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Chapter 1

BUILDING BLOCKS OF MATTER

INTRODUCTION

Matter :- is everything occupies space and has mass .
CAES Al ) e sy oo S b - o)

Matter is composed of atoms, such as the foundation stone to build.
&L'\,\ﬂu.u\.u‘y\ );A@LAS& Q\).JQAQ)SIIBJM\

Dalton put his idea of building material, saying:

D L) 3 e e 45 S8 gl - 5
Atom :- is the smallest minutes of material involved in a chemical
reaction . e Jelii b Jas 3 saladl e il sl a3,

Then came the Italian scientist (Avogadro) and the latest
development on the idea of Dalton in building material . Thus
became the concept of the molecule.

L Jall o sie sl 13Sa 5 olil) 2 ga (8 0 5illa s S8 e sk ATy (5 oala shl) JUadY) allall el
Molecule :- as a smaller part of the article holds the properties of
that substance. salall el ailiad Jesy 83lll o pal £ 328 - 1e(g3al)

Consists atom from the nucleus at the center and the number of

electrons moving in (Shells) away very large relatively from the

nucleus, consisting nucleus of minutes are protons, neutrons .

8 sill ()5S g ¢ ) sll (e Ui 13a 35S (ail38) 8 AS jaiall <l g SiSIY) aae 5 38 pall 85 5il) (e 5,0 () oS5
Ll il g Sligig ) a5 38 (g

To form the nucleus of the atom mass approximately 99.9 % of the

mass of the atom and this means that most of the mass of atom

almost concentrated in the nucleus.
Bsll U S 556 A ALK aliee o Jia 138 533 ABS 50 799.9 (e iy La 31 5all &y 3 ALK ) 55
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The Names and Symbols of Some Elements

Symbol Name Symbol Name
(0] Oxygen H Hydrogen
Al Aluminum He Helium

Ar Argon N Nitrogen
Be Beryllium Ne Neon

B Boron Mg Magnesium
K Potassium Ca Calcium
Si Silicon C Carbon
Na Sodium Cl Chlorine
P Phosphorus S Sulfur

F Fluorine Li Lithium

STRUCTURE OF ATOMS

Atom consists of the following parts :
Nucleus

Neutron

Proton

Electron

Nucleus

The nucleus :- It is a small particle located in the center of the atom
and its charge is positive. Around the nucleus is a sphere or cloud of

negative charges and contains most of the mass of the atom .
L) s &l uAA.\\Au}\ B)SB\}'Q\ d);c h;}nw}};‘)ﬂ\ )S)AEAP)A‘):\MH“AGA} -2 ) gall
5 AL lans lads
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The nucleus contains two types of subatomic particles :

DA O Slasall (e (pe 55 e 81 (5 sias
A — Proton:- It is a subatomic particle that is inside the nucleus with
a positive charge and its mass is approximately equivalent to the
mass of a neutron, which is more than 1840 times the mass of an
electron, and the number of protons is called the atomic number,
which is equal to the number of electrons in the neutral atom.
SH A5 Ly 5 (5 i) ABS Jolad 43l 5 L g Lincy 315300 JA0 39 g0 L) (450 aran A g =1 O 5is
3oM A clig SV e ggban a5 M 22l Alis pll e ey s ASIY) ALK e 8 50 YAE Y (e

adalasidl)

B — Neutrons :- a subatomic particle in the nucleus.
A neutron has the same mass as a proton. The neutron is neutral and
carries no electrical charge. The neutron is symbolized by n. The
total number of protons and neutrons in the nucleus of an atom is
called the mass number.
and o) Jany ¥ Jolate 5y sl (5 g ) ALS i ad g il | 30 i) (8 (500 (50 e - 1l g i sl
- S 2aall se a3 A B g5 8B g gall g 3 gaill g S g3 gl ST daall yad e ge (g sl AL S
The mass number :- It is the number of protons and neutrons inside
the nucleus, and it is symbolized by A.

Mass number = number of protons + number of neutrons

c A el sl Jala 3o s gall il yill g Sl g all dae a5 - (D 2an])

sl dae + ligig i e = LB s

The atomic number :- It is the number of positive protons

inside the nucleus and is equal to the number of negative

electrons that revolve around the nucleus in the neutral
atom, symbolized by 7 .

)

D Atomic number = Number of protons

) ALl g SSIVY dand (5 sbasa (5505 81 53 J200 5 g sall L gl L g yall 22e s -2 A daal)
Glggll ae = oM aaall | Z Al e g Aalatiall 30 88 6l) Jea
e
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Example 1 -1

If you know that the atomic number of carbon, C is 6 and its mass

number is 12. Find the number of neutrons in carbon atom .
05 B0 8l el dae aa gl 2 s 4l dae 56 g sbest C Gl ¢ 508U 5 ) (G alas S 1)

Solution : A =12 and Z = 6 So by using the relation :
DA aaiL AN 7 =6 5 A =12 - Ja

n=A-Z7
n=12-6

n = 6 Is the number of neutrons

The mass number is written in the upper left of the element symbol,
while the atomic number is written in the lower left of the element

symbol, as shown : -
_GAAJALAS))@A\)AJ‘)@JM\L;JJ\AAA\Q&Wc)a_\ﬂ\f)JLm‘_An:\ul\ﬂ\A_\ﬂ\wS.:

Mass number =
Mumber of nucleons in

A Chemical
symbaol for
element

Atomic number =
Number of protons in
a nuclens

a nucleus
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Table shows the symbols of some elements, their atomic numbers, mass
numbers and the number of neutrons in the nuclei of these atoms.
Ll Al a5 53 b i g yisaill aae 5 LaliS slact g 4y )3 laslac s jualiall (amy jse) Jsaal) muas

Number of mass Atomic
neutrons number number Symbol
(n) (A) (Z)

23 11

31 15

14 7

39 19

20 10

Exercise 1 -1

If you know that the atomic number of chlorine, Cl is equal to 17
and mass number is 35, find the number of neutrons in the nucleus
of an atom of this element.

o s yisail) aae 2 8 ¢ 35 ga ALK ae 517 55k Cl ¢ LsIST (A aaadl () alad i€ 13) 114 e
i )..AA:J\ Jaa EJ..J 3 93
Solution : A=35and Z = 17 So by using the relation :
DA L N7 =17 A =35 - Jall
n=A-Z
n=35-17
n = 18 is the number of neutrons

ELECTRONS :- An electron has negative charge. Its mass is almost
zero. The negatively charged electrons are located outside the tiny

nucleus . Electrons move around the nucleus at very high speed.
B saal) 315l s Aaail) Al g Y ad | jieal) o)l AiS Adle Laad o5 I el 5 Y
3 Al e 3l gl Jsa il g piSIY) & o
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Most of the space in an atom is filled by the negatively charged
electrons. Almost all the mass of the atom is concentrated in the
nUC|eUS. };\53}\ &u)s.a 3 ,All as (K S ,};JM\ @ﬁw\ gmw\ alls QUJ)SSS‘;!\ S

Electrons in an atom are arranged in different orbits called energy
levels or shells. Number of shells in an atom are shown by n .
Volumes of energy levels change according to their distances to the
nucleus, and shells are symbolized
A ae mse o Ade Y] gl AUl il e end AdliRe ) lae 5L 8 il SV s 5
Al Y ae 3ol ¢ b gl ) Lililosal 8 5 AUl U gise alaal 5w p Adasd 5 5,30
by capital letters such as K (n = 1), L (n=2), M (n =3), N (n =
4),...etc. beginning from the closest orbit to the nucleus. In an
ordinary atom, there are always exactly the same number of protons
and electrons. The negative and positive charges are balanced.

Therefore, the atom has no overall charge.
&8sl ) e o e leas &l cN(n=4) M (n=3) <L (n=2) K(n=1) Jies S ol
¢ QAL 53 sie daa sall s Ald) il El Jascally culi g SSINI g g ) dae i LD aa g ¢ dgalal) 3 3)

Location in the

Subatomic Particle Mass (g) atom

Proton p" +1 1.67 x 107 Nucleus

Neutron n' 0 1.67 x 10°* Nucleus

: _ I8 Around the nucleus on
Electron e -1 211 x 10 the energy levels.

BOHR THEORY :- The Bohr model, depicts the atom as small, with
a positively charged nucleus surrounded by electrons that travel in
circular orbits around the nucleus - similar in structure to the solar

system.
o i ) iy IV Adalae Ainall dus ga 5155 gn ¢ b psa Wil e 5,01 5 plsad gy 15 Ak
comadil) AUl Lga€ 3 8 4 - 815l g 4y i Ol
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Assumptions of Bohr's theory: - e Akl il

A-Electrons in atoms orbit the nucleus. 31l Jsm AN 8 il Y1
B-The energy of the orbital is related to its size. The lowest energy
is found in the smallest orbit which means the closest energy level

(n =1) to the nucleus has the lowest energy.
Lgy;_ao\yﬂ (]_ =U)A§&L§)Mg_us\ u\‘qu)\MM\&@LLJE\ Aa ¢ daasn ddasi e laadl A8l
Al g8 e

ARRANGEMENT OF ELECTRONS ON THE SHELLS

WYl e iy Y o
Electrons in an atom are arranged in different orbits called energy
levels or shells. The first energy level can have no more than two
electrons. This is the closest level to the nucleus. The second energy
level can hold up to eight electrons. The third energy level can
contain a maximum number of 18 electrons. Higher energy levels

sometimes hold as many as 32 electrons.

6 sie (5 sy Of Sy Y ARl 5f A8 il e et Al ) las 8 5 8 g SIY) s

o Lo oy 0f (01 3811 5 sinndd Sy 50 (5 50 81 50 1305 8 0 ST e 591 8L

A8l i sie (g gind ool 25K Uy il 18 o G A8 (5 s (5 sinn O oS il S Al )
Ly <) 82 ) deay e e Ul LY

The energy levels for atoms and the number of electrons they can
hold are found by using the following rules :
-1 Al ae) 8l alaaiuly Ley Tadiad o Sy ) g IV aae gl A AU Gl e o) il a3

1) Total number of energy levels in the atom is the n .
N s 3,A0 Al Gl g JleaYl 2aadl (1

2) Total number electrons found in the atom is calculated by 2n?
2n2 ey adbis o5 331 8 53 sa sal) Sl yITY) 22e Jaa) (2
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Example : The formula 2n? is used to find the total number of
electrons in each energy level . n stands for the number of energy
level For the first energy level, K, n = 1 therefore number of
electrons in the first energy level = 2 x 12 = 2 For the second energy
level, L, n = 2 therefore number of electrons in the second energy
level = 2 x 22 = 8 For the third energy level, M, n = 3 therefore

number of electrons in the third energy level =2 x 32 =18

Akl (5 gime 2ae N e A8l 5 gie JS & lip S  ea Yl aaed) slayY 212 dapall PRECAERTY LA

9 =92x12 = Js¥ a8l 5 sine & clig <Y aae Julbyn =1 K ¢ J¥) 28Ul (5 gl dunally

Ailly § = 2 x 22 = AAL AL (5 sinne b iy IV e Ml 5 1y = 20, o il ALY (5 ginnal Al
18 = 2 x 32 = il Zaal (5 shen 3 iy SN 230 (6 Moy 1 = 3 (ML« 20 28U 5 i)

He, Helium H, Hydrogen

Ne, Néon Be, Beryllium

~90

~ .

Ar, Argon P, Phosphorus
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IONS

Atoms of an element are neutral particles. Their number of protons
and electrons are equal. Therefore, the charge of a neutral atom is

ZEro.
salaall 5 Aind ()8 ¢ QN (g sl agaal Uy SIYI 5 Ciligig oyl 232 Salae Clapen A eaiall Ol )

Otherwise, the atom is charged. Charged atoms are simply called

ions. There are two types of ions: cations and anions.
il el sV e ole gl gl Aol et 40 ganiiall @l AN 300 el oy ¢ lld (el
REREPRNIR

Cation :- Its the ion which the number of protons is greater than the

number of electrons in an atom, such as Na*, Ca?*, A** and NH,
5 Ca?* 5 Na* Jie ¢ 30 & clis Sy axe e ST ad cligi gl e G5 3 oY) 58 - 05
« NH} s AP

\ & Byloosing 1 electron
Ty —_———_
ey
— }:‘\e‘,).

Sodium atc Sodium ion
Na Na

Anion :- Its the ion which the number of protons is less than the

number of electrons in an atom, such as Cl -, O% , N® and SO%
SN3 502 5 ClF e« 530 o g IV ane (pe Ji 48 il gi gl axe 05K 53 Y1 8 = 10 sl
S0z

By gaining 1 electron

+@

Chlorine atom Chlorine ion
Cl Cl
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Comparison between atom and ion: ¥ 53 A 0 lie

The atom is the building block of the element and it is a neutral that

does not carry an electrical charge, while the ion consists of two

types, cations with a positive charge and an anion with a negative

charge.

sl L e 55 e ) S Lai ¢ A0 5eS At Jand Y byl a s eaiall ol A3 o 50
Al Aindy O Y5 Aun ge Ainiy A padia

lons :- are atoms that have gained or lost one or more of their

valence electrons and have a netpositive or negative charge
sl A e Aiad Ll 5 Lgw Aualal) 8l g i) e ST 13a) g ot f connt€I A AN o rel oY)
Al

When an atom turns into an ion it becomes more stable

o) i) ST aa sl () 33 g Larie
Valence electrons: - They are the electrons in the outer shell of the
atom of the element, which the atom can lose, gain, or share in the
chemical reaction.
o L ) 3,000 Sy il g ¢ yeaiadl 3530 o jladl CaDall 8 50 g sall <l g STV s - g8l il g )

(sl Jeldll b LS L i LeauiSs

Example 1 -2

Draw the electron arrangement of an atom of Lithium element and
its ion . Atomic number = 3 and mass number =7

7 = S aaall 3 = (5 A el Lgigl 5 psid peaie 301 (9 SIYI a5 an ) 2-1 JBa
Solution:

Lithium atom, Li Lithium ion, Li*

Lithium on
Lithium  atom Li 121
Li 2,1

Lithium ion, Li* It looks like electron arrangement of Helium atom

10 MOHAMMED A“l‘"il) SH]HAB
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Example 1 -3

Draw the electron arrangement of an atom of Magnesium element

and its ion. Atomic number = 12 and mass number = 24
24:&&\ Jiﬂ\j 12 Zg‘)ﬂ\ A=l My\je}mw‘)mco‘)ﬂu})&y‘ u_\u‘).}e.‘.u‘)\ 3-1 Al

Solution:

Magnesium atom, Mg Magnesium ion, Mg*?
e—=12 e—=10 &

P+ =12 P+=12
n®=12 n®=12

; magnesium ion
magnesium atom, R
£ Mg-" |2.8)*

Mg 282

Magnesium ion, Mg*? It looks like electron arrangement of Neon
atom

Example 1 -4

Draw the electron arrangement of an atom of Aluminum element
and its ion. Atomic number = 13 and mass number = 27

27 = S i 5 13 = 5O ) A5 sl 5 p snial¥) jeaie 3 A1 5 Y G ) ) 4-1 JUie
Solution:

Aluminum atom, Al Aluminum ion, Al*3
e—=13 9 e—=10 oo
P+=13 // —\ P+=13 /
=14 ¢4 b8 =14 §¢

Aluminum ion, Al*3 It looks like electron arrangement of Neon atom
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Exercise 1 -2

If you know that the atomic number of Beryllium, Be is equal to 4
and mass number is 9. draw the electron arrangement of the atom

and its ion.
O A iy an ) (9 o ALK L8 )5 4 55w Be 058 ¢ assbiall o, aasll G alad i€ 13) 221 oy e
sl 5530

Exercise 1 —3

Draw the electron arrangement of an atom of potassium (K) element
and its ion. Atomic number = 19 and mass number = 39.

39 = SN 215 19 = W ) aisl 5 (K) asanlisdl yeaic 3 )3 g SV caii i) an ) 3-1 Cpal
Example 1 -5

Draw the electron arrangement of an atom of fluorine element and
its ion, Atomic number = 9 and mass number = 19

19 = ALKl a8 )5 9 = A dasll ¢ i gl g sl jeaic 3 A1 5 g IV i i Al 5-1 JUie
Solution:

Fluorine atom, F Fluorine ion, F~
e—=10
P+=9 .
n=10 ¢ /

hs (‘;

S0

Fluorine ion, F~ It looks like electron arrangement of Neon atom

Exercise 1 -4
Draw the electron arrangement of an atom of chlorine (CI) element

and its ion. Atomic number = 17 and mass number = 35.
35 = A 2l 5 17 = A 2aall _uﬁi}((ﬂ) DS paie 30 56 ASIYE it Al s )) 4-1 s
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Exercise 1 -5

Draw the electron arrangement of an atom of sulfur (S) element and
its ion. Atomic number = 16 and mass number = 32,

32 = LS axadl 5 16 = s axad) 453l 5 (S) Sl yeaic 53 5 SV i il aus ) 15-1 (e
Example 1 -6

Draw the electron arrangement of an atom of oxygen and and its
ion Atomic number = 8 and Mass number = 16

16 = S 2aall 5 8 = (5 ,A 2l L saf 5 annsS 3,30 5g STV i i) s ) 6-1 Jlie
Solution:

Oxygen atom, O Oxygen ion, O~
e—= P e—=10 e
e % P+=8
n°=8

s

Oxygen ion, O~ It looks like electron arrangement of Neon atom
Example 1 -7

Draw the electron arrangement of nitrogen element and its ion.
Atomic number = 7 and Mass number = 14
14 = Sl 5 7 = 3 aaxll aisol g (g il jaaaind (5 S a5l s ) 7-1 Sl
Solution:
Nitrogen atom, N Nitrogen ion, N3
e—-=7 i e—=10
' | P+=7
n®=7

Nitrogen ion, N7 It looks like electron arrangement of Neon atom
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Exercise 1 -6

Draw the electron arrangement of an atom of phosphorus (P) Atomic
number = 16 and mass number = 32

32 = Al aae 5 16 = LA 232l (P) Lstu sdll 301 (3 S i il s ) 16-1 Crad

Explain / when atoms ionize, they lose their characteristic properties

5 aaall Lpeailad 2885 ¢ <) A ol Laaie [/ Jle

Answer / Because the last energy levels of these ions become are

full of electrons . il 5 SV Al praal L Y1 3] 5 Y) A8 <l i N / il sl

Generally, atoms of metallic elements tend to lose electrons and

change into cations. While nonmetallic atoms tend to gain electrons

and change into anions .

Al ye A Ja Lyl oS 1) gl 5 <l IV 08 1) diamall pasaliall il )3 Jaal ¢ ale JS
il il ) gty g i<l L) )

Explain / The atoms of Noble gases such as Helium, Neon and

Argon do not need to lose or gain electrons and thus not be ions

under normal conditions .
Y Al b g Sl s o clas ) s Y sl g ol e Alail) il Jlall @l 3 2l Y/ Jle
Aalal) gl bl gl ) 5SS

Answer / Because the last energy level of Noble gases are full of
electrons . 5 IV ¢ e Alaal) AL Al 8l (5 sne Y / ) 52

CHEMICAL BONDING Aflas Ayl

The atoms in salt and sugar, combine together in very different
ways. oo Adlida 5 sl ia Sl eball 3 an

Almost all atoms tend to join together with other atoms. The noble
gases (helium, neon, argon,... etc) are the exception to this. These

gases are inert meaning unreactive.
... ete) ¢ osaoY ol ¢l (Al @l SR s AT @l ae alad¥I ) Gy 8 )3 anes Jaa
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The behavior of noble gases can be explained by the arrangement of
their electrons in energy levels. The arrangement of electrons in
energy levels is called electronic configuration.
b s Y a5 cany ALY s 8 Ll s S a8 DA (e ALl a0 sl i S
S (Sl B L e
The atoms with full shell of electrons have special stability. Noble
gas atoms are very stable.
Aall 3 jitue bl &l Slall Gl )y | pald il @l g S WS CaBlall ld ol HAl) atads

Atoms of other elements do not have full shells of electrons
i s IV (e ALalS @il e (s AY) yualiall Cil 50 s giad Y
Then, elements tend to gain, lose, or share electrons to have full
shells of electrons. As a result chemical bonding occurs.
g IV e JalS e e J ganll i jlia ol aad of el g iSIVT li€) ) jealiadl Jaat ¢ @l any
(el o) i) Gy Gl A
Chemical bonds :- are strong forces of attraction between atoms or
ions. i) o A n A s (58 o Alaasl) a5 )

Argon(Ar)

P

Neon(Ne)
Helium(He)

7 e
In"

Ele_ctronl_c 5 28 288

configuration

The first shell can | The second shell can | The third shell can
hold a maximum | hold a maximum of hold up to eight
of two electrons eight electrons electrons

In Helium, the first | In Neon, the second | In Argon, the third

shell is full shell is full shell is full

electronic configuration of some noble gas

15 MOHAMMED A“l‘"il) SH]“AB
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There are two types of chemical bonds :- Ailasl) Lo 5 M) (e Ol 55 lia
IONIC BONDING i 531 A )

An ionic bond is a type of chemical bond formed through an
electrostatic attraction between two oppositely charged ions.
Ol il O ol e (Sl U A (o 055 ) Aflasl A ) (a5 (ot ) e )
oSlae JS
lonic bonds are formed between cation, which is usually a metal,
and an anion, which is usually a non-metal.
Adaa pe Bale OS¢ OsiY g ¢ Gasa Bale 0SS Al g ¢l gl g A Sl dal g ) (S

A- lonic bonding between lithium and fluorine atoms :

sl 5 sl Y A0 ) A 0 -
When lithium element, Li with fluorine element, F form lithium
fluoride compound, LiF, the formation of ionic bonding between

these elements proceeds as follows :
A 0¥ Adayl ) JS35 AR ¢ pslill) 3 )58 S o JSEF ¢ )5l jeaie aalii ¢ psdilll jeaic Lavie
t ) sail) e paliall oda (py

Electron arrangement for a lithium atom (atomic number 3) and
lithium ion :

s asflll Ol 5 (3 udll 2anll) asdill) 3,00 ¢ 5 I (il

3p’ | [ ;|
w 9050 ) O
- (i 3

Lithium atom Lithium ion
i i’
In other words, there is one electron in the outer shell of an atom
lithium, if lithium atom loses this electron and new electron
arrangement will be similar to the electron arrangement of helium

16 MOHAMMED A“l‘"il) SH]HAB
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atom at the same time lithium atom becomes lithium ion, while
electron arrangement of fluorine atom, F (atomic number = 9) and

fluoride ion, F are as follows :

OS5 S 138 o glll 5,0 0 13) ¢ pall) 5,01 o Al DAl asd s 05 ) aa g ¢ AT e

¢ sl ol psilll 33 pracai CB ) i 8 o saligl) 8,01 (5 SIY) s A Lgilie daaal) 5 IV i
DL LS AF a5l Gl s (9 = oW aal)F ¢ sl e s pSIY) G i Lai

P L 00—

Fluorine atom Fluorine ion
F I

When lithium and fluorine react together, the lithium atom loses one
electron and the fluorine atom gains one electron. An atom that loses
one or more electrons gains a positive charge. In this case, lithium
atom has 3 protons and 2 electrons. The overall charge is (*1). Then,
a positively charged ion, called cation, is formed. If an atom gains
electron(-1), negatively charged ion, called anion, is formed. The
net charge is written to the upper right of the symbol for the element.
The newly formed lithium (Li*) and fluoride (F") ions attract each

other. This is known as electrostatic attraction.

