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PREFACE

Chemustry 15 an interesting and fundamental branch of science because it gives us the

chance 10 explain the secrets of nature.

What is water? What do we use in our cars as [uel? What is aspinin? What are perfumes
made of? These kinds of questions and their answers are all part of the world of chem-
istry, Chemists work everyday to produce new compounds 10 make our lives easier
with the help of this basic knowledge. All industries depend upon chemical substances,
including the petroleum. pharmaceuticals. garment, aircraft, steel. and electronics indus-
tries, efe.

This book helps everyone to understand nature, However, one does not need to be a
chemist or seientist to understand the simplicity within the complexity around us. The
aim was 1o write a modern, up-to-date book where students and teachers can get concise
information about chemical reactions and inorganic compounds. Sometimes reactions
are given in detailed form, but, in general, excessive detail has been omitted. Through-
out the book, different figures, colourful tables, important reactions are used to help
explain ideas.

We hope that after studying this book, you will find chemistry in every part of your
life.

The Author
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After studying this chapter, student will be able 1o:

|- Identify the development in atomic conecpt.

2- Understand Modemn Atomic Theory.

3- Write down the electron configuration,

4- ldentify Lewis’s order for elements.

5- Understanding properties of peniodic table

6~ Understanding the Periodic properties of elements in periodic able.
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1-1 INTRODUCTION

In the previous study of chemistry, we have learned that all substanc-
es in the universe consist of tiny particles which form the basic unit
of these substances ,these particles are called atoms. In Latin, (Atom)
means indivisible. Interpretation of atomic structure in the past two cen-
turies went through several theories .In this chapter, we will study how
theories of atomic structure have evolved.

Sond ek delor 1”2 EVOLUTION OF THE CONCEPT OF THE ATOMIC

0l1 phere moael or

Bowling ball model STRUCTURE

Scientists proposed various models to account for the structure of the
atom. Each model was the best representative at that time, then, after
many observations and experiments ,this model has evolved to become
more scientifically acceptable, now we will chronologically review
these models:

1-2-1 Dalton’s Model:

At the beginning of the 19th century , Dalton perceived the atom as a
hard, indivisible sphere (Fig.1-1), each element has a specific kind of
atoms, these atoms are connected through simple methods to form com-
bined atoms.

Figure 1-1
Dalton’s Atomic Model

. Spherical cloud
SO of positive charge ;_» > Thomson’s Model:

1 By the end of the 19" Century Thomson gave another perception of the
atom, (since he discovered that atoms consist of smaller particles having
negative charge called electrons), in his opinion, the atom is a positively
s charged sphere on which negatively charged electrons are attached to
Figure 1-2 balance the charge. Therefore, the atom has neutral charge. Figure 1-2
illustrates Thomson’s atomic model.

Electron

Thomson’s Atomic Model

1-2-3 Rutherford’s Model:

... Nucleus In the early 20th Century , and after the discovery of the proton (a pos-
““‘Electron itively charged particle, the mass of which is greater than that of the
] electron). Rutherford introduced his perception that protons are situated
¢ | in a tiny area at the center of the atom called the nucleus which con-
," tains most of the mass of the atom and that the electrons circle around
® ® the nucleus. Therefore, most of the volume of the atom is avoid and
. i the number of negative electrons rotates around the nucleus balance the
................... positive charge of the protons. These electrons rotate around the nucleus
in various orbits with varying distances from the nucleus as is the case
Figure 1-3 of planets rotating around the sun. Therefore, this model is called the

Rutherford’s Atomic Model planetary astral model, see figure (1-3)

............
—————
. -
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1-3 INTRODUCTION TO THE MODERN ELECTRON STRUC-
TURE
There had been problems with Rutherford’s Model. Assuming that negative
electrons are static { No.| Assumption), these electrons will be drawn to
(magnetized) nucleus with the positive charge, therefore, these electrons
must be in constant motion {No.2 assumption). Given that moving
electric charge which is under gravitational force releases energy, so there
musi be loss in the energy of the moving electron which would eventually
slow down its motion, This slowing down electron would move around in
a circular motion and finally falls into the nucleus, In both assumptions, the
atom must collapse, and considenng that the atoms don’t usually collapse,
so there must be something wrong in Rutherford’s Atomic Model.

I-3-1 Bohkr's Madel:

The Dianish scientist Bohr, proposed in (1913) that electrons rotate around
the nucleus in a fixed and energy levels, see figure 1-4. Each energy level
has a distinctive number describing its energy, this number is called prin-
cipal quantum number. An electron in the first energy level has a principal
quantum number of 1, while the electron in the second energy level has a
prineipal quantum number of 2 and so forth. The farther from the nucleus
the more the level of energy, for example first energy level is less than the
second and so forth, An electron may travel within energy levels through
zaining or losing energy.

[=3-2 Modern Atomic Theory:

Bohr’s Model was based on hydrogen atom, which is the simplest atomic
structure because it contains one proton and one electron, vet, this model
failed to explain for some natural phenomena of other elements containing
maore electrons, Many scientists worked hard to lay down scientific founda-
tions of the modern atomic theory , whereby they developed the quantum
Theory which stipulates that the electron might exist in a particular space
surrounding the nuclens and not in specific dimensions as stated by Bohr.
This space is called the (Orhital), which can be best expressed as the elec-
tron cloud surrounding the nucleus, as m fgure 1-5. This atomic orbital
has different shapes and sizes. The major hypotheses of the modern theory,
which is modeled after Bohr's model are:

|- The atoms consists of a nocleus surrounded by electrons with varving
levels of energy.

2« Electrons rotate around the nucleus on a distance, (according to the
size of the atom), in energy levels these levels are represented by numbers
called principal quantum numbers; positive integers with the svmbol (n).
In addition to this , and as we have leamed earlier, the nucleus at the center
of the atom and consists of the protons and neutrons,

What is the electron cloud?

Encrgy Level
Figure 1-4
Bohr’s Atomic Model

Exercise 1-1

Which one of the followings
has high energy level 7

A) First Energy Level

B) Second Energy Level
() Third energy level

[} Fourth energy level

s
| _ﬁ" I|
N

Figure 1-5
Omes of orbital shape [or-
bital clowd)

%

Exercise 1-2
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1-4 ENERGY LEVEL

We have leamed earlier that electrons rotating continuously around the
nuckeus on different orbitals with different energy, whereby they rotate in
a different distances .The more the energy of the electron the further the
it rotates around the nucleus. To express the different energy levels of
electrons, scientists used numbers called secondary guantum nurbers
which describe fairly all features of the orbital as well as those the elec-
trons in these orbital, In this chapter we will discuss one of these num-
bers mentioned earlier which is the principal guantum number.

1-4-1 Primary Lnergy Levels:

These levels are expressed by the principal guantum number (n), it holds
a positive value equals 1.2,3.4.5.6,7.. .. .each indicates a particular ener-
gy level, the greatest n has highest the energyv.in) cannot be zero at all.
This concept is illustrated in table 1-1,

4
F |
Table 1-1
Energy 6-n
5on Level symbaol K|IL|IM|N]|]O|P]|OQ
7 (g valuc of n 1 [2]3a]56]7
: —
5 l=n Energy increasing
g 2
= o=l The higher the (n) value, the further the distance of the electron from
the nucleus and consequently having more energy.i.e., the nearest of
k=0 these levels to the nucleus is n =1 has the lowest energy level while n =7
Figure 1-6 has highest encrgy level which is the farthest from the nucleus and less
When value of n increases attached to the nucleus, therefore it is easy to be removed (given away).
the enerey level increases. . &
See figure . 1-0
z [-4-2 Secondary Energy Lévels:
4 Pnmary encrgy levels (K L .M N...) have secondary encrgy levels (s, p,
d . and f). These levels differ in terms of shape and number of electrons.
— Orbital (s) has a spherical shape (figure 1-7), as for the second level (p)
o |
it has three orbitals and each orbital consists of two equivalent sides
distributed in three vertical directions (P, P, P }, as illustrated in (Fig-
s orbital ure. 1-8), as for the sccondary levels (d. ). they have more complicated
Figure 1-7 interstitial forms.

Shape of 5 orbital
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Primary energy levels have secondary energy levels as follows:

Primary level K (n=1) has only one secondary level type s

Primary level L (n=2) has two secondary levels pand s

Primary level M (n =3) has three secondary levels s, p and d

Primary level N (n =4) has four secondary levels type s, p.dand [

To determine the secondary level of any of the primary levels in symbols, 4
{n) value 15 written from the pnmary level then the letter assigned to the sec-

ondary level, for example. the symbol of secondary level is written by in-

(Lina2
dicating the number of the primary level before the secondary level, so s
A=
it becomes (2s), and the secondary level d of the four primary level 4d Primary Energy
Lo

and so as indicated 1n (figure 1-9),
Figure 1-9
[-4-3 Number of Orbitals and Liectrons in secondary fevels: fﬁfmﬁi"ﬁ' energy levels

Secondary levels have many different orbitals indicated by [ ] as follows: that are found in primacy
. . enery levels.
Secondary fevel s has 1 orbital [ L

Secondary level p has 3 orbitals [ [ ] "
Secondary level d has 5 orbitals [T 1 1] @
Secondary level fhas Torbitals, [ 1 [ [ [ [ [ | M A

An orbital has as much as two electrons only | but an orbital can have one
electron or empty.therefore, secondary level filled as follows:

s maximum hold up 2 electrons

p maximuin hold up 6 electrons

d maximum hold up |0 electrons [ [ e

{ maximum hold up 14 electrons. Figure 1-10

Electrons are supposed to repel each other in an orbital because they have A Electron spin around

the same negative charge, Have vou thought why the electrons don’t nepel nueleus.

each other in an orbital? Each electron spins around itself at the same time  BiTwo electrons spin around
as it spins around the nucleus, Figure 1-10a .when two electrons are cou- their own axis as they are

in same orhital.
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Exercise 1-3

A) What is the number of or-
bitals in the first and third
primary cncrgy levels?

