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My dear students

4
In your hands are papers in chemistry for grade 12 advanced. Here is a
detailed explanation of the contents and method of study.
-
/

These papers contain a complete explanation of everything in the book, in

addition to all the book’s questions and previous year’s questions, knowing

that they do not replace the textbook, and the papers consist of three parts.
S

Part One (Explanation and Questions)

Detailed explanation with questions on each objective.

Part Two (Questions with answers)

Additional questions on each section with answers at the

end of each section.

Part Three (Exams of last years)

Previous years exam questions with answers at the end of

each exam.
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Part One (Explanation and Questions)

Detailed explanation with questions on each objective.
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| fons

positive cation
{ Ion Charge '
negative anion
. | J—
monoatomic one type of atoms ‘
[ Types of ions
polyatomic two or more types of atoms ‘
3 ) .
sodium ( calcium ‘
Na™* Ca2+
lithium potassium magnesium strontium
Lit K+ Mg?* Sr**
+1 PTRRE +2
hydrogen rubidium ‘ —
H Rb+ zinc barium +3
7Zn%t Ba2t |
silver cesium | " cadmium aluminum
Ag* Cs* Cd* AP

chloride ‘ oxide

Cl- 0
" bromide | ' fluoride | — )
Br~ {_1 F- L_ZJ

—

iodide sulfide ‘
I Sz
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nitrite sulfite chromate

NOLJ i SOz Cro”

=) 2 =

{ amﬁﬁlﬁum J n;g;:?‘ s;g'ilzt_e Ldigg(())]:]z?te |

~

chlorite

‘ bromite ‘
Cl10,~ BrO,”
4 =
hypochlorite [_1 chlorate ‘ hypobromite E 1—\ bromate
ClO™ - ClO; BrO™ — BrO;~
/ J
perchlorate perbromate
ClO BrO,-
iodite
10,~
g

hypoiodite _r iodate |
10~ 105

eriodate | hydrogen | carbonate
B 10 - ' carbonate HCO;™ | CO;*
4
acetate ‘
CH,CO0O"

permanganate ‘ hydroxide
MnO, OH™ |
=
phosphate
PO 3~
\ peroxide cyanide
dihydrogen ' hydrogen 0, CN-
phosphate phosphate
H,PO, | HPO 2~ arsenate
AsO 3~

7
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Acids properties

Methanoic (formic) acid Ants release it when they sense a threat.

Caves formation in limestone rocks and damage to
archaeological sites.

Acid rain

~
J

Carbonic and

SR e Added to soft drinks to give it a sour taste.

Y

Responsible for the acidic taste in lemon and

Citric and ascorbic acids .
grapefruit.

AY

Acetic acid Makes vinegar taste acidic.

Digestion of food and industrially used to clean
bricks and concrete.

Stomach acid (muriatic)
HCl1

Its solutions have a . . I'ts solutions conduct
Turns litmus paper into red.

pungent taste. electricity.
Bases properties

[ Bases 1 Makes of soaps, household detergents, and antacid tablets.

~ @B
, s N, A

—

[ Sodium hydroxide } Opening clogged sewer pipes.

Its solutions have a bitter . . Its solutions conduct
. Turns litmus paper into blue. . .
taste and a slippery feel. electricity.

Why is pure water non-conductive, Because adding an acid or a base
but acidic and basic aqueous | produces positive and negative ions that
solutions are conductive? make the product conduct electricity.
[ Some plants grow in rich, moist soils such as rosacea. ]

Some plants grow in less moist and basal soils such as the perennial plant and is
known as hens and chicks.
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Acids reactions

What results from the reaction of active metals
with acid solutions?

hydrogen gas Hxg

Inactive metals

copper mercury silver platinum gold
Cu Hg Ag Pt Au

active metal + acid — salt + Hz(g

[ Zng) + 2HClag) — ZnClaaqg) + Hae J

What results from the reaction of metal
carbonates or hydrogen metal carbonates Carbon dioxide gas COz(,
with acid solutions?

[ carbonate (CO3) + acid — salt + H2O + COz ]

When vinegar is added to baking soda, a reaction occurs between the ethanoic acid
(acetic) dissolved in the vinegar and NaHCO; and produces CO; gas, which causes
bubbles and produce water, and salt.

[ NaHCOj;() + HC:H3023aq) — NaC:H30:23q) + H20g) + COzy ]

Geologists use a solution of hydrochloric acid to identify limestone (consisting of
CaCQ:s). If a few drops of acid lead to the production of CO: gas bubbles, this
indicates that the rock contains lime.

[ CaCOs) + 2HClag) — CaClzs) + H20q) + COzg ]
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1) Which gas is produced by the reaction between aluminum and sulfuric acid?
a. H» b. O c. N2 d. CO;

2) When a geologist adds a few drops of HCI to a rock, gas bubbles form. What can a

geologist conclude about the nature of gas and rock?
a. the gas is CO;, and the rock is magnesium sulfate
b. the gas is H>, and the rock is magnesium sulfate
c./the gas is COy, and the ro¢k is ¢alcium carbonate
d. the gas is H, and the rock is calcium carbonate

3) What is the balanced chemical equation for the reaction of magnesium metal and

hydrobromic acid?

a. Mg + 2HBrug — MgHz@ag + Brag)

b. Mg + 2HBrag — MgBraag + 2H g
c. Mg+ 2HBrug — MgBraag + Hag

Hydronium ions and hydroxide ions

[ What results from the self- } Equal numbers of H and OH™ ions are

ionization of pure water? produced.
{ H.On 2 H ag + OH g ]
What is produced when water It produces the hydronium ion H;O" and the
molecules interact together? hydroxide ion OH™
[ H:0q) + H2O0g) 2 H3O0%ag) + OH (o }
How is the hydronium ion If a hydrogen ion bonded to a water
produced? molecule with a covalent bond.

[ H'(aq) + H20q @ H30"ag) J

’
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[ The symbols H" and H3O" can be used interchangeably, i.e., placing one in the place }

of the other.

Aqueous solutions contain H” hydrogen ions and OH™ hydroxide ions.

types of solutions Acidity Neutral Basicity

acidic neutral basic [H+]
1 | | [OH—]

[H*] > [OHT] [H*] = [OH7] [OH™] > [H']

4) What is the balanced equation that describes the self-ionization of water?
a. H20q) + OH (ag9) 2 H30%aq) + H20q)
b. H,Oq) + H3O"aq) @ H20) + OH (o)
c. H:O gy + OH g 2 H20() + H20g,
d. H:Oq) + H2O@ 2 H30 g + OH (g
5) Why are H" and H3O" used interchangeably in chemical equations?
a.because H3OT is an H" ioan bonded, to a water molecule
b. because H3O" is an H" ion bonded to KOH
c. because H;O" is an OH ion bonded to a water molecule
d. because H3O7 is an OH " ion bonded to KOH

6) What is the relationship between the concentrations of hydrogen ions and hydroxide

ions in an acidic solution?

a./the concentration of OH  ions is greater than the concentration of H ions
b. the concentration of OH™ ions is equal to the concentration of H ions

c. the concentration of H" ions is greater than that of OH™ ions

d. there is no relationship between the concentrations of H" ions and OH™ ions
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Arrhenius acid

When hydrogen chloride (HCI) gas is dissolved in water, it ionizes to produce H" ions,
which make the solution acidic: HClg — H aq) + Cl g

Arrhenius base

When sodium hydroxide is dissolved, NaOH, in water, it dissociates to produce OH™
ions, which make the solution basic:  NaOH) — Na*aq + OH g

7) Which of the following substances represents Arrhenius acid in aqueous solutions?
a. Mg(OH): b. KOH
c. H>S d. RbOH

8) Which of the following substances represents Arrhenius base in aqueous solutions?
a. HI b. H>»CO;
c. H3POyq4 d. LiOH

9) What is the balanced chemical equation for the dissociation of solid magnesium

hydroxide in water?

a. Mg(OH)2 — Mg ag + 20H g

b. Mg(OH)s) — Mg? ) + 20H", Sodium carbonate is
’ ’ responsible for
¢. Mg(OH)z) — Mg + H2Oq) making Lake Natron
in Tanzania have an
d. Mg(OH)2¢s) — Mg + H202q \alkaline environment.
) B
What are the Ammonia NH; and Na;CO; sodium carbonate do not contain
shortcomings of a hydroxide group, but both produce hydroxide ions when
Arrhenius model? - dissolved in water, and they are both well-known bases.
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Brensted-Lowry model

| v
|
[ HX@ug + H:Og 2 H30+(aq) + X aq J
1} A
acid base

Brensted-Lowry

10) Which of the following statements is true for the reaction?
HClg) + H2O0) @ H3O (ag) + Cl ag)
a. HCl is Bronsted-Lowry acid
b. HCl is the Bronsted-Lowry base
c¢. H20 is a proton donor
d. HCl is a proton acceptor
11) What equation is H>O as a hydrogen ion donor?
a. Hlag + H200) — H3O ag) + ITag)
b. HSO4 g + H200 — H30% g + SO (g
c. HPO4  ag) + H200) 2 H30 (ag), + PO+ (ag)
d. CsHsNHzaq) + H200 2 CsHsNHs" aq) + OH g
12) Which of the following statements describes the following equation?
NHiq) + H2O0g) 2 NH4"(aq) + OH (ag)
a. H>O is the Bronsted-Lowry base
b. NHs represents Arrhenius acid
c¢. NHz is a proton acceptor

d. NH; represents Bronsted-Lowry acid

& 0543551245 Acids and Bases®e3




Conjugate acid

Conjugate pair

I v
HXag + H200 2 Hi0%ag + X g
%
acid base  conjugate conjugate
acid base

[ Conjugate pairs :(HX, X°), (H.0, H:0") }

G
- )

13) What are the conjugate pairs in the reaction? HF ) + H20q) 2 H30 ) + Fag)
a. (HF, H,0), (F~, H;:0%)
b. (HF, F°), (H:0, H:0")
c. (HsO%, F), (H,0, HF)
d. (H:0, F), (HF, H:0%)
14) What are the conjugate pairs in the reaction? NHiug + H20q 2 NHa (aq) + OH ag)
a. (NHs", H20), (OH™, NHs)
b. (OH-, NHy"), (H.O, NH3)
c. (NHz, NHy"), (H.0, OH)
d. (H.O, NH4"), (NH3, OH")
15) What are the conjugate pairs in the reaction?
CO:7aq + H2Oq) 2 HCOs5 (aq) + OH (aq)
a. (OH-, H:0), (COs*~, HCO3") b. (OH~, COs*), (HCOs~, H:0)

c. (HCO;~, H,0), (CO3*, OH") d. (COs*, H,0), (OH-, HCO;")
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[ The difference in the conjugate pair between the acid and the base is H" J

To get the conjugate acid, add H* To get the conjugate base, subtract H

16) Complete the following table by writing the conjugate acid or conjugate base.

acid base

HNO;

F-
HSO4
H,PO4
HCN
NH:
HC:;H30;

17) Which of the following pairs is considered a conjugate pair according to the

Brensted-Lowry model?
a. HCl/ H;O" b. Na>O/ NaOH
c. NH4"/ NH3 d. H;O"/ NH3

18) If the products of an acid-base reaction are SO4+*~ and H3;O™, what is the balanced

equation for the reaction?

a. S04 ag) + H20g 2 HSO4 (ag) + H3O (ag)
b. H2SO4 g + H200) 2 HSO4 (ag) + H3O% g
c. H2SOy4uq + H2O0q) 2 SO g + H3O g

d. HSO4 g + H200) 2 SO+ ag + H3O"ag)
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[ All acids and bases that agree with the Arrhenius definition also agree with the J

Brensted-Lowry definition.

However, some substances do not have a hydroxide group, which does not conform to
the Arrhenius definition, but it is classified as a base according to the Bronsted-
Lowry model.

Amphoteric substance

I v
|
( HBr@q + H20q) 2 H30"aq) + Br g J
e §
acid base

Brensted-Lowry

] ¥
[ NHsaq) + H200 2 NHy"ag) + OH ag J
i ')
base acid

Brensted-Lowry

Examples: H,O, NHs, HS™, OH~, HCOs~, HSO4~, HPO,*~ [ except: NH,>™, H™ J }

Strong acids, weak acids, and strong bases are not amphoteric.

19) Which of the following is an amphoteric substance?
a. SO:*~ b. HSO3™
c. H2SO; d. H.SOy4

20) Which of the following is not amphoteric?
a. H;O b. OH™

c. H2PO4 d. H;:O"

0543551245 (11| Acids and Basesse3
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~ ™

B e The formation of tl?e ions, and it depends

) on the polarity of the bond.

AN
-~ ™

When does a hydrogen atom ionize If it associated with a high

in aqueous solution? ) electronegativity atom.
What atoms have more electronegativity than Halogens (F, C1 ,Br .I)

L hydrogen? and oxygen.
>

Hydronium ion H3O" and negative ion.

What results from the ionization of
hydrogen in aqueous solution?

pN
-

acidic solution.

What is the resulting solution of hydrogen
ionization in aqueous solution?

H H
(@)
6+ 5_ H —(I:—C’fé— 5+ H H
H—F N
b O—H " "
Hydrogen fluoride . . H
ydrog Acetic acid Benzene

\
hydrogen bonds with a hydrogen bonds with a hydrogen does not bond with
highly electronegative atom. highly electronegative atom. a highly electronegative

v A @

[ hydrogen is ionizable. J [ hydrogen is ionizable. } hydrogen is not ionizable.

-

L 2 L

[ represents acid. ] [ represents acid. ] [ does not represent acid. ]

21) In the given structural formula below, how many hydrogen atoms are ionizable?

a. 1
H
b.2 Q% I ,O—H
C—Cc—c
¢.3 H—o" | o
d. 4

Hydrogen fluoride is used to make various fluorine-containing compounds, by
reacting with hydrocarbons to produce the non-stick coating in kitchen utensils.

A 0543551245 12 ) Acids and Bases=a3




l Types of acids (number of protons) \
l monoprotic | l polyprotic |
l diprotic | l triprotic |
|

An acid can only give An acid that can give An acid can give off

out one hydrogen ion two hydrogen ions three hydrogen ions

|
HCIl, HF, HC10,, HNO;,
H,SO,, H,CO, H;PO,, H;BO,
CH;COOH (HC,H;0,)
acid type monoprotic diprotic triprotic
number of hydrogen atoms that can be ionized 1 2 3
number of ionization phases 1 2 3
number of H3O™ ions produced by ionization 1 2 3
acid strength strong or weak | strong or weak | weak

f
When a strong monoprotic acid ionizes, it produces H:O" and the acid's negative ion.

(. v
e )
HClag + H20q) — H30 aq) + Claqg)

\ v
p ™\
When a weak monoprotic acid is ionizes, it produces H;O", the negative ion of the
acid, and molecules of the weak acid.

L /
HFE g + H200 2 H3O g + Flag

B 0543551945 1 ) Acids and Bases=a3




When a strong diprotic acid ionizes, it produces H;O" and the acid's negative ion

H:504aq) + H200 — H3O ag + HSO4 g
HSO4 g + H200) 2 H3O'ag) + SO+ aq)

When a weak diprotic acid is ionizes, it produces H;O", the negative ion of the acid,
and molecules of the weak acid

H:COs..) + H:0g) 2 H3O uq) + HCO3 ()
HCO5 1y + H200) 2 H30 aq) + COs™ g

e ™
When a weak triprotic acid is ionizes, it produces H3O™, the negative ion of the acid,

. and molecules of the weak acid )

f - - ~
H3POyq) + H2O0) 2 H3O g + H2POy ()

H2P04_(aq) + H,Op 2 H30+(aq) + HP042_(3(1)

HPO+* g + H200 2 H3O aq) + PO+ ag)
\ _J

22) Which of the following acids is a triprotic acid?

a. CHsCOOH  b. AI(OH); c. HsPOy4 d. HNO;

23) What is the balanced chemical equation for the ionization of CH;CH,COOH

propanoic acid in the water?
a. CH;CHCOOH.q + H20¢) 2 CH;CH2COOH; aq) + OH (ag)
b. CH;CH,COOH.q + H20g 2 CH3:CHCOOH.q) + H3O0% )
¢. CH;CH:COOHq) + H:0@) 2 CH:CH2COOHq) + H3O0" (ag)
d. CH;CH:COOHgg) + H20g) 2 CH3CH2CO00™ (ag) + H3O%(ag)
24) What is the balanced chemical equation for the second ionization of H2SO4 in water?
a. HSO4 aq) + H200) 2 H2S04(aq) + H30" ag)
b. HSO4 (aq) + H20@) 2 SO4* (ag) + 20H (g
¢. HSO4 ag) + H2Oq) 2 H2SOyq) + OH g

d. HSO4 aq + H20@ 2 SO+ g + H3O%aq

A 0543551245 1w | Acids and Bases=a3




Chemistry & 19 Advanced %3 Mr. Hesham Eltoukhy

Lewis model
Lewis acid

[ A Lewis acid has an empty atomic orbital that can accept (share) a pair of electrons. ]

Lewis base

7

~N

A Lewis base has an unshared pair of electrons that it can donate (share). ]

- Brensted-Lowry model and others.