5 i€ N3l 5 Uiy i) glall 3,3 aniiS g 13a) g Uy i) m gll) 33 3885 ¢ Gy slill 5 o gl Je ity Laxic

omis Sl s cligisp 3 (e asialll 5,0 (o giad ¢ Alall oda & s ge Aind JSI of 13al U <)) s 3l

JSE ¢ (1-) Uil 8500 € 1) ¢ 5l oy Ll Cam ga sl CpsSE a3 (14) Adlaa)) daadl)

3 Sl sall) ol gl 03 jeaial) ey pey e 8 Aiail) s LUK S5 5V s Aiai) il (5
Sl s e Apdlally 138 (o e el Laamy (F7) aylpslill il 5 (T +) Ui

00

R 00 -
Lithium atom, Li Fluorine atom, F Li* and F
LiF Tonic compound

17 MOHAMMED A“l‘"il) SH]“AB
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B - lonic bonding between sodium and chlorine atoms
O3S0 5 2 g3 geaall 3 A V) A ) -

When sodium atom, Na (atomic number = 11) and chlorine atom, ClI
(atomic number 17) are bonded to form an ionic compound that is
sodium chloride, NaCl, this bonding can be illustrated by the

following figure.
g._ls‘).a U.US.J (17 Lﬁ‘)ﬂ\ AA:J\) Cl « )}Xﬁ\ BJ.JJ (11 = Lﬁ)ﬂ‘ AA:J\) Na « eﬁﬁ}..al\ B‘).J.ia.)) e.\:a Ladie
) ISl IR e Jag) il 138 ria g (S ¢« NaCl ¢ psdsall 258 585 il

S0-

oo 8. Na Cl /%~

¢4 (@™ .:.m,_ ([ ™

'Y ngy sol 478 | &4
120" 197 o’ 933 —= 8¢ 120’ o3 $3¢ ) P99

00 - 00 o
—— 50~
Sodium atom, Na Chlorine atom, Cl Na™ and Cl
Na(l lonic compound

C - lonic bonding between lithium and oxygen atoms :
f0mnSY) 5 o sl I3 G A oY) A )

When lithium atom, Li (atomic number = 3) and oxygen atom, O

(atomic number 8) are bonded to form an ionic compound that is

lithium oxide, Li20O,

s &S ya (Sl (8 LAl 23O ¢ SV B35 (8 = oW L ¢ psilll 33 Jay ) o Ledie
Lig0 ¢ psfialll 2usl 5

This bonding can be illustrated by the following figure.
S IS O3S e a1 138 eania 55 (S

3p°
() 4n’ L X ] ’\

Lithium
atom (Li)

3p’
Oxygen ¢ °

g . 4n’
atom (O) I i-
3P ;
o 00

4n’ Li,"and O*

i Lithium oxide compound
Lithium

atom (Li)

18 MOHAMMED A“l‘"“) SH]“AB
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This shows that oxygen atom has six electrons in its last shell and
needs only two electrons to fill it. Therefore oxygen atom is bonded
to two lithium atoms.
S Ll g S ) Ja plint g a1 e b s S0 A e (g sind a1 353 o 13 mn gy
sl e 3 GaaasSY) 33 Jai i

Because both of lithium atoms consist of 2 single electrons in their
last energy levels that can be transferred easily.

A sy Lol 0y () 3 80 ABl) iy sne (A (pliaiia s A e 0S5 sl )3 e IS Y
Exercise 1 -7

Draw the figure which shows the ionic bonding between 19K and
17Cl atoms to form potassium chloride, KCI that is an ionic

compound.
S ya 55 KC ¢ pspndisdl 3 )6 00 6S30 1701 5 10K @0 O 9 50¥) Lo 53l eaa 5 o3 IS ax )
(s

Exercise 1 -8
Draw the figure which shows the ionic bonding between 1:Na and

8O atoms to form sodium oxide. Na,O that is an ionic compound.
s S 5e NagO .pse seall 0l 0831 g0 5 11Na 3 G (S5 ol Sl em gy (53 JR s )

COVALENT BONDING ipaalocl) ddad

A covalent bond is the chemical bond that involves the sharing of
pairs of electrons between atoms .

Ll A Gl s I )51 AS jliie Ganati ) Agilpa Sl ddal )1 4 Lpaalusil) dday) )
For example, hydrogen has one electron in its outer shell. So it is
one electron short of a full outer shell. One way it can be filled is by

joining with another hydrogen atom, and sharing electrons .

Go Bl 2ty 05N sed N oa Al a8dle b aals oS e G g oned) ssing ¢ JBA) das e

AS iy ol Gimsow 30 ) sleai¥) a Liske (S ) GOk gaa)  JalSl LAl Gl
L5 Ty
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e | L
o

H H H-H
H:H

By sharing electrons in a such way, both fill their outer energy
levels. Now, each hydrogen atom has two electrons in its first energy
level. This completes the first energy level.
800 JS gsind ¢ oY) Aua Al Al il siiee LaadIS Sy ¢ 455kl 3gr il g SiSIY) AS L JBA (e
I A8 (s sine JaSy 138, ) el (s s (B (s S e Cpa g s
Element hydrogen exists as diatomic molecules like H, . Some
common gases, such as hydrogen, oxygen, fluorine, and nitrogen
have diatomic molecules. The bonds that hold together the atoms in
these molecules are covalent bonds .
G5 G g Hned) Jie ¢ A23LEN Ol Had) (e (5 giad Hgp, Jia 8 )0l 4008 Gl 58S fpa 5 el uaie aa g
Apealus Jagl 5 & Gy all oda & <l AN mead (Al daal 5 1) 3,00 A5 Gy ja e cpa g yiall g Sl
Another example is covalent bonding between two fluorine atoms
(atomic number of Fluorine 9). Fluorine has seven electrons in its
outer shell. So it is one electron short of a full outer shell . there is
only one way for filling its outermost shell is by joining with another

fluorine atom, and sharing electrons .

S5 s e S (5 siny (9 sl (g1 saall) Sl e 03 (e Asaalatl Al 1 g AT Jlie

ae el L saaly A5k ol QWS a s CDle dually aaly o5 S sed Gl o i) aidle b
ol s MY AS Hlia g ¢ s AT )15 50 ae alaai¥l a5 A

00-
P
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CHEMISTRY 2 CHAPTER 1

By sharing electrons in a such way, both fill their outer energy
levels. Now,each fluorine atom has seven electrons in its third
energy level. This completes the third energy level. Element fluorine
exists as diatomic molecules like F, The bond that holds fluorine
atoms together in this molecule is covalent bond.
Faes Lz 50550 IS ¢ Q) A Jlad) 48U il ginse Laa SIS Sley ¢ 48y yhall 03y il 5 yiSIY1 S Jlie SIS (0
Jie 5 AU iy a8 5l paie aa gy G 28U (5 gl JaSy 18 U Lgiila (5 giue (B 5 S]]
Agaaluddday ) (A es il 13 (8 G sl jd day 53 A Ada) I,
One more example for covalent bonding is the bonding between two
hydrogen atoms (atomic number = 1) and one oxygen (atomic
number = 8) to form water, H,O compounds. To fill the last energy
level of oxygen atom, we need two electrons and these two electrons
can be obtained by sharing from each of two hydrogen atoms.
Because each hydrogen atom contains one clectron in its last energy

level.

oA 2asll) a5 sl (1 = oAl aaadl) a5 (5,0 G e 1) o8 bl gl il e AT Ui

Jyanll (Says s SN (A rling ¢ CpansYI 33 A8l (5 giua JAT e HpO. LS s ¢ elall 0 <31 (8 =

Slo (i s 553 IS OF Lo el e G (e S (e ASLERN YA (g s ASIY) Gt e
ABLl (5 e HAT (A asl g (g5 )

Examine the following figure : Sl JK anil

H
\O
H”

Water molecule
H_,(f)
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Example for covalent bonding is the bonding between one hydrogen
atom (atomic number = 1) and one chlorine atom (atomic number =
17) to form hydrogen chloride, HCl compound. Chlorine has seven
electrons in its outer shell. So it is one clectron short of a full outer
shell. Hydrogen has one electron in its outer shell. So it is one
electron short of a full outer shell. Both of them need one electron
to fill last energy level. There is only one way for filling their

outermost shells is by sharing one electron.

oA aaall) Bas) g IS5 539 (1 = (oA daall) Bas) g cpa g 50 G dadl i) 4 ealudll Jagl ) e JU

Al aolall addle 8 il i€ das oK gty HCL S e ¢ G soned) 2 )6lS 0 oS3 (17 =

Qs FSY) seb AN a Al adde 8 asly 05 SN o Consouel) (ssing JlS oa A e (e S8 e

3aal 5 44 5l @llia 48Ul (5 giwe AT edal anl g 05 3 ) zling LaadlS JalSIl oa Al Cadladl (e B 2al
Aaly 0 il AS Jlie A5 el LBl ol L

Y
18n" '

H —Cl
Exercise 1 -9

Show the covalent bonding in chlorine molecule (C1,) which is

formed from combination of 2 chlorine atoms. Atomic number = 17
aadl 5N e (350 (e i (00 0S5 (Cla) LslS) es s (o8 Apaaliatll dday Jll jelal 1 9-1 (sl

17 = (35).33\
Exercise 1 — 10

Show the covalent bonding in ammonia molecule, NH3 by drawing.
Hydrogen has one electron in its outer energy level. Nitrogen has
two electrons in its first energy level and five electrons in its second

energy level.

aal s 058 e a5l 6 sing o I NH3 Wise¥) o5 3a 8 dsaaladll Aoy 5l jelal 1 10-1 e

b Dbl dsed s JY) Al (6 ghue (B i S e g i) (s siag A ) 4l (g slee (S
u.a\_ﬂ\ 43l (5 $ha
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VALENCY

Valence electrons :- as the number of lost, gained or shared

electrons of atoms obtained during the chemical reactions.
e i) oL Lggde J saanll a3 il <ol Al S jida) of duaiSall of 30 gitall <l g SIY) aae - ;58S s 5 S

To find the valency of an atom, the following rules must be applied:-

A_ﬂu‘ Js‘jﬂ\d.\.\kut_\;_}ca).ﬂ\ )S\SJL;Q )}A:ﬂ

1- The number of electrons in the outer shell and whether the shell
is full or not must be known.

Y ol Gliae G S 13 Lo g o ladl Rl b a5 5SIY) aae -]

2- The number of electrons which would be lost, gained or shared

by the atoms to fill their last shells must be known. During the

formation of a chemical bond betwecen atoms.
aay 5 oS8 oLl ) LENe ¢l Ll of Lt ol cl A Laaii i g 3iSIY) dae 46 yre cany-2
A G Al
Explain / The last outer shell in atom plays a great role for valency
determines S a3 (31508150 801 (b dm LA 5,08 AT canli /

Answer / Because electrons used to form the bond are transferred or
shared from the last shell of the atoms.

WA AN G (LS e o Vel iy Adayl 1 (0 S5 8 Aexdiiusall i 5 I Y / s
For example; lithium atom (atomic number is 3) contains one
valence electron. After loosing that one electron from its outermost
shell, it changes into lithium ion, Li lithium is considered as a

univalent element.
e Rl A e 5 IV 13 o aey aal g ISE 5  e (8 Al aaall) asdlll 553 (o giad ¢l
A sl geaie o gl ey ¢ o gl (ol ) Jsady ¢

By loosing 1 electron /
YR 3P

————————

l)\
-® \ @

. S - .
Li atom ~—— Li ion
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An oxygen atom (Z=8) contains six valence electrons. Therefore,
oxygen atom tends either to gain or to share two electrons with
another atom to form two bonds. At the end of this, oxygen atom

completes its last energy level with eight electrons.

AS i o LSl ) Lal a1 550 Jaa ¢ Sl 1SS <l g S D e (Z = 8) CansSYI 53 (5 g

ety Led GBI (5 ginan AT CpmnSY) 550 JaS5 ¢ 13 i By 008D 530 850 e i S
Ll Sl

8p* By gaining electron l}. 8P°
8n" °oy ———» s b 8n’

20

O atom O: oxide ion

All the atoms tend to saturate its valence shell to have the full shell
as in the noble gases.
Alail) 3l 8 Jsd) e LS JiS Gt e Jgeanll s8lSH Cadle qa ) ) e Jaas
A polyatomic ion :- is known as a molecular ion, is a charged species
composed of two or more atoms covalently bonded to each other .
Gealos A o ST 5 G550 o S Osnie g5 25 ¢ il Ol s Comd - LA daete
el lagiazy
The polyatomic ions such as hydroxide ion OH-, ammonium ion
NH; , divalent carbonate ion CO3~ , sulfate ion SO%~ ,while

phosphate ion trivalent PO;~ .
A S Gl S sl | NHY pssisad) Osd cOH- ¢ 2S5 uell ool Jie )3 saaaie il Y
POZ™ S 336 Gl @l G sl L «S0%™ @il SN o sl 5 «CO3™

OXIDATION NUMBER AND CHEMICAL FORMULA

S Zapall § 3008y dae

Calcium carbonate is limestone, and sodium chloride is usually
referred to simply as table salt. And dihydrogen monoxide is water
, common names usually give no information about chemical

composition.

Jsls pladall el anly Aabiony o a3 geall 205518 ) Ly LeBale 5 ¢ (oo oaa e 3oke asanllSl) g S
(el S 5l e il slee (ol Al slanl) e Y esale 5 ¢ ele o B le (s ygd) 2]
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You will be introduced to some of the rules used to identify simple

chemical compounds.
Aol ALl LSyl daas ‘;jZ\A\'\'Z aall 2c ] @l pany o o et o g

Significance ofa Chemical Formula el daall Lpaal

The formula of compound :- is a shorthand way of writing the name
for a compound. The chemical symbols that are assigned to the

elements are used to write formulas.
) pualiall dmiaddl) AilaSl ) sa )l aladi) o5y e aud BT 5 jemite 4y 5l 8 - 1S el Aapa

sl

A chemical formula is a symbolic representation of :-
P e dia (8 b)) Al

1. The elements present in a compound.
S el A8 s sall pualiall ]

2. The relative numbers of atoms of each element.
aie JS @l A Al dlacY) 2

—

CsHis

Subscript indicates that <J Subscript indicates that

there are 8 carbon atoms there are 18 hydrogen atom:
1n a molecule of octane. in a molecule of octane

O35 1 8 35 G o) L J‘“” @ oo 350 18 a5y M el Lall
SV e (A

S5 e 32
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Al2(SO4)3

Subscript 2 Subscript Subscript 3 refers to everything
refers to 2 4 refers to inside parentheses, giving 3
aluminum 4 oxygen sulfate ions, with a total of3
atoms . atoms In sulfur atoms and 12 oxygen
2 il a0l sudy sulfate atoms

H ion. 3 oo « G831 a1 o 8 O L1 3 Gl 0 st
= Al a8 S 3)3 12 5 a8 QY 3 (Jlaals ¢ Gl S Sl gl

@l yid 4

Ol &b (S

The formula of sulfuric acid, H2SO, indicates that two atoms of
hydrogen, one atom of sulfur and four atoms of oxygen are
contained in a formula unit of sulfuric acid. Formulas used to show
the atomic composition of some elements, The number in front of a

symbol or formula is called a coefficient .
e 3wl s S e Baad 5535 Ca s el G 3 35 s Y HoSO g iyl (e dapa Dl
Bl (oo g ¢ ualiall (and (o )M Sl el faall ardind el Sl aes dapa dan g A ey

— 2H20

coefficient
In the above example, it is the formula of water which contains four
hydrogen atoms and two oxygen atoms.
)JMS Sf\ Q‘J.JL.}AO..'\..\S\} e PErLY Q\J.J c_u\ L;‘; ;M\Wéyu 3 a)u:i J\_ml\ g;
Atoms are the building blocks of elements. Molecules are the

building blocks of compounds.
LSl Apul) bl &l Sall | palial) ol il 4 <l Al
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The only difference between atoms and molecules is that chemically
bonded different atoms form the molecules. But molecules of

divalent compounds are formed by bonding the same atoms.

LS yall iy 8 il ) IS5 Uil Ayl el Adliaall 50 o s il )y < 53y m 11 (3 )
LA i day 5 SR (e JSE AL AL

Example 1 — 10

How many atoms are found in the following formulas ?
¢ Al deall 833 ga gall Gl A 22e oS- 10-1 JGa
a) 2HCI

b) (NH4)2SO4
c) KoSOy
d) 5H3PO.

Solution:
a) 2HC1 =2 x 1(H)+ 2 x 1(CD) = 4 atoms

b) NH4)2S04=2 x 1(N) + 4 x 2(H) + 1(S) + 4(0) = 15
atoms

c) ¢)K2S04 = 2(K) + 1(S) + 4(0) = 7 atoms
d) 5H3POs =5 x 3(H) + 5 x 1(P)+ 5 x 4(0) = 40 atoms
Exercise 1 — 11

How many atoms does each of the following compounds consist of?
?Z_ACJ\&;‘\_.\SJA\L}AJSL@JAQ)SSS&J\QUM\ e oS- 11-1 G

a) Ba(OH):
b) 3Fe203

c¢) 5Li2COs
d) 10H2S

e) (NH4)2CO3
g) 5MgBr
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By gaining or losing electrons, many elements form ions with noble
gas configurations. For example, some elements lose one electron to

give "1 cations,such as Na".
Jial) Jasee Je Jud e el o8 cald i ol pealiad) (pe duaall JRUES ¢ il g i3SI lad o b€l JMA e
Na* Jis « *1 cations stacy 13al 5 Uy yi<l) jealiall any 28 ¢

(np { %
L BP0 ‘8o~ ? WQan’

Na Cl ;

Formula of sodium chloride, NaCl

Some elements lose two electrons to give *2 cations, such as Mg*?

ions formed from a single atom are known as monatomic ions .

Agalal il sVl Coyad Basd 5,0 (e 435Sl Mg+2 Jia ¢ ligiilS +Q sllacy (pig yiSl) pualinll (oany 2683
.BJ;‘J\

Some elements gain electrons to form anions. For example, in ionic

compounds nitrogen forms the anion, N . The three added

electrons plus the five outermost electrons in nitrogen atoms give a

completed outermost shell as shown in the following figure.

sl U ¢ A ) Gl pall e JUal Ja e il i) G 5S81 Clig S)) jealiall (mny oS

B syl Q3 8 Hla i g i) At ) ALY Al BN i g SV daxs N3 () )
Sl JSal 8 e o LaS SlaiSa G s
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Oxidation number :- is the number of electrons gained or lost by any
atom during the formation of a chemical bond. It can be either a

positive integer number or a negative integer number .
058 O S AilasS Ayl 5 0585 o1 3 )3 (6T 8 (e B2 siall ol dpnsiSall i SIY) 2ae 8 3a0SY) B8
Bl a5l Ui g Lagma L

If any atom loses electron, atom will be positively charged, and if

any atom gains electron, atom will negatively charged .
Ml i 3 () ¢ Uy iS00 550 (ol i€ 13) 5 ¢ Al A g 5,00 () S ¢ 9 IV B3 (ol i 1)

Oxidation Number Species Oxidation Number Species

1

Mercury (1) (Hg?")
Tin (I1) (Sn*")
Magnesium (Mg*')
Calcium (Ca*™)
Zinc (Zn*")
Barium (Ba™)
Iron (I1) (Fe**)
Copper (11) (Cu*")
Lead (1I) (Pb*%)
Carbonate (CO3*)
Sulfate (SO4™)
Sulfide (S*)
Oxide (O*)

+| Potassium (K™)
+1 Sodium (Na%)
+1 Silver (Ag )
+1 Copper (1) (Cu™)
+1 Hydrogen (H")

1

v + + +
SERSCRRSRESERE RS R R NSR § S

+

+1 Ammonium (NH4 ")

| Chloride (CI)

| Bromine (Br)
-1 Hydroxide (OH")
- Nitrate (NO3)

1

|

|

1

}

Nitride (NO>")
Chlorate (ClO3")
lodide (I7)
Fluoride (F7)

| g | g
210102189 |

Oxidation Number Species Oxidation Number Species
+3 Aluminum (Al') +4 Lead (IV) (Ph¥)
+3 Iron (111) (Fe™) +4 Tin (IV) (Sn*%)
-3 Phosphate (P()j‘ ) +4 Manganese (V) (Mn#")

In writing the formulas for most simple compounds, the following
rules are applied :- Al s gl (b s ¢ Ampeadl LS jall plasal aall L S

1. Cations are written first. If atoms tend to lose one or more

electrons to form positive ions, they are called cations.
oo Lgild ¢ dunse gl cp &8 ST G aal g s iKY plags ) Jaad ol A @il 1Y) Y ol el gl (i
Ll gl
2. Anions are written last. If atoms tend to gain one or more

electrons to form negative ions, they are called anions.
Ll ¢ Al gl o8l ST o aal g 50 b€l ) Jaad cl A1 cilS 1315 el ¥ A0S S
5 s

99 MOHAMMED AHMED SHIHAB




(HEMISTRY 2 CHAPTER

3. The net charge on the resulting compound must be zero. Thus,
the charges indicated by the valence numbers must be balanced.
To do this, subscripts are written to the right of the element or

polyatomic ion.
ST L) as Al o gue 1 4330 5 g ¢ Ml ) Dia il Sl e Aindll il 05 o a3
A damie sl gl peatall gy e Dse UK a5 ¢ ellhy alall | <l

4. The valence of atomic ion must equal the algebraic sum
of the charges assigned to the individual atoms making
up the polyatomic ion.

aaxie (0 530 435Sl Apa ) il M daiaddll clin SN (5 puall & gend) AN G V) IS (g sl O e 4

5. If a polyatomic ion appears more than once in the
formula, 1t 1s enclosed in parentheses, and the subscript

1s placed just outside to the right.
uas;.\.d\ JAJX\ oy ¢ Wﬁ%”jﬁuﬂcw}\éafw)ﬁ\ Q\Jﬂ\/dmdﬁ\)@k\d) -5
ke (padll dga s

Exercise 1 — 12

Write the correct formula and name of compounds formed between
the following ions:- - A ) A Sl IS all ) Al Aiaall LS|

a) Nat and Cl- f) NH} and Br-
b) Mg2* and Cl- g) NH} and SO%~
c) Al3* and O2- 1) Fe3* and OH-
d) Mg2+ and N3-

e) Pb*+ and O2-
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Name of the Compound

Chemical Formula

Name of the Compound

Chemical Formula

Sodium chloride

NaCl

Calcium oxide

CaO

Magnesium bromide

MgBr

Aluminum oxide

Al O,

Barium hydroxide

Ba(OH).