1 What is the number of
electrons of second and third
primary energy levels?

pled in, figure 1-10a, when two electrons are coupled in one orbital | 1)
one would spin clockwise [1 ] and the other would spin anticlockwise
(7] i they cancel repulsion in this way figure]-10b.

1-5 ELECTRON CONFIGURATION

Various clements have different mumbers of clectrons, these electrons
are configuration around the nucleus in the atom, this order 1s called the
electron configuration. Therefore, atoms of every element have unique
electron configuration whereby the electrons are ordered in the atoms in
such a way that the 1otal energy 15 at the minimum, and the following
rules are considered when electron are order in levels:

{-5-1 Aufbau Principle:

This principle shows that secondary energy levels are filled with electrons
according to their energy level Jfrom the lowest to the highest, they follow
this order (figure 1-11):

While writing the electron configuration for any atom,
the atomic number must be known, whereby the num-

P (n=6] ber of electrons of the electrically balanced natural
atom must be equal 1o its atomic number. commonly
O (n=5) written at left down corner side of the symbaol, Orbital
| 5is filled first with electrons then 2s then 2p then 3s
3 45 3 50 far ;
N (n=4) then 3p then 4s then 3d and so far
s 25 2p3s3pdsdddpisdd Sphsdf............
M (n=3) It 1s noted that the higher the number of the pnmary
shell, the higher the energy of the electrons and less
L (n=1) distance between shells, therefore, there 1s an over-
lap between secondary shells which belong to various
K (n=1) primary shells. Keep in mind, the number on the left
Figure 1-11 of the symbaol of the secondary energy level indicates

Arrangment of secondary the primary quantum number (n}, while the number on the upper right of

energy levels, the symbol () represents the number of electrons m thas level this goes

to-all symbols, as in figure. 1-12

f-5-2 Hund's Rule:
This rule shows that no two electrons are doubly occupied in the sub shell
(secondary level) unless its orbitals are singly filled. This rule applies to
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atoms whose electron configuration end with secondary energy levels of p,
d and f. Two electrons cannot occupy one orbital until assigning one Numnber af ehectrons in
electron to each orbital in the secondary energy level, Sy byl

Example 1-1 /

Write the electron muﬁguratinn for the following
suhbhclla” JOT. o L

P Ll B Secandry level
of energy

a [T 1]!
Figure 1-12

r* 1111171111 1 Electron configration
writhing method

AINEE

T T Exercise 1-4

= Write the electron configura-

J TNENEMENERE 1 tion for the fﬂl]l’.‘l“‘i!’lg

subshells? p’, d°, &, p

1] 1

Example 1-2
Wnite the electron configuration for the followings elements”

,Be, Li He H Exercise 1-5

Write the electron configu-

S OAUtIon z :
ration for the following ele-

Elements Electron configuration ments.
H 18! oF 81, Ar
He s
[Li Is! 25!
Be 1s* 28°
Examplel-3

Wnite the electron configuration and order of electrons in the pnmary
energy level for each of the following elements:
oFe Al Mg, Ne, O, B




Bowmi | Electron configuration| Owtenmost energy level
Exercise 1-6

Write the electron configura-
tion for the following atoms !
then indicate the gradual en- R _y
ergy according to the primary 0 ly: v W
energy levels. P, Li

B 1  1s* 2p' 2s* 2p'

JNe  [1s* 28 2p° 25t 2p°
Mg [1s' 25 2pf 35 3st
AL |18 2s8t2pt 3¢ 3pt| 367 3p!

P |18t 268 2pt 3st3pt | 3st3p

Exercise 1-7

Write the ebectron configuration
the for following atoms then mdi-
cate the gradual energy  sccord-
ing io the secondary energy levels,
l__ﬁ|1lﬂ Soluhor

' Na 1s° 2s* 2p* 3¢

Example 1-4
Write the electron configuration of sodium atom | Na than,indicate the
gradual energy according to the primary energy levels,

i}

3s 3p id
4 1
E 2s 2p
o ] [N
E 15
- 1l

Example 1-5
Write the electron configuration of chlorine CI then indicate the order
of secondary energy levels from lowest 1o the highest,

( Chapter - 1 e
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SOOI

Gl 1s' 2t 2p0  38f 3p°

4

= | 3 [B]H]4
E— 3s 1
b=
il 2 [W]u]n
25 1l
s |l

Example 1-6
State the number of electrons in each primary energy level around the nucleus.
B, MNe, Mg

LI

B=1s 24 2p'

5

Exercise 1- 8
First primary energy level n= | contains 2 electrons.

: : What 15 the number of electrons
Second Primary energy level n = 2 contains 3 electrons. il et

in cach primary encrgy level for
- 1ot ol 1
e = ls*  2s° 2p' these elements: _He « N

First primary energy level n=1 contains I electrons.
Second Primary energy level n=2 contains § ¢lectrons,

oMeg=1s" 25 2p° 35

First primary energy level n = | contains 2 electrons.
Second Primary energy level n= 2 contains 8 electrons,
Third primary energy level n = 3 contains 2 electrons.

1-6 LEWIS ORDER { LEWIS SYMBOL)
Lewis's symbol depends of the number of electrons on the last shell {external en-
ergy level) which is called valence shell. Electrons of the outer shell of the atom

are ordered in a symbalic way called [.cwis symbaol, as follows;

The symbol of the chemical element is written surrounded by dots, cach dot
represents one electron, two close dots represent a pair of electrons.

These dots are distributed in four directions in such a way that it has two

% [1 15 important that the student know only the Atomic
number for the first (20} elements from the periodic table to
solve the chapter questions.




Figure 1-13
Some elements from periodic
table with Lewis order.

Exercise 1-Y

Write Lewis symbol of the
following elements,

ml::-'l. » |r"1"'r 1 I!AI

C

Chapter - 1 e

dots on the right and two on the left, two dots above and two dots below,
as illustrated (Figure 1-13), the order of some elements in the periodic

table:

i Example 1-7

® simbol @
@ o
ad

Write Lewis symbaol for the following :
Mg, Ne, B, H, Si

Soduteon:

We must order electrons first for each element to determine number of
electrons in the outer shell. See the table below:

Element | Element configuration  [Electrons Lewis
i thie oaster £ |r|h1|
energy level

oo I -

B 1 2s% 2p! 3 J. T

W I 2s'2 8 INe:

LMe 1 22 3¢ 2 “ Mg

. 15 22p* 38 3p 4 * i
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Example 1-8

An atom, the electrons of which are ordered as follows.

1s* 25" 2p'

| - What 15 the total number of electrons in this atom?

2- What is the atomic number ?

3- How many secondary energy level filled with electrons?
4- What is the number of single electrons?

5- Write Lewis symbol for this atom?

Solution

I- The number of electrons are 8.

2- The atomic number is § because it equals to the number of electrons.

3- The secondary level 1s and 25 are occupied by electrons as for 2p it is not
filled, so the number of secondary levels filled with electrons is only two.

Is s n
IEI E IIIIIII Exercise 1-10

If atomic number of an ele-

4= It is noted that the number of unpaired clectrons are two only. AR 5
1- Write its electrons config-
1)1 uralion.
2p 2« How many
i secondary energy level hlled
5 Lewis symbol is g Smbal with electrons?
T 2= What is the number of sin-
gle electrons?
1-7 PERIODIC TABLE 4- Write Lewas symbol for

The periodic table is considered the most important tool for those who  this atom?
study chemistry,it 15 useful in predicting and understanding properties of

elements. Once you know the physical and chemical properties of an ele-

ment,you can predict 1o a large extent the properties of other elements in

the same group or period. (Figure 1-14)

| L&
1A VIILA
[Tt 2 12 14 15 16 17
1A IMAIVA YA YIAVII

mp e e e

3 4 5 & T g % 9 L 12
IIB IVE VB VIBVIIE-—VIIE— IR 1B

I
|
| l | | Figure 1-14

Periodic table
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1-8 CLASSIFICATION OF ELEMENTS IN THE PERIODIC
TABLE ACCORDING TO ELECTRON CONFIGURATION

Electrons play an important part in determining physical and chemical

properties of an element, especially those electrons in the outer energy

levels, known as valence electrons, classification of elements

in the periodic table depends on these valence electrons. Ele-

1s. ments can be divided into four blocks, according to the types

of the secondary level with which the electron configuration

of the elements ends with (s, p, d, f), as illustrated in fig.1-15.

1-8-1 s- Block Elements:

They are elements on the far left of the periodic table includ-
ing groups IA and ITA, whose electron configuration ends
with s, except for helium (He) ,it is added to the noble ele-

4 ments at the far right. Group IA includes elements whose last
5f
. secondary energy level s, have one electron, for group IIA,
Figure 1-15 it includes elements whose last secondary energy level have
Perodic table blocks two electrons.

1-8-2 p-Block Elements:
These elements are located on the right side of the periodic table, see
figure (1-15) whose electron configuration ends with p and include six
groups, the first five of which are (IIIA,IVA, VA, VIA, VIIA) and the last
group on the far right of the periodic table (group VIIIA or group zero),
it is called the noble gases group. Elements partly filled with electrons at
the secondary shells s and p, and noble elements are called (represented
elements), other names are used for other groups like alkaline metals

(IA),as for group IIA it is called alkaline earth metals,(VIIA) are called

halogens.