The Lewis model includes all substances classified as acids and bases according to the }

HLfafﬁ\fF' — H—E:

Lewis acid Lewis base

acceptor donor
electron-pair

:F: H :F:
E |/\ I | I
:F—B ‘N —H
| |
:E: H :E: H

Lewis acid Lewis base

acceptor donor
electron-pair

:O: :0: 2=
O I /\ ~ — I —
O=5 ‘O — |[:O—S5—0:
| Lewis base |
HoH :0r
Lewis acid

acceptor donor
electron-pair
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Lewis acid Lewis base
@ electron-pair acceptor electron-pair donor
@ positive ion negative ion
® Al, B, S compounds P, N compounds

25) Which of the following is a Lewis acid?
a. CI” b. NH; c. AlICI: d. F~

26) Which of the following is a Lewis base?
a. NH; b. AICl; c..BEs d. BCl;

27) Identify acid and Lewis base in the reaction? H" + OH™ 2 H,0?
a. acid: H, base: OH™ b. acid: OH™, base: H*
c. acid: H", base: H;O d.acid: H", base: H.O

28) Identify acid and Lewis base in the reaction? CI”+ BCl; 2 BCl1™?
a. acid: CI", base: BCls b. acid: BCl;s, base: BCly
c. acid: BCly, base: CI” d. acid: BClI;, base: CI”

29) Identify acid and Lewis base in the reaction? SO; + H:O 2 H,S0,?
a. acid: SOz, base: H2SOyq4 b. acid: SOz, base: H,O
c. acid: H>O, base: SO3 d. acid: H>SOy4, base: H>,O

30) Depending on the presence of an unshared pair of electrons on the phosphorous

atom in the Lewis structure of PCls. What is PCl; classified as?

a. Lewis acid
- e - e - .
+Cl—P—Cl:
b. Lewis base .e | oo
. . *Cl:
¢. Arrhenius acid mil s

d. Arrhenius base

A 0543551945 16 | Acids and Bases=a3




The model Acid Base
Arrhenius H" producer OH™ producer
Brensted-Lowry H™ donor H™ acceptor
Lewis electron-pair acceptor electron-pair donor

The reaction of SO; with MgO is important because it produces the |
smagnesium sulfate salt MgSO,.7H,O known as Epsom salt which is
used to relieve muscle pain and act as a plant nutrient.

‘ MgO is injected into the flue gases of coal-fired power plants, MgO |
reacts with SO; and removes it from the waste gases out into the
atmosphere.

life
applications |

When SOj; is allowed into the atmosphere, it can combine with
water in the atmosphere to form sulfuric acid, which falls to the
ground as acid rain.

o et Earth SGlawnca) N

i

e Acidic solutions are produced when nonmetallic oxides are dissolved in water.
CO: + H,O — H:CO3;
nonmetal oxide + H20 — acidic solution
e Basic solutions are produced when metallic oxides are dissolved in water.
CaO + H:0 — Ca(OH):
\ metal oxide + H>O — basic solution /

& ConnaeaDEEle Earty Science | N

e (CO; gas molecules combine with water molecules in the air to form carbonic
acid, H2COs, which falls with the rain. When it reaches the ground, it seeps
into the soil to reach the limestone rocks, and slowly dissolves them, causing

the formation of huge underground limestone caves. This lime is in the form of

flakes. Icicles from the ceiling (stalactites) and blocks of calcium carbonate on

\ the floor of caves (stalagmites). /
0543551245 ( 17| Acids and Bases=s5
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Sec. (2) Strength of Acids and Bases

{ Compare the electrical conductivity of two acid solutions of the same concentration. ]

Hydronium
ion

Chloride
ion

0.1M bett complete
aqueous more bulb 1 et SN | ionization
solution of brightness ¥ flc r:.ca. ¢ strong )
HCI conductivity Gcid
HClag + H2O0) — H30%ag) + Cl g ]
Acetic acid
molecule
Acetate ion
Hydronium ion
0.1M incomplete
aqueous =) less bulb ;Ve:lferl t.here al: ionization
solution of brightness - flc r:.ca. 101;s al; weak )
CH;COOH conductivity molecules (acid
[ CH3COOH.q + H:0¢) 2 H30"(aq) + CH3COO ™ aq)

& 0543551245 Acids and Bases=eB
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Strong acids

[ The HCI molecules in the solution all ionize, forming hydronium ions and chloride ions. ]

[ — [ Indicates that the reaction is complete, and all molecules ionize to form ions. J

-
Why are strong acids a good — Because it is completely ionized to produce ions
conductor of electricity? in the solution, there are no molecules left.
v
l Strong acids \

l hydrochloric acid HCI l nitric acid HNO, l chloric acid HCIO;,

l hydrobromic acid HBr l sulfuric acid H,SO, l perchloric acid HCIO,

l hydroiodic acid HI

31) What are the contents of a dilute aqueous solution of the strong acid HI?

a. H;O" only
b. I" only
c./H;O", I only
d. HL, H;0", I”
32) Which reaction represents the ionization equation of a strong acid?
a. HC1Osag + HaOpy & H2ClO3" (agy + OH (g
b. HCIO3@q) + H200) — H2Cl03"(aq) + OH (ag)
¢. HC104aq + H20g) 2 ClO4 g + H3O% g

d. HClO4aq + H20g) — ClO4 g + H3O ag)

& 0543551245 Acids and Bases%el
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Not all the CH3COOH molecules present in the solution are ionized.
After ionization, the ions and molecules are present together.

- Indicates that the reaction is incomplete, the concentration of molecules is
«— . . . . .
greater than the concentration of ions after ionization.

conductor of electricity? molecules and ions in solution.

I Weak acids I

[
Why are weak acids not a good ]‘:>E Because it is incompletely ionized to produce J

hydrofluoric . nitrous acid th i phosphoric
| . chlorous acid I cthanoic .
acid HF HCIO HNO, (acetic) acid acid H;PO,
T z ) T CH,;COOH T
I hyd.'(‘iogéglic ' I SlllflIl_Il'OSll(S) acid I "I boric acid
aci
: hypochlorous 2| > methanoic H,BO,
acid HCIO (formic) acid
hydrosulfuric J | carbonic acid HCOOH
acid H,S H,CO, J

33) What are the contents of a dilute aqueous solution of the weak acid HCOOH?
a. H;O" only
b. HCOO™ only
¢. H:0", HCOO™ only
d. HCOOH, H;0", HCOO~
34) Which reaction represents the ionization equation of a weak acid?
a. HNOzuq + H20g) 2 NO3 gy + H30% ag)
b. HNOzq) + H200) = NO2 gy + H:O g
¢. HNOs@q) + H20) 2 NO3 (ag) + H3O%(ag)

d. HNOs3@g) + H200) = NO3™ g + H3O g
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A weak acid has a strong conjugate base. A strong acid has a weak conjugate base.

The acid-base reactions of Brensted-Lowry favor the production of the weakest.

[ The strong acid HX ionizes as in the following equation: J

I v
HX@g + H200 = H30% g + Xag
strong strong weak weak
acid base conjugate conjugate
acid base

has more ability has less ability
to attract H ion. to attract H' ion.

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

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

[ The weak acid HY ionizes as in the following equation: ]

HY @y + H200 2 H30%ag + Y ag
weak  weak strong strong
acid base conjugate conjugate

acid base

has less ability has more ability
to attract H ion. to attract H' ion.

Y™ is a stronger base (reverse reaction) than the base H>O (forward reaction).
The attraction of the conjugate base Y™ to the H" ion is greater than that of the base H,O.

The ionization equilibrium is almost shifts to the left, and [HY] molecules is the largest.
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35) Which of the following relationships is not correct for the relationship between the

strength of a weak acid and the strength of its conjugate base?

a. The stronger the acid, the weaker its conjugate base
b. The weaker the acid, the stronger its conjugate base
c. a weak base has a strong conjugate acid

d. a strong acid has a weak conjugate acid
36) If the tendency of a substance to give off protons is large, how is its conjugate?
a. has a large tendency to give protons
b. has a weak tendency to give protons
c. has a large tendency to receive protons
d. has a weak tendency to receive protons
37) For the following balanced reaction, which of the following statements is true?
HC:H30:uq + H20q) 2 H30aq) + C:H30: g
a. the base C:H30;" is stronger than the base H,O
b. HC:H30: is a strong acid
c..the base C;H30:" is weaker than the base H.O

d. the ionization equilibrium is shifts to the right

38) For the following balanced reaction, why does the ionization shift to the left?
HF + HO 2 H;O0" + F~
a. the H,O base has a more attraction to the H" ion than the conjugate base F~
b. the Ka value of the acid is high, and it tends towards non-ionizing molecules
c. HF is a strong acid and its conjugate base F~ is weak
d. the conjugate base F is stronger than the base H>O, so it attracts the H ion

more than the base H:O
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The Bronsted-Lowry model helps explain the strength of acids, but it does not
quantitatively compare the strengths of different acids.

[ The expression Keq provides a quantitative measure of acid strength. J

The ionization equation for HCN and the expression for the equilibrium constant:

_ [H30*][CN]
HCN@qg + H2O@ 2 H3O" ) + CN g Keg = [HST[HZO]

The concentration of H20(, is constant, and a new equilibrium constant K. is used.

_ [H30*][CN"]

=6.2 x 1071°
[HCN]

Keq [HZO] = Ka

Acid ionization constant Ka: The equilibrium constant for the ionization of a weak acid

What is produced The concentrations of ions (products) in the numerator

if the value of K; | increase compared to the concentration of non-ionized
increases? molecules (reactants) in the denominator, as in strong acids.

What is produced The concentrations of non-ionizing molecules (reactants)

if the value of K; | increase in the denominator compared to the concentration
decreases? of ions (products) in the numerator, as in weak acids.

Why do weak acids have the Because the:lr solutolons have the .lowest
concentrations of ions and the highest

lowest Ka values? ' . .. .
concentrations of non-ionized acid molecules.

Most of the polyprotic acids are weakly ionized, and each ionization phase of the
polyprotic acid has a different K, value.

The value of K. decreases for each subsequent ionization process.
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lonization Constants for Weak Acids [ not required to memorize J
Hydrosulfuric, first ionization H,S=H" + HS™ 8.9 x 1078
Hydrosulfuric, second ionization HS— =Ht + 5% 1x 107"
Hydrofluoric HF == Ht + F~ 6.3 x 1074
Hydrocyanic HCN=H* +CN— 6.2 x 1010
Acetic CH3COOH == H* + CH3CO0~ 1.8 x 1075
Carbonic, first ionization H,CO; = H* + HCO5~ 45 x 1077
Carbonic, second ionization HCO3;~ = H™* + CO3%~ 47 x 107"

39) What is the weakest acid among the acids in the table below?

A HLS acid K. (298 K)
—4
b. H:CO3 Hr 6310
H.S 8.9x10
c¢. HF
HCN 6.2%x10710
d. HCN H>COs 4.5x1077

40) Which of the following relationships represents the acid ionization constant (K.) in

the following equation? HCOOH.( + H:O0q @ HCOO (g + H:O (g

[HCOO ™ |[H307] __[HCOO™][H307]

b. Ka.=

a. Ky =

[HCOOH] [HCOOHI[H,0]
c. K, = HCOOHIIH20] d. K, = [HCOOHI[H;0]
[HCOO] [HCoO ][H30+]

41) Which of the following choices represents the chemical equation and K. expression

for the ionization of hypochlorous acid in water?

[H50+][C10~]

a. HC10 + HO - H;0"+ ClO~, K.,=
[HCIO]|[H, 0]

+ —
b. HCIO + H,O — H;0" + C10~, K.= %

[H30*][C107]

+ — —
c. HCIO + H,O 2 H;O0™ + C107, K. = [HCIO][H, 0]

.
d. HCIO + H,0 2 H;0" + ClO~, K. = %
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42) What is the correct order of the following weak acids in order of their conduction of

electricity?
acid CH;COOH HS™ HCO;™ HF
Ka (298 K) 1.8x107° 1.0x107"° 4.7x107"! 6.3x107*

a. least: HF — HCO;™ — HS™ — CH3COOH most

b. least: HF — CH3COOH — HCO3s;~™ — HS™ most

c.least: CH;COOH — HS~ — HCO3;~ — HE most

d. least: HS™ — HCO;™ — CH;COOH — HF most

43) What is the second ionization equation for the acid H>SeO; in water?

a. HxSeOs + H;0 —» H3:0" + HSeO3~

b. H2SeOs + H20 2 H3;O" + HSeOs~

c. HSeO;™ + H,0 - H3;0" + SeOQ37”

d. HSeO:7+ H: O 2 H30" + SeQs’T

44) What is the expression for K,; for the ionization of nitrous acid in water?

K, = Ha0'lINO, | b. K, = H30"1INO; |
[HNO2][H, 0] [HNO;]
__ [HNO;][H, O] _ _ [HNO;]

¢- Ka = h,0%1N0, d- Ka = 0710,

. Co Ll dr. J [H50*][As05"]
45) If the expression for the equilibrium constant for a reaction is: K, = [HASOZ |
4

What is the balanced equation for the reaction?
a. HAsO4+~ + H20 @ HiO" + AsO4>~
b. HAsO4*~ + H20 - H3:0" + AsO4>~
c. H:0™ + AsO4~ 2 HAsO4 + H,O0

d. H;O" + AsO4~ - HAsO4 + H,O
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[ What applies to acids also applies to bases, except that OH™ ions are involved instead of H* J

The conductivity of the base depends on the degree to which the base produces OH™
ions in the aqueous solution.

[ Dissociation equation for the strong base NaOH: NaOH) — Naaq + OH g J

| Strong bases \
l group 1 metal hydroxides I group 2 metal hydroxides |

sodium potassium rubidium cesium calcium barium
hydroxide hydroxide hydroxide hydroxide hydroxide hydroxide
NaOH KOH RbOH CsOH Ca(OH), Ba(OH),

7

46) What are the contents of a dilute aqueous solution of most bases?
a. hydroxide ions and cations
b. hydroxide ions and anions
c. hydregen ions and cations
d. hydrogen ions and anions
47) Which reaction represents the ionization equation of the strong base Ba(OH).?
a. Ba(OH)z(s) — Ba' gy + OH aq)
b. Ba(OH):5) 2 Ba* ag) + OH (g
c. Ba(OH)zi) — Ba* (aq) + 20H (aq)

d. Ba(OH)2(§) (_—) Ba2+(aq) + 20H_(aq)
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\

~

\

s ~
Why is calcium hydroxide Ca(OH): a : Because calcium hydroxide has poor
poor source of OH™ ions? solubility.
\ / \.
4 ™ P
Why calcium hydroxide has poor : Because the K;; value of calcium
solubility? hydroxide is small.
o / \L
[ Ca(OH)zs 2 Ca*ag + 20H (aq) Ksp = 6.5 % 10°¢ J
Why are Ca(OH): and other poorly soluble Because everything that dissolves
bases considered strong, even though they | >  from the compound dissociates
have a lower solubility in water? completely.

{ Tonization equation for the weak base NHa: NHsag + H200 2 NHy g + OH (g }

48) What is the reason for the low electrical conductivity of calcium hydroxide even

though it is a strong base?

a. it has poor solubility in water

b. no OH  ions are produced in water
c. partially ionizes in water

d. produces H" ions in water

Weak Bases

ethylamine methylamine ammonia aniline

C,H:NH, CH;NH, NH; CH:NH,
49) What group does aniline belong to?
a. strong base b. weak base
c. strong acid d. weak acid
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[ The weak base CH3:NH: is ionized as in the following equation: J

CH:NH: g + H20q) 2 CH3NHs aq) + OH ag)
1 1

weak weak strong strong
base acid conjugate  conjugate
acid base
has less ability to has more ability
attract H' ion. to attract H ion.

OH™ is a stronger base (reverse reaction) than the base CH3s:NH; (forward reaction)

The attraction of the base OH™ to the H" ion is greater than that of the base CH3;NH;

The ionization equilibrium is almost shifts to the left, and [CH3:NH;] is the largest.

Base ionization constants

[ The equilibrium constant is a measure of the degree of ionization of the base. J

Base ionization constant Ky,

_ |cH3NHZ |[OH ]

Base ionization constant for CH:NH,: K,

[CH3NH:]
What is producedw The concentrations of non-ionizing molecules (reactants)
if the value of Ky ~Increase in the denominator compared to the concentration
decreases? J of ions (products) in the numerator, as in weak bases.

lonization Constants of Weak Bases not required to memorize I
lonization Equation K, (298 K)

Ethylamine C,HsNH2(ag) + H,0(l) == C,;HsNH3*(aq) + OH (aq) 5.0 X 104
Methylamine CH3NH3(aq) + H,0(l) = CH3NH3*(ag) + OH—(aq) 43 x 104
Ammonia NHs(aq) + H,0(l) = NH,*(aq) + OH—(aq) 25x 1075
Aniline CeHsNH2(aq) + H,0(l) = CgHsNH3*(aq) + OH(aq) 43 x 10~
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50) When the base can be considered as weak?

a. if its tendency to accept a proton is high
b. if its tendency to donate a proton is high
c. if its tendency to accept a proton is weak
d. if its tendency to donate a proton is weak

51) Which of the following options represents the chemical equation and the ionization

expression Ky of ethylamine in water?

CzHsNH3 |[OH™]

. . NH.* - _ 1
a. C;HsNH: + H.O 2 C:HsNH;™ + OH-, K, ETRT TS
+ —
b. C:HsNH: + H.0 —» C:HsNH:* + OH~, K, = LCzHsNHZ | [OH 7]
(CzHsNHz]|[H; O]
+ _
c¢. C:HsNH; + H,O — C:HsNH;* + OH-, Ky, = [C2HsNHI|[OH™]

[C2HsNH;]

+ _
d. C-HsNH; + H,O 2 C>HsNH:" + OH-, K, = LC2HsNHI[OH ]

[CzH3NH;]

52) Which of the following options represents the chemical equation and the ionization

expression K, of the carbonate ion CO3*” in water?