Lithium carbonate

Li.CO

Barium carbonate

BaCoO,

Ammonium sulfate

(NH, ). SO,

Hydrogen sulfide

H,S

Aluminum sulfate

Al (SO,),

Calcium phosphate

Ca, (PO, )

Dihydrogen monoxide (water)

H,O

1-10 PERIODIC TABLE

s Jgaall

Periodic table :- is a tabular display of the chemical elements,
organized on the basis of their atomic numbers, electron
configurations, and recurring chemical properties. Elements are
presented in order of increasing atomic number (number of protons).
03 ASY) iy oS5 ¢ A dae Y1 Gaf e it ¢ Ailaasll suslinll (Jsia g e 00 5 ke sl dsaad
(5555 5al) 2ac ) (A aaad) 5043 iy yualiall (e &l 3 Sl AilaSl) pailiadll g ¢
In the standard periodic table, the elements are put in order of
increasing atomic number in the same row (the number of protons
in the nucleus of an atom).
a\ysﬂu\_}y_s‘)ﬂ\ qm)u@\wussgji\ Jdaj\aﬁ\.g‘);ua;}ahﬂ\ @fé‘whﬂ\g)}ﬂ\ J}AAJ\L;
.(E‘).ﬂ\
Elements with the same number of electrons in outer shell are put in
the same columns .
Baee ) aii A a Al Gl 8 g SV aae i L Al pualiall pia i
Elements with similar chemical properties fall into the same group
in the periodic table .
s Jsall Ao sanall (it 8 Agiial) Al Sl pailadll b jualiall i

1-10-1 GROUPS

A group or family
table.Elements within the same group have the same electron

configuration in their valence shell.

O A (55 (i Ao sanall G JAN jualially ¢ o)l Jsanll 8 ol ) dgee o8 Alall 5l de gandll
sl e

- is a vertical column in the periodic
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The groups are numbered numerically from 1 to 18 from the leftmost

column (the alkali metals) to the rightmost column (the noble gases).
35 el 3 genll ) (A sl <l 1) Sl sl 2 sa sl 3 50all (40 18 () 1 (e Gaae Ay e gandl)
(Al ) el a8

1-10-2PERIODS <l

A period :- is a horizontal row in the periodic table.the elements are
put in order of increasing atomic number in the same period .

Bl Gl A g ) q»d\s;gjgﬂsjwﬁmu_g)sezﬁ‘gjjﬂ\dqu\‘;gmmguﬂ\
such the lanthanides and actinides form two substantial horizontal
series of elements . abinll (ya (8 S il bl JSE8 iS5 claglisdl) Jie
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CHAPTER QUESTION®

Q1) Choose the correct answer for the following questions.
1) Which one of the following paticals have most of the mass?
A) Proton C) Electron

B) Neutrons D) Neutrons with protons

Al AL Asaaall 2l 38 -]
5 s pall ae ilis sl (2 (s (7 Syl (@ 05t (1AL alana 145V (e aal 5 o (1

2) Which one of the followings is not a characteristic property of a nucleus?
A) Itis positively charged  C) Its mass is equal to the mass of an atom
B) Has high density D) Its volume is equal to the volume of an atom

55150 3pan Fpnald Gud ;I 0m 5 (2
B‘)ma%ég_ﬁjl-uel-@-‘&é, (2 BJM\MESLEJLJL@_\L"”S(C A:JLC;\.ELAS‘L}AJ(Q_’ Lulanl 45 i (\

Q2) Fill in the blanks with appropriate answers.
1) The region of atom that does not have electron, is
A) Region around the nucleus C) Nucleus

B) Electron cloud D) Energy levels

Asuliall bl cle) Hall Sl 2-1

GQU))&\GSQLE}NYGA&\DJJ\] (1
Bl gl (2 3153 (7 An il Al (@ 31 530L Adapaall dakaidl) (|

2) Mendeleev was a scientist who arranged the elements in the periodic table
according to their

A) Symbols C) Atomic numbers

B) Mass numbers D) Electron configuration

Led 5 s ysall Joaall 8 jualiall (i Wlle Cipbiie IS (2
O I S (a0 Al dael (7 Al daeY (@ sl (0
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3) In the periodic table, elements are arranged according to
A) Decrease in their mass numbers

B) Increase in their mass numbers

C) Decrease in their atomic numbers

D) Increase in their atomic numbers

...... Crun paliall s 5o ¢ sl Jgaall 3 (3
A, aaclacisalyy (2 A A aaslacl 8 Gl (7 LlS dlaef 30l ) (¢ Ll slaef (alass) (|

4) If the elements are found horizontally in the same order that means they are
in the same

A) Group C) Family
B) Period D) Civilization

o 8 Ll e 13g8 ¢ i i) ey GE) pealiall e giadl 2313 (4
EJL.'AAM(J B‘).mY\(G B)’.’\éj\(g %}m(\

5) If an atom one or more electron, it will be negatively charged ion.
A) Loses C) Shares
B) Gains D) Either loses,gains or shares

M Gl 0 sSand ¢ Tl a5 Ug i) 53 clS 1) (5

6) Valence electrons are the electrons that are found
A) Closely to nucleus C) On the electronegative cloud
B) In the first shell D) On the last energy level

53 sa sall i 5 IV o sl 5 ) (6
DAV A e o (0 Al Al e (7 Y QA 8 (@ 3l e e i (]

occupies the greatest mass of an atom.

A) Nucleus C) Electronegative cloud

B) Neutron D) Proton

BN (e LS ST sy e, (7
Osisodl (0 A Al (7 gsisall (@ 8l (d
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are the neutral subatomic particles and located in the nucleus.
A) Electrons C) Neutrons
B) lons D) Protons
B sill A a5 Balaall 4 Al () g0 Clasaal) &
Cligioll (2 Gl il (z @il (@ by

9) The mass of neutron is equal to the mass of which are made up of the
nucleus.

A) Proton C) Twice of a proton
B) Electron D) Twice of an electron

Bl e S Al AL (g gl (5 5y 5l ABS (9
G A a0 Ol ol (0 oS (@ o ()

10) The nucleus of many atoms are made up of
A) Protons C) Protons and neutrons
B) Neutrons D) Electrons

e A (el 3 5 (855 (10

11) The atom is neutral. Because

A) Number of neutrons and protons is equal to number of electrons.

B) Energy of atom is equal to the energy of electron.
C) Number of protons is equal to the number of electrons.

D) Number of neutrons is equal to the number of electrons.

oY Balaaes A (11
ujjﬁy‘iﬁtjadjub)_ﬂ\“d%(u AJLJ})&‘}” Rhi=) d}m;_\\_\}:j)ﬂ\jg”_ab}).a}d\a_\c (\
(g ST dae (g gl Sl g 53 gaill dae (o .l g SV dae (g by g gyl 22 (2
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Is the smallest particle of an element. the atom of element can be
bonded to the same atom of that element or to the atom of diffrernt element.

A) electron C)neutron
B) proton D) nucleus
il paie b a5l pealall GV 3 iy jeaiall )3 ey (Say jemie (e s Ja shaal s
B2 ol (@ Osisn(e osASY(
Q3) Complete the sentences with appropriate answers.

1) Elements in the same column of a periodic table are located in the same
rou

2) Protons and neutrons are the smallest subatomic particles which are making
up of the atom and having greatest mass .

3) Number of protons and neutrons which are found in the nucleus are used to
calculate the mass number.

4) For a bromine atom, Br if it mass number = 79 and atomic number = 35
then number of electrons = 35 and number of neutrons = 44.

Aaliall Gl YL deal) Jasi 341

3ol el (8 55l Jgand) (e 2 panl) udl (B jualial) o5 (]

ALS T el 5830 (g 5S4 A (5 ilapuaal) Jral o ol gyl 5 cligi g pll (2

L ALK dae Cliad aadius Bl gill 833 ga gall Gl 3 gaill g iligi g pall 2ae (3

e g 35 = Gl JSY) e &35 = () danlly 79 = AWK 2ae IS 13 Bro¢ gl 30 dwall (4
44 = S5 5l

Q4) Determine the following sentences are whether true or false. Then correct
the incorrect sentence/s .

1) Thought is a matter since it occupies volume in space. False

Thought is not a matter since its not occupies volume in space.

2) Air is a matter since it has mass and oceupies volume in space. True

3) The subatomic particles which are neutral and making up of the structure
of the atom, are located around the nucleus. False

The subatomic particles which are neutral and making up of the structure of
the atom, are located inside the nucleus.
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4) The number of electrons which are found on the shells are calculated by
substracting the number of protons from mass number. False

The number of neutrons which are found on the shells are calculated by

substracting the number of protons from mass number.
Aaanall pe deall / deall sty o &5 BhIA o daiaia LU Jeal) a5 4- ]
sladl) 8 dalie Jady ¥ 0y e G Sall / Uad eliail) 8 ) Sa Jady 0¥ Al A (]
zoa sladll 8 ana s ALS e g siny aY al s el sl (2
A 090 Clapall @i / Uad 5 5ill Jom 3,000 Ay (g (558505 Alalaia 0685 A 3500 (50 Claguall £85 (3
Bl Jala s Al Ay e ST Al g Bl
oy / aa ALY sae e Cligigll axe 75k Gk e Gl e 8 sa sall Ui SV 2 e o (4
ALKH dae e ligig pll dae Cﬁ@ﬁ&d\m?\&xqﬁﬂ\guj)sg\ e Ol

Q5) Choose the proper answer in the parentheses.

1) The second shell in an atom can maximum hold up of (2, 8, 18, 10) electrons

2) If atom M changes into ion M*? then its oxidation number will be
(-2, +1, +2, +3)

3) If atom N changes into ion N then its oxidation number will be
(-1, +1, -3, +3)
4) There are (2, 4, 12, 3) oxygen atoms in compound Al»(SO4)3

5) The chemical formula of compound of iron (Il) is (Fe;O3 , FeO , Fe3O,)

6) The oxidation number of chlorine element in CaCl; is (-2,-3,-1, +1).
7) There are (2, 3, 4,6) sodium atoms in compound 2NazPO,
8) In nature, helium element is found in the form of (He4, He,, He, Hes)

9) If the oxidation number of chlorine element in the formula of FeCls is -1,

then the oxidation number of iron will be (+1, +2, +3, +4) in this compound.
O sll G Aamaall AlaY) 30 541

(ol 2my s SU (10 ¢ 18 ¢ 8 ¢ 2) e (s sim o S 5, 8 N Dbl (]

(3 ¢ 24 ¢ 14 ¢ 2-) Les palll 52081 ) () sSnid ¢ MP205 5 () M 330 s 13) (2

(3+ ¢ 3- ¢ 1+ ¢ 1) 328Y) o) 0 5Sand N sl ) N8 i 13 (3

Alo(SOs)aS ol (8 paasSl 3 (3¢ 12 ¢ 4 ¢ 2) 255 (4

(Fe3O4 «FeO Fea03) & (1) 2l Sl Ailassll dapall (5

(14 ¢ 1- ¢ 3- ¢ 2-) 2 CaCl2 & sl juaic 3ausioxe (6

2NasPO4 S all (B o533 a3 (446 <3 <2) 23 (7

(Hes <He <Hez <Hes) JSi e o siligll juaic aa g ¢ daplall 4 (8

¢3¢ 24 ¢ 1) OsSom paall sausiae (é ¢ [- g FeClg 4 3 )l juaic 30uST aae (IS 1) (9
Sl 3 B (4
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Q6) A nitrogen atom and three hydrogen atoms are bonded to each other to

form compound ammonia, NHs. Show the formation of NHs by drawing. (N

and 1H)

NH3 (0S5 edal NHz L sl S e 0 681 and) Lpansy Aasi yo Cpia g a0l )3 EDM 5 G gy 353 6- 1
(1H 5 7N) .all

Hydrogen atom Netrogen atom

e =7
pr=7
n’=7

o0

7P*
7n’

1P

Nitrogen atom, N

Q7) Write the name for each of the following negatively charged ions:
1) CO32  Carbonate ion < s )<l ¢ sl
2) I lodide ion 235390 () s
3)Cl0;  Chlorateion <l sl s
4)S0;2  Sulfateion <l S (g
5)NO;  Nitratejon <l il s

Q8) Write down the chemical formulas which will be obtained by
combination of the following ions.

1) K+ and S = K,S

2) Clrand NHf = NH,CI
3)Ca?and NO; = Ca(NOs),
4) Fe*>and OH- = Fe(OH),
5) Mg*? and CO32 = MgCO;

6) Br-and Al*3 = AlBr3

7) Mg*2 and PO;3 = Mgs(PO.),
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Q9) What will be the oxidation number of each of the following elements, if
their atomic numbers are given as follows?

1)Hydrogen, atomic number =1

The oxidation number of Hydrogen =+1 , -1

2) Netrogen, atomic number =7

~

. o

B

The oxidation number of Netrogen = -3

3) Oxygen, atomic number = 8

The oxidation number of Oxygen = -2

4) Magnesium, atomic number = 12

The oxidation number of Magnesium = +2
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5) Boron, atomic number =5

O~

4P

E (Lv "'\
5n° 8

The oxidation number of Boron = -3

Q10) Write the chemical formula for each of the following compounds given
in word.

1) Magnesium chloride = MgCl;

2) Potassium oxide = K;0

3) Calcium nitrate = Ca(NOs3);
4) Sodium nitride = NaNO;

5) Hydrogen sulfide = H,S

6) Aluminum hydroxide = AI(OH)3
7) Iron (1) sulfide = FeS

8) Iron (1) sulfate = FeSO,

9) Ammonium sulfate = (NH,).SO,

Q11) The oxidation number of metallic element M is +2, the oxidation number
of non-metallic element X is -1, and the oxidation number of non-metallic
element Y is -3. According to the givens which one/s is/are of the followings
correct or not ?

1) MsX not correct 4) M3Y;, correct 7) MY not correct
2) MY not correct 5) MX not correct 8) M>Y not correct
3) M3Y not correct 6) MY not correct 9) M2X not correct
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Q12) Calculate the numbers of proton and neutron for each of the following
elements :

1) *§Pb 2) 33Tc 3) “35Ra

1) “33Pb:

Mass number ( A ) = number of protons + number of neutrons = 207
Atomic number ( Z ) = Number of protons = 82

So by using the relation :

n=A-7

n =207 — 82

n = 125 is the number of neutrons

2) 33Tc

Mass number ( A ) = number of protons + number of neutrons = 99
Atomic number ( Z ) = Number of protons = 43

So by using the relation :

n=A-7

n=99-43

n = 56 is the number of neutrons

3) %2%Ra -

Mass number ( A ) = number of protons + number of neutrons = 226
Atomic number ( Z ) = Number of protons = 88

So by using the relation :

n=A-7%

n =226 — 88

n = 138 1s the number of neutrons
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Q13) Write the name for each of the following positively charged
1ons:

1) Al*3 Aluminum ion 3) Fe*3 Iron ion (III) 5) NH Ammonium ion

2) H* Hydrogenion  4) Fe*? Iron ion (ID)

Q14) Complete the following equations :
1)  Na——— Nat*+ le-

2 O0+2e —— 022

3) Ca—— Ca*2+ 2e-

4) Cl+e — CI-

5) Al —— Al + 3e-

6) Mg —> Mg*2+ 2e-

Q15) According to the following, calculate the neutron numbers for
each of them :

1) A=58 and Z = 28

n=A-7

n = 58 — 28 = 30 is the number of neutrons
2) A=238 and Z = 92

n=A-7

n = 238 — 92 = 146 is the number of neutrons
3) A=45and Z = 21

n=A-7

n = 45 — 21 = 24 is the number of neutrons
4) A=40and Z =18

n=A-7%7

n =40 — 18 = 22 1s the number of neutrons
-
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Q16) Na=11,Cl=17,Ca=20,K=19,F=9,0=8,Mg=12,
S=16,H=1,C=6.

Consider the atomic numbers of elements given above, answer the
following questions :

1) Draw by showing clectron arrangements of atom and ion figures
for the elements which are join together to form the following
compounds.

a-Calcium chloride

\T\Qo/ '///
~00—

Chlorine (ClI)

Chlorine (ClI) Chloride ( ClI-)
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b- Potassium oxide
00—
//’HCC . \\

o

‘\
c‘ &
)

\ /

N4

<o
Potassium (K+) & fS/ ’ \h
R 00— Q
> //oo\

) 0232 i

R 2 o
\\ 00— /
o0

Potassium ( K+)

/ \
L N\
)/ [ \
N \
289 o
1 \ J
\ ‘.\ ’
& S

Potassium ( K)

¢ - Calcium oxide

Calcium ( Ca) Oxygen (O) Calcium (Ca+2)  Oxide (0-2)
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d-Sodium sulfide

Sodium ( Na+)

/ /ﬁ\\ \ - = '/"/(v/‘v"’
é (K ‘ Sulfide (S-2)
iy r>0/
Sodium ( Na+)
Sodium (Na)

e-Magnesium chloride

Magnesium ( Mg )

Chlorine (ClI) Chlorlde ( Cl-)
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2) Draw the figures of electron arrangements for the following covalently
bonded molecules :
a- Hydrogen fluoride (HF)

TSN N\
QO o 4 [ § 1 1\ | 9p* \ &
1P' o -+ W /9 | @P ;. wn? ? $

Hydrogen Fluorine Hydrogen fluoride
b- Methane (CH,)

4 Gr Q + &4 ’ \<;i~

Hydrogen

Carbon

c-Water (H-0) Methane

Or) o

.7 3 8P’ k|
S G
L

1P

.~ Water molecule
H20
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d- Ammonia (NHs,)

Hydrogen
Nitrogen e
Ammonia

Q17) How many atoms of elements are there in each of the following
compounds?

1) 4Na,SO,
Na =4 x 2 = 8 atoms of Sodium
S =4x1=4atoms of Sulfur
O =4 x4 =16 atoms of Oxygen
2) 5H,0
H =5 x 2 =10 atoms of Hydrogen
O =5 x1 =5 atoms of Oxygen
3) Zns(PO4);
Zn =1 x 3 =3 atoms of Zinc
P =1x1x2=2atoms of Phosphorous

O =1x4x2=8atoms of Oxygen
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Q18) If a sodium atom, Na has atomic number as 11 and mass number as 23,
then draw the arrangement of electrons for sodium atom and sodium ion,

respectively.
Sodium atom (Na) Sodium ion ( Na+)
e =11 e =10

pt=11 pt=11
n®=12 n®=12

\ .| Byloosing 1 electron

PN
-©

969

Q19) Consider the ions of the following elements whose atomic and mass

numbers are given below, then fill in the table with appropriate answers :
Anlial) YL O sand) Slal o5 ¢ A1 o 4 )3 Leald i olial & 5y i) A yualial) il gl & jliie) b aa 19-1

471 , 3Be , PC1, 3z
Proton Nuetron Electron
number number number

17 18 18 -1
4 5 2 +2
16 16 18 -2
13 14 10 +3

Charge
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Q20) Answer the following questions considering the electron arrangements

below.
ol (5 IV s sle ] ye ae 400N ALY e aal 20-1

Sodium atom, Na Chlorine atom, Cl

1) How many valence electrons does each of sodium and chlorine atoms have?
oS 5 o a0 gaall il 53 (e JST ALl i g S 2ae oS (1]

The number of electrons valence of sodium =1
The number of electrons valence of chlorine =7

2) Which element carries negative charge and which element carries positive
charge ? Why ?
913l $a e dind Jany yeaic (sl 5 dallos Lin Jany 3 juainll L (2

Chlorine carries a negative charge because it acquires a negative electron
b ¢ g S o€ a8y Aulla as Jasy 50

Sodium carries a positive charge because it loses its negative electron
Gl (5 S 88y 45Y Sn g dind Jany o g3 gual

3) What are the atomic numbers of sodium and chlorine elements ?
¢ 5510 5 o533 saaall pualind 45 )30 slac ) 8 L (3

Atomic number of sodium = 11
Atomic number of chlorine = 17

4) How many electrons does sodium atom lose ?
913La) $% 520 saall 3,3 Lads i) 5 SSIY) 2ae oS (4

Sodium loses a single electron because it has one valence electron in its outer
shell
oAl able 8 aal 5SS o5 SN e g ging a3 aal g 5 5 a0 saall Sy
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How many electrons does chlorine atom gain ? Why ?
913Lal € 551K 5 )3 Leanss ) il 3Ty aae oS

Chlorine acquires one electron because it contains seven valence electrons in
its outer shell and thus fills its outer shell

e Al adle by el g s jlall addle 8 58S il g S dma e (o gy Y aal 5 o 5 S0 SIS Sy
Q21) Answer the following questions considering the electron arrangements
below :

ool (5 IV il 3 sle ] ye pe 3000 Al e il 2141

: o 1P
—~—90 v
Oxygen atom

/

Hydrogen atom Hydrogen atom

1) What are the atomic numbers of oxygen and hydrogen elements ?

€ 53l 5 Y pualial 4,300 lac ) o L (1
Atomic number of Hydrogen =1
Atomic number of Oxygen =8

2) How many neutrons does an oxygen atom consist of ?
oS 5 )3 Lia () 65 3l i g 53 sl dae oS (2
The number of neutrons in an oxygen atom = 8
3) What is the mass number of Oxygen atom?
SopansY) 5 3 A dae sa L (3
The mass number of an oxygen atom = 16

4) How many electrons are there on the outermost shell of oxygen
and hydrogen atoms?
o 5ouell Gl )3 s aaul Al Gl e 53 ga gall i 5 yKIY) 22e oS (4

The number of electrons in the outermost oxygen shell = 6
The number of electrons in the hydrogen outer shell = 1
5) How many electrons do hydrogen and oxygen atoms share to form water
molecule?

Colall o0s a0 sSal S g Cpm s gl €l )3 L @l s ) 5 iKY sae oS (5
The number of electrons share in the hydrogen atom = 1

The number of electrons share in the oxygen atom = 2
R —————————
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CHAPTER 2

CHEMICAL REACTIONS
AND EQUATIONS

2 -1 CHEMICAL REACTIONS

There are a few key points you should know about chemical
reactions :- L el el ce e yad o sy ) Al Lalaal) jany llia

1. A chemical change must occur. You start with one compound
and turn it into another. Example of a chemical change. A steel
rusting is a chemical reaction. While the change in temperature
Is a physical change.

