid(HCI) solution produced by the stomach?

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

Formula equation

Complete ionic equation

Eliminate the spectator ions and write the net ionic equation

In an aqueous solution, a H" ion exists as a H;0" ion, so the net ionic 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 ﬁ The garden academy @www.thegardena(ademy.net 0 00971569174493
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Acid-base titration

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

volume of that solution with a solution of known concentration.
Titration procedure How is an acid-base titration performed?

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. 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.

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.

@ 50.0 mL 0.100M HCI Titrated @ 50.00 mL 01000M HCOOH Titrated
with 0.100M NaOH with 0.1000M NaOH
14 14
e s T
12 12
//
10 10
8 8
= omthvmol blue A : i :E. Equivalence point y
o 6 =1 . 1 1 | | /1 ) 6
l| Equivalence pointLI = —1
4 ; 4l
£ e, o 4/ 2
0 0
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
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 <! 4 5 6 7 8 & 10 n 12 13 14
N Crystal violet
- M Cresol red
| ~m Thymol blue

s Bromphenol blue
e Methyl orange
W Bromcresol green
Methyl red
I Bromcresol purple
I Alizarin
~ s Bromthymol blue
s Phenol red
Phenolphthalein
1 Thymolphthalein
S Alizarin yellow GG
- I 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.
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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 slowly to  The end point of the titration is marked
solution (0.1000M NaOH), 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 ) gL J g g B slaal) iy (el Lask Aavana ANDN )l 51
titration curve and indicator table shown below? Talial Aaud gall
13
12
11
104
9
8
adsh sae s xz 7
Indicator range Indicator e
» 2 ]
8.2-10 ol gl a ]
Phenolphthalein 3+
6.0-7.6 Jyadisasodl G5 .
Bromthymol blue o | S . S S S - S - -

O S 10 1S 20 25 30 35 40 a5 SO
Volume of 0.100 M NaOH added (mL)
(ML) e 0.100 MNaOH am-

A. The acid is weak, and Phenolphthalein is the suitable 90 5 paall o3h A Adladiu) auliall CAdIS) 5 chaa Gasadl A
indicator to use in this titration Ol odl)

B. The acid is strong, and Bromothymol blue is the Su0) 98 Bodaall 03 (B daladiod auliall aliSh 5 5 98 paeall B
suitable indicator to use in this titration Jpast g gl

C. The acid is strong, and Phenolphthalein is the suitable 9 5 el 0da G daladiul canliall walS)) 5 (5 98 aeadl C
indicator to use in this titration i

D. The acid is weak, and Bromothymol blue is the A0 98 B paal) 03a A Al acliall GilIS) ) chaud Gaadl D
suitable indicator to use in this titration o 55 )
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Which of the following statements is correct according to the Jaag Bpleall mies gla Lasd ds s im Jallll ol .__;I

€alial Za ol a1
titration curve and indicator table shown below?

12
0 L
1 / I
TR ) Lt Equivalence ,
- . a int
Indicator range Indicator 6 b1 AP L -
5.2-6.8 J3328 sa500 iy .
Bromocresol purple y
8.2-10.0 Ol il 2 -
Phenolphthalein .
Volume of base added (mL)
(ML) wilaall 5D aaa
The base is NH,OH, and phenolphthalein cplbal gl ga el CadlElly ¢ NHYOH 5212l
is the suitable indicator
The base is NH,OH ,and bromocresol purple J3pS segp ) culial Cailslly ¢ NHLOH sac il
is the suitable indicator
The base is KOH ,and bromocresol purple Js S se9n ey g2 il CallSlly (KOH 522
is the suitable indicator
The base is KOH ,and phenolphthalein ol ea Cnliall CalISHy (KOH 52213l
is the suitable indicator
Which of the following statements is correct according to the ol o<l Jgan g 3 plaall Fader gl Lad daauae 400N @) jlal) ‘_56
titration curve and indicator table shown below? oLl Ao gall
CTIPEW X<
Indicator range Indicator
8.2-10 ol g
Phenolphthalein
4.2-6.2 il yaal
Methyle orange °’6 & 10 15 20 25 30 35 40 45 50
Volume of 0.100 M NaOH added (mL)
(ML) Glaedi 0.100 MNaOH ax>
A. The acid is weak, and Phenolphthalein is the suitable 9k 5 ulaall o2 ‘,a Aaladio) eliall B g dad (aeadl A
indicator to use in this titration il g2l
B. The acid is strong and Methyl orange is the suitable el g 3 ulaall a2 ‘,a Al i) el B 5 & aaall B
indicator to use in this titration Jaaalt
C. The acid is strong and Phenolphthalein suitable S Blaall 0l (A Aaladid) uedial) illS)) g (5 68 aaadl C
indicator to use in this titration il gl
D. The acid is weak and Methyl orange suitable indicator to 2 g2 B plaall 53h (A dvladiied uliall CillSll g haud (aeadl D
use in this titration Jeall
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curve below?
R |
-