2. COm+HIO = HCOs + OHY, K =Mt
3

b. COs* + H,O 2 HCO;™ + OH-, Ky, = P
3

. ~ _ __ [HCOZ][OH™]

¢c. CO377 +HO » HCOs + OH™, Ky = —[Cog‘][Hzo]

. ~ _ _ [HCO3|[OH™]

d. COs™ + H:0 2 HCOy™ + OH-, Ko = e e

53) Which of the following K, values represents the acid with the strongest conjugate

base?
a. 1.8 x10°° b.1 x 107¢
c. 1.4 x107* d.3.2x1073
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54) Which of the following options represents the chemical equation and the ionization

expression Ky of the hydrogen sulfite ion HSO3™ in water?

) _ _ __[H2S03][0OH™]

a. HSO;” + H,O 2 H>S0O;:; + OH, K, = —[HSOE] [Hz0]

2 | _[Has041{oH]

b. HSOs + H,0 5 H>S0; + OH-, Ky = o

c. HSO+ + H,0 2 H,SO0; + OH-, K, = HzS0sIlOHT]
[HSOZ |

d. HSO 4 ' H,0 '3 'H,80; + OH-, Ky, = H2S0allonT]
503

55) What is an equation for the reversible equilibrium where the base in the forward

reaction is PO+’ and the base in the reverse reaction is OH™?
a. HPO-I-z_(aq) + OH g — P0-|3_(aq) + H>Oq
b. HPO4* aq) + OH aq) @ PO+ ag + H20q)
c. PO+ g + H200 = HPO+  aq) + OH (aq)
d. P043_(aq) + H,Og 2 HPO.lz_(aq) + OH g
56) What information does a small K, value (4.3 x 1071%) of aniline gives you?
a.janiline is strong base
b. aniline is incompletely ionized
c. aniline ionization in water produces only ions

d. its solution is a good conductor of electricity

57) What is the strongest base among the bases in the adjacent table, at 298 K?

a. methylamine

base Ky (298 K)

b. ethylamine

ethylamine 5.0x10™
c. aniline

methylamine 4.3x10™
d. ammonia -
ammonia 2.5x10™
aniline 4.3x10710
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Sec. (3) Hydrogen ions and pH

Self-ionization of water

H>O0 2 H g + OH (g

+ S
- B - &

H;O+ OH—

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

Water ionization constant K«

[ K. = [H'][OH ] ]

[ for the neutral solution J

{ at room temperature (298 K) j

S [ [H*] = [OH ] =1 x 107 mol/L J

{ K,=[H[OH |=1x 1074 J
[ 1 ] [ 1 x10™ = [H'][OH ] ] [ 298 K ]
[ The Kw value is constant at a constant temperature. J

-
[ Why does the value of Ky increase |:>{ Because ionization of water increases as J

when the temperature increases? the temperature increase.

vy
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‘ What produced when the concentration of H ions increase? J acidic solution

[ H™ reacts with OH™ and the reaction goes to the left to produce water H>O

[ As a result, the concentration of H" increases and the concentration of OH™ decreases.

- :
[H'] > [OH ] Kw
H,Oq 2 I H'ag + 1 OH' (q) ] no change

G —— /

D

acidic solution

{ What produced when the concentration of OH ions increases? ) . basic solution
)
[ OH™ reacts with H™ and the reaction goes to the left to produce water H,O
vy

[ As a result, the concentration of OH™ increases and the concentration of H' decreases.

[OH ] > [H'] Kuw N

basic solution [ H.O0 2 l H'ag + I OH g ] no change

= 1 J

Types of solutions

acidic neutral basic
[H] > [OHT] [H7] = [OH7] [OH™] > [HT]
[H'] > 1x1077 mol/L [H*] = [OH] = 11077 mol/L [OH7] > 1x1077 mol/L
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58) The concentration of the H' ion in a cup of coffee is 1 x 10~ M at 298 K. What is the

concentration of the OH ion in the coffee? Is coffee acidic, basic, or neutral?
a. [OH] =1 x 107 M, basic
b.[OH] =1 x10~° M, acidic
c. [OH] =1 x 1072 M, basic
d. [OH] =1 x 1072* M, acidic
59) What is the value of [H'] in a solution whose concentration of OH is 1 x 107> M?
a.1x107 M
b.1x 107 M
c. I x 107 M
d.1x10"1'M
60) What is the value of [OH™] in a solution whose concentration of H is 4 x 10~ M?
a. 2.5 %1071 M
b.1x 10 M
c.2.5x10° M
d.1x101°M

61) How many H" ions and how many OH™ ions are in 300 mL of pure water at 298 K?

Ni=6.022 x 10%

a. [H*] = [OH7] =3 x 10% jons
b. [H'] = [OH] = 1.8 x 106 jons
c. [H*] = [OH] = 1.8 x 10° ions

d. [H'] = [OH] = 3 x 10% jons
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62) Use Le Chatelier's principle to determine what happens to equilibrium when a few

drops of HCI are added to pure water? H;O0q & H g + OH g
a. the equilibrium shifts to the left and Ky does not change

b. the equilibrium shifts to the left and Ky changes

c. the equilibrium shifts to the right and Ky does not change

d. the equilibrium shifts to the right and Ky, changes

63) Use Le Chatelier's principle to determine what happens to [H] when drops of
NaOH are added to an acetic acid solution? CH3;COOH@uq 2 CH:C OO_(aq) + H (aq)

a. [H'] increases and equilibrium shifts to the right
b, [H'] decreases and equilibrium shifts to the right
¢. [H] increases and equilibrium shifts to the left
d. [H'] decreases and equilibrium shifts to the left

64) If the concentration of H' ions decrease in an aqueous solution, what must happen to

the concentration of OH™ ions at a constant temperature? And what is the reason?

choice |OH™] the reason
decrease K change
b. decrease Ky no change
c. increase K change
d. increase Ky no change

65) In the following equilibrium equation for pure water: HOg) 2 H g + OH (g
Why does the value of Ky not change when other hydrogen ions added to water?
a. shifting the equilibrium to the right and increasing the concentration of H' ions
b. increasing the rate of ionization of water molecules
c. increasing the concentration of OH™ ions in the solution

d. H reacts with OH™ to form more H>O molecules
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S0 BT

[ 3 ] [ pOH = —log [OH] ]

{ What is the relationship between pH and pOH? }

@ ) (o)

[ pH, pOH have no units ]

66) What is the pH value of the solution that has: [H'] = 1.0 x 107> M, at 298 K?
a.2
b. 4
c. 12
d. 10
67) What is the pH value of the solution that has: [H] = 0.000084 M, at 298 K?
a. 10.924
b.,3.075
c. 9.924

d. 4.075
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68) What is the pOH value of the solution that has: [OH™] = 1.0 x 10™° M, at 298 K?

d. 6
69) What is the pOH value of the solution that has: [OH™] = 6.5 x 10~ M, at 298 K?
a. 10
b. 4
¢. 10.81
d. 3.18
70) What is the pOH value of the solution that has: [H"] = 2.5 x 1072 M, at 298 K?
a.12.4
b. 1.6
c. 12
d. 2
71) What is the pH value of the solution that has: [OH™] = 0.0055 M, at 298 K?
a.2.26
b. 11.74
c.3
d. 11
72) What is the pH value of the neutral solution at 298 K?
a. 14
b. -7
c.7

d. 0
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Calculation of [H*] and [OH ] from pH and pOH

. )
[ 6 J [OH ] =10"PCH ]

73) What is the value of [H'] for milk with pH = 6.5?

4

‘

a1 x 108 M
b.1x 1077 M
c.3.16 x 108 M
d.3.16 % 107" M
74) What is the value of [H'] for lemon juice with pOH = 11.6?
a.2.51 x1072 M
b.3.98 x110~> M
c.2.51 x10° M
d.3.98 x 1072 M
75) What is the value of [OH™] for a solution of magnesia with pOH = 3.5?
a.3.16 x 10> M
b.3.16 x 1071 M
c.3.16 x 10+ M
d.3.16 x 107" M
76) What is the value of [OH™] for household ammonia with pH =11.9?
a.7.94x 10> M
b.1.25 x 1072 M
c.7.94 x 1072 M

d.1.25x10° M
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Molarity and pH of strong acids

[ A strong acid is 100% ionized, which means it has 100% ions (for monoprotic acids). J

HClagy — Hfag + Clag
1 mol/LL 1 mol/LL 1 mol/LL

[ An acid with a concentration of 1 mol/L produces 1 mol H” per liter (for monoprotic acids). }

L 7 ] [ [H'] = [acid] X H number ]

Molarity and pH for strong bases

[ The strong base disintegrates completely. ]

NaOH(aq) — Na+(aq) + OH—(afl)
1 mol/L 1 mol/L 1 mol/L

A base with a concentration of 1 mol/L produces 1 mol OH™ per liter
(for monohvdroxide bases).

Ca(OH)2aq — Ca**ag + 20H g
1 mol/L 1 mol/L 2 mol/L

A base with a concentration of 1 mol/L produces 2 mol OH™ per liter
(for dihydroxide bases).

[ 8 } [ [OH | = [base] x OH number ]
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77) What is the pH value of the solution having concentration: 0.02 M HI?

a. 13.30
b. 0.69
c. 12.30

d. 1.69

78) What is the pH value of the solution having concentration: 2.4 x 10 M Mg(OH)»?
a. 9.68
b. 4.31
c. 4.61

d. 9.38

79) What is the pOH value of the solution having concentration: 1 x 10> M KOH?
a.2.69
b. 11.30
c.3

d. 11

80) What is the pOH value of the solution having concentration: 0.05 M HNO;?
a. 1l
b, 13
c. 1.30

d. 12.69
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The relationship between pH, pOH, [H'], [OH]

[H'] 1 10 10 10 10 10 10 10 10 10 10 10 10 10 10
pH 0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14
pOH 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

o] 10 107 10 10" 10" 10 10® 10’7 10° 10° 10

Increasing

-— acidity e Neutral e———— basicity —-

Types of solutions

acidic neutral basic
[H*] > [OHT] [H*] = [OHT] [OHT] > [H']
[H] > 1x1077 mol/L [H*] = [OHT] = 1x1077 mol/L [OHT] > 1x1077 mol/L
pH<7 pH < pOH pH=pOH=7 pH>7 pH > pOH

As the pH changes by 1, the concentration of the H' ion changes by 10

{ As pOH changes by 1, the concentration of the OH ion changes by 10 J
What is the hydrogen ion concentration A solution with a pH of 3 has 10
when comparing a solution of pH = 3 with times more [H'] than a solution
a solution of pH =4? with a pH of 4
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From3to1l From S5to 4 From 7to 8 From 10 to 13
pH change
3I—-1=2 5-4=1 8§-7=1 13-10=3
[H'] change 10° 10! 10! 10°

BR | mm

[H+] 10° 03|10 10°¢ 11077 (103 [ 107 | 1071 | 10712 [ 10712 | 1073 | 10714
pH | 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14
increasing acidity increasing basicity
81) Based on the following data, which of the following statements is true?
a. the acidity of solution B is 3 times the acidity of solution A
substance| pH
b. the acidity of solution A is 3 times the acidity of solution B
A 2
c. the acidity of solution B is 10° times the acidity of solution A
B 5

d. the acidity of solution A is 10° times the acidity of solution B

82) Using the adjacent graph, based on the two H" ion concentrations, how many times

more acidic, is the most acidic solution than the least acidic solution?

2, 1000 [ pH of different solutions ]
b.1 s .
c. 10 PR — —am—pp 2
a. 100 j : 3 I
p -
’ C
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Calculate K, from pH and Calculate K,, from pOH

Weak acids and bases ionize partially,
so, K, and K, values must be used to determine the [H'] and [OH 7] ions
Why can't [H'] be obtained directly from e ACI S I Iz

partially, one mole of acid does not
produce a mole of H" ions

—_ ]2 ()
@ K.= [acid]— [HT] Ky = [base]— [OH ]

83) What is the K. value of a 0.04 M HCIO: solution with pH = 1.8?

the molarity of a weak acid?

a.0.01

b. 0.65

c.'0.39

d. 6.27 x 1073

84) What is the K., value of HCOOH, if the pH is 2.38 for a 0.1 M HCOOH solution?

a. 0.0435

b.1.81 x 107

c. 0.0416

d.1.73 x10™

85) What is the K, value of a CcHsCOOH benzoic acid solution with a concentration of
0.0033 M and pOH =10.7?

a.0.179
b. 6.04 x 107
c. 1.20 x 107"

d. 8.97 x 107°
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86) What is the K. value of a 0.22 M H3AsQOy acid solution and pH = 1.5?
a.4.54 x 1073
b. 0.143
c. 0.167

d.5.30 x 107

87) What is the Ka value of a 0.1 M HCNO solution and pOH = 11.0?

a.1.01' x107°
b. 1.01 x 1072
c. 1.0 x 107

d. 1.0 x 1071°

pH measurement
I
I T 1
litmus paper pH paper pH meter

determine the nature of a determine the pH gives a direct digital
substance, an acid or a base value of the solution reading of pH

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

0543551245+ | Acids and Bases®e3



[ pH, pOH calculations

1 x10% = [H*][OH]

2 pH = —log [H"]

/ . o
3 pOH = —log [OH™]

J - v
4 pH + pOH = 14

v . v

N f '
5 [H*] =10-PH

J . w

I r B
6 [OH | = 107 POH

v, \ J
7 [H'] = [acid] X H number

_/ . v
8 [OH ] = [base] x OH number

J . y

Calculation of K, for weak acids

)

4 N
_ [H+]2
[acid]— [HT]
. S
r ~N
B (10-PH)2
[acid]— (10~PH)
. S

] 298 K

%10~ 14

1

[H'] [OH ]

298 K

calculate [H], [OHT]
from pH, pOH

only strong acids and

strong bases

Calculation of K, for weak bases

4 N
_ [OH™]2
Ky = [base]— [OH™]

. J
4 N
_ (lo—pOH)Z
Kn = [base]— (10-POH),

k J
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88) What is the pOH value of a solution of [H'] = 0.000033 M at 298 K?

d. 3.48
89) What is the pH value of a solution having [OH™] = 0.0095 M at 298 K?
a.'10.97
b. 3.02
c. 11.97
d. 2.02
90) What is the value of [H'] for the blood of a healthy person with a pH of 7.40?
a.2.51 x 107 M
b.3.98 x 107" M
c.2.51 x1077 M
d.3.98 x10°*M
91) What is the value of [OH™] in a seawater sample where pOH = 5.60?
a.3.98 x107° M
b.2.51 x10°M
c.3.98 x 107* M
d.2.51 x107 M
92) What is the value of [OHT] for a tomato if the pH of a tomato is 4.50?
a.3.16 x 10° M
b.3.16 x 107 M
c.3.98 x10° M

d.2.51 x10° M
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93) What is the pH of a solution containing 1.0 x 10~ mol/L of OH™ ions in the solution?

a. 10
b.9
c. 4

d. S

94) What is the pOH value of an aqueous solution containing 1 x 10~ mol of HC1
dissolved in a S L solution at 298 K?

a.3.7
b. 10.3
c. 3.0
d. 11.0
95) What is [OHT] in an aqueous solution at 298 K such that [H"] = 5.40 x 10~ M?
a. 540 x107°'M
b.1.85 x 1072 M
c.3.42 x1071°M
d.3.16 X107 M
96) What is [H'] in an aqueous solution at 298 K such that [OH] = 8.2 x 107 M?
a.251 x10° M
b.3.98 x 10° M
c.1.21 x107° M

d.1.21 x 1072 M

88

89

90

91

92

93

94

95

96
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Sec. (4) Neutralization

Neutralization reaction

[ The neutralization reaction is a type of double replacement reaction. ]

[ acid + base — salt + water J

[ HX + YOH — XY + H:0 ]

Salt

[ Antacids relieve indigestion symptoms by neutralizing the acidic solution in the stomach. ]

[ A neutralization reaction occurs when Mg(OH); reacts with a solution of HCI acid. ]

[ 2HClaq) + Mg(OH)2@aq) — MgClzaq + 2H20q,) }

[ A neutralization reaction occurs when NaOH reacts with an acid solution of HCI J

[ HClag) + NaOH@uq — NaClag + H20q) j

[ These compounds exist as ions in aqueous solution: ]

{ H"aq) + Cl"aq) + Na"@q) + OH (aq) — Na*aq) + Cl aq) + H20q) }

[ Na™ and CI™ are spectator ions. J

[ Net ionic equation: J
[ H g + OH g — H20q) ]
[ or ] [ H30%ag) + OH (ag) — 2H20q) J

& 0543551245 Acids and Bases®e3
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97) What compound is always produced from a neutralization reaction?

a. H2Oq b. Ca(OH);)
c. HNOa3q) d. H3POyq)
98) What are the two substances produced when HCl.q) is neutralized with KOH.q)?
a. KHqq), HClO@g) b. KClag, H20q)
¢c. Cl'ag, KH20%ag) d. KClag), HiO"ag)
99) What acid and base must react to produce an aqueous solution of sodium iodide?
a. HI, NaOH
b. H,O, Nal
c. H:I, NaOH
d. HI, Na(OH):
100) What are products of the neutralization reaction of NaOHuq and HBrug?
a. NaHq + HBrOgq) b. Br aq + NaH:0"aq)
¢. H3O"aq) + NaBrag) d. H2Oq) + NaBryq)
101) What is the net ionic equation for the reaction of HNO; with KOH solutions?
a. H3O (aq) + OH aq — 2H20y)
b. K ag + OH 9 — KOHj
¢. H' ag) + NOsTaq) > HNO3aq)
d. K a9 + NO3“aqy — KNOsaq)
102) What are the spectator ions produced by neutralizing HCI1 with Mg(OH): solutions?
a,sH', OH’
b. H, CI”
c. Mg*, OH"

d. Mg**, CI

0543551245 (4 | Acids and Bases®si
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[ Chemists use chemical dyes instead of a pH scale to determine the equivalence point }

of a titration.