58 Yl e JlasS jud e JBe AT S e ) algady aal g S ey o SleS s Gaasy O ang

(o et s 5o el A 50 8 el Ly e el

2. A reaction could include ions, compounds, or molecules of a
single element. And might the reaction happened by a catalyst

for speeding of chemical reaction .
Jo il o ] e Alansl 53 Jo i) Cada Loy y 5 28 5 aie il ja ol LS e ol i g Jelail) Jady o S
(sl

The formation of water from Hydrogen and Oxygen
OS5 el e slall 0 sS

vater
|| nt bonds break.

bdb. ; , j_j

H O

yvdrogen +
Hn > covale nth nds bre |k

lll\li
llll
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3. Single reactions often happen as part of a larger series of
reactions. e (pa ST ALl (pa o S e 53 jaal) Judll 353 5 Caaas

2
C+0»
g =

Chemical reactions :- is the process reaction between substances
reactant for production of new substances differ in their properties
from the properties of the materials they are made of .
Ul a e lpal 3 (8 Calial 3aa 3 o ZU0Y dlelaial) ol gall G Jelddl) Aulee oo - A0LS] Ol )
leie de siadl 3 sl
Energy is required to initiate all chemical reactions, though :-
- UA(-.Q)X\L;:; ¢ bSOl Latl) @A;&JJM}SLAQ\.H\

1. Some chemical reactions release energy to the surroundings.
Adaaall ahabial) ) Zaal glat 3ileasl) e Ll (jany

2. Other chemical reactions absorb energy from the
surroundings . Adoynall Apl) (g A8 (5 AV Ailsesl) Ol il Gaicd

The provariables that can effect chemical reaction rates, and these

variables include :-
bl puaiall ol Jadiiy ¢ Slasl Jeliill ¥ ane e i o oS ) @l i)
1. Temperature . 5 yall da

2. Pressure. Lol

3. The presence of special substances called catalysts.

Catalysts :- is the substances which accelerate the chemical reaction

rate without themselves being consumed.
eSOl i o 039 el Je il Jana g jusd G o pall & 1) Sisall
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2 —2 CHEMICAL EQUATIONS Al Y alae

A chemical equation :- is a written representation of the process that

occurs in a chemical reaction.
eS Jeli b caat il dleall (o gi€a Jiiad o - ALeSl) Alaladl)

A chemical equation is written with the reactants on the left side of

an arrow and the products of the chemical reaction on the right side

of the equation .
¥ ciladl e el Je il il 5 agad) o a1 cailadl e dlelina) o) sally 4l dlalas 4 a3
Aalaall (ge

The elements in an equation are denoted using their symbols.
L8 ge ) aladinly daladll (8 jealiall ) 3 LEY) Al

An example of a chemical equation may be seen in the combustion
of methane : sl (31 sind 8 Ailaas€ Alibae e a5, (S

0D O0-@ 88
CH, 20, co,

2H0

methane oxygen carbon dioxide water

Participants in the Chemical Reaction Sl Jelill s o 58 L

Element Symbols :- In this reaction, C is carbon, H> is hydrogen and
O3 is oxygen.

Left Side of Reaction: Reactants cSleldiall (el Ga ) cilal
The reactants in this chemical reaction are methane and oxygen:
CHsand O;. O3 5 CHy connSY s (sl & el Jelidl 13 3 Alelinal o sl

Right Side of Reaction: Products Claiiall el 2 (e ) ilal

The products of this reaction are carbon dioxide and water: CO, and
H-0. H20 5 COg slall s ¢y 50 SU anussh 365 & Jelail) 134 gl 58
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Direction of Reaction: Arrow seall 1Jadl) 3, ola

The reactants on the lefthand side of the chemical equation and the
products on the righthand side of the chemical equation.

Wadl (e eV culall e 33 ga sl claiiall 5 duibiasll alaad) o en¥) cailall e deliid) o sal)
The arrow between the reactants and products should point from left
to right. cnadl ) Sl e i sy Aleliial o) pall ey agad) s o can

Example 2 -1 :-
Magnesium and sulfur elements are chemically combined to form

compound magnesium sulfide. Write the word equation and the

formula equation for this reaction .
Aapall dalas 5 4Ll Aabae ) groinall 28 S S a0 ST LS Syl o gsrinall jualic e oy
Jelatll 1ag)

Answer :-

Firstly, let's write the word equation. To write a word equation for
any chemical reaction, we should recognize the elements and know
the symbols of these elements.

magnesium+ sulfur ——» magnesium sulfide (word equation)
Mg+ S —— MgS (formula equation)
Example 2 — 2 :-

Magnesium and oxygen elements are chemically combined to form
magnesium oxide. Write the the word equation and the formula

equation for this reaction.
13¢d Arpuaall Uslaa s 4alll Alalre (5S) o graivall 20T 0 58T Bl a5 o spuninall jualic gad ol
Jetal)

Answer :-

Magnesium + Oxygen — Magnesium oxide  (word equation)

Mg + %Oz — MgO (formula equation)
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Exercise 2 -1 :-
Express the following chemical reactions both in word and formula
equations :- Zageall 5 LSl CiYalaa b A Alal c il e e

1- Methane gas burns with oxygen gas to produce carbon dioxide
and water. elo 5 s Sl sl AU 2B GaankYI Sl G iag Gl e
2- After dissociation of calcium carbonate, calcium oxide and

carbon dioxide compounds are produced.
O 5N 2ST 5 sl SI 20T LS o 2 ) Ay ¢ sndlSI il 5 S SISE 2y

3- The reaction between nitrogen gas and hydrogen produce
ammonia. L e iy o sl s Ol Sle G Je i)

Exercise 2 — 2 :-

1 — Write a balanced chemical equation for each reaction :
D Jeld IS 40 i AilesS Aalas i)

a) water » hydrogen + oxygen

b) calcium hydroxide + hydrochloric acid —— calcium chloride + water

¢) magnesium + sulfuric acid —— magnesium sulfate + hydrogen
d) calcium carbonate —» calcium oxide + carbon dioxide
2 — Balance the following cquations : A Yl 3l
a) KC103 ——— KCI + Oq

b) Fe + Ho.O —— Fe304 + He

Balancing chemical equations sl Yol 4331 50

Balancing a chemical equation refers to establishing the
mathematical relationship between same elements of reactants and

products .
ladiall g ddeldta) o gall palie (udi (o Al ;) Aile L&) ) AibaSl daleall 453 g judy
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coefficient are used to balance an equation. In a balanced equation,
the number of each kind of atom is the same both sides of the arrow.
You can change the coefficient to balance an equation. You should
never change the subscripts in the formula of a compound in order
to balance the equation .
el 8k 8L gluie &l AN e e 68 S 200 (68 ¢ A8 )) gie Aalaa (8 Aol A ) gal Jalaall aladtial S
Asbeal 4331 g dal o oS el Aipn (8 5sa 0 a3 YT Gany Ao 4530 s Jebeall s iy
What coefficients must be written and where should they be placed,

in order to balance the following equation :
2 A0 Aabeal) 45530 ge Jal (e ¢ Lganda s Gany 0ol 5 LeiliS amy 3 SOl o e

Fe + 02 s Fe203

There is only 1 iron atom on the left and 2 iron atoms on the right.
Then you write 2 as the coefficient of Fe. There are 2 oxygen atoms
on the left and 3 oxygen atoms on the right. You may write 3/2 in

front of O,
AN 2 wmg Fe dabaaS 2 i A0 cpad) Ao sl e 8505 jleal) e Jadd 8aal g a3 )3 a6l
Oz Ji 2/3 LS iy (padl e Geansl @l )3 3 5 Jladl e gpans

2Fe + 202 —— FeaOs

You can multiply both sides of the equation by 2, if you want to see

the whole number coeflicients .
sl 2aall SOl 5 5 O 55 i€ 1Y) ¢ 2 Aalaall 8k o e Sy

4Fe + 302 e 2F€203

This equation shows that four atoms of (4Fe) iron combine with

three molecules of oxygen (302) to form two molecules of rust

(2Fe203) .

O 35S (302) Y (e iy o B ge 28 (4Fe) waall e 3wl o sl 034 a5
(2Fe203) aall ¢
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2 — 3 TYPES OF CHEMICAL REACTIONS

Liesll COe il (e g ) il

There are several different types of chemical reactions and more
than one way of classifying them. Here are some common reaction

types .

Aailall Jadl) 2535 )il Gany b e Lebiinail 38 yla (e ST 5 ALaasl Bl i) (g ddlida ) 51l 320 llia
COMBINATION REACTIONS
DECOMPOSITION REACTIONS
SINGLE DISPLACEMENT REACTIONS
DOUBLE DISPLACEMENT REACTIONS

COMBUSTION REACTIONS
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DECOMPOSITION COMBINATION
REACTIONS , REACTIONS

CHEMICAL
REACTION

b

DOUBLE SINGLE
DISPLACEMENT DISPLACEMENT
REACTIONS REACTIONS

COMBUSTION
REACTIONS
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2 — 3 — 1 Combination Reactions (Synthesis Reactions)
(Sl e i) A8 yall cdle i)

In a combination (or synthesis) reaction, two or more simple

substances combine to form a more complex substance.
M ST aale Sl ST ) lidagen ke aai ¢ (AT ) S 5 Jeld b

These reactions are in the general form : Al S8 o3 Jadll 25
A+B— AB

A+B Synthesis AB

Reaction

0+0 — 00

Two or more reactants yielding one product is another way to
identify a synthesis reaction. One example of a synthesis reaction is

the combination of iron and sulfur to form iron(I1)sulfide :
Gle ALY aal Cad ) Jelis aaail 5 jal 45y 5k 4 13a) 5 B g ) Aleliiall o gall (e ST S ol
D (IT) sl a8 G sS 5l g aad) (e g e 8 Rl Jelas

Fe+S —» FeS

Another example is simple hydrogen gas combined with simple

oxygen gas to produce a more complex substance, such as water :
s el e ¢ 13 ST Bale LY Japad) CpanSY) Sle ae dagud) Cpa el Gl s AT Jle

H2+%02 — H20

2 — 3 — 2 Decomposition Reactions Jatl) &Se s

IS a reaction its compound is broken into smaller chemical species.

and its a decomposition reaction is the opposite of a synthesis

reaction .  —adsll delis (e Jlatll Jelii () S5 saaal AilaaS g1 5 () LS so o oy Jo i 58
AB—A+B

AB Decompositon A + B

Q0 - 0+0
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The electrolysis of water into oxygen and hydrogen gas is an

example of a decomposition reaction :
Dl Jelds e Yla Con s oned) 5le s CannsST ) slall 30 5eSI Jalail aay

2H»0 — 2H:2M+ 021
2 — 3 — 3 Single Displacement Reactions dsalaY) dal 3Y) kel

Is a single displacement reaction of one element being displaced

from a compound by another element .
A e Alaud 53 (S je (e dal ) oy geaial (358 Aal ) deli s

These reactions come in the general form of :- s e <o eieta s b

N

A+ BC—- B+ AC

-

- -> +

AB + C = A + BC
One example of a single displacement reaction is when soduim
replaces hydrogen in water to make soduim hydroxide and hydrogen

gas .
o 533 gaall M}Jqﬁaeml;w\guﬁj)%\@eﬁa@\@umﬁA;UR;U)J;GSQ;&Y\AJ
D omsoud) e

2Na + 2H20 —— 2NaOH + Hat

Another example of a single displacement reaction occurs when zinc

combines with hydrochloric acid . The zinc replaces the hydrogen :
0 sl Jae 3l g ol 5515 50l e o i aay Lot a3 e a3 Jelii e AT Jl

7n + 2HClI ——— ZnCla! + Hot
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2 — 3 —4 Double Displacement Reactions da 53 3al) As) V) ke i

Is a double replacement reaction, the anions and cations of two
compounds switch places and form two entirely different

compounds .
Jalal (pailine (S e S5 5 S i (S el il 58 g il i) 585 ¢ 7 50 e Je i e 3 ke

These reactions are in the general form : Alall S8 o3 Jadll 253,
AB+CD — AD+CB

M

AB+ CD - CB+ AD

J

E+@~@ +EO

For example, when barium chloride, BaCl,, and magnesium sulfate,
MgSO, react, the sulfate, SO, anion switches places with the
chloride, CI™ anion, giving the compounds barium sulfate, BaSO4

and magnesium chloride, MgCl; .

iy Sl daas oy « MgS Oy ¢ pssisnall iy 585« BaClyg ¢ p sl 2518 deliy laxie ¢ JUal) o e

o spentinall 25 1S5 BaSOy ¢ ps ) iy 58 s jo ary Laa ¢ 0559 17 ¢ 2,580 ae SOZ2 0yl ¢
. MgClz ¢

BaCl: + MgSO4s — BaSO04 + MgCle

Another example of a double displacement reaction is the reaction
of lead(ll)nitrate, Pb(NO3), with potassium iodide, Kl to form

lead(l)iodide, Pbl, and potassium nitrate, KNO3
KI ¢ o5l sll 3235 00 P(NOg) «(ID) a5l 0l s Jelii oo A 53l Al 3Y) Jeliti e HaT Jlie
KNO3 pssisdl @ i PhIg () gaboa il 305 S50

Pb(NO3)2 + 2KI —— Pbls+ 2KNOs
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One more example of a double displacement reaction occurs
between sodium chloride, NaCl and silver nitrate, AgNO3 to form

sodium nitrate, NaNO3 and silver chloride, AgClI .
258 AgNO3 « il @ 355 NaCl ¢ psssall 20508 (o Giany da g 30 Aal ) Jelii e AT JUe
. AgC] ¢ dadll 3:1)}55 ¢ NaN03 ¢ ?):‘3}‘4” G Rt
NaCl + AgNOs ——— NaNOs + AgCl

2 — 3 — 5 Combustion Reactions Gy el

A combustion reaction is a major class of chemical reactions.
combustion involves a reaction between any combustible material

and an oxidizer to form an oxidized product .
2 a5 (3l iU AL 3ol (ol (e Dol 3 yia V) el AibesSl) e Wl (o At ) A58 54 (31 i) Jelis

Combustion is an exothermic reaction, so it releases heat, but

sometimes the reaction proceeds so slowly that a temperature

change is not noticeable .
Spm 30 eday Jeldill abuy (L) any 8 (Sl 05l a Bl sed 13¢5l all o jta Jelis s Gl i)
Boloadlds )y 8 e ddadle (S Y

Signs that you are dealing with a combustion reaction include the
presence of oxygen as a reactant and carbon dioxide, water and heat

as products .
O3S 2l 36 5 Jelite JeliaS s 2 ga 5 3 ial Jelii ae dabem ol ) i 3 ciladlall Jads
LalaniaS B)‘)L“} elall g

General Form of a combustion reaction G s Jelal Hlal) iy

Hydrocarbon + Oxygen ——— Carbon dioxide + Water

Examples of combustion reactions combustion of methane
Ol (3) yial - 31 iaY) e lels e AL

0D OO0 - e
CH, 20, co, 2H,0
methane 0 n at

oxyge carbon dioxide
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Burning of naphthalene
CioHs + 1202 — 10CO2 + 4H20

Combustion of ethane

2C2Hg + 702 ——— 4CO0O2 + 6H20
Exercise 2 — 3 :-
Determine the type of each of the following reactions :
1) Hx+I —— 2HI
2) 2HBr — Hs+ Bre
3) Clz+ 2KBr —— 2KCI + Br
4) 2KOH + H2804 — K2S04 + 2H20
2 —4 AVOGADRO'S NUMBER AND MOLE CONCEPT

You need to estimate the number of nails in a box. You weigh an

empty box, 213 g. The weight of the box plus nails is 1440 g. The
weight of one nail is 0.45 g. | hope you are not going to tear open
the package and count the nails.

We agree that mass of nails- 1440 g - 213 g =1227 g

Number of nails (1227 grams nails/ 0.450 grams =2726.6 nails =
2730 nails.

You can count the nails by weighing them.
o> 1440 pdbsall madddall ()35 0n 213 ¢ L& 8 Bstia 35 odia 2 pabuall 230 i ) zlias
mabesall a5 3 gl iy o 685 Y el aa 0.45 ikl ¢y
ax 1227 = aa 213 - o> 1440 - spebosall A o e i

Dlese 2730 = b 2726.6 = (1o 0.450 / ssdbse ol 1227) aebosall 22
e DA e ,alaY) ae Gl

Avogadro's number :- is the number of particles that existing a mole
of a substance
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Avogadro's number = 6.02 x 1023

The kilo Avogadro number for the count of particles in a kilomole
is 6.02 x 10%°

The milli Avogadro number for the count of particles in a millimole
is 6.02 x 10%°

1 mole of element contains 6.02 x 10%* atoms.
1 mole of compound contains 6.02 x 10?2 molecules.
1 mole of hydrogen ion contains 6.02 x 10% ions

1 mole of electron is equal to 6.02 x 107 electrons.
Ja pseias sodlasdl i) 4-2
Lo 3ale Jise (o8 835 sall cllagaall 23e 8 - 25 ke il a8
6.02 x 1023 = 50l il sac
6.02 x 1026 s JsaskSll b lapal) a5 pala g8l LS
6.02 x 1020 s Jsadall & Clasuall aad o yola il L) o8
$036.02 x 1023 Je painll (0 50 1 s sinn
s> 6.02 x 1023 e S oall e Jse 1 g5
gl 6,02 x 1023 e tonsouel) Ol e U 1 (558
55 6.02 x 1023 (55 s S e Jse 1
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C CHAPTER QUESTlON@ :

Q1) Define the following terms :

Chemical equation, chemical reaction, mole, reactant, product
e ¢ Jelita ¢ Jso ¢ e Jeli ¢ AlesS Alalaa 1 4 Cilallaadl) Caye 122

A chemical equation :- 1s a written representation of the process

that occurs 1n a chemical reaction.
e Jelii b cuaad ) dlaall o gia e - rAilasS Alabedl)

Chemical reactions :- 1s the process reaction between substances
reactant for production of new substances differ in their properties
from the properties of the materials they are made of .
uala e lpal 3 (8 Calial 3aa 3 o ZU0Y dlelaiall ol gall G delddl) Aee oA - A0LaS] Cle L)
leie e siaall 3 gall
Mole : 1s the amount of matter that contains Avocadro's number of
matter (atoms, molecules, or ions)
(sl sl cliysa o @ld ) salall e gpalSilare e g gind il salal) dpeS a2 Jsal)
Reactant : are the substances that are written on the left side of the
chemical equation.
- AkaST Al jloal) dga 8 iSE ) 3 gall a5 1 e el
Products: The materials that are written on the right side of the

chemical equation.
ALal Allaall el g o S ) o) el a5 7 i i

Q2) What are the benefits of a chemical equation ?
¢ bl Aalaal) 231 8 & L 2-2

1. Express the chemical reaction in a simple way.
Abaie 44y Hhay el Jeliil) e

2. Show the nature of the substances involved in the reaction.
Jelal) b 48 jidll o sall dagla el

3. It shows the relative number of particles involved in the

reaction.
delal) 8 Adaall il hadl ol saell el
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Q3) Show the following reactions with a balanced formula equation
DA ) gie Aabeay N C el e lal

1. Silver + Chlorine gas — Silver chloride

2Ag + Cly — 2AgC(Cl

2. Copper + Oxygen gas — Copper (II) oxide

2Cu + O ———» 2CuO
3. Zinc + Chlorine gas —— Zinc chloride
Z/n + Cl12 ———— 7ZnC(Cl2
4. Iron + Oxygen —— Iron (I) oxide
2Fe + O —— 2FeO
5. Sodium + Chlorine gas — Sodium chloride
2Na + Cl; —— 2NaC(l
Q4) Balance the following reactions : Al ke il 45 3) 5
1. Mg + O — MgO
2Mg + O, — 2MgO
. Mg + Nog — Mgs Ny
3Mg + No — Mgs No
. N2+ 0Oz — NO
Nz + O2 — 2NO
.CO+ 02 —— CO2
2C0O + 02 —> 2CO¢2
.Hg + O —— HgO
2Hg + O — 2HgO
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Q5) Correct if there is something wrong in balancing of the
following equations : A Y aleall 43 e 8 Uk ollin (S 13) i

1. Al+ Oz — Al:0O3 Not correct
4Al + 302 — 2Al1203

2.CHs+ 02— CO2 + H2O  Not correct
CHs + 202, — CO2 2H20

3. 2K+ Brs — 2KBr Correct

Q6) Write the names of types of the chemical reactions and give an
example for each of them : Leie S Yl Jae |5 4ilall el ¢ 5if cland i)

1. Combination Reactions (Synthesis Reactions)
(AnS ol ke Lall) AS jall Ble L)

Fe+S —» FeS

. Decomposition Reactions

2H20 — 2H2 + O2

. Single Displacement Reactions Aalal¥l dal V) clelis

7n + 2HCl ——— 7ZnCl.! + H,

. Double Displacement Reactions a9 5l dal 3V el

BaClz + MgSOs — BaSO04 + MgCls

. Combustion Reactions Gl yiaY) edle s

CioHs + 1202 — 10CO2 + 4H20

Q7) At the high temperature, potassium chlorate compound, KCIO;
decomposes into potassium chloride, KCI and oxygen gas, O, as shown in the
following reaction : 2KCIO3 —— 2KCI + 30,

25 KCI ¢ sl 2,8 ) KCIO3 ¢ posanddsal) )18 S je sy ¢ dadi yall 3)) ad) da )0 2ie
2KCIO3 —» 2KCl + 30, : Jull Jeléill b i ge 58 LS Op ¢ GannssY!

Write what you deduce from this reaction. 18 Jadll 2 ) (e i Le S
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Two molecules of potassium chlorate are broken down under the effect of heat
into two molecules of potassium chloride and three molecules of oxygen.

Cra il o A5 o gl sal) 2551 e O G )l S an sl ) S e (G S el

Q8) Complete the following reactions and then determine the type of each
reaction. Jeli JS ¢ 5 aas 5 4 edle i) JasS

1.Br,+2KI — 2KBr+ 1, (Single Displacement Reaction )
2.Zn + 2HClI — ZnCl, + H, ( Single Displacement Reaction )

3.Ca+Cl, — CaCl, ( Combination Reaction )

4.2NaClO; —> 2NaCl + 30, ( Decomposition Reaction )
5.2C7/Hqs + 210, —14CO; + 14H,0 ( Combustion Reaction )
6. CuCl, + Na,S — CuS + 2NaCl ( Double Displacement Reaction )

Q9) Write the balanced chemical reaction between the givens below :
olial il all () ) sl PlaasSl) Jelail) (|

1. Metal and oxygen Sy 5 palaall
2Cu + O — 2Cu0
2. Nonmetal and oxygen CaanSY) 5l 31
2H, + O —— 2H,0
3. Metal and nonmetal <l 31 kel
Ca+Cl;, —— CaCl,

Q10) Complete the following reactions and then balance each of them :
e JS ()5 o3 400 e i) s

1. Hg+2HCl ———» HgCl, + H,
2. 2Na + 2H,0 ——— 2NaOH + H;,

3. Fe+CuSO; —— » FeSO, + Cu
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Q11) Complete the following chemical reactions and then balance them :
i) o A Ailae Sl e i) JuS]

1. 2Li+ 0Oy — Li,0 (Combination Reaction)
2. 2Na+ 2H,0 —— 2NaOH + H, (Single Replacement Reaction)
3. 2HNO;3 + Ca(OH), — Ca(NO3), + 2H,0 (Double Displacement Reaction)

Q12) Classify the following reactions :
sl ke ladl) Caa

1. Ny +3H; — 2NH3 (Combination Reaction)
2. 2Li+2H,0 —» 2LIiOH + H; (Single Replacement Reaction)
3. 2NaNO;3; — 2NaNO; + O, ( Decomposition Reaction )
4. 2C¢Hi4 + 190, — 12CO; + 14H,0 ( Combustion Reaction )
5. NH,Cl —> NH;+ HCI ( Decomposition Reaction )
6. AgNO; + NaCl — AgCl + NaNO3z (Double Displacement Reaction)

Q13) Balance the following reactions and then write the type of each reaction
D delii JS g 5 iS) o5 AUl cle il o )

1. H, + Cl, —— 2HCI (Combination Reaction)
2.2Mg + O, —— 2MgO (Combination Reaction)
3. BaO + H,O — Ba(OH); (Combination Reaction)

4.H,CO3 —— CO; + H,0 ( Decomposition Reaction )

52H,0 —— 2H,+0; ( Decomposition Reaction )
6. Ca + 2H,O — Ca(OH), + H, (Single Replacement Reaction)
7. 2KI1 + Br, — 2KBr + I, (Single Replacement Reaction)
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CHAPTER THREE

HYDROGEN
3—1INTRODUCTION fadi
Properties of Hydrogen :- sl el 52

. Hydrogen is a colorless, odorless and tasteless gas.
Bl 5 Axdl )l s ol anae Hle s g gl

. Hydrogen gas is lighter than other gas molecules .
oAV Sl il s e BAT Cn s ael) Sl
. Hydrogen is insoluble or only slightly soluble in water and
other solvents.
G AY) Gl el (A L) Juli dasd o) Gl o3 B e G s el
. Hydrogen forms ionic hydrides with active metals, such as

potassium hydride, KH .
KH ¢ psaii ) 3jma Jia ¢ ddaids alae ae sl 208 Gon g nell S5

. Hydrogen forms covalent compounds with nonmetals, such as
HF, HCI , H.O .
H20 (HCl (HF Jie ¢ QI ae draalid GUS jo S5 (a5 )]
. Electronegativity of hydrogen is higher than that of metals, but
less than that of nonmetals.
L 3 (853 s gl Gl (e 5T LTy ¢ (laally alal) Gl (0 el e 5 52l Ay se)

3—2PLACEMENT IN THE PERIODIC TABLE

s Jsaall 3 48 5

Explain / Although hydrogen is placed in the periodic table at the

head of group 1A, in fact it does not show alkali metal properties .

palaad el Y @l a4l V)« 11 e sendl el e g5l il b s el gadas e I e
g sl & 3l

Answer / because of its one valence electron . aal ) KAl (g )
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For example, it forms covalent bonds, it is found

H in the form of diatomic molecule H; in the gaseous
state .