1-8-3 d-Block Elements:

These are metal elements whose electron configuration ends with s and d,
they are called transition elements or d- block elements, at the center of
the periodic table. Figure (1- 16)

1-8-4 f-Block Elements

These elements are located at the bottom of the periodic table whose
electron configuration ends with f, and called the inner transition ele-
ments, including 28 elements belonging to sixth and seventh periods.
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1-9 FINDING PERIOD AND GROUPNUMBER OF ANY ELEMENT
IN GROUP A

To find number of period and group for group A, the following steps hold
be followed:

| - Write the electron configuration of the element.

2« The number of the period is the highest number of the n, which the
electron configuration of the element ends.

3- The number of the group can be found as follows:

a- If the electron configuration ends with s, thus the number of electrons in
this level is the number of the group.

b= 1f the electron configuration ends with the (p), thus the number of elec-
trons at this level as well as the secondary level{s) in the primary level
which fills before it represents the number of the group. If the total number
of electrons is 8 ,then it means that this element is in the noble gases group,
except for helium, the last energy level of it ends with s and contain two
electrons only.

Example 1-9

What are the period and group for the following elements?

I‘.IK L JUHe s ITCI L) E{J

Pt ] AN LR

S0 =187 287 2p" The last main level is level (2). Thus, the period 15 the sec-
ond peniod. The last secondary level (p) contans (4) electrons. 2 electrons
from s are added before saturation and the total number is: 2 + 4 =6 (group
six ) Ovgen 15 in the second period in group & in the periodic table.

k]

01 =157 25" 2p° 35" 3p°  The last main level is level (3). Thus, its period

Figure 1-16

Atomic number is written
on the top left comer in the
periodic table.
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is the third period. ls last secondary level (p) contains (3) elecirons in
addition 1o (2) electrons from the underlving level {3s). The iotal num-
ber is (7). Chlorine belongs to group seven of the periodic table. Thus,
chlorine 15 in the third period of group

{7) of the periodic table.

Ne= 15?257 2p’ The last main level is level (2) so its 2nd period The

last secondary level (p) contains (6) electrons in addition to (2) electrons
from the underlying level (2s). The total number is (8). Thus, its group is
the eighth. Accordingly, neon belongs 1o the second period in the (zero)
group or (VIILA) group of the periodic table.

=157 252 Opf 357 3p" 45' The last main level is level (4) and its period

15 the fourth, The last secondary level (5} contamns one electron and s
group is the first. Based on this. potassium belongs 1o the fourth period
) 10 the first group in the penodie table.
Exercise 1-11 Example 1-10
What are the period and group What is the common property between the locations of the following
for the following elements? elements in the periodic table?
AL LE Mg,  Na, Li
Solutior
JLi=182¢8"  group(1A)/ 2% period
Na=1s? 252 2p" 35! group (1A)/ 3™ period
Mg = 15* 25* 2p" 35* group (2A)/ 3" period

According to the above, the common property between Li and Na 15 that
they both have the same group {Group 1A). The common property
between Na and Mg is that they have the same period 3™ period.

Example 1-11
What is the common property between the locations of the following
elements in the periodic table? Be B, N

Exercise 1-12 - ;
What is the common property Do 1535 Troup () 2 perid

between the locations of the fol- B = 157 267 2p! group (3A) /2™ period

E;t-'i:r;g elements in the periodic N =15 25" 2p’ group (5A) / 2" period
N . All these elements are in the same period 2 period, They differ from

each other with respect to groups. Each element belongs to a different
group. Beryllium (Be) is in the second group, Boron (B) in the third
group and Nitrogen (N} in the fifth group.

1-10 PERIODIC PROPERTIES

The physical and chemical characteristics of the elements in the groups
and periods of the periodic table vary according to their atomic radius,
E{ﬁﬂnn energy, electron affinity and electronegativity as arranged
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1-10-1 Atomic Radius:

The radius of the atom determines its volume. Theoretically, atom radius can
be calculated by the last occupied level of electrons. One of the means used
to measure the atomic radius involves calculating the distance between the
identical and chemically combined nucleus of two atoms and then divide the
outcome by two as in the following figures. Thus, the atomic radius can be
defined as: “Half of the minimum distance between two identical and chem-
ically-combined nuclei of the element.”It is noticed that the radius of the
elements in one period decreases as we move from left to right, as their
atomic numbers increase. The attraction energy between the electrons with-
in one main level and = =

the positive charge of 1| ¢ -
. 2A 3A 4A 5A 6A 7A 1 =

the nucleus increases ; = = Zlgu'reRl ;7

cqs - ’ Q| | o0 | o ° ~ tomic Radius
with bmcrez;smlg in the i |se | B | c|Nn|o|F |n| fe
number of elections g g 1@ @l @|e]e|s
in it. The radius of the Na [Mg | a1 [ si| P | s |a|a || 22
elements in group, .| P Q| @ | Q| @ o |::
on the other hand, K Ca | Ga | Ge | As | Se | Br Kr S
the elementsradius 5| @ | @ | @ Q| 9| @ @ ||:°
s Rb Sr In Sn Sb Te I Xe
increases as we move ‘
from top to bottom in ¢ CQ BO g l’eb ? - AQt RQ - i

. . S a 1 0 n -
the periodic table and - IgITre
izes of atoms tend to . .
as the outer electrons decrease across a period Atomic Radlus Of some
keep distance from elements
the nucleus, as in the
figure below. Exercise 1-13
Arrange the following elements
Example 1-12 according to the increase in their
Arrange the following elements according to increasing in their atomic radius. atomic radius.
2oca > leg > 4Be

JF..C,0, L

Solution:
Li=1s2s' Notice that all the elements above end with the second main

C =125 2p’ level. This Means that they are all in second period of the peri-

6 . o

0 = 15> 25 2p odic table. Thus, the arrangement of these elements according to
S .n~.an.s theincrease in their radius is as follow:

F =15 25" 2p X

’ ,Li> C>.0>F

1-10-2 Ionization Energy:

Ionization Energy is defined as: The amount of energy required to remove
one electron from the outer energy level of a gaseous atom.”As in the
ionization of Sodium atom:

Na(g)

Ionization energies are arrange in the groups from top to bottom. As the

+ ionization energy — Na'+ e



( Chapter - 1 e

atomic number becomes greater, the ionization energy of an element
decreases. The reason behind this is that the outer shells’ electrons stay
away from the nucleus which in turn.increases the tendency of the atom
to lose one of the ¢lectrons. The 1onization energies i the penods n-
crease as the atomic number of an  element increases because of the
increase in the positive charge of the nucleus and the occurrence of the
electrons in the same main level of energy. The attraction energy to at-
tract the electron by the positive charges of the nucleus becomes greater.
However, there is an exception to this.
If an atom has a secondary saturated shell such as (ns”} or half saturated
shell such as np'its ionization energy is greater than the ionization en-
- etgy of the following atom.An example for this is N which has greater
Figure 1-19 ionization energy than the ionization energy of 0 in spite of the fact
Arrangement of the some ele-  that oxygen atom has a bigger atomi¢ number than the atomic number
ments according to their joniza-  ©F nitrogen and that they both belong to the same period. Noble gases
fion energy have the greatest ionization energy so they do not lose electrons easily.

1-10-3 Electron Affiniity:

Electron affinity is defined as:
“The amount of energy released when a neutral gaseous atom acguires
one electron.”As in fluoride atom:

F+e — F +energy
The electron affinity of the elements in the periods increases as the
atomic number increases. However, the elements in the same group face
more difficulty 1o acquire an electron as their atomic numbers increase,
The bigger the atomic number of an element, the more difficult 1t is for

the element 1o acquire an electron. Nobel elements are known to have
the lowest electron affinity because 1t is very hard to add electrons to

them.

1-10-4 Electronegativity:

In many chemical compounds, the negative charge of the bonded elec-
trons is centered near a certain atom. This greatly affects the chemical
properties of the compound. Electronegativity is defined as: “The ten-
dency of an atom to attract bonded electrons towards itself in any chem-
ical compound.

Fluoride, of all other elements, has the greatest electronegativity and
thus, is given number (4) as a measure for its electronegativity. This
number Auoride electronegatrvaty 15 used as a measurement for all other
elements. Electronegativity increases as the atomic number increases in
the period with some exceptions. [n groups, electronegativity decreases
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as the atomic number increases. As for the noble
gases, they are considered exceptional because
some of them do not combine with others to
make compounds. Thus, the noble gases which
have the tendency to make compounds, tend to
have a very high electronegativity.

1-10-5 Metallic and Nonmetallic Properties:
The metallic and nonmetal properties change
according to the changes in the atomic number
of the atoms in a same group and in a same pe-
riod. As the atomic number of the atoms in the
same period increases, the metallic properties Figure 1-20
decrease on one hand, and the nonmetallic properties increase on the other
hand. For example, lithium and beryllium in the second period show
metallic Boron and silicon come after with properties of metalloid.

The rest of the elements in the period such as nitrogen, oxygen and fluoride
come at the end with nonmetallic properties. In one group, the metallic
properties increase and the nonmetallic properties decrease as the atomic
number increases. All the elements in Group IA and Group IIA are metals.
The elements in Group VIA and Group VIIA are nonmetals.

The elements in the rest of the groups are not of the same type. For exam-
ple,nitrogen in Group VA shows
nonmetallic properties whereas
antimony and arsenic show metal-
loid properties. Bismuth is the last
element in group V and it shows

Ordering of some element’s
according to electronegativity.

