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Ministry of Education (jJ‘: Abu Dhabi Secondary School
Grade 12

Chemistry

e J2oJl pleil wljloll dunwgo
EMIRATES SCHOOLS ESTABLISHMENT

Lesson 1: Introduction to Acids and Bases

Properties of Acids and Bases

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

® (itricand ascorbic acids give lemons their

tartness.

® Acetic acid makes vinegar taste sour.

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

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

Acids Reactions with metals

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

Acids Reactions with metal carbonates

Metal carbonates react with aqueous solutions of acids to produce carbon dioxide (CO,) gas and water.
NaHCO; (s) + HC,H30, (agq) — NaC,H;0, (aq) + H,O(l) + CO, (g)

Geologists identify rocks as limestone (CaCOj3) by using a hydrochloric acid solution. If a few drops of the acid

produce bubbles of CO,, the rock contains limestone.

Write balanced equations for the reactions between the following.

a. aluminum and sulfuric acid

b. calcium carbonate and hydrobromic acid

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

All water solutions contain hydrogen ions (H*) and hydroxide ions (OH"). Aidity Neutrl pasicty

[H]

An acidic solution contains more hydrogen ions than hydroxide ions.
[OH7]
A basic solution contains more hydroxide ions than hydrogen ions.

Neutral solution is neither acidic nor basic. It contains equal concentrations of hydrogen ions and hydroxide ions.

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

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

The hydronium ion is a hydrogen ion which has a water molecule attached to it by a covalent bond. The symbols

H"and H;0" can be used interchangeably, as this simplified self-ionization equation shows.
H,O(l) = H* (aq) + OH" (aq)
The Arrhenius Model
An acid is a substance that contains hydrogen and ionizes to produce hydrogen ions in aqueous solution.
Abase is a substance that contains a hydroxide group and dissociates to produce a hydroxide ion in aqueous solution.

When hydrogen chloride gas dissolves in water. HCl molecules ionize to form H" ions, which make the solution

acidic. HCI(g) = oo .. W

make the solution basic. NaOH(s) = oo oo S

The shortcomings of Arrhenius model:

Ammonia (NHs) and sodium carbonate (Na,CO5s), can they considered as Arrhenius bases? Why?

Yet both substances produce hydroxide ions in solution and are well-known bases.

Which of the following is correct? fmma L L
In basic solution  [H] > [OH7] [HT > [OH] s gaeldl doladll 8 O
In neutral solution [H*] > [OH7] [H7 > [OH] S dalaiadl Jglaall 4 O
In acidic solution [H*] > [OH] [H] > [OH] (s pmaall Jslaall 2 O
In acidic solution [H] < [OH1] [H] < [OH]  {sS pmenll Joladl A (o)
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The Bronsted-Lowry Model
An acid is a hydrogen-ion donor. A base is a hydrogen ion acceptor.

Hydrogen ion donors and acceptors

Use this equation to answer the following questions: HX(aq) + H,O(l) & H;0" (aq) + X (aq)

Which substance is the acid? .........cc.cooouu.. WRY? e

The water molecule acts asa ........cooccovverreeerverrnnne. DECAUSE ..o

A conjugate acid is the species produced when a base accepts a hydrogen ion. (In this example it’s .......................... )

A conjugate base is the species that results when an acid donates a hydrogen ion. (In this example it’s .................... )

The hydronium ion (H;0%) is the conjugate acid of the base H,0. | )

The X ion is the conjugate base of the acid HX. HX(aq) + H,0O(1) = H30%(aq) + X (aq)
Acid Base Conjugate Conjugate

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

each other by the donating and accepting of a single hydrogen ion.

Explain how the ion HCOj; can be both an acid and a base.

Hydrogen fluoride—a Bronsted-Lowry acid

P + -
Hydrogen fluoride is an acid. Why? O § 8 — @ £ Q

HF H,0 H,Ot F-

Which species is the conjugate base of hydrogen fluoride? ...,
What is the other conjugate acid-base Pair? ...
What are the acid and base iN the FEVEISE FEACTIONT ........o.ovveeeeeeeeeeeeeee et eeeeeeeeeeeeoresesssesesassesasaesssssssessasassssasasssessas

Hydrogen fluoride is used to manufacture a variety of fluorine-containing compounds, such as the nonstick coating

on the kitchenware. Itis an acid according to both the Arrhenius and Brgnsted-Lowry definitions.