Diatomic hydrogen molecule 33 u_‘u SESN I c_@ a5 ¢ Aealid a5 JSi Al ¢ QU Juss e
H-H ARl Al 8 H

Some properties of hydrogen

Name Hydrogen
Symbol H
Atomic number 1
Mass number 1
Common oxidation number -1, +1
Color Colorless
Physical state at 25 ° C Gas
Origin and meaning of name | Hydro and genes water and generator

3—-3 OCCURRENCE b2 s

Hydrogen makes up about 0.15% by mass and 15.5% by the number

of atoms, of the earth's crust and atmosphere . Hydrogen found in

the form of free diatomic molecules H, and its compounds as
following .

s sl Gl GaY) 388 e QDN by V155 5 AN (e 70,15 M ceagoned S5

Al il e a3lS ja s Hg 3,30 408 Gl ja 3 ) s (A G 5 )]

¢ Free hydrogen found in nature only in negligible amounts, for

example, in volcanic gases .
Al Jd) 8 e JUal) Ja e ¢ Jadd Aliia Gl Aaplall (8 3 ga gall pall s g el

¢ The most important compound of hydrogen is water (H20) .
(H20) slll 58 com s p2el) S e al

¢+ Hydrogen is also found as a component of organic substances

such as hydrocarbons, oil, coal, and natural gas .
csrahall Ol g andll g adill 5 gy S 5 ) Jie A saandl ol gall U oS 2alS Wl s sl an
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¢ Clays and certain hydrates are common inorganic compounds

which contain hydrogen .
Ceasouedl e o iai Al Ay pme e LS e Gl jaed) Gy g (plal)

3-5PREPARATION sl
3 —-5—-1Inthe Laboratory Sl b

A. Hydrogen is produced by the reactions of metals with acids,
active metals with water and amphoteric metals with bases

slown in the following .
o) @l ld el Galeall 5 elall ae Al alaall 5 (alaa¥) ae (polaall SOl (o cnt s gl Z L) a3
(Y A

The reaction of zinc with hydrochloric acid .
L) 585 el aea a1 Jelas

/m) + 2HClag — > ZnClaag + Ha)

B. The reactions of alkali metal hydrides and calcium hydride

with water produce H; gas.
Ho e ziss slall ae asmallS 2y jam 5 4 1) el 318l jam cdle s

1) CaHap + 2H20q0) —— Ca(OH)26q + 2Ha(

The reaction of metals like Na , K with water produce hydrogen
gas H» Hy ool Sl b eld) e K « Na Jie calaall Jelis

2) The reaction of sodium with water slall o o523 el Jeli
2Na@ + 2H20@) ——— 2NaOH@g + Hag)

C. Electrolysis of water and solutions of some acids, bases and

salts release H gas as well.
SIS Hy Sle s 231y 2ol sill 5 (mleal) G Jllaa s slall 3l 5 SI Jalail

electrolysis
2HC1 + H20 » Ho + Cl2 + H20

electrolysis
2NaOH + 2H20 » 2H2 + O2 + 2NaOH
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electrolysis
2NaCl + 2H20 » He + Cl2 + 2NaOH

Although hydrogen produced by the electrolysis of water is rather
pure,it is expensive, since electrolysis requires extreme amount of

electricity . This method is not used in industry.
datll 0¥ ¢ Gale 4l W) ¢ Lean ) a8 elall Sl el Qs e i) G s aedl O e a0 e
Aclicall 8 axaind Y Aay jlall o3a el Sl (e 1508 1508 Callay 3L S

2H20@) + 112806 kd » 2H2 + Oz

3—-5—2In Industry Geluall b

A.The CO; produced in this process is liquified under high
pressure. Thus, rather pure H; gas is obtained. By using coal,
this process is accomplished in one step as in the reaction

below.
sle dsanll oy ¢ Jullyy adi jo Jarca ot Qo ) dlead) 038 8 zilill G s SU 20T 6 Jy a3
bl Jelaill b LS Bas) 55 shad 8 Doleal) o2 Slad) oy ¢ padll aladiuly & Ho e

C + 2H20( » CO2 + 2Ha(

B. Preparation of Hydrogen from hydrocarbons :- Hydrocarbons,
extracted from oil and natural gas, contain carbon and
hydrogen .

o (erhall el g dadill e da Adiall gy S5 jnell (5 5ia0 -1 Al S5 el e s ouel) uasti -
O oxell s s S

For example by decomposing hydrocarbons with the help of heat

without oxygen, hydrogen gas is produced heat .
B0 o sonel) e mi ¢ sl (s 8l el sac iy Cilise S 5 Hael) Jad 3yl e JU Jas Sle

CHyq » C+ 2H>»
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3—6 CHEMICAL PROPERTIES AfLal ailiadl

1 Hydrogen is used especially to produce ammonia in industry.
Nitrogen and hydrogen are reacted under high pressure and
temperature to produce ammonia, according to the reaction

below.

& pe bk Cnd (s gl 5 ool Jeldhy Aeliall b 1:*—")4‘5!‘ Y pald JS Can g uell padieg
_DUJ] J.C\A.\ﬂ\éﬂ} 3 Lu}AY\ CL\.}:}[ B)\‘);:\;JJ}

No + 3Ha(w » 2NHs(p

2 Oils have low melting points because of the double bonds
between carbon atoms in oil molecules. Hydrogen is used to
saturate oils. By saturating these double bonds with hydrogen
by process called Hydrogenation which known the process of
adding hydrogen for produce of fats, such as margarines.

YNGR [PRFCHNIRCIY RIS YOOt RN RONE IRPRGW 5 P (R JO% ECP PO R TV

o s A sl (oa Biee IS (e el s 3l a5 ) 03 S ol e

() el Jie ¢ g sl 2B G 5 H2el) Adla) doleny

3 Hz gas is a good reducing agent. Because of this property it is
widely used in the production of metals firom their oxides .

L lST e abaall U 3l 5 U e aadion Lpalall oda G VA1 dale 8 Hy Jle
For example,metallic iron, copper and tungsten are produced from

their oxides in this way.
A3y Hhall 63gn hawlSh (e sl 5 (uladll 5 Saead) ppaall 2l a1 ¢ JEal Jaw e

CuO + Hq » Cu+ H20

4 Methanol, CH30OH, is produced in industry as a result of the
reaction between hydrogen and carbon monoxide (water gas).
Water gas, a mixture of hydrogen and carbon monoxide, is an

important industrial fuel .
iy (sL 5e) s S 2T ol s s sl Co Jeliill das deliall i w2t « CH30H ¢ st
Laga Lelina 13585 ¢ 053 81 2l Jl s Cm el e Jadh g5 elall Sle

CO + 2Hzs » CH30H
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5 Since the reaction of hydrogen with oxygen is an exothermic
process, hydrogen is now considered a potential fuel. Water
products do not damage the environment, so hydrogen may be an

alternative energy source in the future

Y Slaine 13585 OV iny Cpa sl 8 ¢ 50 all 53 e Alee 8 (panSY) ae Cpa sl Jeli o Lag
Jaisal) 8 48U Sy | aiae (gl 050 38 GUIAY ¢ Ay Aplall colaiiall e

2H2 + O2 » 2H20 + 485 kd

Hydrogen reacts with oxygen in a normal reaction rate by giving a
blue flame. If a glass plate is exposed to this flame, after a period
of time water vapor appears on the glass surface. That is, water

vapor is produced by this reaction.
¢ gl 13 dala ) A gl a2 1) G551 gl ey oands Je i Janas (uanSY) g (a5 oued) Jeli
el 13 ce iy elall iy o i 135 oala sl mhadl e oWl Jlay el i gl (e 5y 2

CHAPTER QUESTIONS 23>

Q1) Discuss the position of hydrogen in the periodic table .

GosA Jsaall (B Gas g puell s (280
Although hydrogen is placed in the periodic table at the head of
group 1A, in fact it does not show alkali metal properties because of

its one valence electron .
oaibad Helad ¥ &l 3al V] T ] Ao ganadl Gl ) e g sall dsandl 8 Cpn s el pons (e a1 e
aal gl @IS G g SN Cany (5 8 3l

Q2 ) How is hydrogen prepared in the laboratory and in industry ?
Cacluall 4y pidall 8 as g el jusasd o CasS
In the Laboratory il A
Hydrogen is produced by the reactions of metals with acids, active
metals with water and amphoteric metals with bases slown in the

following :
ae ) il @y LaNiall Galaeall 5 elall ae ddaidil) (alaall 5 Galeal) ae ol O lE G s el Z L Ay
DAY Al
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The reaction of zinc with hydrochloric acid .
Wl 5 el paas pe el Jelis

/n) + 2HClag — > ZnClaag + Ha)

1. The reactions of alkali metal hydrides and calcium hydride with

water produce H; gas.
Ho e zis elall ae asmallS 2y ja0 5 4 1) ol 3181 jam cdle s

CaHa + 2H20q) —— Ca(OH)2:q + 2Ha()

The reaction of metals like Na , K with water produce hydrogen gas
H-> Ho o soued Sl 2 sl ae K« Na dic olad) Jelis

The reaction of sodium with water L) e o 330 gl Jelis
2Nag) + 2H20q) ——— 2NaOHaug + Ha)

2. Electrolysis of water and solutions of some acids, bases and salts
release H; gas as well.
<3S Hy ke s 73 gac) sill 5 (mleal¥) (g dilla s slall il 5eSU (il

electrolysis
2HC1 + H20 » Ho + Cl2 + H20

electrolysis
2NaOH + 2H20 » 2H2 + O2 + 2NaOH

electrolysis
2NaCl + 2H20 » Ho + Cl2 + 2NaOH

In Industry Aeliall

1. The CO; produced in this process is liquified under high
pressure. Thus, rather pure H gas is obtained. By using coal,
this process is accomplished in one step as in the reaction

below.
e e Jsanll oty ¢ Jully g adi e Jazan it il ) doles] ushgcsuswwssuwsi@ugpg
bl Jelall 8 LS aa) 55 ghad 8 dlead) o e a1y ¢ aadll aladinly il Hy
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Cw + 2H20( » CO2 + 2Ha()

2. Preparation of Hydrogen from hydrocarbons :- Hydrocarbons,

extracted from oil and natural gas, contain carbon and hydrogen.
Sle eanhll Slally badill e da jatual)l g S5 pmedl (gt -0 Gl Sgomell e Cpngonedl uiass
O soxedl s 0 s S

For example by decomposing hydrocarbons with the help of heat

without oxygen, hydrogen gas is produced heat .
Boa G soned) Dl g ¢ a5 8 Al sae ey i S 5 sued) JIad Gasb ge JEAl Juw e

CH4 » C+ 2H>

Q3) Label the following statements as true (T) or false (F) :
(F) Lot 51 (T) @ sem Ll (e A i all e Adle

a. Hydrogen is a mono-atomic colorless gas at room temperature.
A8 all s ) A e A sl e 5 L..gdlai Ole O g el

F (diatomic molecule Hy)

b. Hydrogen resembles alkali metals . T Ao IRl S g 520 4y
c. Hydrogen is a good oxidizing agent. 2 S50 Jale cpmg el

F ( H2 gas is a good reducing agent)

d. Hydrogenation is a process of hydrogen removal.
O souell A1) dolee oa A sagd)

F (Hydrogenation is the process of adding hydrogen)

Q4 ) Complete and balance the following equations :

a. CO+ 2H: » CH:0H
b. C + 2H20¢) » CO2 + 2H2@
c. Ca+H; » CaH;

CoHg + 4H,0 > 2CO, + TH;
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Q5 ) Write 5 reactions between the following substances :
1.HCI 2.H; 3.Cu0 4.Zn 5.0

Zn() + 2HClag ——— ZnCloag + Ha

CuO + He » Cu + H20

2Hs2 + Og » 2H20 + 485 kJ

27n + O3 » 27n0

2HCl + CuO — Cu(Clz + H20

Q6) Hydrogen can act both as an oxidizing agent and a reducing
agent in chemical reactions. Give one example of each and

determine the oxidation number of hydrogen.
e 2aa g Lgie JSI a5 Ve Jae | Al cdle il 8 U jide dale 5 0S50 JalaS Jamy 0 Cpim 5 el Sy
sl 3

1. (Reducing agent) : CuO + Hz » Cu + H20

The oxidation number of hydrogen = +1

2. (Oxidizing agent) : Ca + Hs » CaH-:

The oxidation number of hydrogen = —1

Q7) Hydrogen has been proposed as a replacement for hydrocarbons
as a fuel. Discuss the advantages and disadvantages of this proposal.
Some topics you might consider are: source, renewability, safety,

cost, storage and the environment.

.w\jswﬂ\jsm\jchw\}sg_\;ﬂ\}‘)3aqn:g_‘z@)@

Hydrogen is a very efficient and clean fuel — cadayalall s o con s el

Energy from hydrugen can also be vonverted w electicity by special

devices called fuel cells.
A8l LA anst dali 8 gl Al 53 6L seSIb Can g suel) (e AUl ) gt Ul (S
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Although hydrogen seems to be one of the most advantageous
alternative energy sources, there are still some problems to

overcome, such as storage, distribution and cost.
R (any i J) 3 Y aal V) ¢ sails Alad) A8l jalas ST aaf 48l san cpa s el of (e a2 ) e
AQIE) g a5 6l g AN Jia ¢ Lgade Qladll cang )

e Storage: Since hydrogen is so light, it is difficult to store a lot
of it in a small tank.

e O A A S (A% Caaall (el ¢ 1aa Cis Ca g el O )5z 3A0

e Distribution: There is not a widespread distribution channel

for getting hydrogen to the masses.
obaall () e s el Jlad SUaill dad g 5 538L8 aa 53 Y a5 53

e Cost: Hydrogen is much more expensive than gasoline
Hopefully, Sl e s el s el -Aaa)

Q8) Choose the correct answer for the following questions :
- Agllal) AL Asasal) Ay A

1. Which one is not correct for hydrogen ? o souell mna e Leg
A) Its symbol is H.
B) Its atomic number is 1.
C) has no neutron.
D) Its physical state is solid.

. Which of the following is not true for hydrogen ?
o sovel) e Gl Y (b e gl

A) It occurs in the form of free diatomic molecules.
B) It occurs in the form of compounds.

C) It is the most abundant element in the universe.

D) Itis found as a component of hydrocarbons.

E) It is the most abundant element in the earth's crust.
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3. Which substance does not contain hydrogen ?
fomagoned) e iV Al il 8 W

A) Water
B) Ammonia
C) Alcohols
D) Acids
E) Table salt

. Which of the following is used in the industry preparation of
hydrogen ? fleliall & om s uell samad b aading b les gl
A) Metal- acid reactions
B) Metal- water reactions
C) Electrolysis of water
D) Decomposition of hydrocarbons

. Which of the following reactions does not produce hydrogen gas?
ol Ole i Y AN aleldl (e gl

A) Zn + HCl ———

B) Zn + NaOH —
C) 2Na + 2H, 0 ———

D)CH; ——»

electrolysis
E) HO >
. In which of the given compounds does hydrogen have a different
oxidation state ? £al8 0 5ol Al (n 55 el) Blanall ISl (e s 8
A) HCI
B) HNOs
C) CH:COOH
D) NaOH
E) KH
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7. Which one of the following is not a use of hydrogen ?
¢ o osodell Gladind ey ¥ b Lee

A) In the synthesis of methanol
B) In the reduction of metals
C) In the synthesis of NH3
D) In preparing margarines
E) In preparing pesticides

. Which of the following is/are exactly correct about all neutral
hydrogen atoms? Aaliall G 5 Huell Y an (a seady Ll s L Las
I.  All possess 1 proton.
I1.  All possess 1 electron.
[11.  All have a mass of 1 amu.
A) | only
B) land Il
C) land Il
D) Il and HI

E) I, Il and Il
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CHAPTER FOUR

OXYGEN
4—1INTRODUCTION
Symbol
Molecular formula
Atomic number . 8

Mass number : 16

Symbol of | Energy | Number of
energy level | level (n) | electrons

K 1 2 Electron configuration of oxy-
L 2 6 gen atom

Explain / Oxygen is the best oxidizing agent in the group.
Ae genall & 0S50 Jale Jumdl ga uansY)
Answer / Because oxygen is the second most electronegative non-
metal elements after fluorine.
sl 2my Al oS Ainadll yue jealiall ST U s anSYI Y
Oxygen has six electrons in his valence shell. It try to gain 2
electrons or share electrons to complete the number of electrons in

the valence shell. Accordingly, tend to have -2 oxidation number.
JLSY i 5 i) A8 Hlia sl cpi g SN e J gaanl) Jgla 5l Cadle & el 5 i) s e CpanSY) (5 ging
2- 2l A8 e Jpandl ) Jaa ¢ Gl B8 8l Cadle el 5 YY) aae

4 -2 OXYGEN S

Oxygen is the first member of group 6A with electron arangement
2,6. It is a nonmetal and the most active element of the group, It has

two allotropes : oxygen gas O , and ozone Os..
ot bl jualiall JiST5 jiaea j jeaic 4d) 2.6 s SV cuti i A 6 e sena) (& sume sl b (eanSY)
O3 ¢ 0sosY s ¢ OpcpansY) le reMlidl e gle sl s ¢ de gandll
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4 — 2 —1 Oxygen gas oSy e

1. Oxygen is a colorless, tasteless, odorless gas, and it exists in a
diatomic structure.
B AR Ay 8 demge sa s cAadl N ane cadaah Vo ol ane Sle aaasY!

2. Oxygen gas O is more stahle than ozone O3
O3055Y) (e Bl ST Op &Y Hle

3. The density of oxygen is greater than air. el sel) (o iSH ransY) il
4. 1t dissolves slightly in water. slall (8 Sl 5y

4-2—-20zone O353Y)

1. Ozone (O3) is a light blue colored gas with a sharp, pleasant odor.
Al sala dadl ) 53 ol mla 351 Jle 58 (O3) 0s)sY)

2. It may be liquefied at -112°C and may be solidified at -193°C.
Aasiada )3 193 - 5o da o e dp i (Say s Ay sie A 50 112 3,0 sa A )0 2ie alpd (Say

3. Ozone is slightly soluble in water. slall (g s J8 05 353)

Ozone can be prepared by passing pure oxygen gas through an
electrical discharge .
(e ) e B SV Sl el 8a sk e (s st (S
302() > 203

The electrical energy breaks the bonds in some O, molecules to give

oxygen atoms, which react with other O, molecules to form O3
O iy ja g Jelili (Al ¢ oY) 53 elacY Op il pany (A ool 5 )l Al Sl ALl s
O30 sS3l (5 AY!

0, ——» 20

0,+O0 — O3
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Ozone exists naturally in the upper atmosphere of the earth. The
ozone layer is especially important because it absorbs ultraviolet
light, acting as a screen to block this radiation, which can cause skin
cancer. When an ozone molecule absorbs this energy, it splits into

an oxygen molecule and an oxygen atom.

oaiai LY Aali el ld 55 s¥) Ak yiiad B (sl (5 sad) DAl (A ands JSEs 3 5a 5e (955 Y)

s waia e alall (e e st O (e Al AaiY1 o2 aal AL Jandy ¢ Dpmsiid] (358 222y
(O3nST 353 5 CpaniSl o g () aniiy 43ld ¢ 48Ul 038 (535!

energy
O3 — 0, +0

The characteristic smell of ozone can often be detected ncar high

voltage electrical apparatus, such as some early model photocopiers.
VT Gamy Jie ¢ Madl agall <l 2l 5eSU 5 e 5 jaaall (555 5Y) Al L) (lall e i 8 Koy
Sl gl

4 —3 OCCURRENCE

Oxygen is the most abundant element on the earth. It occurs in
nature in both the free and combined state. Free oxygen constitutes
about 21% by volume of atmospheric air, and about 33% by volume
of dissolved air. In compounds, Oxygen accounts for about 50% of
the mass of the earth's crust, oceans and air. Oxygen is present as
oxides of both metals and non-metals, which make up the rocks and
clays. Water, one of the most abundant compounds on the earth,

contains 88.9% oxygen by mass.

IS8 A8 ilall 5 5 pall Adall (ge IS (& Aaudal) & Gany Y dag e 38 FEY) jeaiall 58 cpansYl

& 0nSY) Jiay il o) sel) aan 50 733 dlsas ¢ sl el el ana (00 721 s all GaansY)

s ol e U0 aulSIS €Y aa gy e sl 5 ldaiaall 5 (Y1 58 ANS e 750 ) ss LS )

788.9 e ssing ¢ pa¥) any e b i Sl ST sl ¢ sldl bl s saaall JSE 5 ¢ dpanal
AL (s (g
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4 — 3 —1 Preparation spanil

Preparation of oxygen in the laboratory and in industry are
mentioned below. slial ) sSe deliall a5 5oaall b (anSY) jumas

a. In the Laboratory il A

Generally the thermal decomposition method is used to prepare

oxygen gas in laboratories.
il A kY Sle juaatl gl jall Jladl) 45 Hha aladii) &G ¢ ale JS

a) Heating of metal oxides with low activity such as Ag.O and HgO.
HgO 5 Ag20 Jie miaiall Lzl el cul 1 adsi i

heat
2HgO) —  2Hgq) + Oz

heat
Ag20() — 2Ag + %OZ(g)
b) Heating of peroxides, such as H20x : D H202 Jie ¢ a5 ) (i

|V|n02
2H2021) — 2H20) + Oz(g)

c) Heating of chlorate CIO3 compounds :

heat
2KClO3z5) ———» 2KCl(s) + 302()

0O, gas
bubbles

Water
t |

= 1

0O, gas
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d) Heating of permanganate (MnO,4) compounds :
(MNOy):clinie ll LSy (pans

heat
2KMNQOy4isy —— KoMnOys) + MNnOzs) + Oz(g)

e) Electrolysis of water : oLl L sl Jalal

: Electrolysis
Electrolysis of Water 2H20(L) > 02(9) + 2H2(g)

In electrolysis of water, hydrogen
(at right) and oxygen (at left)

gases are produced in 2:1 ratio. 1 1S MEthod is more expensive than the others.
W8 e e el 45kl o2a

b. In Industry Aelivall b

The preparation of oxygen in industry involves two main steps: the

liquefaction of air, and the fractional distillation of the liquid air.
) o) 5l 5 5al) el g o) sed) Jaans :(piaent 5 (i ghad Aeliall (& i) st el

1. Liquefaction of air ¢l sell Jaus

Air, in the gaseous form, is first passed through caustic soda to
remove any CO; present. It is then compressed to a pressure of about
200 atm, cooled, and allowed to escape rapidly through a very small
hole. The sudden expansion of the air into a region of lower pressure

causes it to cool. It is cooled until it becomes a liquid at -200 °C.