Acid-base indicators

[ Each indicator has its pH range at which the color change occurs (indicator's range) }

e B
( ' indicator's range iw
-\f— \ g /
less than range in the range more than range
(. @ 2\ & @ ) '@ ll B,
acid color endpoint color base color
- 7 & J S 4
[ Example: phenolphthalein indicator has a range (8-10), and the colors are: ]
a B 4 N o "
less than 8 8§-10 more than 10
\ Jr \\ J \, y
8 10 U
( @ Y\ N— u O\ L. N\
colorless L pink purple
. =4 4 o 4

added to it?

¥
- N
Tea contains polyphenols with ionized hydrogen
atoms, so they are weak acids. The addition of acid
(lemon juice) slows down the ionization process and
the color of the non-ionized polyphenols becomes
more pronounced.

& 0543551245 # | Acids and Bases®el

{ Why does tea color's changes when lemon juice is

-

-




Chemistry &b 12 Advanced *85 Mr. Hesham Elioukhy

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14
N Crystal violet
| JE Cresol red
[ . W Thymol blue

s Bromphenol blue
s Methyl orange
s Bromcresol green
Methyl red
W Bromcresol purple
. Alizarin
S Bromthymol blue
s phenol red

Phenolphthalein
[ not required to memorize ] W Thymolphthalein
T Alizarin yellow GG
e j i I—— Universal indicator

titration solution and the equivalence point strong acid weak acid
strong base neutral (pH=7) | basic (pH>7)
weak base acidic (pH <7) no titration

Equivalence point

To find the concentration of an acid To find the concentration of the base
solution we titrate the acid solution with solution we titrate the base solution with
a base solution of known concentration. an acid solution of known concentration.

[ Titration steps (acid of unknown concentration - base of known concentration) }

p N
1) A known volume of an acidic solution of unknown concentration is placed in a
beaker, and the pH is measured using a pH meter. )

>
2) The burette is filled with a base solution of known concentration, called the

L standard solution or titrant solution. )

™~
3) The base is added from the burette to the acid in the beaker slowly with stirring,
the pH reading is recorded after each addition, this process continues until the
\reaction reaches the equivalence point. B

B 0548551245 » | Acids and Bases%e5
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[ Titration of an acid of unknown concentration - a base of known concentration ]

4) open the burette and
slowly add the base until
you reach the endpoint
color

3) fill the burette with
the base of the known
concentration

5) close the burette and the
volume of the base used to a

7
AL LA LAALRALAA R AR LAL LA LARLLALCRTY ﬁ
R

reach the equivalence point Adding the base to the acid
is measured '
6) repeat the titration ot e
process three times to 3 2) put 3 drops of the
ensure the accuracy of the 1 = appropriate indicator
calculations / for titration
T ﬁ;‘, - B _ ) .
7) use the calculations to = 1) put a known volume
calculate the acid of acid of unknown
concentration used in the —_ = == concentration
titration process
[ Titration of a base of unknown concentration - an acid of known concentration ]
4) open the burette and
) op ; : > 3) fill the burette with
slowly add the acid until )
. the acid of the known
you reach the endpoint )
concentration
color
5) close the burette and the 2
volume of the acid used to - > ] ]
reach the equivalence point 3 Adding the acid to the base
is measured E
6) repeat the titration ot . %
process three times to 2) put 3 drops of the
ensure the accuracy of the 1 E > appropriate indicator
calculations / for titration
i
7) use the calculations to = 1) put a known volume
calculate the base _ of base of unknown
concentration used in the —_— = = e e T

titration process

A 0543551245 s | Acids and Bases=a5
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Types of titrations

Strong acid - strong base

pH add acid to base pH { add base to acid
F 3
14 14
7 7
acid base
0 > volume 0 volume
Strong acid - weak base
add acid to base [ add base to acid }
pH pH
A 3
14 14
— |
7 7 {/
L J
e acid - base
0 > 0 .
volume volume
Weak acid - strong base
add acid to base { add base to acid }
pH pH
F 3 F 3
14 14 P
4
7 \ 7 J
. -
0 > acid 0 > base
volume volume
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When the base is added to the acid in the titration process,
the pH increases dramatically when the equivalence point is reached

When the acid is added to the base in the titration process,
the pH decreases dramatically when the equivalence point is reached

L]

pH | < >
strong weak weak
acid acid base
e 50.0 mL 0.100M HCI Titrated 0 50.00 mL 0.1000M HCOOH Titrated
» with 0.100M NaOH with 0.1000M NaOH
14
=]
12 = 12
I,
10
- 8 8 Equivalence
o = point y
6 | | Il
Equivalence 6 et
4 point 4l
y
2 —— 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)

103) What is the expected pH value at the equivalence point in a titration of a strong

acid and a weak base?
a.9

b.7

5
h
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104) When acid A reacts with base B, it produces compound C, which has a pH value of

less than 7. What is the correct prediction for the strength of A and B?

choice a. b. c. d.
A weak strong strong weak
B strong weak strong weak

105) What acid-base indicator shown in the table will be suitable for a neutralization

reaction whose titration curve is shown in figure?

acid titration

bromocresol | crystal | methyl "
Indicator phenolphthalein | 1o T
purple violet | orange .|| equivalence |17
z point
Range 5.2-6.8 0-19|3.1-44 8-10 o A
4
a. methyl orange b. phenolphthalein z —
o et
c. bromocresol purple d. erystal violet base volume
Use the corresponding graph to answer the questions (106,107)
106) What is the pH value at the equivalence point of this titration?
a. 10 b.9
14
c.S d.1 12
10
107) What indicator would be effective for determining _ 3 \
s
6
the endpoint of this titration? 4
\
2
a. methyl orange (range 3.2 - 4.4) 0 B e B

Volume of acid added
b. bromocresol (range 3.8 - 5.4)

c. phenolphthalein (range 8.2-10)

d. thymol blue (range 8.0 - 9.6)

A 0543551245 s ) Acids and Bases=e5



Using titration curves and indicators table, answer the following questions. (108-111)

124 14
. ’ ' 12 T Indicator Range
10— / 1 10— 2
pII I b | plI 8 A 3.1 - 4-4
6 B ‘// 6 _I -------------------
VIR 4 B 6.2-7.6
2- 2 i
o 10 20 30 4o %o o 10 20 30 40 0 C 8-10
base volume (mL) acid volume (mL)
108) What type of acid and base are used in titration (1)?
choice a. b. c. d.
acid weak strong strong weak
base strong weak strong weak
109) What is the pH value of the equivalence point of titration (2)?
a.3 b. 10
c. 13 d.7
110) What is the appropriate indicator symbol for the titration (1)?
a.C b. A
c.B d. all is not suitable
111) What substance is added from the burette in titration (2)?
a. strong base b. weak base
c. strong acid d. weak acid
14 JL
Study the titration curve and answer the questions. (112-114) 12+
10—
112) What is the nature of the excess matter at point X? Pl g \
6 —
N
a. strong base b. weak base a- — X
2
d. weak acid 0 10 70 30 4o %o

c. strong acid

acid volume (mL)
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113) What is the nature of the material that is gradually added from the burette to the

beaker for the titration process?
a. strong base b. weak base
c.;strong acid d. weak acid

114) What is the pH value of the equivalence point in this titration?

a.9 b.3
c.|7 d. 14
Study the adjacent figure and answer the following questions. (1}5-119)

115) Which of the following symbols represents the :L r.—:""
equivalence point? pH1: g Z
a. X b. Z c. Y 6

116) Which of the following symbols is the acid in excess? :," X
a.Y b. X cldZ S 100

base volume (mL)

117)How much volume (mL) does the base need to add to completely neutralize the acid

a. 2§ b. 75 c. S0

118) What is the acid and base strength of this titration?

choice a. b. c. d.
acid weak strong strong weak
base strong weak strong weak

119) Which of the following indicators is suitable for this titration?

a. bromethymol blue Indicator

b. phenolphthalein methyl orange 3.1-4.4

c. methyl orange bromothymol blue | 6.2 -7.6
phenolphthalein 8§-10

A 0543551245 s | Acids and Bases=e3



The adjacent figure represents an acid-base titration curve. Note the relationship between

the volume of acid added and the pH values, then answer the questions. (120-122)

A

120) What is the pH value of the equivalence point 14—
12—
in this titration? 100 T
pll 5. N
a.9.5 b.1 & _ I
c. 11 d.5.5 o -
T J i T T
121) How can the relationship between the neutralization o _20 204829
acid volume (mL)

point and the equivalence point be described in this titration?
a. equivalence point = neutralization point
b. equivalence point > neutralization point
c. equivalence point < neutralization point

122) Which of the following indicators is suitable for this titration?

Indicator Range

methyl red 4.2 - 6.2
phenol red 6.4 - 8.0

a. phenol red

b. phenolphthalein

c. methyl red -
: phenolphthalein | 8 -10

Consider the following table and answer the following questions. (123, 124)

indicator range color
before range in range after range
phenolphthalein 8-10 colorless pink purple
phenol red 6.4—8 yellow light yellow pink
bromophenol blue 3 —-4.6 vellow pink purple

123) What is the appropriate indicator to titrate CH;COOH with the base NaOH?

a. phenol red b. phenolphthalein c. bromophenol blue

124) What is the pH value of a solution that gives a purple color with bromophenol blue

indicator and a yellow color with phenol red indicator?

a. 4.6 b. 6.4 c. 5.5 d. 7.5

A 0543551245 51 | Acids and Bases®eR




Study the titration curve and answer the following questions. (125-129)

125) What does the symbol (B) on the curve represent?
a. neutralization point

b. end-point

{ KT (RO O [ OO (O SO O |

c. equivalence point

126) What is the nature of substance at (C)? T e TR

base volume (mL)
a.'strong base b. weak base d. weak acid

127) What is the expected pH value of a salt solution at its equivalence point?
a. 14 b.7 c.3 d. 9

128) Which of these pairs of solutions does the titration curve apply to?
a. CH:COOH, NH,OH b. HCI, NaOH
c¢. HC1, NH,OH d. CH;COOH, NaOH

129) Which of the following indicators is suitable for this titration?

a. bromothymol blue Indicator Range

methyl orange 3.1-44
bromothymol blue | 6.2 — 7.6
phenolphthalein 8-10

b. phenolphthalein

c. methyl orange

Consider the following table and answer the following questions. (130, 131)

indicator range acid color | range color | base color
phenolphthalein 8§—-10 colorless licht pink pink
bromophenol blue 3—-4.6 vellow light pink purple
bromothymol blue | 6.2 —7.6 vellow licht green purple

130) What is the appropriate indicator to titrate HBr with KOH?
a. bromothymol blue b. phenolphthalein c¢. bromophenol blue

131) What is the pH value of a solution that gives a purple color with bromophenol blue

indicator and is colorless with phenolphthalein indicator?

a. 6.3 b. 2.5 c. 8.7 d. 9.6
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First, you must write a balanced chemical equation between the acid and the base to
determine the molar ratio.

1) Calculate the number of 2) Calculate the number of moles of the unknown
moles of the substance of (for the unknown).
known concentration (for

unknown mol
given mol

the given). [ H=MXV J given mol X

3) Calculate molarity or volume (for the unknown). [ M =§ ][ V= % J

M xXV . M xV

quantity
unit
symbol meaning
M molarity M or (mol/L)
A% volume L
n mol number mol

Acid-base ratios in titration

HCl(aq) + NaOH(aq) — NaCl(aq) + H:0(

1 mol 1 mol

2HCl@g + Mg(OH)2 a9 — MgCl: g + 2H20q

2 mol 1 mol
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132)If 44 mL of a 0.1 M KOH solution is needed for an equation of 20 mL of nitric acid

HNO:s, what is the molarity of the acid solution?

a.0.11 M HNO:; KOH
b;0.22 M M= M=
c.0.02 M V= =
d.1.14 M n= n=

133)In an acid-base titration 46 mL of a sulfuric acid solution is titrated to the endpoint

of 74 mL of a 0.4 M NaOH solution, what is the molarity of the H>SOy solution?

a. 0.08 M H,SO, NaOH
b.0.64/M M = M =
c.0.16 M V= V=
d.0.32 M n= n=

134) How many milliliters (volume) of 0.5 M NaOH equal 25 mL of 0.1 M H3;PO4?

a- 15 mL H;PO, NaOH
b. 45 mL M = M =

c. S mL V = =

d. 30 mL n= n=

135)How many milliliters of 0.225 M HCI are needed to titrate 6.0 gin 1 L. of KOH?

(KOH = 56 g/mol)

HCI KOH

a. 952 mL

M= M=
b. 238 mL

V —_ —_
c. 476 mL

n= n=
d. 1904 mL
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136)In a titration it was found that 25 mL of Ba(OH): solution equilibrated with 10 mL

of 0.066 M HCI solution to reach the equivalence point. What is the base
concentration in g/L.. (Ba(OH): =171 g/mol)

a.4.51,g/L HCl Ba(OH);
b. 1.54x10™ g/L M = M =

¢.2.26 g/L V= V=
d.7.72%1075 g/L n n=

137)If S0 mL of 0.6 M HCl is needed to neutralize 25 mL of NH4OH ammonia solution

used for household cleaning. What is the concentration of ammonia solution?

a.24M HCI NH.,OH
b.1.2 M M= M=

c.3.6 M V= V=

d. 0.6 M n= n=

138) A volume of 18.5 mL of a standard solution of 0.1 M NaOH is required to equalize
25 mL of the HCOOH acid solution. What is the molarity of methanoic acid?

a. 0.296 M HCOOH NaOH
b. 0.025 M M= M=
c.0.222 M V= V=

d. 0.074 M n= n=

139)For a titration of 118 mL of a H3POy4 acid solution, a volume of 114 mL of a 0.8 M

NaOH solution is needed, what is the concentration of the acid?

a.0.26 M H;PO, NaOH
b.0.77 M M = M =

c. 0.086 M V= V=
d.1.04 M n= n=

0548551245 [ s
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140)I1f 30 mL of 0.1 M NaOH is required to titrate 25 mL of HBr what is the molarity of
the acid when the equivalence point is reached?

a.1.2 M HBr NaOH
b.0.12 M M= M=
c.24M V= V=

d. 0.6 M n= n=

141)In a titration experiment, a sample of 0.2 M NaOH solution needed 20 mL of
0.15 M acetic acid CH3COOH solution, what was the volume of the NaOH sample?

CH:COOH NaOH
b. 60 mL M = M =
c.'15SmL V= =
d. 30 mL n= n=

142)In a titration, 25 mL of 0.02 M H,SOs solution was added to 100 mL of NaOH
solution of unknown concentration to reach the equivalence point. What is the
molarity of a basic solution?

a. 1.0 M H,SO, NaOH
b.2.0 M M = M =
c.0.02 M V= .l

d. 0.01 M n= n=

143) Calculate the molarity of a solution of HCI, if you know that 15 mL of HCl is
equivalent to 20 mL of a 1.5x1072 M solution of Ca(OH),?

a.0.04 M HCI1 Ca(OH)z
b. 0.08 M M = M =
c. 0.02 M V= —
d.0.01 M n= n=
140 b 141 c 142 d 143 a
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Salt Hydrolysis

Hydrolysis
] i |
dissociated salt cations donate dissociated salt anions accept
hydrogen ions H* to water hydrogen ions H from water
'an £\
XH" o) + Hy0p 2 X @ Yag t H,0 @ HY +
| |
hydrolysis of the cation hydrolysis of the anion
(produces an acidic solution) (produces basic solution)
Why does hydrolysis happen to weak Because the ionization is incomplete,
acids and weak bases? and the reaction is reversible.
cation (+) is added to anion (-) is added to
ﬁ To find out the acid and base
that make up the salt

2 -

We get the base We get the acid

Salts that produce basic solutions

" R

Potassium fluoride KF dissociates into K*, F~ ions in water. ]

[ KFs — K'ag + Fag ]

r N
K" does not — result from result from — F~ reacts
react with water strong base KOH weak acid HF | with water
\ J

F g + H2Og 2 HF ) + OH ()

It produces OH™ ions, making the solution basic.
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Salts that produce acidic solutions

Ammonium chloride NH4Cl dissociates into NHy", CI” ions in water

NH4Cl) — NHy"ag) + Clag)

(

NH4" reacts

with

water

k=

7

CI does not
react with water

result from weak result from

base NH;OH

[

strong acid HCI

"

J
—

NHi g + H200) 2 NH3saq + HzO g

H:;O" ions are produced, making the solution acidic.

Salts that produce neutral solutions

Sodium nitrate NaNO3 decomposes into Na*, NOs™ ions in water

NaNOsi) — Na'ug + NOs g

4.1

Na™ does 4 NO:;™ does
not react K= result from strong result from not react
. base NaOH strong acid HNOs; .
with water ¢ with water

o
«

)

Little or no hydrolysis of this salt occurs.