1

1A
2 13 14 15 16 17
A HIA IVA VA VIA VIA

tllic properties. As far as the NI RIS
peiods ae concene the two - NI e o & o doto- 2 35 NI I
et | R (1111 R
‘ighe following four periods, ther'e is .. ................
a gradual change from metallic to ...................
nonmetallic properties. All the el- .. ..............

ts in the sixth period t-

s e e a5t o corens | > AHANEEEEE NN
which are nonmetals. The seventh ..............

period includes only metals, tak- Fi 121
ing into account the fact that transitional elements, lanthanide and actinides e g

: : o ; Metal and Non-metal
which are internal transitional elements show metal properties.

&



CHAPTER QUESTIONS

“hoose what 15 correct from the
following |

| - The most stable electron 15 that located
in

a1 Fourth primary energy level.

biThird primary energy level.

¢1Second primary energy level.

2- Which one of the followmg pnmary energy
levels has more electrons |

as First primary level.

b:Second primary level.

¢y Third primary level.

3- Maximum how many electrons are there
in second primary energy level (n-247

ay 32 eletrons.
b1l 8 electrons.
¢y i electrons.

4.What is the number of orbital of
sublevel?

a13 orbitals.
b7 arbitals.
c1 5 orbitals.

5-Which of the following electron configu-
ration is correct for d sublevel which has 6
electrons according to Hund's Rule?

a) fHI1 1 ]1]1
LN RIS R Al
l1j1i1]1]

fi- The third main energy level contains a number
of orbitals

a1 4 orbitals

by 9 orbitals

¢t 16 orbitals

7- Electron configuration of one of elements is as
follows: 1s8* 287 297 What is the atomic number of
this e¢lement’?
a) 5 h) 4 dy7
8- Electromic arrangement of neon || Ne
& lq_l IE: .Er:lr'

b Is® 2s* 2p* 35/

ey 18t 28 2pt 3sf

9. In the periodic table the ¢lements of block d
are located :

a1 Below the periodic table,

by on right of the periodic table,

¢ middle of the periodic table .

10-In the periodic table the elemenis that
assemble the right of the periodic table are
ay Block p elements

b1 Block f elements

¢ Block 5 elements

11- Halogens are the elements of the group
a A

by VIIA

crVIIIA
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1 2-What is the electron configuration of an ele-
mert which ends with 3p™!

a) 1s* 2p° 3p’
b) 15* 25° 2p° 35 3p’
¢) 1s* 2¢* 2pf 3p

| 3- The discovery of the nucleus of the element
15 attributed to the scientist

a1 Rutherford

by Bohr

c1 Thomson

| 4- Atom element ends with electuonic level 3s'
atomic number of this element 1s

a1 8

by 13

erll

| 5- The amount of energy required (o remove
one electron from the outer energy level of
apaseous atom 15 called

a1 lonization energy.

b Electronegativity.

1 Electron affinity.

16- An atom of an element ends with electronic
order in secondary level 2p°, what ir's group
and period.

a1 Fifth group, second penod.

by Second group, fifth period .

c1 Beventh group, second period.

- Explain Rutherford's atomic model and why

17- An element in the ffth group and the thi
period, the final secondary energy

level 15

a ip®

by 5p’

¢ 3p’

18- Which of the following elements has
highest electronegabivity?

a1 Fluorine.

b1 Chlorne

¢’ Bromine

19-The radius of elements increases within
same period as

a1il has less atomic number .

by it has larger atomic number .

c1as we move from left to nght in same
peried in the periodic table,

20-Which of the following is true for the Lewis
structure of arpon {,Ar) element?

a) "Ar B)IAID  ©) Ar

his model was failed?
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B it brietly about

|} lonization energy

2) There is no electronic repel in same
orbital

3} Thomson atomic model

4) secondary energy levels

5) Electronegativity

- Two elements Mgand S

1} Write the electronic configration for
them indicating the secondary cnergy
levels

2) Period and group of each

3) What is common between these two
elements in their location in the penodic
table?

4) Lewis order for both of them?

-Eir_ftmn configration for fluorine is
15? 25* 2p°

I} What is the atomic number for fluorine

21 What is the number of secondary

energy levels that full with electrons, and

named 1t

31 What is the number of un paired

electrons in fluorine atom

.m'mngf elements by decreasing in
their atomic size:

He | Ne . | Ar

3 * 0 o E ]

-‘l.'n.-"hat 15 the common thing between
the following elements :

1) Li.H

2) Al Cl

&

. Name the pertod and group for each

element ; Ar, Na

. Write Lewis symbol tor each of the
following : S B

- Which elements are called noble gases in
the periodic table and what is the most impor

tant characteristic of these elements ?

- How did elements blocks in the periodic

table are arrange, and what it’s position?

- How many secondary levels and orbitals
and electrons in each of primary energy level
\second « third)?

. Answer the following guestions accord
ingto Cl and Na?

1- Write electron configuration of them

2- Show Lewis structure

3- Show primary and secondary energy levels
4- Write number of unpaired electrons

5- Number of electrons for each primary
energy level around each nucleus

fi- Number of secondary energy level that are
filled with electrons

7-period and group for each atom and what is
the common characteristic between them

- HowMetal and nonmetallic properties are
classified in for each { second period . fifth
group)

) —



By the end of this chapter, the students are able to:

| - Identify the names and symbols of the elements in Group 1A and Group 1IA,

2- Know the reason why these elements were put in these two adjacent groups.

3 Identify the location of each group in the periodie table.

4- Distinguish the difference among the elements based on their properties.

5= Recognize sodium and identify iis compounds.

- Recognize caleium and identify its compounds.

7= Use lame test to identify some of the elements in the two groups.

8- Conclude why the elements in these two groups do not occur as free elements in nature.
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21 ELEMENTS IN GROUP 1A & GROUPIIA

Elements in group 1A and group 1A are found on the left side of the
periodic table as in the figure below. The first group (1A) consists of
the alkali metals: Lithium (L1}, Sodium (Na), Potassiuom (K), Rubidium
{Rb), Cesium {Cs) and Francium (Fr). Francium is the only element
in this group which is prepared industrially, Group 1A consists of the
alkali earth metals: Beryllium (Be), Magnesium (Mg), Calcium (Ca),
Strontium (Sr), Barium (Ba) and Radium (Ra). These elements are ar-
ranged according to the increase in their atomic numbers.

i

Vil
(R T 5. B ]
ma WA vk via via | He

L] 1

Blcin|o|r | N

- W i el L ] ] ||.I I L]
Vil 1'|||J_--"- viim—s-, 1 un Al Si] P | S |Cl|Ar

i g 18 H | Fl i B} 7] M

ce | Mol Fe| ol i ['cal 2a | Gal Ge| As | 5e B | ke

i I = ™ 4 i i i )

‘Mol Te| Ro| 80| pd| Ag| Cd| In | Sn] 6| Te| 1 | Xe

i o E] T [ i a1 1] ' — ™
W[ Re] Os| Ir| Pt| Au| Hg| TI | Pb| Bi | Po| At Rn

I:HHSE "B | Hs| M| Cunl 't veb)

Figure 2-1
Place of first and sec-
ond groups in the peri-
odic able. 2-2 GENERAL PROPERTIES OF GROUF 1A AND I1A
ELEMENTS
|- The elements in these two groups have low electronegativity and low
ionization energy.
2= The outer shells of all the elements in group 1A have one electron
whereas the outer shells of the elements in group 1LA have two electrons.
3-Because of their reactivity thev can not occur in the free form in nature.
However, there is a very small difference in the general properties be-
tween these two groups elements. The metallic properties of the ele-
ments in Group 1A are lower than those of the elements in Group 1A.
The ionization enerzy of the elements in Group 1A is greater than those
of the elements in Group [A because of the decrease in the atomic vol-
LTI,
The most important physical properiies of proup 14 and [TA elements:
|- Melting and boiling poinis decrease when the atomic numbers of the
elements increase.
2« The compounds of these metals such as chlondes NaCl and KCl,

ete, give different colors to the flame of Benzene Lamp. These colors

“wa| Pl S| En | ca| 8| Dy| Ho| Er [ Tm| o La

L] L) 1 4]

U | Np| Pu| Am| Cm| BE| CF| Es | Fm| M No| Lr
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distinguish each metal individually. Lithium gives scarlet color and sodium
compounds give shiny vellow color. The same goes with rest of the metals
in Group LA such as caleium which gives dark red color, strontium

givies scarlet color and barum gives yellowish green and so on,

3- The increase and decrease in the density of clements are imegular to the
mcrease in their atomic numbers, taking into consideration that the density
of the first three elements{ Li.Na. and K )is lower than the density of water
at the temperature of (25°C),

(A)

(B)

Magnisium | Mg)

Strontium {Sr]
(C)

Flame color of elements

a, Caleium

b. Strantium
¢, Banum

Elements of T and T1A

grovps

Fadiam | Baj

&
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Some Chemical Properifes:

1- The elements in Group [A have one valence electron and the ele-
ments in Group IIA have two valence elecirons in their outer shells.
They have the tendency to lose their valence electrons when they enter
into a chemical reaction. Elements in group 1A form positively changed
ions (M ) and elements in group ITA form (M™).

2« The combine with nonmetals to form stable salts with high solubility
excepl Iithium which 15 less soluble in water, Because, lithium has small
volume and the great atiraction energy of its nucleus to electrons.

3- These elements are very active reducing agents. They tend to lose the
external covalence electrons easily because they are casily oxidized. El-
ements of group [A are called “alkaline metals™ because their solutions
are highly basic. Elements of group ITA are called “alkaline earth met-
als™ because some of their oxides are known as “alkaline earth™

-3 50DIUM

ﬂfmhql of Fileray iesel MNumber of
energy level electron
K 1 2
L 2 8
Electron configuration of M 3 I

sodium element.