G ledmia o5 5 3 gm sall (g S0 2l 3 T A 3Y 4 < o gaall e Y i ¢ o lall AlSE b oo sl e

ealiall 2adill ga% Ra e S QA (e de s el Ll Flandl s ¢ Ly i ¢ g laran 200 s
A e da 3 200- e b iy Sia o3 a0 ) Gmisie Jaaa <3 dkia ) o sel

2. Fractional distillation of liquid air Jd) o) 5l el yulaiil

The liquid air is then led to a fractionating column. During
distillation, nitrogen gas, with the lower boiling point of -196 °C, is
evolved first, leaving behind a liquid very rich in oxygen. Further
heating turns the liquid oxygen into a gas at -183 °C. The oxygen is
dried, compressed and stored in steel cylinders undera pressure of
100 atm.
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]96wJ£iu\_ﬂ94AJJcAcQJ;J).\.\J\JLQ))E.u ).\Ls.ﬂ\;\_u\ M);JJ)AL‘_,’J\JJLJ\H}@J\‘L\;}}?MH
JJQ)LG‘_,’J\JJLHJ\MY\JFM\UAM‘)A u.\;ussy\_l\hl_\.\c J_\L.na;.\)}\_i‘)l_\cy)\c“u}mﬁ)d
d)}jﬂ&aIOOL}M&_IAJM.JY)S&_!L\\)EM\L;MFJALM)JMSY‘MHJ Agedan 10183

4 — 4 CHEMICAL PROPERTIES el pailadd)

Explain / Even though oxygen is the second most active nonmetal,
the reactions of oxygen are slow.
Rday 055 YIS b ¢ Ualis A 101 ) sl ST 6 98 ooV 0 g0 02 1 Lo

Answer / Because of the strong double bond between oxygen atoms.

CanSY 53 A ) A 50l Al 1 Caanss
Generally oxygen takes - 2 charge in its compounds, except OF; .
Oxygen has only +2 charge in OF, Oxygen combines with all
elements (except the noble gases, some halogens and some

unreactive metals) to form oxides
OFZ L,’ALASMM2+LALUM‘Y\L5}\;J‘ OFz;L\mL}cMhSJAuAZMMMiﬁ\ A;Lc(-;\.cds.m.}

J.A..JS\

4 — 4 — 1 Reactions
1. Reactions with metals : el e e il

a. Oxygen reacts with alkali metals to form oxides, peroxides (05 ?)
or superoxides (03) .
(07) 4888 320Sl 51 (057) DS 5 sl 2lST 0 5881 Ay 1) M g amnsSY) Jolity

[ [e-of  [-ol

oxide peroxide superoxide

2Nas) + Oz(g) » NaxOzi) sodium peroxide

b. Oxygen gas gives thermal reactions with other metals to form
basic oxides. dpae 8 anlSh 0 &3 (AT alas e Al s el aaSY e any

2Mgs) + Oz(g) 2MgO¢s) + heat
4Al )+ 302() 2Al,03 + heat
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2. In general all nonmetals react with oxygen gas
OV e pa l 3O e Jelii ole (S

a. Depending on the kind of nonmetal and amount of oxygen,

different types of oxides may be formed. (Acidic oxides)
(rmen 2ulST)  2lSY) (e it g il 0 95 (e ¢ GpanSY) 4S5 4B £ 53 e laic )

Cs) + Oz() A, CO2()

A
S(s) + Oz(g) > SOz

259 +305 —A 2SO
b. Reaction with nitrogen is possible at high temperature.
Adlle 3 ) s Aa o e G il pe Je i) (S

1000° C
N2(g) + Oz(g) » 2NO(g)

3. When oxygen reacts with some compounds, the oxides of each
element form. e S Sl RS ¢ LS all Gmns g CpanSY Jelily Laie

2H>S(g) + 302(g) > 2H20(g) + 2502(g)

Oxygen is used in the burning of acety lene gas to produce a
(oxy-acetylene) lame with a temperature of over 2000°C. It is used

to cut through metals like steel.
A sieda 32000 Ge 2350 s da s (el oS ) el ZUY ) Jle § s (A GaanSY ardiig
Y sl e palaal) el 4lasin) )
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CHAPTER QUESTlON@

4 — 1 What does oxygen mean in Greek language ?
¢ 400 5l Al & CpanSY) a3

Means acid-producer, comes from Greek. Al gl e Sl ¢ Gmala e Sing

4 — 2 Write the abundance of oxygen in the earth's crust and in the
atmosphere (by mass and by volume).

() s ASIL) (5 sadl R b5 m V) B 8 & SN 5 5 g (S
Oxygen is the most abundant element on the earth. It occurs in
nature in both the free and combined state. Free oxygen constitutes
about 21% by volume of atmospheric air, and about 33% by volume
of dissolved air. In compounds, Oxygen accounts for about 50% of
the mass of the earth's crust, oceans and air. Oxygen is present as
oxides of both metals and non-metals, which make up the rocks and
clays. Water, one of the most abundant compounds on the earth,

contains 88.9% oxygen by mass.

IS8 A8 ilall 5 3pall Alall e S b Aaplal) b a1 4y o 50 JSY) peaiall 58 (Y

b Sy iy ) e sel) ana e 733 sns ¢ sl slsedl pan o 721 Jon all cmasYl

s Gl (e JS SIS Y1 aa g s sed) 5 laimall 5 ia)Y) 38 LS (e 750 ) os SlS al

788.9 Lo ssing ¢ pa ¥l Aas e b iy S pall ST aal ¢ el cphally ) sl JSa g ¢ Al
ALK S e

4 — 3 Write the physical properties of oxygen.
OsmsSOU 4 3 Gailiadll (i)

1. Oxygen is a colorless, tasteless, odorless gas, and it exists in a

diatomic structure.
aJ.ﬂ\‘LuL\_\wGBAP}A}AJc:&A_\\J\?JLsd?xjay‘u)ﬂ\&a.\c )LCUJMSY\

2. Oxygen gas Oy is more stahle than ozone O3
O30is5Y) (e Bl ST 0p ey Sle

3. The density of oxygen is greater than air. el sel) (e ST Y Al
4. 1t dissolves slightly in water. slall 3 DUl sy
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4 — 4 Write the preparation reactions of oxygen in the laboratory.
il 8 SV juand COle i i)

a) Heating of metal oxides with low activity such as Ag,0 and HgO.
HgO 5 Agr0 Jie (aidiall Jalil) il < 1l aplSh (s

heat
2HQO) — 2Hg) + Oz

heat

Ag20 — 2Ag + %OZ(g)

b) Heating of peroxides, such as H20> : P HaOp Jie ¢ il 5yl s

|V|n02
2H20) —— 2H,0() + Oy

c) Heating of chlorate C105 compounds :

heat
2KC|03(5) _— 2KC|(S) + 302(g)

d) Heating of permanganate (MnO,4) compounds :
(MNO4):iiaia jll LS ya ¢pdod
heat
2KMnNOy(s) ———> KaMnOys) + MnOz) + Oz(g)
e) Electrolysis of water : s olall i 5eSH Jalasl)

Electrolysis
2H20q, » O2() + 2H2(g)

4 — 5 Write the chemical properties of oxygen and an equation

corresponding to each property.
Al IS0 ALE Aalaad) 5 a4l ailaadl) k)

1. Reactions with metals : adl) e Sl il

a. Oxygen reacts with alkali metals to form oxides, peroxides
(05?%) or superoxides (03) .

(02). 280 20ulS 51 (052) a5 0 5h 230 ST 35880 4, Il 0l S o mnsSY) Jelity
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2Nas) + Oz(g) » NaxOzi) sodium peroxide

b. Oxygen gas gives thermal reactions with other metals to form
basic oxides. Apae 8 2ulSH 0 S (g AT alae e A ) oa SOl anSY) e Jany

2Mgs) + Oz »  2MgOs) + heat
4Al )+ 302() » 2Al,03() + heat

. In general all nonmetals react with oxygen gas
SV e pa l 3O e Jeliiole (S

. Depending on the kind of nonmetal and amount of oxygen,

different types of oxides may be formed. (Acidic oxides)
(rmes 20lST) 2ulSY) e Adlida £ 1530 0 685 (S ¢ CpansY 4S5 L1 ¢ 5 e 1alaie)

Cs) + Oz A__, COz()

A
S(s) + O2g) > SOg(q)

2S5 +305() — 4 2503(g)
. Reaction with nitrogen is possible at high temperature.
Adlle 3 ) a Aa o die (s s 53l e Jeldill (S

1000° C
N2(g) + Oz(g) » 2NO(g)

. When oxygen reacts with some compounds, the oxides of each
element form. e JS 3T ST ¢ LS el any we €Y Jeliny Loxie

2H>S(g) + 302(g) > 2H20(g) + 2502(g)

4 — 6 What are the main usage areas of oxygen?
€ 0mansS U A ) aladin) ¥l 4 L

e Oxygen is present in water molecules, and water is essential
to all life. sladl DI qend (555 sl ¢ slad) iy 3o 3 CpanSY) 2a
e Oxygen is present in many organic compounds.
A gumal) SIS Al e daad) (A GaanSY) 2

e Most living organisms use oxygen for respiration.
codiil] s u&Y) Aall LIS abara 20
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e Oxygen is used in the burning of acety lene gas to produce a
(oxy-acetylene) lame with a temperature of over 2000°C. It is

used to cut through metals like steel.
s da 32000 Go 2 b0 s A on (aliisd (S sl) 2 el Z WY i) e Boa (B e aadiy
AY sl Jia alaal) adadl daladinl o

4 — 7 Air is a mixture of some gases. How would you separate

oxygen from this mixture?
¢ Ldall 13 e cpanY) Jeati o @l Jall any e daald s ol sl

1. Liquefaction of air e 5¢l) Japest
2. Fractional distillation of liquid air Sl o) gl 5y 5l ydail)
4 — 8 Complete and balance the following reactions :

a. heat
2KClO3i5) ———» 2KCls) + 302

b. 2Mgs) + Oz »  2MgOg) + heat

C. 2Nas) + Oz Na>O2i) sodium peroxide
d. Cs+ Oz A COx)

€. S+ O 2 SOz

4 — 9 In laboratory, oxygen gas may be prepared by decomposition

of potassium chlorate into potassium chloride and oxygen gas.
SV 2 o sanald sl 8 IS ) o sansl sl <l IS a5 5k (g (€Y e ppamat (S ¢ piall B

Write the balanced equation of this reaction.  Jetal 131431 sial) dlsbadl) i)

heat
2KCIO3i5) ——— 2KCls) + 302
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4 — 10 Choose the correct answer for the following questions :
Al AL daaall ) A

1. I. Ozone is an allotrope of oxygen.
I1. Oxygen is lighter than air.
I11. Oxygen was discovered in 1774,

1. Which one(s) of the above statements is/are correct for oxygen?
A) | only
B) I and Il
C) I
D)I, Il
E) I, I, 1l

2. Which one of the following statements is not correct for oxygen?
oS damia ye 400l & L) e

A) Oxygen forms ozone. BESEY (JUNKS{JE
B) Oxygen is used in metallurgy. laall ple 8 €Y a2y
C) Oxygen is used in diving. sl g S aadiy
D) Oxygen is needed for combustion. G (5 55 (emasY)
E) Oxygen is a flammable gas. Ui 48 le sy

3. Which one is wrong for combustion reactions?
)iy ele Ll Al ; ala Lagd

A) Oxygen is needed. CnSY) Y Aals i
B) Heat is needed. 5 ) jall dala cllia
C) Light is given off. s sl Caniy
D) They are exothermic. 5l allas s

E) Water is used. OVIREFCI
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4. Which one of the following is not a method of preparation for
oxygen ? C0nnasY) jumatl 48 Hla s Y (b Lee

heat
A) 2HgO) —— 2Hgs) + Oz(g)

MnO,
B) 2H202(|_) — 2H0+ 0O,

Electrolysis
C) 2H20(,) » 2H2(g) + O2(q)

heat
D) 2KCIO3i5) ——— 2KCI + 303
light
E) 2Ag20¢) ——— 4Ag(s) + Oz

5. Which one of the following reactions of oxygen does not occur ?
fhany ¥ A S e &S (e
A)S+0; — SO
heat
B) Ag20¢) ——— 2Ag + O
heat
C) 2KClO3is) —— 2KCI + 302

D) 4Al + 30, ——— 2Al1,03
E) Au+ 30, —» 2AuU,03
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CHAPTER FIVE

WATER
5-1WATER, HO L

Water : is the most common and essential oxide
found in nature. Its chemical formula H,O. The
compound water is the only substance naturally
present on the earth in all three states solid , liquid

A water molecule, red balls rep- and gaS.
resent hydrogen atoms and hluc Ailaall Aan ekl o s5mpal wmy\} T )SSSJ\ szsm -l

ball represents oxygen atom. ] . .
e G oaLY) Ge oanla (S8 83 g gall 3 gl) salall ga Sl cWIH 0.,
LAg ladl g AL 5 dlial) SBEN L)

solid (near the north and south poles and in glaciers), liquid and gas

(water vapor in the atmosphere).
(sl G el jlan) Sle s dile ¢ (Raadall W) (s asiall s el Gadadll (e o jilly) s

SOLID LIQUID GAS
5-20CCURRENCE s3gas

About 75% of the earth's surface is covered with water , more than

97% of the water, help in the heat balance of the world.
bl 331 al ()5 B ae b obual) e 79T e ST ¢ olaally aie ()Y e e 775 s
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Water is essential for all living organisms. Our own body contains
more water than any other substance: about 70% of our body is made
up of water. The water we lose when we breathe out, sweat and
urinate must be replaced. Water is needed to dissolve chemicals in
our cells and to carry chemicals around our body. Water takes part

in some metabolic reactions, and our blood is about 90% water.

Ga 270 s oAl 83k gl e ST elall (g0 4paS e liana (g siny Al S piaal (555 0 el
3 sall I3Y (g5 slall sl g Boadl s 3N die sdis Al elall Jlaiud cang elall (e 45 5 Lialsa|
¢Apal) Clelll (e b oelall @ Ly awal) bl aea (8 Al ol sl Jeady ULDIA 8 30l

bl e 790 (e pl S

5 -3 HYDROGEN BONDING IN WATER

slall & an s onel) oy

@ — Q, Oxygen and hydrogen atoms come together and

form covalent bond between them to form water

O ® ® : : :
molecule. Water gains physical and chemical

properties from its molecules.
ss o DSl Laghy dpaalu ol 5 JS5 5 Lee (i g el s (uansSY) 0l )3 2aiS
A e (e AilaasS s A8l 38 paliad oLl i) oLl
Explain / The water molecules attract each other
and form a molecule sequencing .
L Tl IR 5 anal) Lpadany el iy 3a / Jle
Hydrogen bond between ~ ANSwer / Because water possesses molecules
water molecules which form poles like magnets. Two hydrogen
+ atoms in water molecule form positive pole
(anode) and oxygen atom forms negative pole
(cathode).This attraction force which occurs
between water molecules is called as hydrogen
bonding.

s sl g5y (52 O s edl (e U0 S udalinall e Gladl (S5 <y Ja lliag el (/Y / 48!
slall iy da (g Chand Al o3 dall 88 andy ¢ (2501S) Wl Udad JSUS a1 535 (253Y1) an s
A o yhed) ddayl ) sl
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5—-4 PREPARATION P

Water can be prepared by the following methods :
DAl Gkl slal) jiaat Sa
1. Direct union of hydrogen and oxygen: Water is formed when

hydrogen burns in air. This reaction is highly exothermic .
Boall pas Jelall 1 o) sedl (& Gan 5 a5y Ladie elall () S5 1 umnsY 5 Cpm g yaed) G ile Al

2H2 + O2 — 2H20 + heat

2. Decomposition of certain substances: Some
oxygen-containing organic compound such as
simple sugar, CsH1206 give water when they are

thermally decomposed.
L) Sl Jie (panSY) o &y ginall & gumall LS jall (iany 13l sall any Jla
Loloa s Lasie el axd CgH 12056 ¢

Dehydration of sugar CeH1206 » 6C + 6H20

3. Neutralization reactions: When acids and bases react, they
give salt and water as products.
clatieS elall 5 elall aat Lgald ¢ 2o gl 5 alaal) Jelit Lavie tapaill COle i

NaOH + HCI » NaCl + H20

The exceptional base that doesn't release water from its

neutralization reaction is ammonia, NHs
NHslse¥) & Jaleall Lele i (e olall 3llai ¥ il 45l sac &)

NHs + HCI » NH.CI

4. Reduction: When hydrogen is used as a reducing agent for

metal oxides, the products are elemental metal and water
slag e (e B le Claiiall () 5S5 ¢ Galaall 2malSY J) 380 JalaS a5 2] alasind xie :J) 3y

CuO + Ho ——— Cu + H20

97

somamyED AHMED SHIHAB




(HEMISTRY 2 CHAPTER 5

5-5PHYSICAL PROPERTIES OF WATER olaall 40, 3l ailasl

1. Pure water is colorless and tasteless. Gl 5 05l a4 oLl
2. It boils at 100°C and freezes at 0°C under 1 atmosphere
pressure (at sea level) .

() s (5 sinse tie) 2515 5 5a ok Cand Ay e A 3 () e danyy A she a2 100 e i

3. Its density is highest at 4°C equal 1g/cm?3.
B/ an 1 sk dysie a0 4 e ef 48l o) 4S5

4. Its density decreases and volume increases when it freezes.

2aah Ladie dana Al ja g 4GS (1208d1)
5. It is often called the universal solvent. Jalill Cadall adle 3l Lo Llle

Explain / When the water freezes stay life possible in seas and lakes
in winter. 2Bl 8l yaaall g ) 8 AiKae Blad) B slaal) daaii Ladie

Answer / Because water is the only substance whose density is lower
when it freezes, thus the ice floats on the water.
el e adal) galay Gl ¢ aeaty Latie 3 Ll ) S5 3l s o) 5ol oo el ()Y

Explain / Water can dissolve polar substances.
Akl 3l ) W) i o S / e

Answer / Because two pairs of non-bonding
electrons in oxygen a charge imbalance in water

molecules and makes them polar
IR ) gass GemnlY) (8 Al il e s Y e ) OF [ AaY)
dnlad Leleay g el TR ENI R EN

5-6 WATER CYCLE el 550

1. Water evaporates from oceans, lakes and streams
d)\..\.;“} Q\M\} uw\ e eladl A

2. The water vapor formed condenses in the upper regions of the
atmosphere. sl Al (e Ulal) shaliall b ¢ sSiall slall iy CuiSyy
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3. Vapor further condenses into larger drops which fall
as rain. b 0S5 (e Jid S0 )l e
4. This rain water slowly passes through the soil back to

streams, lakes and oceans
Gllasall g il sl g Jglaall ) saile 4 il e clayoda )\.LAE.” olia yad

Condensation

Y Transpifetion
Evaporation %

from Oceans, Al
Lakes & Streams

CHEMICAL PROPERTIES Alasl Ll 531

1) Water reacts with active metals (Li, K, Ba, Ca and Na) to give

bases of these metals and hydrogen gas :
o souel) e s alaall o8 2e) @ ey (Na «Ca «(Ba (K <L ) 4adill galaall aw slall Jelésy

2Na + 2H20 » 2NaOH + Ho
Sodium hydroxide

Ca + 2H20 » Ca(OH): + Hs

Calcium hydroxide

2) Less active metals such as iron and zinc react with water only
at high temperature. The products of these reactions are metal

oxide instead of hydroxide :
2l 4 Sl ) o3 gl 58 Ale 5 ) ya Ay e L elall pe ol )5 aaal) Jie Ul J8Y Qo) Je i
FaS 52l e Yy

heat
Z/n+ H:O0O — Z7ZnO + He
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3) Water reacts with basic oxides to produce bases :
s ) ll Uy Aac ) Al SY) a oLl Jelay

Nas0 + HoO — 2NaOH

4) Water reacts with acidic oxides to produce acids :
roalaa¥) ZLEY dnaeall 2dSY) as el Jeliy

SOs + Ho O — H2S0Oq4

Sulfuric acid

5—8 Uses ilaaaiy)

1. In industry water is mainly used for cooling and as a solvent.
Sy 3 il ety IS oLl a2t ¢ Ao liall b

. Water is also used in the production of steel and paper.
sl s caluall L) 8 Wyl oLl axiiay

. Water is used in the home for cooking, drinking and washing.
Sl 5 il 5 gedall 3l el aadiia

. Water in the form of steam is used to generate electricity.
leSl Al gl ey 0K e slall aadiay
. It is used to extract oil, sulfur and sodium chloride from the
earth. oY) Gl (g p e gaal) 3 615 Sl g B ) SAELY daladil o
. In the manufacture of several chemicals such as nitric and
sulfuric acid. iy S 5 ey yinll Gaala Jie LilasSl ) sall o 23l delia
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CHAPTER QUESTIONS (5)
5 —1 What is the chemical formula of water ? ¢ sLdl 4l dauall Lo L
Chemical formula of water is H,O
5 — 2 Why water is important in our life ? ¢ Ll 8 pea sLall 3L

¢ Without water, there would not be life, sla i S5 0l ¢ sle 5
¢ Water is used as temperature control both for our bodies as

well as our planet. LS € 5 Lol (g JSD3 ) pad) s o b oSl gLl i
¢ Water gets rid of body waste and can help with a number of

health concerns.
Aonaall JSLia) e aae L ac by o S 5 anad) 0L (e oLl Galay

¢ Water is the only substance that can get the dirt and bacteria
off our bodies. Liabuaad ¢ LSl 5 a8 i 55 o (S 3 s 511 3alall 8 oLl

5 — 3 Explain the electrolysis of water . Ll el Judadll ~

Water is placed in the electrolysis device, and when the electric
current passes, the water separates into hydrogen and oxygen gases,

where the volume of hydrogen is twice the volume of oxygen.
iS50 5 s uel (s 318 S el iy il gl ) sl i 5 A seS Qs Sl b sl sy
G Y] s i G s el s 055 S

5 — 4 Explain the water cycle . ol 350 7y

1.  Water evaporates from oceans, lakes and streams

2.  The water vapor formed condenses in the upper regions of the
atmosphere.
Vapor further condenses into larger drops which fall as rain.
This rain water slowly passes through the soil back to streams,
lakes and oceans
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5 —5 Write the uses of water . Ll laladind ()

In industry water is mainly used for cooling and as a solvent.
Water is also used in the production of steel and paper.