12 R

10

B

=
e

B

4

2

o

i W W0 3| 4 S50 6D 7o
{I'lﬂ.} ISR T PPy
Volume of the added base(mL)
padigagn 3y il e ol el Ugigag ol 3y sl
Eromothymol blue Methyl red Methyl orange | Bromophenol blue The indicator
RSN gl lasin gy 30 pH a3
6.0-7.6 4.2- 6.2 3.2-4.6 3.1-47 pH valuas at which the
indicator's color changes

The acil is weak, and the base is weak
and the suilable indicator is Bromophenol blue

The acid is slrong, and the base is weak

and the suitable indicator is Methyl red

The: acid is strong, and the base is strong

and the suitable indicator is Bromothymol blue

The acid is weak, and the base is strong
and the suitable indicator is Methyl orange

@the_garden_academy 0 The garden academy
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Which of the following is correct for both (a, and b) curves Sl cps)lgll (D@ ) e e JSI inia o lee 7

shown below?

(®) ()

? o B 10 15 20 % % 38 40 48 8o 0 & 10 15 20 25 3 35 40 45 50
Volume of base added (™) Volume of base added (i)
e (L) il b D
Bromothymol blue Methyl red Indicator
6.0-7.6 4.1-6.2 il g
Indicator range

In curve b the acid is strong, and Methyl red Qi yeal ga Culidl Casisllg (g paeall b Jaiall 8

is the suitable indicator

In curve b the acid is weak, and Bromothymol blue Jsatigasll 3y o8 Caliall (RSN cCini Lmasll b isiall &

is the suitable indicator

In curve a the acid is weak, and Methyl red Jiiall janl 5o Cudliall CadlSlg cChinia (el @ siall &

is the suitable indicator

In curve a the acid is strong, and Bromothymol blue Usafigasyll 3y sp cacliall Cadlslly ¢ g paaall @ gandl 4

is the suitable indicator
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Calculating Molarity from Titration

The balanced equation for a titration reaction is the key to calculating the unknown molarity.

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

HCl KOH

H,SO, | Mg(OH),

H,PO, | NaOH

HNO, | Fe(OH),

H,PO4 | Ca(OH),

Then use the following relationship 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 0.1000M 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?
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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;PO,?

Final exam questions

A 25.00 mL sample of lithium hydroxide solution LiOH o5l 0S50 (10 25.00 ML Lajad die 5ylas o5
LiOH, is titrated by 0.425M sulfuric acid H,SO, il il 22550.425 M 53S5 Hy80, el Sl aes Jolaas

solution, 20.25 mL of the acid solution is required to + Blaall dlgs Aty Jgaasl]l (iaeal) Jolaa (0 20.25 mL

reach the end point. What is the molarity of the SLIOH ,silll 2o 0 Jolae 4 j¥sa La

LiOH solution?

0.6885 M
0.3443 M
0.5275 M
0.4550 M
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What is the molarity of H;PO, solution if 15.00 mL 15.00 mL A3113 H3PO, Jlaa 43¥se L
of 0.500 M NaOH solution is needed 25.00 mL dlsledd NaOH Jslas 0.500 M (s
to neutralize 25.00 mL of the acid solution? ?mantl Jolas s

H3PO4(aq) + 3N30H(aq) — N33P04{aq) + 3H20(l}

0.0075 M
0.0025 M
0.1M
0.200 M
v 74.30 mL .31 13 H,S0 L jVsa La
What is the molarity of H,SO, solution d 3 1 Hz804 dgfaa By
e 45.78 mL dslaed NaOH Jsls. 0.4388 M
if 74.30 mL of (0.4388 M NaOH solution is needed ¢ el Jolaa

to neutralize 45.78 mL of the acid solution?

HZSO4(an + ZNaOH{an - Na2504(aq) + 2“20([)

0.2320 M
0.4211 M

0.1569 M

O O O O

0.3561 M
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What is the molarity of sulfuric acid H2SO4
solution if 68.4 mL of 0.333 M NaOH solution is 4 68.4 mL 2313 HyS0s S Sl Gaas Jglaa 4y ¥ ga ba
needed to neutralize 49.0 mL of the acid solution? | Y aasll Jslas 50 49.0 mL Adeal 0,333 M NaOH Jsisa

H,SO4(aq) + 2NaOH(aq) —> Na,SO, + 2 H,0(/)

0.465 M

0.116 M

0.880 M

0.232M
In an acid-base fifration, 25.80 mL of a sulfuric acid Jslae e 25.80 ML 2ples 3 B lill = neadl las A
solution H,S0, is titrated to the end point Oo 5470 ML sy Al Akl s H,S0, Lyl ymen

by 54.70 mL of 0.6500M potassium hydroxide KOH
solution. What is the molarity of the H,50, solution?

KOH pasadiadl 2y 1 00 0.6500 M Jolas
¢ H,80, Jslae fujipe L

H3S04q + 2KOH(z —+ K380y - 2H,0y,

0.7M

0.6 M
1.2M

1.4 M
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