Chemical symbol : Na
Atomic number t11
Mass number +23

2-d=1 Qccurrence:

Sodium does not occur as a free element in nature due to its high reac-
tivity. [t occurs in nature combined with other elements forming stable
compounds such as sodium chloride, sodium sulfates and sodium sili-
cates. It is preserved in hguids, with which it does not react hike pure
benzene and kerosene because it burns when exposed to air.

a-3-2 Properties af Soditm:

A- Physical Properties:

Sodium is a soft metal and has a bright silvery luster when it is read-
ily cut Its density is less than the density of water. It melts down at
(97.81°C). Molten sodium boils at (882.97°C).
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B- Chemical Properties:

Free sodium i a very active element. Tt combines directly with most of
the nonmetals to form ionized compounds as it forms positively charged
sodium ion (Na').Most important chemical properties of sodium are:

|- It directly combines with oxygen. When a freshly piece ol sodium 15 ex-
posed to moist air, its brght color vanishes after a very short time and the

piece gets a white cover,

2- It directly combines with chlorine and burns when heated together:

MNa + Cl, — 2NaCl
Sodium  Chlorne gas  Sodivm chloride

3- It reacts vigorously with water forming sodium hydroxide and releasing
hydrogen gas:

saved sodium in the kerosene

INa+2H,0 — 2NaOH + H.t
Sodium  Whater Sodium hydroxide Hydrogen gas
4- It reacts vigorously with the dilute acids forming salt and releasing
hydrogen gas

2Na + ZHCI — NaCl +  Hf
Sodivm  Hydrochloric acwd  Sodium chlonde  Hydroisen oas
5- It reacts with many oxides and chlorides as in the following
equations:

Na+ Mg — Na, O+ Mg
E . & Sodium has bright color

INa+ AICI, — 3NaCl+ Al

2-3-1 Lisex of Sodiwme:

|- Sodium 15 used as an active reducing agent in some of the organic inter-
actions because of its high oxidation.

2- It is used in the production of sodium cyanide which 15 used in purifving
gold and in many other industrial applications.

3- It is used in mining to remove the oxygen of air which is combined with
the metals or which is found in their molten.

2-3-4 Test of sodium ton in 105 compaunds:
Flame test (dry detection} is used for this purpose as mentioned earlier in - Reaction of sodium with water
the properties of the elements of Group LA to which sodium belongs. So-

dium gives the flame the yellow color.

@
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2-3-5 Sodiwm Comperunds;

Sodium compounds are very abundant in nature. The most imporiant
compounds of sodium are rock salts (sodium chlonde) and a mixture
of double salts. Under the effects of erosion such as rain or air which
contains carbon dioxide gas, some of these salts convert into sodium
carbonates. pure mud and sand,

I- Sodium Chloride (Table Salt):

Table salt (sodium chioride) NaCl is the most abundant sodium com-
pound in nature. It occurs in nature as rock salts in many countries
around the world. It also oceurs as underground salt deposits, 1t 1s abun-
cdant with huge quantities in springs, seas and lakes.

L1 1om

Flame of sodium yellow color

Ma' jon bym. g (L Sou i S e Sodium clonde crystal
dium Cloride

a- Exiraction af Salf:

If salt exists with high concentrations in sea water, the water is pumped
into large shallow pools to be vaponzed by the sun. These processes are
being used now in southem part of lrag (FAO salts).

i~ Uses of Sodiwm Chiloride:
Table salt is very essential 1o human beings, It is indispensable in our
food, Also, table salt is industrially important:

I- Tt is used as an essential raw material in the preparation of many
sodium compounds such as sodium carbonates (washing soda) and
sodium hydroxide.
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2- Sodium chloride is used in preservation of consumable food for certain
peried of fime such as meat and fish. The concentrated sodium chloride
liquid kills harm ful bacteria which case putndity.

3- Sodium chloride is used in leather tanning, production of ice for cooling

and painting adhesives,

c- Properties of Sedinm Chiaride:
The following experiment can be done to show some properties of sodium

chloride:

Put some crystals of pure sodnun chlonde m a glass bowel and put some P il 4

salt (table salt} in another. Put the two glass bowels in humid air and label What is the difference
the bowels individually. After one or two days, check the salt in the bowels. between pure sodium
You notice that the regular salt becomes humidified and the pure salt stays chlorde and they

& - * - ! IJ
unaffected. This indicates that sodium chlonde does not absorb water from a fected by heat?

air, Le. it does not hydrate. Regular salt has the property of absorbing water
{humidity } from air. The process of absorbing water from air being wet i3
called “Hydrelysis™. Therefore, table sali is a hydrated substance. The rea-
son for thes hydration s that it contains impunties of caleium chlorde or
magnesium chloride or both. These two compounds have strong tendency
for absorhing water from air (becomes hydrated in humid air). So, what is
the difference between table salt and sodium chloride ? Why 7

2= Sodium Hydroxide (NaOH):
Sodium hvdroxide is a solid substance and it is hvdrated when exposed 1o
bumid air, The hydrated layer of sodium hydroxide reacts with carbon di-
oxide in air to form a layer of sodium carbonates Na, U0, which is insolube
in concentrated NaOH solution. A drv laver is formed on sodium hydroxide
grains.
INaOH + CO, — NaCO + HO

Sodium lydroxide  Carbon dioxede  Sodium carbonate Water
Sodium hydroxide is a base with a great tendency to dissolve in water. It is
used in many industrial fields such as soap and detergent industries, textile,
and paper manufacturing. It is also used as an essential raw maternal in the

Sodium Hydroxide

preparation of many chemical compounds used in various industnes.



Electron configuration of calci-
um element.

Chemical symbol : Ca
Atomic number |
Mass number * 44}

Some food that contain calcium,
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2-4 CALCIUM

Energy level Iimw Heul-fa“c gﬂnr
K 1 2
L 2 8
M 3 8
N 4 2

2-4-1 Occurrence:

Calcium does not occur as a free element in nature because of its high
activity, It oceurs in combination of other elements as in the forms of
carbonates such as alabaster and limestone, sulfates such as plaster, phos-
phates such as caleium phosphates or silicates. Caleium is obtained by the
method of electrolyzes of molten calcium chloride and fluonide. It occurs
it some kinds of food such as milk and fish.

e ¥

Lo

Some Cafctum Compounds:

|- Calcium Hydroxide, Ca{OH),:

It is prepared by adding water to calcium oxide Cal) (guicklime). This
process 13 called “hydrating lime™ which results calcium hydroxide
which is known sometimes as “hydrated lime”™, Pure caleium hydroxide
solution is called “pure lime water” as in the following equation:

CaQ) + HO — Ca(OH),
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When exposed to carbon dioxide, CO,, lime water becomes impure because of
calcium carbonate as in:

Ca(OH),+ CO,—> €aCO,| + H0
=olution Calem Carbonate
{lirme water) [{ White precipitate} |

(turhid solution)

2- Caleium Sulfates: Calcium hydroxide

Caleium Sulfates oceur in the form of plaster EHSD_FEH:H whereby two mol-
ecules of water (crvstallization water) combine with solid calcium sulfates, When
heating gradually removes crvstallization water, plaster turns into “Paris Plaster™ {( ‘.;1.‘-;{'}|} LHLOY

Paris plaster is used in building, statue making and casting.



CHAPTER QUESTIONS

- Choose from the brackeis to complete the
scientific meaning in the following +

| = Which one is the first group elemenis?”
a) Helium  b) Radium ¢} Sodium  d) Boron

2-Why potassium is more active element than
lithium?

its atom has two valence electron . its

atomic radius bigger . its atom don’t have

vilence electron . because its free m nature

3-Whalt is the oxidation number of magnesium
element in its compounds?

(1234)

4-If Lithium atom loses its equivalence
electrons, it convert to | single positive
charge ion , a negative charge , diposi
tive charge ion , dinegative charge ion)

1= What is the difference between normal plaster
and Paris plaster?

2 =Why sodium chlonde is important for industry?

3- Barium has more metallic properties than bervl-
lium, Why?

. Explain the reason of followings;

Iy Aluminum, Al is not found in IA group.

2} Sodium is stored in petrolewm.

3) 1A group is called alkaline metal.

4) Sliced Sodium loses its shining after some time,

3)When granules NaOH are left in wet
atmosphere, they first fade and then
form a hard shell

. Explain

- Caleium loses two electrons casily

2= Put the elements Lithium, Sodium, and
Potassium within the same group, although
different 1n the atomic number

- What 1s the difference between pure salt
NaCl and inpure NaC'l
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GROUP IIIA ELEMENTS

At the end of this chapter, the student is able to:

|- Identify the names and symbols of group [11 elements.

- Know the general features of group 111 elements.

3- Know that aluminum does not exist as a free element in nature.
4}~ Identity the atomic symbol and number and the mass number of aluminum.

5- Recognize the physical importance and benefits of aluminum compared to iron,
fi= Recover-practically- the aluminum ion in the aqueous solutions of its compounds.

7- Identify some aluminum compounds.
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-1 GROUP HIA ELEMENTS

The main reason behind putting the elements of group LA in one group
is the same reason that we had in groups 1A and 11A. The reason is that
the outer shell in 3A group atoms contains same number of electrons
despite they are different in their atomic numbers, The elements of

this group are: Boron (B), Aluminum (Al), Gallium (Ga), Indium (In),
Thallium (T1), as illustrated in the following periodic table.