The resulting salt solution is neutral.

[
L

. r R
strong weak acidic neutral basic weak
acid acid salt salt salt base
& - J
4 . >
——
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144) Complete the table by writing the type of acid and base in terms of strength or

weakness when the salt dissolves in water.

What is the type of salt (acidic, basic, or neutral).

Acid (H") Base (OH")
Salt Tons Salt type
formula strengh formula strengh
H+ CI- Na' + OH-
NaCl Na', CI”
HCI NaOH
H™+ S* Ca® + OH”
CaS Ca’, S*
H»S Ca(OH):
H™+ NOs~ NHy + OH™
NH4N03 1qH4Jr s NOS_
HNO; NH4sOH
H™+ HCOs~ K+ OH”
KHCO3 K, HCO;"
H:COs; KOH
H™+ Br~ NHs + OH™
NH4Br NHy , Br-
HBr NH,OH
H*+ SO4* K + OH"-
K>SO K, SO
H>SO, KOH

145) Which of the following ions undergoes hydrolysis in aqueous solution?
a. POy~
b. NOs™
c. SO4*

d. K*
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146) What kind of reaction takes place in an aqueous solution when a salt of a weak acid
and a strong base is dissolved?

a. hydrolysis of water
b. hydrolysis of cation
c. hydrolysis of anion
d. hydrolysis of cation and anion
147) Which of the following salts undergoes hydrolysis for the cation only?
a. CH;COONH,
b. CH;:COOK
c. (NH4)2S04
d. Na,SOq4
148) Which of the following solutions of salts does not hydrate any of the ions?
a. KF
b. Na,S
c. NH4Br
d.Na,S0O,
149) Which of the following solutions of salts has a basic effect?
a. NaCl
b.Na;COs
c. KNO3
d. K>SOy

150) Which of the following solutions of salts does not have a pH value of 7?
a. LINOs

b. KClO,
c¢. NaCl

d. NH4Cl1
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151) Which of the following equations describes the hydrolysis of NH4NO3; in water?

a. NHy* o + H2Oq 2 NHiag) + H3sO%ag)
b. NHy ag + H2O0q) 2 NHs*"aq) + OH (ag)
¢..NOs gy + HiOn 1 2 HNO3iag + H30 wg)
d. NOs g + H20q 2 HNOs3ag + OH (g
152) Which of the following equations describes the hydrolysis of CaCOj; in water?
a. Ca¥,q'+ H20q '2 'Ca(OH)2aq + H30% g
b. Ca’ aq) + H20qy 2 Ca(OH)zq + OH g
¢. CO:¥ g + H:0g 2 HCO: g + HiO g
d. CO3 aq) + H20q) 2 HCOs3 gy + OH gy
153) Which of the following salt solutions does not hydrate in water?
a. (NH4).SOq4
b. K>SO,
c. K:COs
d. NaCOs
154) What is the pH value and type of solution produced by titrating NH4OH with HBr?
a. pH > 7, the salt solution is acidic
b.pH > 7, the salt solutionis basic
c. pH <7, the salt solution is acidic

d. pH <7, the salt solution is basic

A 0543551245 @ | Acids and Bases®a3



Chemistry & 19 Advanced %3 Mr. Hesham Eltoukhy

Part Two (Questions with answers)

Additional questions on each section with answers at the

end of each section.
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Self-1tonization of The reaction between water molecules to produce a hydronium 1on
water H;0O" and hydroxide ion OH™

Hydronium ion A hydrogen 1on bound to a water molecule by a covalent bond.
Arrhenius acid A substance containing hydrogen that 1onizes in aqueous solutions to

produce the hydrogen ion H™.

Arrhenius base A substance that contains a hydroxide group and dissociates in aqueous
solutions to produce a hydroxide 1on.

Bronsted-Lowry acid A hydrogen 1on donor.
Bronsted-LLowry base = A hydrogen 1on acceptor.

Conjugate acid The chemical compound that 1s produced when a base accepts a
hydrogen 1on from an acid.

Conjugate base The chemical compound that is produced when an acid donates a
hydrogen 1on.

Conjugate pair Two substances linked together by donating and accepting a single
hydrogen 1on.

Amphoteric substance A substance that can behave like an acid and a base.

Monoprotic acid An acid containing one hydrogen atom that can be 1onized.

Polyprotic acid An acid that contains more than one hydrogen atom that can be 1onized.
Diprotic acid An acid containing two hydrogen atoms that can be 1onized.

Triprotic acid An acid containing three hydrogen atoms that can be 1onized.

Lewis acid An electron pair acceptor.

Lewis base An electron pair donor.

Acidic solutions Solutions produced when nonmetallic oxides dissolve in water.

Basic solutions Solutions produced when metal oxides dissolve in water.
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Why are many Lewis acids and
bases not classified as Arrhenius or
Bronsted-LLowry acids and bases?

Compare the physical and chemical
properties of acids and bases.

Interpret the meaning of the relative
sizes of the two shaded areas to the
right of the dark vertical line in the
acid-base figure.

How does the definition of a Lewis
acid differ from the definition of a
Bronsted-Lowry acid?

Is 1t possible for an Arrhenius acid
to not be a Bronsted-Lowry acid? Is
1t possible for an acid according to
the Bronsted-Lowry model not to be
an Arrhenius acid? Is 1t possible for
a Lewis acid to be classified neither
as an Arrhenius acid nor as a
Bronsted-Lowry acid? Explain and
give examples.

Discuss the statement (A substance
whose chemical formula contains
hydroxide should be considered a
base).

What factors determine whether a
molecule 1s polar or nonpolar?

Lewis acid: acceptor of a pair of electrons. Lewis
base: donor of a pair of electrons. Lewis acid does not
contain a hydrogen 1on or a hydroxide 1on (so 1t 1s not
an Arrhenius acid or base). A Lewis acid does not
contain a hydrogen 1on to give it away (so it 1s not
Bronsted-Lowry acid), but all Lewis bases are
Breonsted-Lowry bases because they are able to accept
a hydrogen ion.

Physical properties: Acids have an acidic taste and
conduct electricity, while bases have a bitter taste and
are slippery to the touch and conduct electricity.
Chemical properties: Acids react with metals to
produce hydrogen gas, turning the color of litmus red,
and bases turning the color of litmus to blue.

The larger area at the bottom means that in basic
solutions the concentration of hydroxide 1ons 1s
greater than the concentration of hydrogen ions in the
smaller area at the top.

Lewsis acid: a substance that accepts a pair of
electrons, Brensted-L.owry acid: a hydrogen 1on
donor.

All Arrhenius acids are also Brensted-Lowry acids,
and most Brensted-L.owry acids are Arrhenius acids
when they are 1n aqueous solution. Examples include:
HCI1, H>SO4, H5sPO,4. Lewis acids are acceptors of
electron pairs. Since the hydrogen 1on accepts a pair
of electrons, all Arrhenius and Bronsted-Lowry acids
are also Lewis acids, and some Lewis acids are not

Arrhenius acids and are not Bronsted-Lowry acids,
such as BF;.

Incorrect. If the substance disintegrates or reacts with
water to produce hydroxide 1ons in the solution, it 1s
considered a base. However, there are substances such
as organic acids that contain hydroxyl groups attached
so that they give off hydrogen ions in the water,
producing acidic solutions.

The existence of a covalent bond between two
nonmetallic atoms with a difference in
electronegativity.
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Multiple choice questions

1) Where is acetic acid found in large quantities?

a. lemon b. vinegar c..apples d. spoiled milk
2) What is the texture feeling of the bases?

a. rough b. dry c. wet d. slippery
3) Which of the following is a property of aqueous solutions of bases?

a. conducts electricity b. produces CO: gas when it reacts with carbonates

c. has a sour taste d. turns litmus paper to the red color
4) Which of the following produces H> gas when it reacts with acids?

a. Nonmetals b. Metalloids

c. Active metals d. Inactive metals
5) What element reacts with HCI to produce H; gas?

a. copper b. silver

c. gold d. zinc

6) Which of these properties are suitable for distinguishing between solutions of acids

and bases in the scientific laboratory in a safe way?

a. Taking bases as antacids

b. Taste: acid has a sour taste and base has a bitter taste
c. To the touch, the base has a slippery feel

d. Changing litmus paper color

7) What explains the occurrence of bubbles when an acetic acid solution is added to

sodium hydrogen carbonate?
a. Oz production b. Nz production

c. COz production d. Hz) production
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8) Which of the following does not result from the reaction of an acid with carbonate?

a. salt b. water
c. carbon dioxide d. oxygen

9) Why are many compounds containing one or more hydrogen atoms not classified as

Arrhenius acids?
a. Arrhenius acids are hydrogen ion donors
b. Arrhenius acids are hydrogen ion acceptors
c. Arrhenius acids are a substance that accepts a pair of electrons
d. Arrhenius acids are substances that have one or more hydrogen atoms can be ionized
10) Which of the following statements is incorrect regarding Arrhenius acids?
a. Increases the concentration of OH™ in the aqueous solution
b. Molecular compounds containing hydrogen atoms that can be ionized
c.'’Aqueous solutions conduct electricity
d. Increases the concentration of H+ in aqueous solutions
11) Which of the following statements is incorrect regarding Arrhenius bases?
a. Some of them are ionic hydroxides
b. Increases the concentration of H" in the aqueous solution
c. Its solutions conduct electric current
d. Dissociate in solution to give hydroxide ions
12) Which definition of acids and bases focuses on the role of protons?
a. Brensted-Lowry
b. Lewis
c. Arrhenius

d. Faraday
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13) Which of the following describes a Bronsted-Lowry acid?

a. electron pair acceptor b. proton acceptor
c. electron pair donor d. proton donor
14) What does H20 represent in the equation: H>Oq) +~ NH3q) 2 NHa' (ag) + OH_(aq)?
a. Bronsted-Lowry acid
b. Arrhenius acid
c.'Bronsted-Lowry base
d. Lewis base
15) Which substance in the equation is a Bronsted-Lowry acid?
HClg + H200) 2 H30%ag + Cl g
a. H:O b. HCI
c. CI” d. There is no acid in the above
16) Which acid-base theory is concerned with conjugate acids and bases?
a. Arrhenius b. Lewis
c. Bronsted-Lowry d. None of the choices

17) How many conjugate (acid-base) pairs participate in a Broensted-Lowry acid-base

reaction?
a.( b.1
c.2 d. 4

18) Which of the following describes the acid in the acid-base conjugate pair?
a. An acid has one more proton than a base
b. An acid has one less proton than a base
c. An acid has two fewer protons than a base

d. The number of protons in the acid is equal to the number of protons in the base
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19) What is the conjugate acid-base pairs in the following equation?

HCOOH(aq) + HZO(]) (_—) HCOO_(aq) + H30+(aq)
a. (HCOOH, HCOOH), (HO, H,0) b. (HCOOH, H,0), (HCOO", H;0")

c.(HCOOH, HCOO"), (H;0, HiO}) d./(H,0, HCOO"), (HCOOH, HiO%)

20) What is the conjugate acid-base pairs in the following equation?
NHsag +H200 2 NHy' g + OH7ag)
a. (NHs, OH"), (H,O, NHy") b. (NHs, NH4"), (H.0, OH)

c. (OH-, OH"), (NH3, NH4+Y) d. (NH3z, H.0), (NHs*, OH")

21) What is the conjugate acid-base pairs in the following equation?
H3POuug + H20 @ H2POs g+ H3sO g
a. (HsPO4, H3:PO4), (H:PO4~, H2PO4") b. (H3:PO4, H20), (H:PO4~, H:0")

c. (H;PO4, H;0"), (H20, H:PO4) d. (H.PO4, H;PO,), (H.0, H;0")

22) What is the conjugate acid-base pairs in the following equation?
HCOs g + H200) @ CO3* (aq) + H3iO%(aq)
a. (HCOs~, CO:), (H20, H3:0") b. (HNO:z, H:O0"), (COs™, H.0)

c. (H;0", CO3*), (H20, HCO3)) d. (HCO;~, HCO3"), (COs™, H20)

23) What is the conjugate acid-base pairs in the following equation?
HNOz@q) + H20q) @ NO2 aq) + HiO%ag)
a. (HNO;z, NO72"), (H20, H30+) b. (HNO2, H>0), (NO:~, H30+)

c. (HNO;, HNO»), (NO;7, NO2) d. (HNO2, H;0"), (H:0, NOy))
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24) How do conjugate acid-base pairs differ from each other?

a. water molecule b. proton
c. hydroxide ion d. hydronium ion
25) Which of the following pairs is considered a conjugate pair?
a.OH7/ H" b. H:SO4/ SO4*~
c. NHy"/ NH2~ d. HCV CI
26) What is the conjugate acid-base pairs in the following equation?
HF ag) + H200) 2 H30%ag) + F ag)
a. HF/ F~ b. HF/ H,O
c. H;O"/'HF d. H-O/'F~

27) Which of the following statements is correct for the reaction?

HF aq) + HPO4*“ag) — Faq) + H2PO4(ag)
a. HF is the base
b. HPO4* is an acid
c. F is the conjugate base
d. H:PO4™ is the conjugate base
28) Which of the following substances is a diprotic acid?
a. KOH b. H>SO4
c¢. HCOOH d. Ca(OH):
29) Which of the following substances is a triprotic acid?
a. HaS b. CH3;COOH
c. H;POy d. H>CO;

30) Which of the following formulas represents an acid containing one ionizable
hydrogen atom?

a. CH:COOH b. H>SO4

c. KOH d. H;POq
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31) Which of the following substances is a polyprotic acid
a. HNO:; b. H>SeO3
c. CH:COOH d. HCI1O4
32) How many steps are there in the ionization of sulfuric acid H>SO4?
a. 4 b. 1
c.2 d.3

33) How many ionizable hydrogen atoms are in the following compound?

a.3 b. 2 H
,5:-0
c. 4 d.1 H=C—Cs &
H O —H
34) How many ionizable hydrogen atoms are in the following compound?
H
a. 1 b. 3 " "
c. 0 d:6 H- “H
H
35) Based on your knowledge of the ionizable hydrogen in
the acetic acid molecule CH;COOH, predict how many H |
H C—OH
ionizable hydrogen atoms in salicylic acid are likely to be?
H OH
a. 1 b. 6 H

c.2 d. 4

36) Which of the following is an amphoteric substance?
a. H>SOq b. SO+~
c. H' d. HSO4

37) Which of the following is an amphoteric substance?
a. H;PO, b. H*

c. HPO4*~ d. PO4~
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38) Which of the following is an amphoteric substance

a. H,O b. H;O"
c. H* d. O*
39) Which of the following is not amphoteric substance?
a. HCOs™ b. H;O"
c. OH™ d. H:0
40) Which of the following substances is a Lewis acid?
a. BF; b. F~
c. Br~ d. NH;
41) Which of the following substances is a Lewis base?
a. H' b. BFs
c. SO; d. NH;
42) What does ammonia do when it donates a pair of electrons?
a. Brensted-Lowry base b. Lewis acid
c. Lewis base d. Arrhenius acid
43) What does Ag” represent in the reaction: Ag g + 2NHsug — [Ag(NH3)2] ag?
a. Lewis acid b. Bronsted-Lowry base
c. Lewis base d. Brensted-Lowry acid
44) What does H2O represent in the reaction: Ni*"q) + nH20q) — [Ni(H20)n]* ag?
a. Brensted-Lowry acid b. Lewis base
c.;.Brensted-Lowry base d. Lewis acid

45) Which of the following statements agrees with the concept of the Bronsted-Lowry

base?
a. electron pair acceptor b. proton donor
c. electron pair donor d. proton acceptor
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46) What does CH3NH; represent in the reaction?

CH:NH:@q) + H:Og) 2 CH3NHs" ag) + OH (ag)
a. Brensted-Lowry acid b. Bronsted-Lowry base
c. Arrhenius acid d. Lewis acid
47) What does H" represent in the reaction: H".q) + H2Oq) — H30(agy?
a. electron pair acceptor b. electron pair donor
c.'hydroxide ion producer d. proton acceptor
48) What does O”" represent in the reaction: SOs) + O™ ) — SO+ " ag)?
a. Arrhenius base b. Arrhenius acid
c. Lewis base d. Lewis acid
49) Which of the following is not a definition of a base in acid-base models?
a. electron pair donor b. proton acceptor
c. OH™ ion producer d. proton acceptor
50) Which of the following statements is true regarding the reaction?
NHsaq) + H2Op 2@ NHy"@aq) + OH g
a. NHs is an Arrhenius base
b. NHs receives an electron pair from H:O
c. H>O is a Brensted-Lowry acid
d. H2O receives an H" ion in the forward reaction

51) What gas is produced during the reaction of sodium hydrogen carbonate with an

aqueous solution of acetic acid?
a. N b. CO;

c. H2 d. O2
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Answer Key
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Section (2) Practices

Strong acids Acids that 1onize completely, produce the largest number of 1ons, and
are good conductors of electricity.

Weak acids Acids partially 1onize, produce few 1ons, and are poor conductors of
electricity.

Acid 1onization constant Equilibrium constant expression for ionization ot a weak acid.

Strong bases The base that completely dissociates to produce metal 1ons and
hydroxide ions (OH).

Weak Bases A base that partially ionizes in aqueous solutions.

Base ionization constant = Equilibrium constant expression for weak base 1onization.