Water is used in the home for cooking, drinking and washing.
Water in the form of steam is used to generate electricity.

It is used to extract oil, sulfur and sodium chloride from the
earth.

In the manufacture of several chemicals such as nitric and
sulfuric acid.

5 — 6 Complete the following reactions : A el Jas]

1) Zn+H:0 =5 7nO+He

2) Nax0 + H:0 —> 2NaOH

3)  SOs+H:0 —» H»S04

4) 2H,0 —— 2H,+ Oy

5) Ca+ 2H20 —— Ca(OH)2 + Ho

5 — 7 What percentage of our body and world is water ?

¢ Lialle 5 Libuad A elall dons o8 e
About 70% of our body is made up of water, about 75% of the earth's
surface is covered with water , more than 97% of the water, help in

the heat balance of the world.
slall (40 797 (e 815 ¢ el haa i )Y gl (10 775 Msns ¢ elall o Lialaal 30 770 s oS
Al 88 ) all o5l 8 A el

5 — 8 What are the constituents of water ? ¢ oLl i sSa o L

A water molecule consists of two hydrogen atoms and one oxygen

atom that are bonded together by a covalent bond.
Faa L Aayl s Lae 2838 (s SV (e 33n0 55505 Cm s pal) (e (4553 (30 el Ay (S5
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5 — 9 Explain the preparation methods of water by giving examples.

The answer is page 65

5 —10 How much of Earth's surface is covered with water ?
folaally axall Y hass laie L

A) 2%
B) 3%
C) 75%
D) 97%

5 — 11 What are the three states of water on Earth ?
¢ sas¥l e ol sl a4 L

A) Groundwater, lakes, and clouds
B) Liquid water, ice, and water vapor
C) Gas, steam, and vapor

D) Groundwater, oceans, and ice

5 — 12 "Condensation is an important process in the water cycle."

What forms because of condensation?
Sl Cany JISET o8 Lo " obiall B ) 50 8 dages dlas gl

A) Water vapor
B) Clouds

C) Rain

D) Snow
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CHAPTER SIX

ACIDS, BASES AND SALTS

6 -1 INTRODUCTION

There are many different chemical compounds. These compounds
can be classified according to their properties. Three groups of

compounds are acids, bases and salts.
e Sle sane EN Lpailadd 885 LS jall sda Cayioat Koy Al Al LS ) oo 2aal) Sl
Y5 ac) il 5 (aleal) a S )

6 -2 ACIDS

Acids are one of the most important classes of compounds in
inorganic chemistry. The sourness of lemonade, the fizz of fizzy

drinks and the distinctive taste of vinegar all come from acids.
A ) iy g il Andl 5 ¢ ¢ sadll jume ol @ Ay sl p clasl) 8 LS yall i aaf (e (mlaal) s
oalkaa¥l g 5 LIS ¢ JAD el axdall g

\

Some acids found in our food.

e Car batteries use sulfuric acid. Sty SN (mala ol ) il g 223005

e Many cleaning materials contain hydrochloric acid.
) g nell e o Cadanill ol ge (e el (5 iaS

e The tomatoes containing ascorbic acid
) Sl padla e 5 siad allabal

105

somamyED AHMED SHIHAB




(HEMISTRY 2 CHAPTER §

characteristics of acids :

1. Acids have a sour taste and are very corrosive and irritant.
Al Ao s ST 30le & 5 (aala anke (sl
. Most acids are soluble in water. slal) 3 s ALE (aleaY) alaes
. Agueous solutions of acids conduct electricity.
2l Galea I Al Jdlaall Jaa 5
In normal conditions may acids are liquids (HNOs , H2SOy).
while some of them are solid (HSiOs , H3PO4). Some volatile

acids (HCI , HNO3) have a characteristic odor.
HSiO3) wla levars laiw (H2SO04 <HNO3 ) Jil s 0 5 ke (aleal) (585 38 ¢ dualall (g ylal)
3ae 4 ) Ll (HNO3 <HCT ) 3 ikaiall palaal¥l (e (H3POy ¢

A Swedish chemist, Arrhenius, defined : ol (53 sudl el 2aa

Acids : are substances that dissolve in water by producing a
hydrogen ion H", H+ Crnsoned Osl 28 3aob e slad) (3 G35 3l sa a 1palaal

H,0
HClo — Hfg * Clag

Acids are often shown as HA, where H is hydrogen and A is the

acidic negative ion .
Al pmen Ol 4 A 5o gsms e slke H s« HA U85 e (aleal) jelai L Wle

But not all compounds containing hydrogen are acids. For example,
methane (CH4) glucose (Ce¢H120s) and ammonia (NHsz) are not

acids.
OS50l (CHy) olisall ¢ JEd) Jus Je (alaad gan g ymell e (5 giad ) @l pall IS cul ¢S
.ualeal Gl (NH3) Wise¥) s (CeHi1206)

6 — 2 — 1 The Naming of Acids

Acids containing only two types of atoms are called binary acids.
These acids do not have oxygen in their structures. Their names

follow the form :
el o g ia3 Y alaa¥) oda A alead) (oot S (e L e 58 o (g3t (A palaa)
Dz isall o agilan Lty b
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hydro + (nonmetal) + ic + acid

Formula Name

HCI Hydrochloric acid
HI Hydroiodic acid

HF Hydrofluoric acid
H2S Hydrosulfuric acid

Acids are that contain oxygen are called oxyacids. In oxyacids, in
addition to hydrogen and a nonmetal, a third element, oxygen, is
present. If there is only one possible oxyacid, the suffix - ic is used
to name the acid. For example, H3sBOs3 is named boric acid and
HsPO,, as phosphoric acid. If a non-metal can form more than one
oxyacid, the acid containing more oxygen atoms will be named
using the suffix - ic, and the acid containing less oxygen atoms is

named using the suffix - ous.

e paindl g Cpa s el ) ALAYL ¢ panS WY B cpannsYL cpannsY) e (g giad ) (mlaal) e

(Sl)Aaa D) aladinl &t ¢ Jaine aa) 5 dl S 5l e @iy QK13 ¢ GaansY) ¢ Gl juaie aa g ¢ sl

Ol s sdll s Jin ¢ H3P Oy s sil) paes H3BO3 oams ¢ JUB) disws o panall dpani]

Oy )3 (e 3l (e s s (A (aaal) A atd ¢l S 5l (e SIST IS 0 (S Sl e
() AU alassinly S8 sl @y e @ sing Al Gaeal) L 2y s o(ehy) A alasinly

Formula Name

H2504 Sulfuric acid
H2S03 Sulfurous acid
HNOs3 Nitric acid
HNO:- Nitrous acid

107

somamyED AHMED SHIHAB




(HEMISTRY 2 CHAPTER §

6 — 2 — 2 The Classification of Acids According to Strength

358l s alaa¥l Cayial

Acids do not all ionize or dissociate to the same extent. Some acids
ionize completely in water, some partially.

e AV Gandls ¢ eldl 8 Wl palaal) Gam ool il (udiy Jaaiss of ool Y aleal)

Strong acid : is the acid which ionizes completely in

water. sl A& JasIL by S aall 58 15 & adla

For instance, HCI is a strong acid : HCI pass through
water, almost all the molecules ionize to give ions H+
and CI-.

e @l 6 puel) Gamea Han s B aea 5o @l el (s ¢ JU) Jaw e
Cl-.s H + Clisl slacy Gy i il jall jaes caliig ¢ o)

Weak acid : is the acid which ionizes partially in
water . ) 8 e ol Al (aeall g4 iCimin aea

If you pass hydrogen fluoride gas through water,
some of it will ionize to give H+ and F- However,
most of the dissolved hydrogen fluoride will remain

as HF molecules in water.
F o5+ H ord Gl amny (¢ Wl e Coms phgl) 88 e pals i 13)
® HF molecule sldl AHF Gl a5 ) sea (8 G QA Gan g el 3 )5l alase o e Gl aa g
@ H ion .
i Some examples of strong and weak acids
Strong Acids Weak Acids
HCI HF
HBr HCN
HI H.COs
HNO3 H,>SO3
HCIO, HsPO4

H2SO4 CH3COOH
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According to the Number of Hydrogen Atoms s ouel) 3 de

The simple formula of acids is HA. However, different acids going
to produce one, two or three H* ions per molecule in their agueous

solutions.
H+ <ol 25306 5l il ) 13a) 5 et Al (alaa¥) olé ¢ @l pa s HA. o8 Galaadl dapall dapal)
Al Lo (5 3 S

According to the number of H" ions are produced, acids are
classified as monoprotic, diprotic or triprotic.

AE 5l g g ) Al ol o 5550 Aalal el e (mlea¥) Caiad ¢ Leals) 2y 3l H+ <l aaal i g
For example, hydrochloric acid is monoprotic because each HCI

molecule ionizes to give one H ion :
taa) g Ho sl e 0 HCL ecs3a IS 0¥ 053l gaal el ) 65 pael) men ¢ JUall Juss e

H,0 A
HClp ——— Hig + Clag)

Similarly, sulfuric acid is diprotic : 0555 (A5 iy SN e ¢ Jially g

H->O -
HoSO4q) ——> 2H(Jraq) + 504(?5@

and phosphoric acid is triprotic : S el i il s

H,O -
HsPOu ——> 3Hzraq) + PO4(3aq)

Some examples of mono —, di — and tri — protic acids
Monoprotic Diprotic Triprotic
HCI H2SO4 H3PO4
HNO; H,COs H3AsO4
HCN H2SO3
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6 — 2 — 3 Chemaical Properties of Acids alea M A ilaeSl (yal 2l

Acids are chemically active substances. Several acids ionize when
added to water. These ions make aqueous solutions of acids which

conduct electricity.
e dillae Gl ) o2a pial elall ) Lgiilia) die (alaa¥) (e el ol LiliasS Allad 3 50 o8 (alaaY)
bl Jaa i Al (alaa)

H,O _
HClp —— Hg + Clig)

The ionization of acids in water produce heat.
Bl el (3 mlaal) ol e

Explain / We should be careful while adding concentrated acid to
water. slall ) S pe (man Adlia) el (508 050 o oy

Answer / Because certain amount of energy is released when a

concentrated acid is added to water.
sl ) S e e Al die dUal) (e dime 4aS 3] 21 45y

The same equation is often shown as S Alaall il (e o L Ulle
+ —
HCl(g) + H:0) ——— HBO(aq) + Cl(aq)
Acids can also act on indicators. VAN e Uyl (mlaad) Jans o) oS

Indicators : are substances that change their color depending on the

acidic or basic character of the media.
Al sl ) ) ameal) RSN {JURENR VS A VES. i I PN TR N |

Colors of some indicators in acidic solutions

Indicator Color in acidic solution

Litmus paper Red

Methyl orange Red

Phenolphthalein Colorless
Bromothymol blue Yellow
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Bases react with acids to give salt and water. Such reactions are
called neutralization reactions. Both alkalis and insoluble bases are

capable of reacting with acids.
ae ) gill g oy gl (e S amat Jad 250 5 038 Jadll 350 ) e sl 5 elall ellac Y (alea¥) pe 2o ) il Jeliss
oakaal) ae Jeliil) e 5 ,0l8 ol ol AL e

Acid + Base » Salt + Water

HCI + NaOH » NaCl + H-20

Hydrochloric Sodium Sodium Water
acid hydroxide chloride

Explain / Acids are described as corosive. JSEl e Ly (mlea) Coa

Answer / Because acids react and give displacement reactions with

the metals that are more active than hydrogen.
sl (e Ul SV el e a3 cdle s Jaat s Jeliti palea) oY 7 4aY)

2A1(s) + 6HCl(aq) E—— 2A1C13(aq) + 3H2(g)
Zm() + HaSO4(ag) — > ZnSOuag + Ha

Exercise 6 — 1

Write the equations for the reactions of magnesium and aluminum
with hydrofluoric acid and hydrosulfuric acid (four equations in
total)

63 YAl @)\) Sy S s g Sl old g gl (paas & ?):}-.IAYY\} ej...\.m..)lér.d\ Ooleldd OYalae S|

6 — 3 BASES

Bases : are substances known as the "opposite" of acids the
compounds of metals with hydroxide, OH".

OH-. 28 5538 e alaall LS 5o a5 (aleal) "Gl o G jai 3 s & 1ae]
Explain / The Bases must be handled carefully. it sl s dateill sy
Answer / Because bases, especially the strong ones, are capable of
destroying the texture of anything or eating away its substance by

chemical action.
coba Uiy aiale il ol o i (ol st et e 50 ¢ Lgie By gall Auald g ¢ ac) @l Y
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e All bases taste biter. ke el il JS aaka
e They have a slippery feeling. G Dsndh pg

Cleaning materials often contain bases.
el @ e cadanl) o) ge g 8iat L Ulle

Ammonia solutions are widely used as

household cleaners and detergents.
cclibie 5 Ay jie clihiaS a5 3l o L sal) Jillae adiius
Toohtpaste has basic properties.

Sodium hydroxide and potassium hydroxide

are used in the production of soap.
Osibiall ZU (8 o sl sl 2S5 )38 5 0 503 seall S 5 0 aadiuy

In medicine, some bases are used to prepare

Solid soaps are produced by

using NaOH. In the production antaCId tabletS
of liquid soaps KOH is used. _:\...'a U 5aliae UA\)ﬂ\ " Bl m\)ﬁ\ . R L k'_I.LM 65

Water soluble bases are called alkalis and they can
easily give OH- ions when they are put into water.

U ggans OH- @l sl aad O ¢Sy s il 1) o Lall (8 ()b 52l AL 2o gl s
,C«\AM @ L@.ub} A;\.C
Antacid tablets, containing

bases such as Mg(OH), Most alkalis are solid. However, in the laboratory

Al(()H)x , can neutralize excess

Sl I youratimank. their solutions are used :

NaOH(s) _— Na-(l_aq) + OH(_aq)

Ca(OH)z) — Ca—(i_azq) + 2OH(_aCl)

Bases can be shown as Me(OH)x, where "Me" refers to a metal and

"x" shows the number of hydroxides
a5 el 23 ) X" i i Gaee "M Lol Cus < Me (OH) x S 2o sill lel) Sy

Ammonia, NHj3 is an exceptional base. It does not contain metal or
hydroxide. However, when it is passed through water, the solution

produced contains OH- and acts as an alkali.
¢elall e o Al Ledie ¢ @l aag a5 ol Gana o g ging Y AL saclE LANH3 ¢ LiseY)
58S dary s OH- Ao Ul Jslaall (5 53
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NHs(g + H200) ——— NHI,_ +OHgq

Bases are often prepared from the reactions of active metals (Li, K,
Ba, Ca and Na) or hydrides of these metals with water. Such

reactions give bases and hydrogen gas :
Calzall s2a <l jam }i(NaJ Ca sBa s K s Li ) &adil olaall O3lelds (e o) @l st o L Wl

2Na + 2HoO0 —— 2NaOH + H»
CaHz+ 2H:O — > Ca(OH): + 2H»
6 — 3 — 1 The Naming of Bases 20 5ill dyans

In the naming of bases, the word hydroxide is added after the name
of the metal. Do not forget to write the valency of the metal if it can

take more than one valencies.
KE I I OV (S K IV EPON T LN IR Ol ) de 2S5 o AalS il ¢ ae ) g8l dpans b
Al @S e S

Formula Name
NaOH Sodium hydroxide
LiOH Lithium hydroxide
Mg(OH); Magnesium hydroxide
Ca(OH); Calcium hydroxide
Ba(OH): Barium hydroxide
Fe(OH). Iron(1l) hydroxide

6 — 3 — 2 The Classification of Bases

According to Strength

1. Strong bases : are bases that completely ionize in water, their

aqueous solutions conduct electricity well.
A JS el S daa g Al Lelillaa g ¢ el 8 JalSIL s ) ae) gall o o4 68l ae ) Gl
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The bases of alkali metals (Group IA) and some alkaline earth

metals (Group IlA) are strong. NaOH, KOH and Ba(OH) .

pssmall 2S5 pan A 8 (TTA) de saaall G 5l & Slal) ol Sl a5 (TA) Ao sanal) i 1 il Sl ac) 8
Ba(OH)z.) KOH 5¢

2. Weak bases : are bases that dissociate in water slightly, their

agueous solutions poor conductors of electricity.
LSl Jaa 8 3 A ) Al Lelilae g ¢ olall 3 DU Juains 3l ae ) ll a5 1 Adpaall 2ol g8l 2

Ammonia, NH3; and magnesium hydroxide, Mg(OH), are both weak
bases. dipm ac) 5 LaadS Mg(OH)z ¢ pspstinall 2085 508 s NH ¢ L 5!

6 — 3 — 3 Chemical Properties of Bases se) gill AiLal yal (Al

The chemical properties of bases vary according to their water
solubilities. Alkalis are soluble in water change the color of
indicators. As show the table below :

O 5 oLl b sl AHE il slall b ol Ll Guus 2ol Aglial) patladll Calis
Dolial Jsaall L mnge s LS gl
Indicator Color of basic solutions
Litmus paper Blue
Methyl orange Yellow
Phenolphthalein Pink/Violet
Bromothymol blue Blue

Neutralization reactions : are the reactions between bases with acids

to give salt and water.
slall g zlall elacy (alaa¥) as ac) @l G cdlelall o :Jabadl Colelss

Bases are capable of reacting with acids :  (=lea¥l g Jeliill Jle 5 5008 s 4l

Base + Acid —— Salt + Water

NaOH + HCl ——— NaCl + H20
3Ba(OH)2 + 2H3P0QOs —— Bas(POuy)s + 6H20
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Ammonia can react with acids. However, such neutralization
reactions give only salt, not water :

D elall G g dah elall s o2 Aalaall el (ld ¢ @l aa s palaa ) pa L sal) Jelisi of ¢Say
NHs + HNO3; ——» NH4NO3
2NH3 + H,SOy — (NH4)ZSO4

Water insoluble bases decompose on heating to give metal oxides
and water : slas diane 2l clae Y il vie elall A LA ALEN e se ) sdl) Jlas

heat
Mg(OH), — MgO + H,0

AlKkalis can also react with amphoteric metals ACT
such as zinc and aluminum. When zinc reacts o
with sodium hydroxide, sodium zincate salt ASE

- LUE
and hydrogen gas is produced. Porsr o .
. T T T cl Ty e T cids change litmus paper into re
Lesie o gial¥) 5 i 311 Jie 23l alaall goe L) iy ) Je s o % and bases change litmus paper into
O sl

Zn + 2 Nao H N&zZﬂOz + H2 Red litmus paper with a drop of base here

However, most alkalis do not decompose : ‘E‘(

o

KOH heat NO reactlon Blue litmus paper with a drop of acid here
Exercise 6 — 2

Write the equations for the reactions of nitric acid with the following

compounds. A0l LS al) e el jil) mes Lol Y alas i)

. Sodium hydroxide o3 geall a5 338

. Copper (I1) hydroxide (1) oslail 30085 50

. Iron (111) hydroxide (11) 20a0 3085 50
HNO3; + NaOH  — NaNOs + H,0

2HNO3 + Cu(OH);, —— Cu(NOs)2 + 2H20
3HNO;3 + Fe(OH); —— Fe(NO3); + 3H,0
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Comparison of properties acids with bases

Properties of Acids

Properties of Bases

Have a sour taste
gl o2l
Dissociate in water to give H*
ions
gl HY elac Y elall A Juadyy
Aqgueous solutions conduct

electricity
sL_eSl) Agilal) Jullaall Jua s

Change the color of litmus paper

to red
a1 sl ) Geadll dlie (35 sl i o8
React with metals to give

hydrogen gas and salt
a5 s ouel) e elacy alaall aa Jelés

React with bases to produce salt

and water

Have a bitter taste
4 pak
Dissociate in water to give OH"
ions
bl OH elacY Wl 3 sl
Aqgueous solutions conduct

electricity
sL_eSl) Aglal) Jullaall Jua 55

Change the color of litmus paper
| to blue
GoOI Ol A el e 35 o) a8
React with amphoteric metals to
give hydrogen gas and salt and

Water
;Ld\j CLJ\}
React with acids to produce salt

and water
slall 5 plall iy Galeal) ae Jelis

6 -4 THE pH SCALE

PRTENPR T IR PERE-

pH : is a numeric scale used to specify the acidity or basicity

(alkalinity) of an aqueous solution, the pH scale ranges from 0 to 14.
ol sl Sy ¢ Ale Jlaal (Alal) Baclal) ol A geall aaatl sk a ) (ubile 98 1 g el S

1. A pH of 7 is neutral.

14 )0 e s s onell Y

A 7 g ouell 80

2. Solutions with a pH less than 7 are acidie .
Apaes s 2 7 e DB s s aed) (aY) il Jilladl)

3. Solutions with a pH greater than 7 are basic.

Aanlad 7 e ST i s Haed) () cld Jslal)

¢ Pure water is neutral, being neither an acid nor a base.
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— NEUTRAL -
more acidic more basic

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

IS — | N
pH scale B

lemon juice tomalo brwd mzlk blood bakmg household
23) Juice (6.6) (7.35-7.45) | powder ammonia

acid in stormach vinegar coffee  rain pure water  sea water soap
u034 water (7.8-8.3)

Acidity or basicity of various substances

Indicator : is a chemical compound, that changes color reversibly at

different pH values , such as phenolphthalein or methyl orange .
) S 5 )l gl Jie ¢ dalise pH a ie uSe IS 43sl ity AleS (S e sl

Indicator Acidic Basic
Phenolphthalein Colorless Red-ViOlet

Methyl orange Red Orange - Yellow
Litmus Red Blue

6 —5SALTS

Salts : are crystalline solids. They have ionic structure and therefore

their boiling and melting points are high.
llle da o gl Ml Al A Wd A5k Ala D se A DY)
Adlle b el 5

L EPATL
‘ . ' Salts may have a variety of colors. For

example :
}JEA o e 015 (e de sila e sana 2O (S,

¢ Nickel (1) sulfate is green.
Salts may have a variety of colors. ¢ Lead (“) |Od|de |S ye”OW .
¢ Sodium chloride is white.