] i

LA VIA
s .'-B mﬂlﬂ"ﬂ!d jfl Illz.-. ||I|':~ |!,-1;, 1!:. :’Tﬂ ::LL _I,:Ht
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Gealliam :"Gl [""IEt:ll IH. .l[In ::'i: TI '||I' -I:_:T h'Ln]-I-ne .Eu ﬁ f .A.: :E‘,p H\'r11l[r
P .-Eh Il!i.r I‘-:I' ‘.?1 “H'ls I::Hu-I:'I'.: “Fh Ilth. hl-'d g II'.':I: -:I.'! II m:l'.-l'
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Thal’lmn ‘In r'Fr “Ra ljtl: |I&I- III|]b I|£E IIB'I HI‘ Ir-.:ll II:'- ]
e | e | 4| P S| B | ] 'ro| Dy o] e [Tm| 8| b
Figure 3-1 “th | e | U | Npl P ard Gl k| | s | | M No| Tr
Place of element of group [I1A dia i e o : e
in the periodic table 32 f_lrfﬂl'.l'l-l"tl: [;.HHHAF”'J“.‘!] IC PROPERTIES OF GROUI
Il A ELEMENTS
|- The elements of this groap are metals except Boron which is metalloid.
2- The ionization energy of these elements is less than the ionization en-
Exercise 3-1 ergy of group [1A elements. The main reason for this is that the elements
Compare between the ion- of this group contain one electron in the secondary shell (p) following a

1zation energy of elements in

saturated secondary shell (whether = or p). The outer shell of 1A
group 111A and 11A. y-ahely pl group

elements, on the other hand, is the saturated secondary shell ns®).

The increase in the atomic number of the elements of this group

(up o bottom) generally resulis in a decrease in the ionization

energy of their atoms becanse of magnitude of their atomic volume .

1- Considering valence electrons of this group elements, it is expected that
the oxidation number of these atoms is (+3). However, they tend actually
to form covalent bonds.

4- The oxides and hydroxides of the elements of this group are characterized
with an increase in the alkaline characteristic and a decrease in the acidic
charactenistics as the atomic number increases. Thus, the aqueous solutions
@ of boron oxides are acidic, whereas the aluminum oxides are amphoteric,




e Group ITIA Elements )

Gallium (Ga)
I3 ALUMINUM

Shell Symbol | Shell Number ()

K 1
L 2
M 3 3

J-3-1 Oeeiirreiee:
Aluminum metal 15 wo reactive chemically to occur nafively. Instead, it is
found combined in a great number of different compounds. Aluminum is the

maost abundant metal in the carth’s crusi.

Electron configuration of
Aluminum

Chemical symbol: Al
Atomic number : 13
Mass number @27




Aluminum Oxide

Land is natural staple of Aluminum

Molten aluminum

( Cha!)ter -3 ),

It makes up about 8% by weight of the earth’s solid surface. The row
material of aluminum is bauxite Al ,O,.2H,0. It is the aqueous aluminum
oxide and it is the main source for aluminum extraction. Cryolite (Na,AIF,)
is a fluoride of sodium and aluminum (sodium hexafluoroaluminate)

it is one of the most important sources used in the extraction of aluminum.

3-3-2 Extraction of Aluminum:
There are many processes for extracting aluminum from its compounds.
The Hall process is the major industrial process for aluminum extraction
in the present time. It is the best and reliable process and is widely used
in industry. It involves electrolyzing pure alumina (Al,O,) in molten
cryolite bath at a temperature of (1000°C) by using carbon electrodes.
Alumina (Al O,) does not occur naturally. It exists in the ore of Bauxite
(ALO,.2H,0) with other impurities of iron and others. The Bauxite
(ALO,.2H,0) is chemically purified to exclude impurities to obtain
pure aluminum oxide (AL O,) (alumina) which has a high melting point
and being melted in molten cryolite. The molten cryolite decreases the
melting point of alumina. The molten, then, is poured in an electrolytic
cell. As the current passes through,aluminum accumulates at the bottom
of the cell. Then, the molten aluminum is pulled gradually.

Positive anode pole
(graphite)

Negative cathode

. Melted Na,AlF, in
pole (graphite)

cryolite ALO,
——

Figure 3-2 Hall cell which is used to obtain aluminum.

3-3-3 Properties of Aluminum:

1- Physical properties:

Aluminum is a fine silvery metal with a remarkable low density and is
a good conductor for heat and electricity.

2- Chemical properties:

a- Oxygen effect on Aluminum

It has been mentioned earlier that the surface of Aluminum oxides
when exposed to air. Aluminum is then covered with a thin layer of
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its oxide which sticks firmly to its surface and prevents further oxidation.
This thin layer gives aluminum the ability to resist corrosion. This does not
happen with iron.

b= Aluminum powder bums vigorously with a brnght flame releasing great
energy. The reaction occurs according to the following equation:
4Al + 30, — 2IALO, + Energy
fluminuims Powder
c= Aluminum is a reducing agent ;
Put a mixture of aluminum powder and Iron I oxide Fe,0. in a crucible
with some sand. Also, put a tape of magnesium of an appropriate length
in the container and light the end of the tape and keep a distance from the
container not less than three meters. Try to notice the reaction between the
aluminum powder and iron (11T} oxide The reaction is so vigorous with a
great amount of heat, shiny flame and a lot of sparks. The reaction results
in molten iron as the aluminum reduces iron (1) oxide and releases molten
iron due to excessive heat, this reaction 1s called * Thermite process™ , as
in following formula:
Al + FeO, — ALO, + 2Fe + high temperature
Aluminm Powder  Jron (0 casde  Aluminum COxide  [mon
This reaction is used in welding steel machines and railways bars. Alumi-
num 15 also used to extract some metals from their ores which cxist in the
form of oxides relying on its “reduction™ potential.

d- Reaction of aluminum with acids and bases:
Aluminum reacts with dilute hydrochloric acid easily to produce hydrogen
gas and aluminum chloride component:

2A1+ G6HCI — 2AICL + 3H, _ ) .

Aumicuoms | D bydeochlerie scad.  Alormiesn chlonidé  Eydisgsi sk Thermite Reaction
Aluminum does not reacts with both concentrated and dilute nitric acid
continually. Because
aluminum oxide
(ALO.) forms a layer
which isolates the
acid from the metal.
therefore the reaction
stops. This property
helps to use alumi-
num containers for
stonng nitri¢ acid.

Exercisel 3-2 |
Compare between
Aluminum and iron
oxidation reactions
that effected by Air.

Figure 3-3
Welding of railway with

S thermite process
_‘:. W

©



( Chapter -3 e

Aluminum reacts with basic solutions like sodium hydroxide or potas-
sium hydroxide to release hydrogen gas and aluminum salt . 1t is worth

noting that aluminum rescts with acids and bases o release hydrogen gas m both
cases » This behavior is called Amphoteric Behavior.

34 Uses af Alusiinm:

Aluminum and its alloy have a very high mass, and when
exposed to air, it forms a thin but firm layer of aluminum oxide which
sticks to the metal and protects it from oxidation, therefore, aluminum is
a metal with “self- protection™ against erosion. This is not the case with
iron why 7 Because the thin layer of iron oxide {erosion) is very thin and
fragile, it lets air, oxygen and humidity penetrate the metal. Therefore,
the erosion continues.

Aluminum can be used 1n electneal wires whereby its connectivity 1s
twice as much of that of copper. considering the mass of both clements,
therefore, the diameter of Aluminum wires 15 larger than that of copper.
However, aluminum is used in electrical wires in on a limited level be-
cause is expands and shrinks 39% more than copper when exposed to the
same heat. Recently, thin layers of aluminum are used to foods, medica-
tions and other household appliances as well as various shapes and sizes
of cans. Thin aluminum alloys are used to make Kitchen utensils, plates,
chairs and many other products in Irag. Aluminum alloy locally is known
as “Fafon * 15 found in every house in Trag.

Aluminum allovs are also vsed to make cans and containers to preserve
liquids at & very low temperature such as oxygen, argon and nitrogen
&g, this 18 because of the fact that the lower the temperature the harder
aluminum gets. As for the elements mixed with aluminum in making

alloys, they are lead, copper, zinc and magnesium.

F=3=5 Alwemin s Alloys:

The most important aluminum alloys are:

1- Duralumin Alloy:

This alloy consists of a high percentage of aluminum and a small amount
ratio of copper and magnesium, [t might contain manganese as well. This
alloy is light and hard so it is used for building aircraft parts.

Usages of aluminum

@
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2= Aluminum Bronze Alloy:

This alloy consists of a small percentage of aluminum and a high ratio
of copper and other metals sometimes. It is characterized by resistance 1o
erosion. its color changes according to the colors of its component parts,
ranging from copper color 1o gold color and silver color, therefore it 15 used
to make decoration materials.

J=J=b Alurminum Compounds:

|- Aluminum hydroxide AOH),

It is result of a reaction between aluminum aqueous solutions of aluminum
salis like (aluminum sulfate) AL(SO,}, with sodium or potassium hydroxide

Aluminum hydroxide is a white gelatin material insoluble in water.

2- Aluminum Oxide ALO.:

Results from excessive heating of aluminum hydroxide as in the following Matifctrad windsi

formula: from Aluminum
2AKOH), 2> ALO, +3H,0

3- Alum:

When two equal amounts of aqueous aluminum sulfate and potassium sul-
fate are mixed and allow the mixture so that water evaporates, the result
would be =alt crystals containing aluminum sulfate and potassium sulfaie
along with crystallized water molecules in a fixed mass ratio.

The general formula for Alum is KAKSO ),.12H,0. It is also called
Potassium alum. Normal Alum has many uses as a sterile minor cuts.
whereby it helps blood to clot easily because it dissolves in water and
Al{OH), deposits on the wound and stops blood se it clot. It is also used
to make dye permanent on textiles and in purifving drinking water.