Essay Questions

By experiment: Comparing the

How do you compare the strengths of two weak conductivity ability of equal
1 acids experimentally? How do you do this using a concentration solutions of the two
table or guidebook? acids, using a table: Comparing the

1onization constant for each

) ) The cup 1s on the left, because
Which of the two beakers contains

2 the 0.1M hypochlorous acid

solution? Explain your answer.

hypochlorous acid is weak and

partially 1onizes in water, and

its electrical conductivity 1s low.

The weak base ZaH, reacts with water to give a

solution with a concentration of OH™ ions in 1t equal [ZaH][OH]
K, =228 1108 |
to 2.68x10™* M and the chemical equation for the ’ [ZaH,]

3 .. N . . (2.68x10™%)2
reaction 1s: ZaH>uq + HoOg) @ ZaHz o) T OH (o 1f = (0.0997— 2.68x10-1)
[ZaH:] At equilibrium 0.0997 mol/L, what 1s the =722 x 1077
value of Kb for ZaH,?
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A diluted solution of a strong acid is
prepared by dissolving a small

Choose a strong acid and explain how you would amount of a strong acid 1n a large

prepare a dilute solution of the acid. Choose a weak = amount of water. A concentrated

acid and explain how you would prepare a solution of a weak acid 1s prepared

concentrated solution of the acid. by dissolving a large amount of a
weak acid in a small amount of
water.

Strontium hydroxide 1s used 1n refining beet sugar.

An amount of 4.1 g of strontium hydroxide can All the Sr(OH); dissolved in water

5 dissolve in 1L of water at 273 K, considering that the = dissociates to form Sr** and OH™
solubility 1s very low. Explain why strontium 101S.

hydroxide 1s a strong base?

Multiple choice questions

1) Why are two opposite arrows used in ionization equations for some acids?

a. the acid solution is weak
b. acid solution exists in the form of ions only
c. acid solution is a good conductor of electricity
d. acid solution is completely ionized
2) What substance completely ionizes in aqueous solutions and produces H;O"?
a. strong base b. weak base
c. strong acid d. weak acid

3) Whatis in a dilute aqueous solution of a weak acid?

@ @ ®

Hydronium ions Acid anions Acid molecules

a. (@) and @) only b. (D) and 3) only
¢. @) and (@) only d.() and @) and 3
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4) Which of the following is a strong base?

a. ammonia b. aniline
c. sodium hydroxide d. acetic acid
S) Which of the following describes group 1 metal hydroxides?
a. They are all weak bases b. They are all strong bases
c. They are all acids d. They may be strong or weak bases
6) Which of the following solutions of acids or bases is a good conductor of electricity?
a. HF b. KOH
c. HCN d. NHsOH
7) Which of the following solutions of acids or bases is a weak conductor of electricity?
a. NH;OH b. HCI1

C. Ca(OH)z d. H.SO4

8) Which of the following substances completely ionizes in the following solutions and
produces hydronium ions, H:O™?

a. (D) and @) only @ HCl
b. (@) and (3) only @ HC:H50:
H.SO
c. @ and @ only @ 2504
@ HCIO
d. @ and 2) and (@) only

9) What is the expression for the acid ionization constant for the equation below?

HNOzq) + H200 2 H30ag) + NO2 (ag)

_ [H307][NO,]

a. Ka - [HNOZ]
_  [HNOg]
b- Ka = i 07No, T
e. K, = [H30%][NOy7]
[HNO2|[H2 O]
d. K, = [HNO, |[H, O]

[H30%][NO; ]
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10) What is the relationship between K¢q and K,?

a. Keq = Ka
b. Keq =Ka [H30+]
C. Ka S5 Keq [HzO]

d. K, = H:2"1
K

eq
11) What is the expression for the base ionization constant for the equation below?
CsH7NHzaq + H2O0g 2 C3H7NH3+(aq) + OH (ag

|C3H,NH3* |[OH]

a. Ky = TR
b. Ky = [CBI[*CZI\;E?}E(])H-]
c- Ko = (e,
g TRC 1A TEs BN

[C3H;NH3 |[OH]

12) Which of the following represents the chemical equation and K, expression for the

ionization of hexylamine in water?

choice The chemical equation Ky

a. . _ B _ _ [CeH13NH3 [[OH]
CsH1sNHzaq + H20g) 2 CsHisNH3 aq) + OH (ag) Ky C.H.2NH, |[H,0]

L 111 1 bi - [CeH{3NH7|[OH™]
CsHisNHzag) + H20q = CsHisNHs ag) + OH ag) Ky = [CoH 1sNH, |[F0]

CeH13NH3 |[OH]
[C¢H13NH2]

¢ | CeH1sNHaaq + H200 — CsHisNHs g + OH e | Ko =

d. [CeH{3NHS |[0H]

CcHisNHzaq + H2O0 2 CsHisNH: aq) + OH (ag Ky = 7
[CeH13NH;]
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13) Which of the following statements is correct regarding the reaction below?
CH:NHaq) + H2Og 2 CH3NH; (aq) + OH (ag)
a. The base CH:sNH: is weak and the conjugate base OH™ is strong
b. The base CH:NH; is strong and the conjugate base OHT is weak
c. The OH™ ion has a lower attraction to the H" ion than does the CH:NH: molecule

d. The equilibrium shifts far to the right

[ Answer Key
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Section (3) Practices

Self-ionization of water = Pure water contains equal concentrations of H™ and OH™ ions.

Expression of the equilibrium constant for selt-ionization of water or

Water ionizati i i 1de 1
atet tonization the product of the concentrations of hydrogen 1ons and hydroxide 1ons

constant in dilute aqueous solutions.
pH Negative logarithm of hydrogen 1on concentration.
pOH Negative logarithm of the hydroxide 1on concentration.
Why 1s the pH of an acidic solution always a Because the sum of pH and pOH 1s 14,
I  smaller number than the pOH of the same if the solution 1s acidic, the pH 1s <7,
solution? and therefore pOH 1s >7

What information is required to calculate K, fora  pH or [H+] and the initial concentration
weak acid? of the acid.

Use the water 1onization constant at 298 K to
3 explain why any solution with a pH of 3.0 must pOH=11,pH+pOH=14, pH=3
have a pOH of 11.0

Multiple choice questions

1) What is the sum of pH and pOH of a solution at 25°C?

a. 7 b. 1077
c. 14 d.10™#

2) What is the product of [H"] and [OH™] of pure water at 25°C?
a. 1077 b. 107

c. 10 d.10™
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3)

4)

6)

7)

8)

9)
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Which of the following equations represents the Self-ionization equation of water?
a. 2H:0() & 2Hz) + Oz

b. H:2O 2 H'ag) + OH (ag)

c. H2 O 2 Hoag +1OH g

d. H:0g) 2 H ag) + OH(ag)

What factor affects the value of the water ionization constant Ky?

a. Pressure b.OH" concentration

c. H concentration d. Temperature

What is the relationship between pOH and [OHT] in the solution?

a. pOH =log [OH™] b. pOH =-log [OHT]

c. pOH =log [H'] d. pOH =—log [H']

What is the pH of a solution if the hydrogen ion concentration is 8.26 x 107> M?
a. 2.16 b. 4.08

c.3.91 d. 8.02

What is the hydrogen ion concentration (M) in a solution with a pH of 7.3?

a. 1.4 x 107 b.3.8 x 1078

c.5.0 x107® d.7.1x10°°

What is the concentration of hydrogen ions (M) in a solution with pOH of 12.4?
a.2.5 x 1072 b. 4.4 x 1072

c. 8.9x 1072 d. 1.0 x 10

What is the pH of a 10~ M HCI solution?

a. 4

b. 6

c. 8

d. 10
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10) What is the pH of a 10 M KOH solution?

a.3
b. 5
c.9
d. 11
11) What is the value of the ionization constant of water at 25 °C?
a. 554 b. 0
c. 107 d.10™
12) What is the value of the ionization constant of water at a temperature of 50 °C?
a. 1 x10™ b.5.3 x 1074
c. 1.2 x1071° d.3 <107
13) What happens when the water temperature increases?
a. pH value remains constant
b. pOH value remains constant
¢. [H'] ions decrease
d. The value of Kw increases

14) If the Ky value of pure water is 2.92 x 107'° at 10 °C, what are the [H'] and pH

values of pure water at 10 °C?

choice [HT] pH
a. 5.4x108M 7.26
b. 1.7 %1077 M 7.26
c. 5.4 <108 M 6.76
d. 1.7x 107" M 6.76
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15) If the K value of pure water is 2.92 x 107'* at 40 °C, what are the [H'] and pH

values of pure water at 40 °C?

choice [H'] pH
a. 1.7. %3077 M 7.26
b. 54x10*M 6.76
c. 1.7 x 107" M 6.76
d. 5.4 x107°* M 7.26

16) How does the pH value of pure water change when the temperature increases?
a.'decreases b.increases
c. does not change d. cannot be determined

17) Arrange the solutions of acids in the corresponding table according to the increase

in the concentration of H ions?

Solution pH
a. least: CH;COOH — HF — HNO;s; — HCI greatest
’ HCl 1
b. least: HNO3; — HCl — CH3:COOH — HF greatest HF 71
c. least: HF — CH;COOH — HCI — HNO; greatest CH;COOH | 24
. HNO: 1.3
d. least: HC1 — HNO;3; — HF — CH3COOH greatest

18) Which of the following values represents an acidic solution?
a.pH=10
b, pOH =10
c. [ H'1=10"%M

d.[OH ]=10°M
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19) Which of the following relationships indicates an aqueous solution with a pH > 7?

a. [H'] =[OH ]
b. [H] > [OH |
c. [HT]|<[OH ]
d. pOH =11
20) What solution has a pOH of 12?
a.[H]=10"2M
b.[OH |=12M
c. [OH 1=10>*M
d. [HT=10>M
21) What is the pOH value of 0.0375 M hydrogen bromide (HBr) at 25°C?
a. 12.57
b. 12.27
c. 1.73

d. 1.43

22) Which of the following solutions represents an acidic solution at 25 °C?

a.pH=6
b. pOH =5
c. [ H]=10"®

d. [OH] =107
23) Which of the following solutions represents a basic solution at 25 °C?
a.pH=3
b. pOH =12
c. pOH =S5

d.pH =4
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24) Which of the following solutions represents a basic solution at 25 °C?

a. [H]=10"M
b. [H =102 M
¢. [OH ] =107 M
d.[OH]|=10°*M
25) Which of the following solutions has the greatest pH value at 25 °C?
a./0.1' M-HC1
b. 0.1 M NaOH
c. 0.5 M HNO:;
d. 0.005S M Ca(OH):
26) Which of the following solutions has the least pH value at 25 °C?
a.pH=S§
b. pOH =10
c. [H']=1x102M
d. [OH]=1x10*M
27) Which of the following solutions has the greatest H" concentration at 25 °C?
a.pH=4
b. pOH =8
c. [OH]=1x10"M
d. [H]=1x10" M
28) Which of the following solutions has the least H" concentration at 25 °C?
a.pH=8
b.pH=10
c. pOH=10

d.pOH =5
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29) Which of the following solutions has the greatest pOH value at 25 °C?

a. KOH (0.1 M)
b. NH4OH, [H]=10""M
c. Ba(OH)2:(0.005 M)
d. CH:COOH, [H'|=10" M
30) Which of the following solutions has the least pOH value at 25 °C?
a. [HY' =1%x10*M
b. [OHT] = 1x1072 M
c. [H']=1x10%* M
d. [OHT=1x10"M
31) Which solution of the following acids has the least [H'] at ionization at 25 °C?
a. K. =1.8 x 10° CH;COOH
b. K.=6.2 x 1071 HCN
c. K. =4.5 x 10 HCOOH
d. K.=7.2 x10"* HF
32) Which of the following solutions has the greatest pOH value at 25°C?
a.[OH1=10"M
b.pOH = 10.5
c. [H]=10"2M
d.pH=7
33) Which of the following solutions has the greatest pH value at 25°C?
a. [OH]=10" M
b. pOH = 10.5
c. [ H']=102"M

d.pH="7
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34) Which of the following relationships describe a neutral solution at 25 °C?

a. [H'] <[OHT]

b. [OHT] < [H']

c..[H]=7

d. [OH] = [H]

35) Which of the following relationships describe a basic solution at 25 °C?

a. [H < [OH]

b. [OHT] < [H']

c¢. OH1=0M

d. [OH][H']=14

36) What is the relationship between the concentrations of both OH™ and H" ions in an

aqueous solution with pH = 1.5?
a. [Hf]'=[OH]
b. [H] > [OH ]
c. [H'] <[OH ]
d. [ H'][OH | =7
37) What is the nature of the solution in which [OH | > [H"]|?
a. acidic
b. neutral
c¢. amphoteric
d. basic
38) What is the nature of the solution in which [OH ] is greater than [H']?
a. acidic b. basic

c. neutral d. amphoteric
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39) What is the type of a solution that pH <pOH?

a. acidic

b. basic

c. neutral

d. amphoteric

40) A student measured the pH of four juices and recorded this in the corresponding

table. Which juice type has the greatest OH™ concentration value?

a. orange juice type pH
b. lemon lemon 2
apple 3
¢. apple orange 4
d. banana banana 5

41) The hydrogen ion concentration in pure water is ten times its value in seawater if

pH = 7 for pure water. What is the pH of seawater at 25°C?
a. 0.0
b. 6.0
c. 7.0
d. 8.0

42) If 5.0 mL of 6.0 M HCl is added to 95.0 mL of pure water, the final volume of the
solution will be 100.0 mL. What is the pH value of the solution?

a. 1.52 MxV (before) = MxV (after)

b. 0.3

c.7.9

d. 0.52
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43) Chromic acid H>CrQOy is used as an industrial metal cleaner. What is the K, value

for the second ionization of chromic acid if the pH of a 0.04 M sodium hydrogen

chromate solution is 3.946?
a.3.2 x 1077
b.2.8 x 1073
c.3.2x1073
d.2.8 x1077

44) The electrode of the pH meter is immersed in a solution of 0.2 M monoprotic acid

HA at 303 K. What is the K, value of the acid at 303 K if the pH =3.1?
a.4.0 x 107
b. 3.2 x 107
c. 4.0 x 1076
d.3.2 x107°

45) Calculate the K; of a solution of butanoic acid, C;H;COOH, with a concentration of
0.15S M and pOH =11.18?

a.2.9 x 1072
b.1.5 x 107
c. 4.4 x 107
d.1.0.x 1072
46) Calculate the K, of a solution of 0.0091 M hydrofluoric acid (HF) and pH = 2.68?
HF o @ H'ag) + F g
a.7.6 x 1073
b.9.9 x 10~
c. 6.3 x10™

d. 4.8 x10™
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47) Calculate Ka for a 0.0091 M solution of an unknown acid HX whose pOH is 11.32

a.2.9x 1071
b.5.2 x 1071°
c./6.2 %1074
d.2.5 x10™2
48) In the following equation: CH3NHz@uq) + H200 @ CH3NH: g + OH g,

if [OH7] =3.31x107* M and the concentration of the base solution CH3sNH; is 0.1 M,

what is the value of the base ionization constant K,?
a. 1.09 x 1071°
b.3.31 x1107°
c.3.31 x 1071
d. 1.09 x 107
49) What is the pH value of a solution of 0.2 M hypobromous acid HBrO?

(K. =2.8 x 107)

a.pH =4.748
b. pH =9.251
c. pH=9.375

d. pH = 4.625

50) You have 20 mL of a weak acid solution HX, whose K. is 2.14 x 107° Showing that
the pH of the solution is 3.8, how much distilled water should you add to the solution
to increase the pH to 4.0?

a. 50 mL
b. 20 mL
c. 40 mL

d. 30 mLL
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51) Which of the following describes what happens to a neutral solution when it

becomes more acidic?

choice [H*] pH pOH
a. decrease increase increase
b. increase decrease increase
c. increase decrease decrease
d. decrease increase decrease

52) Which of the following describes what happens to a neutral solution when it

becomes more basic?

choice [HT] pH pOH
a. increase decrease decrease
b. decrease increase decrease
c. increase decrease increase
d. decrease increase increase

53) Hydrogen bromide (HBr) is a strong acid that is highly corrosive. What is the pOH
value of a 0.0375 M HBr solution?

a. 1.42
b. 2.42
c. 11.57
d. 12.57

54) What is the correct ascending order according to pOH value for solutions Z, Y, and

X with the following properties?

a./least: Y — X;— Z greatest solution property
b. least: X — Y — Z greatest X pH =10.5

Y [H]=10"M
c. least: Z — X — Y greatest 7 [OH] = 10° M

d. least: X — Z — Y greatest
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55) How many times is the hydrogen ion concentration [H'] in solution X greater than in

solution Y according to the figure below?

a. 2 times solution X solution Y

b. 10 times pH 0 1 2 3 4 5 6 7 8 9 10 1

¢. 100 times < >

d. 1000 times pOH 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

56) Based on the data in the following table, which of the following statements is correct?

substance household ammonia antacid blood soft drinks

pH 11.3 9.4 7.4 3.0

a. the most basic substance is blood

b. soft drinks have a concentration of H" =4.0 x 10™° M

c. pOH value of household ammeonia is 11.0

d. the basicity of an antacid is 10? times the basicity of blood

57) Use the following table of constants to determine which of the following statements is

correct?

lonization Constants and pH Data for
Several Weak Organic Acids

i pH ot 1.000M

Formic 1.87 1.78 x 10—*
Cyanoacetic ? 3.55x 103
Propanoic 2.43 ?
Lutidinic 1.09 7.08 x 103
Barbituric 2.01 977 x 10—°

a. Formic acid represents the strongest acid among the acids in the table
b. pH value of a 0.4 M solution of cyanoacetic acid = 1.44
c. all acids listed in the table are completely ionized in the water

d. the hydrogen ion concentration of propanoic acid is 7.3 x 10 M
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Section (4) Practices

Glossary
Neutralization A reaction that occurs between an acid and a base in an aqueous solution to
reaction produce a salt and water.
The salt An 10onic compound composed of a base cation and an acid anion.
e A method for determining the concentration of a solution by reacting a
Titration

known volume of that solution with a solution of known concentration.
Titration solution | A solution of known exact concentration that 1s used 1n the titration process.