Solubility is the most important characteristic property of salts.
2O 3 Jaae dpals aal g (LA

Aqgueous solutions of salts conduct electricity:L < >l dil Jdadl Joa

A salt results when an acid (or acidic oxide) reacts with a base (or a
basic oxide) : (2ed 23S 5f) 522 e ((omnn 2S5l e Jeliny Laxie qld) iy
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NaOH + HCI — NaCl + H,0
base acid salt water

Na,O + SO; — NaySOq4
basic acidic salt
oxide oxide

6 —5—1 The Naming of Salts =Y s

The names of salts are composed of the name of the metal first and
then the name of the radical : Sl 25 Y 51l ansd e S sland ¢ S

NaCl Sodium chloride
CaCO3 Calcium carbonate
FeSO, Iron (1) sulfate

Fex(SO04)3 Iron (111) sulfate

Salts of ammonia are called ammonium salts;

Ammonium
NH.Br bromide
(NH4)2SO04 Ammonium sulfate

6 — 5 — 2 Classification of Salts oY) G

When salts are dissolved in water, they may exhibit neutral, acidic

or basic characteristics. Following this, salts are classified into three
groups :

oY) Caia oy ¢ lld dmy Dbl gl dpaan ol Balas Gailad el i ¢ oLl b OV A3 o Leaie

;e gane &G )

1) Neutral Salts : are salts that formed by the reactions of strong

acids and strong bases. Agueous solutions of neutral salts do not

exhibit acidic or basic properties.
saladll 7 DS Al Jillaall 5edas ¥ Ay il ae ) gall g4y sall (alaa¥Y) e i (e ¢ 5S35 - Slal Balaall ~ DY)
Al o dpaaa Ual &
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For example NaOH is a strong base, HCI a strong acid. Therefore,
the salt that is formed by the reactions of these two compounds,

NaCl, is a neutral salt.
CS el (3 e L (e 0 5S (5A lall 8 ¢ S (5 8 (aaaHCI ¢ 48320 58 NaOH JUiall Jass e
e =l 4 <NaCl «

some other examples of neutral salts are KNOs, Li2SO4 and NaClO4
NaClO4 5 LizSO4 5 KNO3 & saiaall 73S (s A AbiaY) iany

2) Acidic Salts : are salts that formed by the reaction of strong acids

with weak bases. They have acidic properties.
Apaes ailliad ) dipaall ol @) ae iy 8l (aleal) Jeldi Jady o585 ) 23l A duaeall #3LY)

Examples of acidic salts FeCl,, CuSO4 and NH4NOs .

Explain / Some salts that contain H* in their structure, like NaHSO4,
are also acidic dpman Wa o « NaHSO; die « Ly 3 H e s siad 3l 231 (am

Answer / Because when they ionize in water they give H* ions to the
media il sl H* gl e Lgilh sl b (b Lanic LSl

3) Basic Salts : are salts are produced from the reactions of weak

acids with strong bases. They have basic properties.
Aoulal pailiad sl 4l ae ) @) b dgiall Galaal) Cle s (e it =Dkl (4 5 daulul) #OLY)

Examples of basic salts NaCN, NaF and Na;COs
NazCOs5 NaF s NaCN dsulul) #3LY) e dbi

Salts that produce OH- ions in water, like CaOHCI, are also basic.
Apudd Ll 8 < CAOHCI e ¢ slall b il sl OH- i il 23!

Common and systematic names of some salts

Formula Systematic Name Common Name
NaCl Sodium chloride Table salt
CaCOs Calcium carbonate Limestone
Na,CO3 Sodium carbonate Washing soda
KNO3 Potassium nitrate Saltpeter
CaS04.2H,0 Calcium sulfate Gypsum
dihydrate
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6 — 5 — 3 Chemical Properties of Salts 2SS e S al 21

Salts are selective in their reactions. They react with other
substances only under certain conditions. For example, they may
react with metals but only if the free metal is more active than the

metal of the salt. Consider the following reaction:
e Jolin 8 ¢ JEd) Jass o Aime Cagpk Jh 8 La8 5 Al 3 se ae Je i aglladl 2505 8 40000 - DY)
U Jadll 3y & jlie) 8 i bl ana cpe Ualis ST jall cpamall 1S 130 Jaid (<15 obaall

Cug) + 2AgNO3ag) —>  CU(NOs3)2(ag) + 2Ag(s)

This reaction takes place because copper is more active than silver.
However, if you put silver particles in a copper (11) nitrate solution,

no reaction takes place as silver is less active than copper.
ol i J glae 8 Auadll iy i a5 13) ¢ SIS g Acaill e Ul S0 Gl Y Je il 13a Gaaa,
oail) e Unli Jif Al Y Jelas (of chasy Gl ¢ (1)
Ag + Cu(NO3z), —— No reaction

(—\ . @ e
J k N, C

- SRS

+0, +0,,
l Amphoteric Oxide Neutral Oxide
ALO5 CO, NO

Basic Oxide \\ - Acidic Oxide
Na,O - Co,
+H ’,O T

Bases . S = Acids
NaOH ) ' N HZCO_-,

Transformation of inorganic compounds with salts

+0,

120 vomammep AmMED SHIHAB




CHEMISTRY 2

oStor istinguish Obchools

CARBON

MOHAMMED AHMED SHIHAB

2025



(HEMISTRY 2 CHAPTER 7
CHAPTER SEVEN

CARBON

Carbon has an atomic number of 6

Symbol of energy level | Energy level (n) | Number of electrons
A3l (5 glae ey 3l (5 gla Gl g ySIY ae
K 1 2
L 2 4

Carbon is the basic element of living organisms in our daily life.
A sl Lills 8 4l sl uluY) il 2 (50 S

Carbon has a crystalline lattice structure.
Sk S dSa e g S g sisg

Explain / Carbon has the highest melting And boiling points in the
group. fe gaaall & gl 5 jlenait Llis e e o5 S (5 sy

Answer / Because there are strong covalent bonds between its
atoms. 3 O A Lyl Jal 55 lin Y

Carbon has two allotropes : Clalidl (e e 5 e 05 S (5 s
. Graphite Cadl jal

Graphite is a soft, dark black sold with a metallic shiny color.
Y Gama sliply aeli Gale a sl o5l 58l sl
Itis a very good conductor of clectricity, so it is used as electrodes
indry cells . Aalall LAY 8 4l 5eS AUdlS aadin 508 130 ¢ ol oSl da Joa sa )
In pencils, a graphite and clay mixture is used.
ol 5 ) el aladi 4y ¢ (abia il 238

Graphite has a low melting and boiling point in comparison to
diamond. Ol &5 )l dumiiiia (e 5 jlgaail da o el all (5 siay
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Explain / Graphite conducts heat and
electricity. oL el 5351 jall el jall Joa sy

Answer / Graphite crystals have a Layered
structure formed by hexagonal carbon cycles.
These layers slip over each other easily
because they are bonded to cach other with
weak bonds and because of this motion

graphite conducts heat and electricity.

O30S Gl e S Cliahall daxtie JSa Led Cudl jall il ) ol / Ay

Lpaany Aaii yo s A sgans Qnll Lpumny (35 Cliaball 38 3155 Apu

51l Jaa s )yl o s ¢ AS 038 s A Lol 5 ) e i
b e

2. Diamond lall

Diamond : is formed naturally by the
transformation of graphite exposed to high
underground pressure over millions of years.

00.7970 0 adiye Jarial (g peall il all Jsad (e ek (S 0 S el

. oo ° .M\wmdmésua)y\
o «
(o]

T — Explain / Diamond is the hardest natural
mineral. Tl el il g el

Answer / Because each carbon atom in the structure of diamond is
bonded with strong bonds to 4 neighbor carbon atoms in the shape
of a tetrahedron.

osasll ol ISE e 5 ) slan (50 S Ol 30 4 ae dy s oyl 5 5 A je (ulall JS8 & (5 S50 JS OY
Pure diamond is a transparent solid . Al dbea sale I il

Its has a high melting point (= 3500°C) and boiling point (=~ 4850°C)
(Rse 45 0 4850) e Al g (A5 da 2 3500) Adle legai) ddadi L

It does not conduct electricity and tends to change into

graphite which is more stable thermodynamically :
Al el Adipall Aalil (e G ST 5 5 ) ) ) Jsatl ) s ol Sl Jm 3
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DIAMOND GRAPHITE

The hardest substance in nature Soft
daglall & 3ale Caraal ol

Nonconductor Good conductor
Ja g e 2 o 5e

Used as an abrasive Used as a lubricant
AhdlS sales andid a3l S 2R

Transparent Dark black
alad allae 2 gl

Explain / Diamond is used to cut hard materials in industry.
Acliall s 4lall o gall adadl ulall axiin

Answer / Because of its hardness . Al

e Artificial diamond is obtained by changing the crystalline
structure of graphite under high pressure and temperature such a
diamond does not have any value as jewelry.

Jias 5l m A 2 Jle Juin a3 bl all g0 ISl 83 3ok 0o e libaaa¥l Gl e sumal)

Wl saaS Aad (ol 4l Gl alall 138

e In addition to these allotropes, carbon is found naturally in the

forms of coal coke, charcoal and soot but they are not in

crystallinc forms. They are amorphous solids with wide surfaces.
o o] LeiShg pladl g andl) o SI) and JISET 8 anda JSE G g0 S 2 g ¢ COLaliall o2a ) dSLaYL
Anadl g geland 35 sliie e Alea ol 5 gl Ay 5k JIS

Fullerenes Gl il
In 1985, another allotropic form of carbon was discovered. There

are two important forms of these new allotropic forms, Ceso and Cyo

The general name of them is fullerenes.
sl JIKEYT 03gd Aalgl) JKEYT e (e 58 a5 S e AT Jaalie J<G GLEK) &3 ¢ 1985 ale b
2 sal) 8 Leg alall o) s Crg 5 Cop ¢ Alaaaliall
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The structure of a fullerene, Ceo, is given below In Figure.
JSal) b slial ase ¢ Cap ¢ cal sill IS

These molecular forms of carbon have been studied Intensively Ceo
has a stable soccer-ball" structure.
Mo e a8 S Ay 4l ¢ Caia JS () g SI A Sall JISEYT 238 Al 3

In that structure, there are hexagonal and pentagonal Structures.
¥ Al 5 Ao Sl a5 ¢ el 138 A
Today we can produce Cg from graphite by laser technology

Fullerenes are used especially in preparation of super conductors.
Ci3la sall jpmai b (el S il il padiad 5 ¢ 5l 25 Aand 52 bl jall e Cp ) LiSay sl
Aailal)

OCCURRENCE

Carbon makes up only 0.91% of the earth's crust. Free carbon is
found in nature as diamond and graphite. It is also found in natural
gas and petroleum as its compounds, in the atmosphere as carbon

dioxide (CO). and in the earth's crust as its carbonates (Table 2).

s Gulall i Zagdall (8 pall 05 S e siall 5 A, V16N (e a8 70,91 ¢se S0 JSy

38 Gy (CO) Sl Sl (8 Jia (5 sall Caall (8 ¢ allS 5aS J gl 5 oandall ) b Wil aa
Leilsa S LY

Chemical formula Common name Chemical name
dias dhpa s el )
MgCOs . CaCOs Dolomite Magnesium calcium
carbonate
CUCOs , Cu(OH), Malachite Copper (1) hydroxy
carbonate
CaCOs Marble, limestone Calcium carbonate
FeCOs; Siderite Iron Il carbonate
BaCOs; Witherite Barium carbonate
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Carbon is the basic element in living organisms. For example, in the
structure of proteins, saccharides and amino acids, carbon is the

main element.
i) (a5 ey Sl g i o yall A 8 ¢ Jial Jas o Bpad) clilSh) 8 w1 geaiall s (0 SH)
il paiall g4 (g SI ey ¢

1-2 CHEMICAL PAROPERTIES L)) (ailiadl

Carbon is a nonmetal. It has an atomic number of 6 and It takes
oxidation states between — 4 and + 4.

At 54— Op8asY) VA 23l 5 6 oA eaae Aniaaa 42 3ale O 5 S
carbon can form ionic compounds with active metals, such as Al,Cs
and CaC, . But it tends to make covalent bonds by sharing its
valence electrons. This property allows it to form a vast number of

compounds.
Ll a5y (585 ) Jaa LS CaCp s AlsCa Jie ¢ Aaii e e sl LS e 050 S S o (S
LS el e € 2ae (5 5K L ranst Apalal) o3 Ly Aualall 5 il iU A Hlie VA (g

Reactions

Some important reactions of carbon are as given below.
oLl 3 ) K30 () g9 KU Adledl C M L)) yoany

1. Graphite burns easily, but diamond hardly burns.

(B AL Gl (S5 ¢ A gy (3 yingy udl o)

The burning product at low temperature is carbon dioxide.
O 50N S 6 4 Anddia sl ya da o (5 sinall miiall

Cgraphite) + O2(gy ——— COyg) + 393.5 kJ

The burning product at high temperature and in imited oxygen is
carbon monoxide. s SV sl Ul s 2lid) ansY) 85 Ale 5 ) ja da o e (5 siaall ikl

2C) + Oy —— 2CO(g) + 220.7 kJ
limited

CO is not stable and decomposes to form CO, and C.
BEB N PYRE TR U JCINES 5 1 Y | TP WO S PP | JCOES g

2CO(g) + Oziq) ———— 2COz(g) + 566.0 kJ
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1. Carbon is not affected by acids and bases, but it is oxidized by

hot, concentrated HNO3 and H>SO4
R all 5 AL HoS04 s HNOg Jais el a5 ¢ e gl 5 mlaal ¢ 50 SN il Y

Cs) + 4HNO3conc) —— CO2(g) + 4NO2(g) + 2H20(1
Cs) + 2H2SO4(conc)—— CO2g) + 2SO0 + 2H20()

2. Carbon reacts with steam at very high temperature.
S e 3 )l pa da o die S ae (5 S Jeliy

C(s) + H20(g) + heat » CO(g) + Hag)
water gas

The gas mixture formed in this reaction (CO — Hy) is called water
gas, and is used as a fuel

35858 padtn s ¢ elal s (CO - Hp) el 13 b ¢ sSiall Sl lls e

3. Carbon forms carbides by reacting with metals at high

temperatures. Alle 31 a il 53 (8 abaall e Jelills el S ¢ 5 S0 IS

heat
2C + Ca —— CaC;
Calcium carbide

4. Carbon react with sulfur. in high tempreture
Adle 3 a da jo Ay Sl e Jeliy oy 50 S
700-800 °C
C+2S » CSy

The compounds of carbon with elements having low
electronegativity are called carbides. For example, CaC; is calcium

carbide, Al,Cs is aluminum carbide and SiC is silicon carbide.
5 e CaCy « JE) J.\.\.u ‘_Ar_ k_l\.l.uﬂl_a Lasdndll 4.}.:)@5” E)Aﬂ\ <l )a.al_uj\ < UJJJSM GlS e (A
LOsShid) oy S e 3 le SiC 5 asie st an S e 35ke Al4Cs ¢ asandlSll an S e

5. Since carbon is a good reducing agent, it is used to produce

metals from their oxides at obout 600 °C.
4 gl da )I600&LS B ) s Ax yo die Sl e palaall WY aadiiy aild ¢ ua JI A Jale 50 S oY 15k

2Cul0+C ——» 2Cu+CO,
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6. Carbon forms organic compounds in reaction with Ho.
Ha o Jeliills &) sume il yo 50 S0 IS4

1500 °C pressure
C+2H; » CH4
Pt

1 -3 COMPOUNDS OF CARBON SEBSEESY

1. Oxides S

Carbon has two principal oxides: carbon monoxide and carbon
dioxide. RIS R L PRSPYR IPWE g i W IS VRSt B S PPN PPN

a. Carbon monoxide CO : O 8 asi J

Carbon monoxide is found in the atmosphere in trace amounts.
Afim LaSy (g gall BN 8 050 SN ST Il e ial)
It is a colorless, odorless and poisonous gas that is lighter than air.
o) sedl (e ol 5 Al g Anil Ml 5 oy slll e Sle s g
It is slightly soluble in water and its boiling point is — 191.5 °C
45 da )0 191.5- adlide da jog elall 8 Cadla JSG (LA U8

The exhausts of motor cars and the combustion of fuels cause an

increase in the concentration of carbon monoxide in air.
JPLIPVA P PPV (O Y- O £ - 1R [ A S PSR

Preparation : s

Atmospheric CO forms in incomplete reactions of carbon and

carbon compounds.
585 s SU LS ALS e cDleli b g sadl GBIl 8 (0 50 SI) 2T U,

2C8H18(|_) + 1702(9) _— 16CO(g) + 18H20(|_)
Octane Carbon monoxide

In industry two methods are used to prepare carbon monoxide.
0508 ST J ) jumadideliall b ol jla ardi

In the first, CO; is reduced by carbon.
SN A g0 (52 SH 2ST G QS o ¢ J5Y)
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Heat
COzg) + Cs) — 2COyg)

in the second, formic acid, HCOOH, is dehydrated using
concentrated sulfuric acid.
Sl i S e o335l 4isind 2 « HCOOH ¢ iy sill Gmes ¢ 200
H,SO4
HCOOH — CO
- H,O

Chemical Properties Ll Ll A1

Carbon monoxide is neither acidic nor basic. It is a neutral oxide.
Ml 20 43 GaclE Y 5 Goaea Gadd 52 U 2T J

It's a strong reducing agent at high termperatures.
dba)\);ub)d@djﬁd\)n\ J.A\.:;‘\_\\

It reduces metal oxides to metals Ol ) ol 2l sy

heat
ZnQO) + CO@ ———— Zngs) + COy(g)

CO also reduces steam to hydrogen at 230 °C
A 5ia A 53230 e Gan sl ) S Wil 50 SU 2T 36 B8,
F9203
H20() + CO(g) > Hag) + COy)

Uses claladtuy)

e CO is used as a reducing agent in the extraction of metals from
their ores. el e el Gadlaiul (b it JalaS (5 S0 2 5 padiy
e It is also used as a gaseous fuel and as a primary substance in
many organic synthesis reactions, such as methanol and formic

acid.
e sl (mes 5 Jsilinall Jie ¢ (5 guandl Al O (e apaedl 8 451 )5S 5 (5 5le 28 S andiing 4l LS
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b. Carbon dioxide CO»

Carbon dioxide is found in the atmosphere at around 0.03% by
volume. It is a colorless, odorless and nonpoisonous gas. It is
approximately 1.5 times heavier than air. CO; is moderately soluble

in water. It soldifies at -78 °C to form dry ice

Al sl e e s s anall Cus (50 70,03 s die s sall G b 0 s S ST G 2

78- die gli Juine IS slall (3 LA QB (550 )SU ST U 550 1.5 (Jsm sl sed) oo J8T L) Lol
il B JSiil 4 g da o

Preparation

a. In industry

COg is produced when limestone is heated to make quicklime and

by the fermentation of glucose.
DSl 5aedi sl e s ) ginal (ol saall e b Ladie (¢ 0 KU 2T 6 £ L) o

1200°C
CaCOs3 » CaO + CO,
limestone quicklime

b. In the Laboratory s

1. By the action of dilute acids on metal carbonates and hydrogen
carbonates. o aonel) iy S5 alad) i g0 S e Assad) (alea¥) dee 35k 0o

CaCOs + 2HCI » CaCl, + H,O + CO»

2. After combustion reactions of carbon containing substances.
O S de 45 ginall ol gall (31 yia¥) ODe lai axy

2C,He + 70 ——— 4C0O, + 6H,0
Chemical Properties Ailasl Ll 5211

Carbon dioxide is an acidic oxide, When it is dissolved in watec, it

forms carbonic acid, which is unstable.
e e g 5 ¢ gy Sl men JS5 4ild ¢ slall B sl Ladie ¢ men 2T g8 (0 50 SI sl G

COyq) + H20q) > H2CO3ag)
Carbanic acid
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It reacts with basic oxides and bases Lul) 2o gl 5 2l SY) e Jeliy
COy(g) + CaOys » CaCOgs)
CO2g + 2NaOH@zy) ——— NaxCO3(aq) + H20()

At high temperatures CO;, behaves like an oxidizing agent.
2 e JalaS (5 S ST U Gy ¢ Al B ) jall il py b

1200°C
CO, + ZMg(s) > ZMQO(L) + C(S)

Delection of CO»

We can detect the existence of carbon diaxide with limewater,
Ca(OH)2. When carbon dioxide is introduced into a solution of
limewater, colorless limewater solution becomes turbid, and a

millky white precipitate of cacium carbonate foms .
Jslae 3 05 SI sl 36 Jay) & Levie Ca(OH) sad) slas & 5o SI aasl 5 3 sa g (e oK) Ly
psmalSl Dl S 0 68 (e A sadae elian sl 5 ) o g ¢ 10Se Gl ane el ele Jslas ay ¢ adl cle

Detection of CO,, gas in the laboratory

The test reaction of carbon dioxide is : % 0580 sl B s Jelis
CO2() + Ca(OH)2q) » CaCOs(s) + H200

If more CO; Is added, excess carbon dioxide reacts with water to
form H,CO3 and the milky solution becomes colorless. Carbonic
acid reacts with calcium carbonate to form a colorless solution of
calcium hydrogen carbonate, Ca(HCOs),, as in the following

reaction:

gars HoCOs (Sl elall o 230 31 (g 50 pSU 2T S Je iy ¢ (g SN Sl 36 (e 3 Hal) dBlia) e 13

Gl s S G Ol aae Jslae (5 sS8  saullSI il gy S ae @l g9 S (s Jeliy (5l apae  ll) J sladll
il Jeliill i LS ¢ Ca(HCO3)p snlSH (o 5 28
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(HEMISTRY 2 CHAPTER 7

COZ(g) + CaCO3(5) + HZO(L) E— Ca(HCOS)Z(aq)

Calcium hydrogen carbonate decomposes when heated. In that case
a colorless solution of hydrogen carbonate again changes into the

white insoluble product as, calcium carbonate, CaCOs.
Ol Sl S e sl mse Jslaa Jsay ¢ Alladloda (G Lebudond die o sanall Sl (s p3 Sl S IS
.CaCO3 psaallSh i ga S Jia Glsdll BB e il e ) 5 313 00
heat
Ca(HCO3)2(ag) » CaCOg) + H20() + COyg

Uses cilalaai)

Carbon dioxide is used in fire extinguishers, carbonated drinks (soft
drinks), medicine, manutacture of industrially important substances
such as washing soda (Na,COs3.10H,0), yeast, baking powder, dry

ice, coolant and preservation of fruits.

ity ¢ Ay pa¥ly ¢ (A s pdall) 43l g pdiall 5 ¢ Gaoall lidh A g SH asT 6 aadi

Galall &=l g ¢ 303 (3 sasa s ¢ 3yl 5 ¢ (N@2CO3.10H20) sl 13 s Jia A licall dpaa Y1 b3 o) sall
Sl bada g ¢ 3 yaall g

In fire extinguishers: Because cartbon dioxide does not Suppart
most combuston, It is used in many fire-fighting situations. it is

heavier than air, and as a result it cuts the interaction of air with the

burning substance . Without air (oxygen), burning is impossible.

EYS e S G adkiig ged ¢ BIARY) alaee au o Jany Y g SN asl A6 Y 1gall Gllil

(CnST) e sa (50 48 yinall 3alall ae ) sed) Jo i adady 438 A daiii g ¢ o) sl (o i 43) (33 jall dailS
Staaiue 3oall 5 ¢

As dry ice: The solid form af carbon dioxide is known as dry ice. It

sublimes at -78 °C. It is used as a refrigerating agent

PRy Ay gie da 0 - 78 die abuy Galad) alally ¢ g KN s A Gliall JEN oyl salal) BIS
B dalaS

In soft drinks: it is used in soda-water and carbonated water
40 ) sleall g 4y jlall oludl) JPLIPRER A0 el b gyl =

In synthesis of washing soda, Na,COs3.10H,O and baking soda,
NaHCO3 NaHCO3 ¢ 3l 13 sea s Na2C03.10H20 ¢ Jawsill 13 50 S 53

In production of sugar during photosynthesis.
sl Jiiadl) dglee ol Sl 2l &

131 vomammep AMED SHIHAB