Ammonia—a Brgnsted-Lowry base

Ammonia does not fit the Arrhenius model of I ‘

bases Because ........o.ooveeeeeeeeeeeeeeeeeeeeeeeean

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

Label the next equation:
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Water—a Bronsted-Lowry acid and base

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

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

PRACTICE Problems

Identify the conjugate acid-base pairs in each reaction.

a.NH,"(ag) + OH (ag) = NHs(aq) + H,0(l)

b. HBr(aq) + H,0(l) = H;0%(aq) + Br (aq)

c. CO3*(aq) + H,0(l) = HCO3 (aq) + OH(aq)

Acid

Conjugate base

Base

Conjugate acid

a.

b.

C.

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

and identify the conjugate acid-base pairs.

Monoprotic Acids

An acid that can donate only one hydrogen ion is called a monoprotic acid. (Examples: ..., )

The formula of acetic acid is often written HC;H;0,.why. H

............................................................................................................................................................................... P
H—C— C\5— &t

lonizable hydrogen atoms I‘-| O—H

Explain the difference between acetic acid’s ionizable hydrogen atom and the other three hydrogen atoms.

Polyprotic Acids

Any acid that has more than one ionizable hydrogen atom.

diprotic acids

triprotic acids

Acids that contain two ionizable hydrogen atoms.

Acids with three hydrogen ions to donate.

Examples: Examples:
Write the three ionizations of phosphoric acid.
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The Lewis Model

Lewis acid is an ion or molecule with a vacant atomic orbital that can accept (share) an electron pair.

Lewis base is an ion or molecule with a lone electron pair that it can donate (share).

The H ion is the Lewis acid because ........ooeeeeeeeeeveeeeeeeneane

The fluoride ion is the Lewis base ........cooveeeeeeeeeeeeeeeeeeeean.

In this reaction:

What is the LeWis aCid? .....oeeeeeeeeeeeeeeeeeee e eeeeeeeeeeeeseeen

What is the LeWis Base? ..o eveseenns

Another Lewis acid-base reaction occurs when gaseous sulfur

trioxide (SO3) is brought into contact with solid magnesium

oxide (MgO).

SO; (g) + MgO(s) — MgSO, (s)

This reaction is important for some reasons:

......... Hi_/+_\::F::_ H _ F
~~~~~~~~~ Lewis acid Lewis base
:"F': |"| :F |'||
. Lo
:.F._B/_\N_H —_— :‘F.—B_N_H
| \ |
:F: H FH

Lewis acid

:6: :f):
.o . Lo
Q=5~/\:Q:2 —_— :_Q—S—Q:

:(;‘.): Lewis base :é-):

2—

® Magnesium sulfate forms the heptahydrate known as Epsom salt (MgSO,7H,0). Epsom salt has many

uses, including soothing sore muscles and acting as a plant nutrient.

® Inenvironmental applications. When MgO is injected into the flue gases of coal-fired power plants, it reacts

with and removes SO;, which can combine with water in the air to form sulfuric acid, which falls to Earth as

acid precipitation.

Anhydrides

An acid anhydride is an oxide that can combine with water to form an acid. (example: CO,)

Other oxides combine with water to form bases. (example: CaO)

CO,WIllFOFM e CaO WIll FOIrM oo

In general, oxides of metallic elements form bases, oxides of nonmetals form acids.

Assessment

Which of the following refers to a basic solution?

“ [H]>[OH ]
& [H]1=[0H]

& [H]<[OH"]
& [H'][OH ]1=1x10"M

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

ool Jotisll Apnaily Aauaua AJID @ jad) @

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

A. NH; is considered as Arrhenius base

gish ) 5058 NHy el

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

U5 = g paea Hy0 e

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

Hy0 Os Sy 5800 3 Jilled NH;

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

O nl @ >

A o B H* Gl Qe H,0
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What gas is produced during the reaction between | o) sl e Ay g ) g € Joldi DI sl o

sodium carbonate and acetic acid solution fllau) panad
CO2
H2
02
N2
[Which of the following is correct about to the reaction below? Solial Jo Uil Al Aaaua Al @) jlad) (5

H*+ F- >H-—F:

A. F- ion accepts an electron pair @l 2 7o) F Gl Jiiens LA
B. F-ionis considered as acceptor of hydrogen ion o)) G Gl F S B
C. H* ionis considered as Arrhenius base i i BB B (gl i .C
D. H* ion donates an electron pair to F-lion Fross (o) el SN e g3 HY s s LD
Which of the following is a property of acids? fombaafl ailad e yied b Laa (g
Turn red litmus paper blue Y1 Oslll (M ehanll Ganlll 15 3855 Jsas O
Feel slippery oalall Al O
React with zinc to produce hydrogen gas Oeasynell Ole il pea )il ae Jelis O
It tastes bitter o ek O
What is the substance that contains hydrogen, and Ol Sl =y culing Cpagyne e gsind Al salall L
ionizes to produce hydrogen ions in agueous solution? f ol Jolsdll A
Lewis acid e.:-"-_'}l e o
Lewis base gl B2 o
Arrhenius acid sl man '®)
Arrhenius base Uesaintf 5acd O
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In the reaction equation below, which of the following Srmana b Lea (gl colial Jelitl) dlales 3

o ez HX(aq) + H,0() = H;0*(aq) + X~(aq)
HX donates hydrogen ion to water H,O Hy0 elall (png o (o HX e

H,0 is a Bronsted—-Lowry acid Gysl = mdig g aleal fa H,O joad

HX is a Bronsted—Lowry base Gl — Bkigyn acld G HX il

HX accepts a hydrogen ion from water H,0 HyO slall (o Cangpad sl HX Jiins

Which of the following is true? fmne bl gl

:ifz H :f: H
| I [
FeB—"  IN—H — F—B—N—H NHi(aq) + H,0() = NH4*(aq) + OH(aq)
T | Tl
:F: H F H
1 2
The ammonia NH; in reaction 2 is an electron Slig 58 79 Uiinn 2 Jo il 8 NHy Logaldl
pair acceptor
The ammonia NH; in reaction 1 is a Lewis base Gl a2 1 Jelall 8 NHy Ligall) o
The ammonia NH; in reaction 2 is a Bronsted— gl — iy Gmen 2 Jelill 3 NH; Ligall) il
Lowry acid
The ammonia NH; in reaction 1 is a Lewis acid sagd mea 1 Jelall 8 NH; Ligdyl yad

Which of the following is considered a conjugate f 3l 5o 8 Lines gy :L Laa éi

acid —base pair?
HsPO, , HPO,*
H,0, 0%

HNO, , NO,"

H,SO, , SO,*
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Which of the following chemical equations represents a reaction

between the aqueous solution of an acid and metal hydrogen

hdl Jslaall oy Jolis fiad 2l Alas)) ¥ aled)

¢ Aag pugll Ml lisSy (aal

carbonate?
CU(S) + 4HNO3(aq) =¥ CU(N03)2(aq) + ZHzo(l) + ZNOZ(E)
Zn(s) + ZHCl(aq) =¥ chlz(aq) + Hz(g)
NaHCOj ) + HC,H;0,(2q) = NaCyH;0,(.q) + H,0() + COyq
. gireco " iy . Gl SOk L 4
Which of the following is not a conjugate acid— base pair? f38he 30l Jaaa ze) (ol L Lae .:,i
HCIO0, /Cl0;
HSO3 /S0%~
H,0/0H~
H,0*/OH~
Why does BCI; represent Lewis's acid ousl Gaes BCly Jual 3L
in the following reaction? ” g Jelall 3
:ae -
| :Cls
i——B & :Clighass | *C1BCI:
.. | e : C‘z
LG
Because it is proton acceptor from the base CI~ Cl 50l e Osiapall Jifiuee a2y
Because it is proton donor to the base CI~ CI 50l ) Gs3g 5l mile &
Because it is an electron pair donor to the base CI~ CF sxaldl iyl moil mile Y
Because it is an electron pair acceptor from the base ClI~ CI s2a @l (e iy €l) =93] Jifss ay
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Why does 02" represent Lewis's base in the £l Jelill 8 ugl 528 02" 13kl

following reaction?

i ¥
I
0=? + 0" —— [:0—5—0
I
Q 0
Because it accepted a proton from SO; SO; (e Ugigys il iy
Because it donated a proton to SO, SO, M Ligigy conia Ly
Because it donated a pair of electrons to SO; SO; I cilig sV e i) Conie PN
Because it accepted a pair of electrons from SO, SO, (ye cilig AN e ag) el Ly
Which of the following is amphoteric $4.,5 gial B2l e sk e L__;i

substance?

HPO4*
H*
H3PO4
POs>

Which of the following chemical equations Jelall (o 40V 4ila<l) CYaladll éi

represents the reaction that geologists e “apill cpnaglaaldl deadiun (s
use to identify limestone rocks from other ¢ ol Ay e Ayl eaall
rocks?

CaC03(5) + 2HCl gy — CaCly(aq) + H,0q) + COy¢q)

NaHCOQ(s) + HC2H302(aq) = NaC2H302(aq) Er HZO(I) el COz(g)

Cuge) + 4HNO; (oq) = Cu(NO3)5(aq) + 2H,0q) + 2NO,q,

Zn(s) + ZHCl(aq) = chlz(aq) + HZ(g)
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