The pomnt at which moles of H+ 1ons from an acid equal mole of OH™ 10ns

Equivalence point from a base.

Ac1_d—base Chemical dyes whose colors are affected by acidic and basic solutions.
indicators

End point The point at which the color of the indicator used 1n the titration changes.
Hydrolysis The anions of the dissociated salt accept hydrogen 1ons from the water, or

the cations of the dissociated salt donate hydrogen 10ons to the water.

Essay Questions

Why 1s the pure 1onic equation for

e . Each neutralization reaction 1s the reaction of 1 mol
the neutralization reaction of any

1 ity Ao o i) iRey BEse of hydrogen 1on with 1 mol of hydroxide to form 1
always the same and unchanged? mol of water.
The equivalence point is the pH at which moles of H”
5 What 1s the difference between 1ons trom the acid are equal to moles of OH™ 10ns
equivalence point and end point? from the base. The end point 1s the point at which the

color of the indicator used 1n the titration changes.

Place a known volume of CsOH solution 1n a beaker

and add indicator, fill a burette with 0.25 M HNO;

perform a titration using solution and record the init%al burette reading. Then

3 ) slowly add the HNOj; solution to the CsOH solution
0.25 M HNO; to _detenmne t_he until the end point and record the final reading of the
mola_rlty of a cesium hydroxide burette and calculate the volume of HNO; added. Use
solution. the volume and molarity of HNOj; and the volume of

CsOH to calculate the molarity of the CsOH solution.

& 0543551245 Acids and Bases=eB
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When 1s a pH meter likely to be
better than an indicator 1in

determining the endpoint of an acid-

base titration?

When methyl red 1s added to an
aqueous solution, a pink color 1s
produced. When methyl orange 1s

added to the same solution, a yellow

color 1s produced. What 1s the
approximate pH range of the
solution? Use the indicator color

chart.

Multiple choice questions

The pH meter 1s used if there 1s no indicator that
changes its color at or near the equivalence point, or
when no indicator 1s available.

pH approximately between 4.2 and 5.6

1) Which of the following statements is correct according to the titration curve and

indicator table shown below?

Indicator Range
Phenolphthalein 8.2-10.0
Methyl red 4.2 -6.2
Thymophthalein 9.5-10.7

Acid titration

12
10 —
/

8 /|
=
=

(=]

! ]

2 A

4__--/
I
4]

Base volume (mL)

a. The acid is weak and the appropriate indicator to use in this titration is phenolphthalein

b. The acid is strong and the appropriate indicator to use in this titration is methyl red

¢.. The acid is strong and the appropriate indicator to use in this titration is phenolphthalein

d. The acid is weak and the appropriate indicator to use in this titration is thymophthalein

2) When HCI reacts with NaOH at a concentration of 0.1 M, what is the expected pH

symbol for the resulting compound?

o | 1| 2|3 |4]s5 7 | 8|9 |[10]11]12]13]|14
w Z Y X
a. W b.Z
c. X d.Y
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3) One of the learners chose an indicator from Table (B) to use in a titration process

between an acid and a base. He used a pH meter to track the change in the pH value

and recorded the results as in Table (A). Which of Table B
the following statements is correct? e . range
Table A Methyl yellow 29-40
pH | 1]195]2.69]3[3.7]7 103 ] 11 | 11.96 | 12.36 || Bromethymol blue | 6.0 7.6
Methyl orange 3.2-44
a. The acid is weak and the appropriate indicator to use in this titration is methyl orange
b., The acid is strong and the appropriate indicator to use in this titation is methyl yellow
¢. The acid is strong and the appropriate indicator to use in this titration is bromothymol blue
d. The acid is weak and the appropriate indicator to use in this titration is methyl yellow
4) Which of the following statements is correct according to the titration curve and
indicator table shown below? Acid titration
e - |
. 12
Indicator Range 11
10—
9 — v 1
Phenolphthalein | 8.2 - 10.0 . ° Equivalence point
o 6 |
Methyl red 4.2 -6.2 2
a - f
Thymophthalein 9.5-10.7 b =1
1 — { |
o T T T T T T T T

T T
0O S5 10 15 20 25 30 35 40 45 50
Base volume (mL)

a. The acid is weak and the appropriate indicator to use in this titration is methyl red
b. The acid is strong and the appropriate indicator to use in this titration‘is thymophthalein
c. The acid is strong and the appropriate indicator to use in this titration is phenolphthalein

d. The acid is weak and the appropriate indicator to use in this titration is phenolphthalein
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S) Which of the following curves represents an approximate volume versus pH curve

that would result from titrating diprotic acid with a 0.1 M NaOH solution?

a. + b. A

pH B I“‘ pH \\
J .

A 4

\ 4

NaOH volume NaOH volume

pH pH

\/

v

NaOH volume NaOH volume

6) Which of the following statements is correct according to the titration curve and

indicator table shown below?

12
11
)l gae -\ 10

Indicator range Indicator :: S Adaas
8.2-10 Shilyd & 7 P e ey 8
Phenolphthalein o
6.0-7.6 Jyadipay dl 5, s

Bromthymol blue :
&
ol
o : : . y

L# ] 5 10 15 20 25 30 38 40 a5 S0
Volume of 0.100 M NaOH added (mL)
(ML) (s 0.100 M NaOM mm

a. The acid is weak and the appropriate indicator to use in this titration is phenolphthalein
b. The acid is strong and the appropriate indicator to use in this titration is bromothymol blue
¢. The acid is strong and the appropriate indicator to use in this titration is phenolphthalein

d. The acid is weak and the appropriate indicator to use in this titration is bromothymol blue
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7) What is the molarity of NaOH if 40 mL of a 0.2 M HNO; standard solution is needed
to neutralize 32 mL of NaOH?

a.6.25M HNO; NaOH
b.4 M M = M =

c. .56 M V= V=
d.0.25M n = n =

8) What is the concentration of the ammonia solution NH4OH used in household cleaning

if S0 mL of a 0.6 M HCI solution is needed to neutralize 25 mL of the solution?

a.0.83 M HCl1 NH.,OH
b. 0.3 M M = M=

c.1.2 M V= V =

d. 0.024 M n= n=

9) In a titration process, 30 mL of Ba(OH); solution was added to 16 mL of 2.3 M HNO3;

solution to reach the equivalence point. What is the molarity of Ba(OH): solution?

a.0.61 M HNO: Ba(OH);
b.1.22 M M = M =
c.0.3M = V=

d.2.42 M n = n =

10) If 27.4 mL of a 0.017 M LiOH solution is equivalent to 17.6 mL of H>SOy,

what is the molar concentration of the acid?

a; 1.2 M H,SO, LiOH
b. 0.013 M M= M=
c.1.54 M = V=

d. 0.0084 M n= n=

A 0543551245 [ 192 ) Acids and Bases®a3



Chemistry 19 Advanced %3 Mr. Hesham Eltoukhy

11) If 72.1 mL of 0.534 M H2SOy are needed to neutralize 34 mL of KOH solution, what

is the molarity of KOH?
a.2.26 M

b.1.3 M

c.04M

d. 4.07M

H:2SO4 KOH
M= M=
= V=
n= n=

12) A 25.0 mL sample of lithium hydroxide is titrated with a 0.34 M hydrochloric acid

solution, and it is found that 15.22 mL of acid is required to reach the end point of

the titration. What is the molarity of LiOH solution?
a. 0.2 M
b.1.7M
c.3.2 M

d. 0.005 M

HC1 LiOH
M= M=
= V =
n= n=

13) A 0.5 M HCI acid solution is titrated with a NaOH solution. If 8 mL of acid is

required to neutralize 10 mL of base, what is the molarity of the base solution?

a.0.2’M

b. 0.8 M

c. 04 M

d. 0.1 ™M

HCl NaOH
M= M=
= V=
n= n=

14) What is the molarity of a solution of Ba(OH); if 1900 mL of it is equivalent to a

titration with 260 mL of a 0.5 M HNOj; solution?

a.0.017 M
b. 0.034 M
c. 0.068 M

d. 0.0085 M

HNO: Ba(OH):
M= M=
= V=
n= n-=
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15) What volume of 0.3 M NaOH solution is needed to neutralize S0 mL of 0.25 M
H>SOy solution?

a. 10.41 mL H:SOy4 NaOH
b.20.83 mL M= M=

c. 41.66 mL = =

d. 83.33 mL n= n=

16) 18.3 mL of 0.1 M NaOH solution is required to titrate 25 mL of acetic acid solution.
What is the molarity of the acid solution?

a.0.12 M CH;COOH NaOH
b.0.073 M M = M =
c.0.73 M V= V=
d.0.012 M n = n=

17) In a titration experiment, it was found that a 12.5 mL sample of 1.75x1072 M
Ba(OH): is sufficient to neutralize 14.5 mL of HNOs; solution. What is the molarity of
the HNOs solution?

a.0.01 M HNO:s Ba(OH):
b. 0.02 M M= M=

c.0.03 M = =

d. 0.04 M n = n=

18) What is the molarity of a solution of sulfuric acid H>SOy if 68.4 mL of a 0.333 M

NaOH solution is needed to neutralize 49 mL of the acid solution?

a.0.232 M H:SOq4 NaOH
b. 0.464 M M= M=

c. 0,928 M V= V=

d. 0.116 M n= n=
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19) Which of the following equations represents the hydrolysis of Na;COs; in water?

a. Na*aq + H20q 2 NaOH(g) + H;O% )

b. Na™ag + H20q) 2 NaOH@q + OH g
¢. COsM Ty + H10p @2 HCOs7aq + HiOMag)
d. CO3* g + H20g 2 HCO3™ ag) + OH (ag)

20) Which of the following equations represents the hydrolysis of NH4Br in water?
a. NHi"aq + H200 2 NHizag + HiO%Gg)
b. NHy aq) + H20q) 2 NHs (aq) + OH (aq)
¢. Br ag + H:0q 2 HBrauq + HsO g
d. Br g + H20() 2 HBruq) + OH g

21) Which of the following equations represents the hydrolysis of RbCH3;COO in water?
a. Rb*aq) + H20@ 2 Rb(OH)2(aq) + OH (ag)
b. Rb* g + H20g) 2 Rb(OH)2(aq) + H3O%ag)
¢. CH3:COO (5 + H20q 2 CH3;COOHq) + OH (ag)
d. CH;COO g + H20g 2 CH;COOH g + HiO g

22) Which of the following reactions indicates anion hydrolysis?
a. CO3* g + H3O"aq) 2 HC O3 aq) + H20q)
b HPO4 g F H200 & OHTag 1 H2PO4 (g)
¢. NHy" aq) + H200 2 NHi(g) + HsO%(ag)
d. NHy"aq) + OH (aq) @ NHi@q) + H20q)

23) Which of the following salt solutions undergoes cation hydrolysis?

a. Na;CO; b. KF c. Ca(CN): d. NH4NO;
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24) What is the nature of the aqueous solution of ammonium chloride NH4C1?

a. acidic b. basic
c. neutral d. amphoteric

25) Which of the following salts, when dissolved in water, produces a neutral solution?

a. Rubidium acetate RbCH3:COQO b. Calcium carbonate CaCO3

c¢. Potassium sulfate K>SOy d. Ammonium nitrate NHsNQO;

[ Answer Key
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Part Three (Exams of last years)

Previous years exam questions with answers at the end of

each exam.
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What gas is produced during the reaction of sodium hydrogen carbonate with an

aqueous solution of acetic acid?

a. N b. CO;

c. Hz d. O:

Which of the following statements is correct regarding the reaction below?
NHi@ag) + H20q) @ NHy"aq) + OH ag)

a. NHs considered as Arrhenius base

b. H;O considered ias Bronsted-Lowry acid

c¢. NHs accepts an electron pair from H>O

d. H>O accepts H" ion in the forward reaction

Which of the following substances completely ionizes in aqueous solutions and
produces hydronium ions, H:O"?

a.land II

| HCl
b. II and III II HC2H302
c. I and IIT 111 H>S0Oq4
d. L II and IV v HCIO

What is the expression for the acid ionization constant for the equation below?

HNO:z@aq + H200 2 H3iO aq) + NO2 (aq)

[H307][NO;]

a. Ka= [ANO,]
_ [HNO-]
b. Ka =0t 1m0, ]
c. I<‘1 — [H30+][N027]
[HNOz][H2 0]
d. Ko = 2021 [H;0)

[H30%][NO;7]
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S) Which of the following statements is correct regarding the reaction below?

6)

7)

8)

CH:NHz(aq) + H2Oq) 2 CH3NH: (aq) + OH (ag)
a. The base CHsNH: is weak and the conjugate base OH™ is strong
b. The base CHsNH: is strong and the conjugate base OHT is weak
¢. The OH™ ion has a lower attraction to the H' ion than does the CH:NH: molecule
d. The equilibrium shifts far to the right

How many times is the hydrogen ion concentration [H'] in solution X greater than in

solution Y according to the figure below?

a. 2 times solution X solution Y

b. 10 times pH 0 1 2 3 4 5 6 7 Gs 9 % 1

c. 100 times < >

(1 1000 timeg pOH 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

What is the Ka value of a solution of 0.0091 M hydrofluoric acid (HF) and pH = 2.68?
HF aq) @ H ag) + Faq)

a.7.6 x 107

b.9.9 x 107

c. 6.3 x10™

d.4.8 x10™

What is the correct ascending order according to pOH value for solutions Z, Y, and

X with the following properties?

a. least: Y — X — Z greatest solution property
b. least: X — Y — Z greatest X pH =10.5

Y [H]=10"M
c. least: Z — X — Y greatest 7 [OH] = 10° M

d. least: X — Z — Y greatest
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9) What is the molarity of a solution of sulfuric acid H>SOy4 if 68.4 mL of a 0.333 M

NaOH solution is needed to neutralize 49 mL of the acid solution?

a.0.232 M H,SO, NaOH
b.0.464 M M = M =

c. 0.928 M V= =
d.0.116 M n = n=

10) Which of the following statements is correct according to the titration curve and

indicator table shown below?

13
12
11
—aslSll gae —as\sh 10
Indicator range Indicator t: -
. me - i lence
8.2-10 -J"'r"ﬂ.’"". i 7 "::.l"“v":H 7. .00
Phenolphthalein o
6.0-7.6 Jyadiga gl 5,5 .
Bromthymol blue " —f/
-4

O : . v : ' . y .
o 5 10 158 20 26 30 35S 40 45 S0
Volume of 0.100 M NaOH added (mL)

(ML) (e 0.100 M NaOM am-

a. The acid is weak and the appropriate indicator to use in this titration is phenolphthalein
b. The acid is strong and the appropriate indicator to use in this titration is bromothymol blue
¢. The acid is strong and the appropriate indicator to use in this titration is phenolphthalein

d. The acid is weak and the appropriate indicator to use in this titration is bromothymol blue

Answer Key
1 b 2 b 3 C 4 a 5 a
6 C 7 C 8 a 9 a 10 b

A 0543551245 [ 19 ) Acids and Bases=a3




Chemistry & 19 Advanced %3 Mr. Hesham Eltoukhy

Exam 2021-2022 (12 Advanced)

1) Which of the following are properties of acids?

a. feels slippery
b. it tastes bitter
c. turn red litmus paper blue
d. reacts with zinc to produce hydrogen gas
2) Which of the following is correct?
a. in acidic solution [H'] > [OH™]
b. in acidic solution [H'] < [OH]
¢. in neutral solution [H] > [OH"]
d. in basic solution [H] > [OH]
3) In the reaction equation below, which of the following is correct?
HX@ag + H2O0) 2 HiO%ag) + X g
a. HX accepts a hydrogen ion from water H,O
b. HX donates a hydrogen ion to water H,O
c. HX is a Bronsted-Lowry base
d. H>O is a Brensted-Lowry acid

4) What substance contains hydrogen and ionizes to produce hydrogen ions in aqueous

solution?

a. Arrhenius acid
b. Lewis base

¢. Arrhenius base

d. Lewis acid
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S) Which of the following is correct?
:ilf: |-I| :ilf: lil
E—B—"  N—H —= F—B—N—H NH3x(aq) + H,O() = NHs;*(aq) + OH (aq@)
x ) L)
1 24

6)

7)

a. the ammonia NH; in reaction 2 is a Broensted-Lowry acid
b. the ammonia NH; in reaction 2 is an electron pair acceptor
c.the ammonia NH; in reaction 1 is a/ LLewis base

d. the ammonia NHs in reaction 1 is a Lewis acid

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

a. the light glows brightly in 2 because HCl is a strong acid
b. the light is dim in 1 because CH3COOH is a strong acid
c. the lamp glows brightly in 2 because HCI ionizes only partially

d. the light is dim in 1 because CH3COOH ionizes completely

Which of the following is considered a conjugate acid-base pair?
a.;H2SO04, SO

b. H,0, O*

c. H;PO4, HPO4*

d. HNOs, NOs™
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8) What is the correct descending order of the acids in the table below according to the

concentrations of ions in each solution?
a. CH;:COOH — HF — H:CO;s — H:S
b. H:S — H.CO; — HF — CH;COOH
¢. HF — CH3:COOH — H:CO;:; — H:S

d. H:S — H:CO; — CH;COOH — HF

acid ionization constants
H-S 8.9 x 107
HF 6.3 x10™
CH;COOH 1.8 x107°
H.CO:s; 4.5x1077