J-3-7 Test af Afuminwm fons in Solution of Aluminam Compatnds:
Aluminum ion is identified in its compounds by basic solution such as
sodium hydroxide or potassium hydroxide whereby they react with alu-
minum ion AP to form a white gelatin deposit which is aluminum hy-
droxide ALIOH), as in the following formula:

A+ 3NaOH —  AIlOH),| + 3INa°

Aluminwm wn Sodivm bechoasde SAbamminum hydricide Sidivm wm

For example:

AICl, + 3NaOH — AKOH),| + 3NaCl Aluminum oxide in the pre-
' cipus stones

This precipitate, A{OH)., dissolves when sodium hydroxide NaOH is
added because dissolved sodium aluminate is formed, it (AIOH),) also
dissolves when an acid is added because of the amphoteric behavior. @
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Which of the following elements is not found
in group 1A,

a),Ga by ,Al ¢ Mg d)B

Choose from the brackets 1o complete
the scientific meaning in the following
terms

1 -What is the role of Aluminum for Thermite
reaction?

a) Catalysis
b} Reducing agent
¢)Oxidizing agent

2-What is the percentage of aluminum in alumi-
num bronze alloy?

a) High b) Small c HOPs

3- Galium Ga is a member of group | first
second , third )

- Complete the following stalements

| -Aluminum reacts with acids to release ....... .
gas, while when reacts with bases it release
........... D RRE e o s

2. The effect of oxygen in air on Aluminum

don’t lead to corrosion as in the case of iron

3- Heavy heating of Aluminum hydroxide
FIVER ocairiverpeinninss s L S v R e ey

4- Balt composed from potassium and
aluminum elements called ...oovvvvveeeeeeernns

5- The Aluminum behavior when reacts with
acids and basesiscalled ...ooooriiniiiiiiiiins

Explain the extraction of aluminum and
draw the figure.

- Select from list Bywhat fits each state-
ment 1 the list A

list A

1- An element with amphoteric behavior.
2-A reaction in which Aluminum reacis as
reduced agent and releases high heat energy
Lthat dissolves won.

3-Aluminum oxide

4-Double salt of potassium sulphate and
aluminum

5-Ome element of group HIA which is semi-
metal

list B

1 -Thermite
2-Alum
J-Alumina
4-Aluminum
S5-Indium
H-Boron



SOLUTIONS AND
EXPRESSIONS FOR
CONCENTRATION

After reading this chapter, students are supposed to be able to:

1- Identify solutions and their nature.
2- Distinguish types of solutions.
A= Understand solubility and factors affecting it.

4- Identily some expressions for concentration, which are mass ratio and volume ratio.
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4-1 INTRODUCTION

HCI Solutions are important in chemistry science with a great extent, especially
liguid solutions because they are the medium for chemical reactions,
whereby they help to happen interaction among reacting substances,

4-2 SOLUTIONS
[t 1= & homogeneous mixtures composed of two or more pure substance
having no chemical reaction between them, the substance with majority
in the solution is called the {solvent) and the material with less existence
in the solution is called the (solute). This relation can be represented by
the following equation.

Solute + solvent — solution

Acidic solution §-2-1 Tvpes of Solutions:

There are several kinds of solutions, the most important and most com-

maon are liguid solutions, ie., when the solvent is liquid. Such solutions
can be prepared by dissolving a solid material in a liquid, as in the case
of dissolving salt { NaCl) in water to get the saline solution or dissolve
sodium hydroxide in water (basic solution), or dissolving liquid in an-
other liquid, like dissolving alcohol in water. A gas can be dissolved in a
liguid such as dissolving hydrogen chloride (HC) in water, the resulting
solution 15 called hydrochloric acid solution (acidic solution), Figure
(4-1)
HCl —2 o Hel
Hydrogen chlortde a5 Salution of hydnochlone ald

There are other types of solutions such as dissolving gas in another gas
, ' like air or a solid solution in another solution like various alloys, mostly
Basic solution coins and gold alloys, in this chapter we will only study liguid solutions.

4-2-2 Nature af Salutions:

Names of solutions vary according to the amount of the solvent and the
solute and also the nature of the dissolving process, A saturated solu-
tion 15 the solution which contains & greater amount of the solute and
the solvent can dissolve no more of solute at the given temperature and
pressure, When the amount of the solute is greater in any solution that
the solvent is able te dissolve it under normal condifions, this solution is
called super saturated solution, this kind of solution 1s not stable where-
by it deposits the extra amount of the solute, turning it into a saturat-
ed solution. An unsaturated solution is the solution which contains less
amount of the solute that is required for saturation at a particular tem-
perature and pressure. (Figure 4-2)

When the solute molecules ionize in the solution, it 15 called electrolyi-

KCl

Salt zolution

. Figure 4-1 ic solution. The solute can be strongly ionized when its molecules are
Qlfgﬁf(‘fl']"; types of completely iontzed in the solution like hydrochloric acid. (Figure 4-3)
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Figure 4-3
A strong electrolyte solute ionizes
completely mn a solvent.

HCl=—H + (i

The solute can be weak clectrolyie, e its molecules are partially, moder-
ately or shghtly iomzed like hydrofluoric acid. whereby it shightly jomzes
in the solvent, its ions are at equilibrium with the non-ionized molecules.
In the formula, HF = H* + F | reversed arrows indicate that the slightly
ionized substance is at equilibrium with the resulting ions.(Figure 4-4)
There are compounds whose molecules don't 1onize at all, these are called
non=-glectrolyiic solutions such as sugar or ethyl alcohol in water.

4-3 SOLUBILITY

Solubility is known as the maximum amount of a solute which can be dis-
solved in a given amount of a specific solvent to result in a saturated solu-
tion al @ given temperature. Solubility varies according to the nature of
the solute and the solvent. temperature and pressure. Such factors will be
discussed in detail below.

d-3-1 Natnre of the selufe and (e selvens:

When a small amount of table salt is added into water in a beaker, the salt
crystals dissolve slowly if the beaker is shaken, the salt crystals dissolve
maore quickly, whereby the process of shaking helps to contact the surface
of crystals with water even greater, because the process of solubility has 1o
do with surfaces which are exposed to dissolution, this 1s why we stirred
with a spoon when sugar is added, figure 4-5, Sugar powder dissolves fast-
er than lumps of sugar because the surfaces of the powder is greater than
those of the lumps of sugartherefore, it is concluded that the more exposed
the surface of the solute in the solvent, the greater the solubility .

For the solvent, the nature of polarity determines its solubility. according to
a rule which says: Like dissolves like.i.e.

Polar solvenis dissolve polar solutes and vice versa. It is worth nothing
though that insoluble substance ever dissalves no matter how long they are
lefi in the solution or how hard they are stirred,

Super saturated solution

Unsaturated solution

Figure 4-2

&
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4-3-2 Temperature:

When a spoon of sugar is added into two glasses filled with liguid, one
glass is filled with a hot liquid and the other s filled with a cold liguid.
Sugar in the hot liquid dissolves faster than that in the cold liquid be-
cause the motion energy of the liquid molecules increases, making it
maore likely to colhide with surfaces of sugar crystals, this is why 1t dis-
solves quickly. See figure 4-6.

Figure 4-6

A} Supgar dissolves in cold water
slowly.

B) Sugar dissolves in hot water
quickly.

4-3-3 Pressure:

The effect of pressure on solubility
is best shown on gaseous materials
whereby their solubility increases as
the pressure of gas on the surface of
the solution increases. For example,
in carbonate beverages, the concen-
tration of dissolved carbon dioxide
CO, in the liguid depends on the
pressure of CO, on the surface of
the beverage. When the cover is re-
moved, CO, pressure will decrease
and making it less soluble, bubbles
are formed and move up in the ligquid.
See figure 4-7

Figure 4-7

4-4 CONCENTRATION OF SOLUTION:

It has already been noted that a solution consists of two major parts: the
solute and the solvent. Solutions vary in the amount of the solute and
the solvent. There are ways 1o express these amounts and their relations
to each other. This relation is often referred to “concentration of the
solution™; it is the amount of solute in a particular solvent or solution.
The concentration of the solution can be descriptively or gqualitatively
expressed, the terms “dilute™ and “concenirated”™ are used to describe
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concentration of the solutions, see figure 4-8. Solutions with relatively
small amount of solute are called “dilute”, whereas solutions with large
amount of the solute are called “concentrated”, A concentrated solution
can be changed into dilute by adding a larger amount of the solvent, As in
qualitative expression, concentration of the solution can be expressed in
VAFLOUS Wilys:

d-4-1 Conceniration by Masy percenfape:
It 1% the number of grams of the solute which are dissolved in 100 grams of
the solution. The percentage of mass ratio of the solute and the solvent 1s
calculated as follows:

mass of solute (m )

Percentage concentration of solute = — % 100%
mass ul'uhuzmu (m, +m,)
r”._..".
Solute % = x 100%
m . (m)
mass of solvent (m. )
Percentage concentration of solvent = x 100%%

mass of selution {m, + m,)

— % 100%:
m.. ||1'=|]

S

Solvent % =

Whereby {ml‘} refers to solute mass, | mz‘] refers to solvent mass and {m,)
refers to the solution mass (total masses of both solute and solvent (m +
m, ). Generally the mass percentage of any component can be expressed in
the following mathematical relation:

mass of component
x 100%

Mass ratio of any component of the solution =
mass of solution

Example 4-1
What is the mass ratio of the solute and the solvent of a solution made of 153 gof
salt dissolved in 155 ¢ of water.