9) If [OH] = 2.5 x 10”7 M in a solution, what is the pH of the solution?

a.7.4

b. 4.7

c. 6.6

d+35

10) The pH of a 0.2 M solution of HF hydrofluoric acid is 2.15, what is the K, value of

HF acid?

a.3.2x10™
b.2.6 x 107
c. 4.7 x 1071

d. 1.8 x107

11) What is the pH of a 6.5 x 107> M solution of calcium hydroxide Ca(OH),?

a.7.5

b. 9.8

c. 13.1

d. 4.3
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12) Which of the following statements is correct according to the titration curve and

indicator table shown below?

indicator

pH values at which the
indicator’s color changes

Bromophenol blue 3.1-4.7
Methyl orange 3.2-4.6
Methyl red 4.2-6.2
Bromothymol blue 6.0-7.6

pH

14

12

10

e

0 10

20 30

40

50

(ML) Glaah sae el aaa

&0 70

Volume of the added base(mL)

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

b. the acid is strong, and the base is weak and the suitable indicator is Methyl red

c. the acid is strong, and the base is strong and the suitable indicator is

Bromothymol blue

d. the acid is weak, and the base is weak and the suitable indicator is

Bromophenol blue

13) In an acid-base titration, 25.8 mL of a solution of sulfuric acid H>SOy is titrated to
the end point with 54.7 mL of 0.65 M potassium hydroxide KOH solution. What is
the molarity of the H2SOy4 solution? H2>SOyaq) + 2ZKOH@ug — K2SOyaq + 2H20q)

a.1.2 M

b. 0.6 M

c.0.7M

d.1.4 M

H:S04

KOH
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14) Which of the following salts produces an acidic solution when dissolves in water?
a. rubidium acetate RbC;H30;
b. calcium carbonate CaCOs

¢. ammonium nitrate NH;NOs;

d. potassium fluoride KF

Answer Key

| Exam 2022-2023 (12 Advanced)

1) Which of the following chemical equations represents a reaction between an aqueous

solution of an acid and a metal hydrogen carbonate?
a. NaHCOs() + HC:H302q) — NaC:H302@q H20q) + COz(
b. Zn) + 2HCl@aq) — ZnClyag) Ha
¢./CaCOss) + 2HClg) — CaClaag + H2Oa + COa(
d. Cug) + 4HNO3aq — Cu(NO3)2@aq) + 2H20q) + 2NOx(g
2) Which of the following is not a conjugate acid-base pair?
a. H:O/ OH™
b. HC1Oy/ Cl104”
¢. HSOs7/ SOs*"

d. H;:O"/ OH"
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Why does BCl; represent a Lewis acid in the following reaction?

10— g — 0
+

:EI:— pr— zC|=$_=QIt
o :Cls

HIeH

"
"

a. Because it is a proton donor to the base CI”

b. Because it'is a proton acceptor from the base ' Cl7

c. Because it is an electron pair donor to the base CI”

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

The bulb is connected to a solution of 0.1 M HCl in figure 1, while the bulb is
connected to a solution of 0.1 M HC;H3O: in figure 2. What is the reason for the

difference in brightness of the bulb in the two figures below?

a. HCl is a weak acid and only partially ionizes in aqueous solution

b. HC:H30: is a strong acid and completely ionizes in aqueous solution

c. The number of ions in HCI solution is less than the number of ions in
HC:;H30:; solution

d. The number of ions in HCI solution is more than the number of ions in

HC,;H30; solution
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S) Which of the following statements is correct regarding the following ionization

equation? NHsag + H200 2 NHi g + OH g

a. The equilibrium lies far to the right because the base NH; is weak, and the

conjugate base OH" is strong

b. The equilibrium lies far to the right because the base NH3 is strong, and the

conjugate base OH™ is weak

c. The equilibrium lies far to the left because the base NH; is weak, and the conjugate

base OH™ is strong
d. The equilibrium lies far to the left because the base NH3 is strong, and the

conjugate base OH™ is weak

6) Which of the following statements is correct regarding the following ionization

equation?

K, (298 K) ool Ales el
lonization equation Acid
89x 1078 HyS = H* + HS™ a1 ol (S jagll

Hydrosulfuric, first lonization
1x107% HE=H*+ S° SN ol (i gl
Hydrosulfuric, second ionization

a. The acid in the second ionization is weaker than the acid in the first ionization
b. Hydrosulfuric acid is a strong acid because it is a polyprotic
¢. The acid in the first ionization is weaker than the acid in the second ionization

d. The concentrations of ions produced by the second ionization are greater than the

concentrations of ions produced by the first ionization

7) Which of the following aqueous solutions is acidic? (Concentrations at 298 K)

D Jyad C Jslaal B Jsiadl A Jsladl
Solution D Solution C Solution B Solution A
[H*]= 4.0% 10~* [OH7]= 1.0x 1077 [OH7]=1.0% 10~% [H*]= 1.0x 10723
a. Solution A b. Solution B
¢. Solution C d. Solution D
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8) What is the correct ascending order according to the pH value for each of the

following solutions?

Al il s gl osadll puae = e
Household ammonia Lemaon juice Milk of magnesia Milk
pOH= 2.10 pH= 2.37 [OH"]=3.2x 107* [H*]=3.2%x 1077

a. Milk — household ammonia — lemon juice — milk of magnesia
b. Lemon juice — milk — milk of magnesia — household ammonia
c..Household ammonia — lemon juice — milk — milk of magnesia
d. Milk of magnesia — milk — lemon juice — household ammonia
9) What is the value of K. for 0.0400 M solution of acid HC1O: with pH =1.80?
a. 1.0 x107?
b.5.8 x 1073
c.2.6 x10™
d. 4.9 %107

10) Which of the following statements is correct according to the titration curve and

indicator table shown below?

az<l (S ali<l
Indicator range Indicator
5.2-6.8 J332 5 sas 0 iy
Bromocresol purple
8.2-10.0 il gidll
Phenolphthalein

Volume of base added (mL)
(ML) iliaadl 31 aaa

a. The base is KOH, and bromocresol purple is the suitable indicator
b. The base is NH4OH, and phenolphthalein is the suitable indicator
c. The base is NH4OH, and bromocresol purple is the suitable indicator

d. The base is KOH, and phenolphthalein is the suitable indicator
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11) What is the molarity of H2SOy solution if 74.30 mL of 0.4388 M NaOH solution is

a. 0.3561 M

b. 0.2320 M

c.0.4211 M

d. 0.1569 M

needed to neutralize 45.78 mL of the acid solution?

H>SO, NaOH
M= M=
V= V=
n= n=

12) Potassium fluoride salt KF dissociates in solution as in equation below, which of the

following is correct in relation to salt solution? KFs — Kag + Fag
pH Reason
Less Because the K ions react with water, but the F~ ion is a strong
than 7 Brensted-Lowry base do not react with water.
More Because the K ions do not react with water, but the F~ ion is a weak
than 7 Brensted-Lowry base react with water.
Because the K™ ions do not react with water, the F~ ion is a strong
Equals 7
Brensted-Lowry base do not react with water.
Because the K™ ions react with water, the F~ ion is a weak Brensted-
Equals 0
Lowry base react with water.
a. A b. B
c. C d.D
Answer Key
1 a -~ d 3 d 4 d 5 c
6 a 7 d 8 b 9 a 10 c
11 a 12 b 13 14

0543551245
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Exam 2021-2022 (12 General)

1) What property does the experiment describe in the picture below?

a. Taste sour
b. Feel slippery

c. Change in the color of litmus paper

d. The ability to'conduct electricity

2) At what concentration of H in the solution in the picture the color of litmus paper

turns blue?

a. Equals zero

b. Less than OH™ concentration L
c¢. More than OH™ concentration nk _
d. Equals OH™ concentration
3) Which of the following is not an Arrhenius base?
a. KOH
b. NaOH
c. NH3
d. Ca(OH):
4) Which of the following is the conjugate acid of the weak base NH3?
a. NH,"
b. NH4
c. NH4"

d. NHs"

& 0543551245 Acids and Basesel



a. H3PO4

c. HC:H30:

b. HCI

d. HNO3;

Chemistry & 19 Advanced %e]3 Mr. Hesham Eltoukhy

S) Which of the following is a polyprotic acid?

6) What is the similarity between the following two formulas?

7)

8)

a. Both are Arrhenius bases

b. Both are Lewis bases

c.Both are Arrhenius acids

d. Both are Lewis acids

0
- |I ..
:Q—m—Q:

Which of the following tables is correct about the solutions contained in beakers

1 and 2 below?

a.

Beaker 1 Beaker 2
strong acid weak acid
completely ionized | partially ionized

Beaker 1 Beaker 2
weak acid strong acid
partially ionized | completely ionized

Beaker 1 Beaker 2
Strong acid Weak acid
partially ionized | completely ionized

Beaker 1 Beaker 2
weak acid strong acid
completely ionized | partially ionized

1 oels

Beaker 1 Beaker 2

Which of the following is correct according to the following reaction?

a. The ionization equilibrium lies far to the left

HC:H30:q) + H20) 2 C2H30: (aq) + HiO  (ag)

b. Conjugate base C;H30;™ is weaker than H,O base

¢. H,O base has a greater attraction for the H" ion than does the base C:H3:0;~

d. The ionization equilibrium lies far to the right

& 0548551245 Acids and Bases®e3
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9) What is the correct order of
the following bases in order

of strength, from weakest to strongest?

Ky (298 K) Base 8=l

5.0 x 10~* Ethylamine sa) Jii)
4.3 x 10 | Methylamine o) Jdiva
2.5 x107° Ammonia & s
4.3 x 10710 Aniline ¢l

a. Methylamine — Ethylamine — Aniline — Ammonia

b. Aniline — Ammonia — Ethylamine — Methylamine

c. Ethylamine — Methylamine — Ammonia — Aniline

d. Aniline — Ammonia — Methylamine — Ethylamine

10) What is the value of [OH™] in orange juice at 298 K that have [H'] = 1.0 x 10 M?

a.1.0 x 10 M
b.1.0 x 107" M
c. 1.0x 1071 M

d.1.0x 1074 M

11) What is the pH of an aqueous solution that have [H']=2.5 x 102 M at 298 K?

a.'2.00 b.10.81

c. 12.40 d. 1.60

12) How many times more acidic is solution A than solution B?

a. 10

b. 1000

c.3

d. 100

pH Solution J staal)
2 A
S B

13) What are the products of the neutralization reaction?

a. A base and water b. Acid and water

¢. Acid and base d. A salt and water
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14) What are the chemical dyes whose colors are affected by acidic and basic solutions

called?

a. Amphoteric substances
b, Anhydrides
c. Indicators

d. Standard solutions

15) What is the titration in the curve shown in the figure below? NN L S Akt
a. A strong acid with a strong base - 1T
b. A weak acid with a strong base . : E T ;‘:E\\ L
c./Astrong acid with a'weak base : 4
=
d. A weak acid with a weak base . DAL Se ) e
Volume of base added

16) 40.0 mL of a hydrochloric acid solution HCl is titrated to the end point with 20.0 mL
0of 0.2 M sodium hydroxide solution NaOH. What is the molarity of HCI solution?

HClag + NaOH@aq — NaClag + H2Oq

a.0.1 M HCI NaOH
b.0.05M M = M =
c.0.025 M V= V=
d.0.2M n= n=
Answer Key
a
b
C
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3)
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Exam 2022-2023 (12 General)

Which of the following are properties of basic solutions?

a. Taste bitter and feel slippery

b. Taste sour

c¢. Cause blue litmus paper to turn red

d. Reacts with zinc to produce hydrogen gas

The figure below describes the change in the concentration of hydrogen ions and
hydroxide ions with a change in the type of solution. Which of the following is

correct?
a. 1 is an acidic solution

b. 2 is a basic solution

c.'3 is;an acidic solution

d. 1 is a basic solution

In the reaction below. Which of the following is not correct?
COs " aq + H200 2 HCO5 (g + OH (ag)

a. H,O acts as Arrhenius acid

b. H;O acts as Bronsted-Lowry acid

c. COs3* ion accepts a H' ion from water

d. Water H>O gives up H* ion to COs%" ion

4) Which of the following is not considered as amphoteric substance?

a. OH™
b. C;H30:
C. HzO

d. H,POs
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7)
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In the following reaction. Why BF3 is considered as Lewis’s acid?

...,
|
M=o =T
i
I—Z2Z2-—I
I
EE
-
|
M0 —T
|
I—2Z-—T
|
==

a. Because it ionizes to produce hydrogen ions in aqueous solution

b. Because it dissociates to produce hydroxide ions in aqueous solution
c..Because'it donates an electron pair'to NHi molecule

d. Because it accepts an electron pair from NHs molecule

In the following figures, experiment of electrical conductivity of aqueous solutions its
concentration is 0.1 M of hydrochloric acid and acetic acid. What can be concluded

from the experiment?
a. Strong acids are good conductors of electricity
b. Weak acids are good conductors of electricity

¢. Strong acids produces fewer ions

d. Weak acids produce the maximum number of ions

What is the correct order of the

Ka (298 K) Acid paaad)
following acids according to its - - :

6.3 x 107* | Hydrofluoric <l st g ¢l
strength from 6.2 x 10°° | Hydrocyanic et s 2gd)
weakest to strongest? 1.8 x 1073 Acetic dli)

1.8 x 107 Formic <, 581

a. Hydrofluoric — Hydrocyanic — Acetic — Formic
b. Hydrocyanic — Acetic — Formic — hydrofluoric
c. Acetic — Formic — Hydrofluoric — Hydrocyanic

d. Formic — Hydrocyanic — Hydrofluoric — Acetic
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8) Which of the following is correct according to the following reaction?

NHsag + H200 @ NHy ag) + OH ag)
a. NH; is a strong base completely ionizes in dilute aqueous solution
b. The equilibrium lies far to the left because the base NHj is weak while the
conjugate base OH™ is strong
c. NH3z molecule has a greater attraction for H" ion more than OH™ ion

d. The equilibrium lies far to'the right because the base NH3 is strong while the

conjugate base OH™ is weak

9) Which of the following is false according to the pH scale?

[H*] 1 107" 107* 1072 107 107 10™® 1077 107® 1077 107 107" 107" 107 107"
pH 0 1 2 3 a 5 6 7 8 9 10 1 12 13 14
pOH 14 13 12 1 10 9 8 7 6 5 a 3 2 1 0

o1 107" 107" 107" 107" 107" 107° 10°® 10

a.pH+pOH=14

b. [H'][OHT] 1.0 x107*4
c. pH=-log[H]

d. pH=-log|OH™]

10) Which of the following substances has the highest pH value?

Seawater _ad) sl Milk <ulall Blood a2 Ammonia L gaY)
pOH = 5.60 pH = 6.50 [H]=4.0x10°M | [OH]=4.0x 10" M

a. Ammonia
b. Blood
c. Milk

d. Seawater
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11) Which of the following statements is not correct according to the figures a and b?

a..Both figures, the pH of the solution is measured
b. Figure b provides more accurate measure of pH
c. Figure a provides more accurate measure of pH
d. Figure b gives a direct analog or digital readout of pH
12) Which of the following is not true about salt?
a. An ionic compound made up of a cation from a base and an anion from an acid
b. An ionic compound made up of a cation from an acid and an anion from a base
¢. An ionic compound produced by a neutralization reaction
d. An ionic compound produced by a double replacement reaction

13) When bromothymol blue indicator is added to three of ionic salts solutions 0.1 M:
ammonium chloride NH4Cl, sodium nitrate NaNOs, and potassium fluoride KF. The

solutions turn the indicator to the colors shown in the figure below. Which solution is

neutral? "“
;"““““’: l , S
A ’ |
pH 0 1 2 3 4 5 6 7 8 9 10 n 12 13 14
Bromthymol biue B | gafige g (350
a. A only b. B only
c.A,B d.B,C
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14) Which of the following statements is correct according to the titration curve and

14

indicator table shown below? , =22
Indicator Range .
Bromothymol blue 6.0-7.6 : m:,“‘...f
Methyl red 4.2-6.2 g -
Methyl orange 3.2-4.6 . e s

a. The acid and the base are strong, and bromothymol blue is the suitable indicator
b. The acid is strong, and the base is weak, and methyl red is the suitable indicator
c. The acid and the base are weak, bromothymol blue is the suitable indicator

d. The acid is weak, and the base'is strong, methyl orange'is the suitable indicator

15) What is the molarity of a nitric acid solution if 43.33 mL of a 0.1000 M KOH is

needed to neutralize 20.00 mL of the acid solution?

HNOsuq) + KOHag — KNOs@ug + H20q

a. 0.830 M
HNO; KOH
b. 0.462 M
M= M=
c. 0.560 M
V= V=
d. 0217 M
n= n=
Answer Key
1 a g a 3 a 4 b 5 d
6 a 7 b 8 b 9 d 10 a
11 c 12 b 13 a 14 a 15 d
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