Solion

Mass of solute:m, =153 g

Mass of solvent: m, = 155 g

Mass of solution = m_
m,=m+m, =133 +155=17.3 g

(B)

Figure 4-§
A} Concentrated solution
H) Dilute solution




( Chapter - 4 e

' ITI'I
Exercise 4-1 ~ Mass percentage of the soluie = x 100%
A solution is formed by disselving m,
48.2 ¢ of sugar in 498 g of water.
What is the mass ratio of sugar and . 1Ay e
waler in the solution? Solute % = l?ﬂjg * IDD‘Ed—ﬁ_[}H Ya
m!
Mass percentage of the solvent = x 100
m,
155 ¢ :
Solvent % = 2 x 100% = 91,02 %
1703 ¢

Exercise 4-2 Example 4-2

20 g of hydrochloric acid is diluted A sample of vinegar contains 4% of acetic acid by mass. How many
by 80 g of water, What is the mass  grams of vinegar is required to obtain 20 g of acetic acid?
ratio of the acid and water in the

sofution” solun
n"Imhlr
Mass percentage of the solute = x 1%
m:uhuun
l'}
At = 02 o0
1‘:‘-'.l|lllﬂ'l
&
m, == s = 500 g of vincgar is necessary,
L] 4

4-4-2 Concentration in velume percenfage :
It is ratio of volume of each component of the solution compared to the
total volume of the solution multiplied by 100,
volume of solute (V)
Percentage of volume for solute = % 100%
volume of solution (V, +V.)

|
Solute % = ———— X 10%%
(V.)
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volume of solvent (V)
Percentage of volume for solvent = — % 100%
volume of solution (V, + Y.}

g X
Solvent % =——— X [00%
¥. .. V)
wnkrtim
Whereby volume of solute is V . volume of solvent is V. and volume of solution
is V_ (total volumes of solute and solvent (V +V_). Generally the mathematical
formula can be written to express concentration in terms of percentage of volume.

volume of component
Percentage of volume for = x 100%%
any component volume of solution

Units of volume which are commonly used Liter (L) or milliliter (mL) or
cubic centimeter (cm”). Conversions between these units are as follows:

| L= 1000 mL

1 L= 1000 cm’

| mL =1 cm’

Example 4-3

Calculate the percentage of volume for both acetic acid and water in a solu-
tion formed by mixing 20 mL of acetic acid and 30 mL of water.

Solution:

Yolume of the solute: ‘fl =20 mL

Volume of the solvent: V, =30 mL A} Dilute acidic soliitian
Volume of the solution V. (V +V,) =20 + 30 =50 mL B) Concenirated acid Solution
Percentage of volume for solute = L x 100%

II|.II'I'

L I} L]

Percentage of volume for solute = x 100% = 40%

50 mL

.Illlli
Percentage of velume for solvent = X 100%

v

|

30 mL
Percentage of volume for solvent = x 100% = 60%

50 mL

Example 4-4

What is the volume of ethyl alcohol expressed in mL that is required to be
added into water so that the total volume of the solution wounld be 50 mL,
and its percentage of volume would be 80%.




Exervise 4-3

If 20 mL of sulfuric acid is added to
80 mL of pure water whal wll be
percentage of volume for both sul-
fumic acid and water?

Answer:

Acid: 20 %

Water: 80 %5

Exercise 44

What should be mass of sodium hy-
droxide dissolved in 1 L of pune wa-
ter inorder 1o obtain a solution with
0.5 g'L concentration?

Answer,

Sodium hydroxide: 0.5 g

Exercise 4-5

K.Clis 5,80 % by mass in a solution.
Calculate mass of KClin 0,337 Lof
the solution, (Suppose that density
of the solution s 1.05 g/mlL.)

Answer:
Mass of KC1: 2052 g

Q@
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St v
Percentage of volume of component =———— x 100%
T
v,
Bl = x 100% = 40 mL of ethyl aleohol s required.
S mL

4-3-3 Expressing Concentration by Masy /Volume :
Sometimes, concentration is expressed by mass unit of the solute (gram)
ina given volume of the solution (liter), the unit for this kind of concen-
i e
tration is (gram/liter) (g/L.). Mass of the solute (m)
Concentration (g'L) =

Volume of the solution (V)

It is worth noting this expression of concentration iself 1s the definition
of density which is the unit for volume mass. 1f density is symbolized by
the Latin character {p), Mass {m} and Volume (V). therefore, density is
expressed by the following relation:

Mags (p) mig)
D. .'..4,-]“ = i_ =
e Volume (1) pigt v (L)
Other units can be used for volume like (mL) or {em?),

Example 4-5
5 grams of copper sulfate are dissolved in 0.5 L of distilled water.
Calculate the concenteation of solute in the solution with /L unit.

s T HH:E} 5E
V(L)  05L

Concentration {g/'L) = = 0 gL

Example 4-6
Calculate the mass percentage of methyl alcohol in a solution containing
27.5 g of methyl alcohol and 175 mL of water and assume that density

of water is 1.00 g/mL.

="..|_|E|_|:;| 10

mi{g)
YV (mL)

plgml)= = migl=pigml)xV{mL)

migh= Tigmlyx 175 (mL)=175 g
Mass of methyl alcohol: m, =275 g
Mass of water: m, = 1752

Mass of solution: m. =m +m,=275g+175g=2025¢g

ml
Mass percentage of methyl alcohol = x 100%
m'.l'
258
= x 100% = 13.6%
W25 ¢



. Describe the following

Solution, saturated solution, solubility, electrolyhe
solution, concentrated solution, concentration by
mass percentage, concentration in volume percent-
age,

. | -Which answer is true example for solid solution?
a) Juice
b) Coin
) Salt solution
2-What is the definition of weak electrolyte solution?

a} if solute 1omize completely mn solvent
b} it solute not completely ionize in solvent
g} if solute Fast ionize in solvent

3-The solubility of the sugar in hot water is faster
than cold water, What is the main reason of this?

a) The energy of water molecule reduces under
high temperature.

b} The energy of water molecule increases imder
high temperature.

¢) The energy of sugar molecule increases under
high temperature.

4. How can we convert concentrated solution to
dilute solution?
a} by the help of increasing concentration of solute
b} heating solution
e} b the help of adding much more solvent o solution

Compare the following terms;
a) Dilute and concentrated solution.
b} Weak electralytic and strongly electrolytic solu-

tion.
¢) Super saturated and unsaturated solution,

.There 15 19 g dissolved solute in 158 g solvent,
find mass percentage of the solution,

.
+

(D

. 5 g of copper sulfate 15 dissolved in 20 g of pure
water. calculate mass percentage of solute and sol-
vent.

How many liters of water is needed to add 10 g of
potassium hydroxide to obtain a solotion with 2.3
g/L. concentration?

BB 17 25 L HCland 75 mL water are mixed, what
will be percentage of acid and water by volume in
the solution?

.Calcu[ate the mass percentage of NaCl in the
solution, if 15.3 g NaCl and 1535.09 g water are
mixed.

A solubion is prepared by dissolving 27.5 g of
methyl alcohol in 175 mL water, Calculate the con-
centration of the solution in g/L.

A sample of water is taken from The Habbaniyah
Lake. Assume that [t contains 8.5 % carbon dioxide.
What is the mass of carbon dioxide in 28.6 liters of
the Lake water? {Density of the Lake water is 1.03
g/mL.)

Mass percentage of sugar is 11.5% in juice also
juice comtain 832 g sugar, what is the volume of
juice? (p_ =1 g'mL)

What are the factors that effected on
solubility 7
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. Calculate the mass percentage concentration
of the following solutions,

a) 10.2 g NaCl in 155 g of water

b} 48.2 ¢ sucrose in 498 g of water

¢} 0.245 g acctic acid in 4.91 g of water

. Find mass percentage of sugar which contains
309 grams water and 45 grams sugar.

.Thﬂ mass percentage of NaCl in ocean water is
3.5%. How many grams of Na(Cl can be obtained
from 274 grams of ocean water?

.]-’End the volume of alcohol in millilitters
present in the following solution:

1-480 ml of a solution containing 3.7 %
volumetric percentage of the alcohol

2- 103 ofa soluton contaimng 10.2%
volumetric precentage of the alcohol

3- 0.3 L of a solution containing 14.3%
volumetric percentage of the alcohol

How many grams of KCl is present in each of
the following solutions?

a) 19.7 g solution consists of 1.08 % solute by mass.
b) 23.2 kg solution consists of 18.7 % solute by
mass.

¢} 38 mg solution consists of 12 % solute by mass.

-Fill in the blanks.

substance |massof | mass of | mass of | percentage
solute solvent | solution |mass of solute
A 155g | 238.0g
B 228g 12 %
C 183.3g | 212.1¢
[ ls2 g 153 %

- Fill in the blanks.

substance | vol,of | vol.of | vol, of pﬂ'centagevnl
solute solvent | solution | for solute
A 255ml | 250 mi
B A 5Emi FE%
C |38 mi 272 ml
0o 237 mi 5 H %




Al the end of this chapter, the student is able to:

1- Identify the location of group I'VA in the periodic table and the names and svmbols of its elements.
2- Know the general characteristics of group VA elements.

3= Write the electron configuration for the silicon atom,

4- Know the occurrence of silicon in nature and its importance.

5- Understand the process of preparation of silicon industrially and in laboratories.

ti- Recognize the physical and chemical properties of silicon.

7= Recognize the natural and industrial silicon compounds,

&= Know Silicon uses.
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S5-1 GROUP IVA ELEMENTS

Group [V A consists of the following elements: Carbon (C), Silicon (Si),
Germanium (Ge), Tin (Sn) and Lead (Pb). The following table shows
the location of group IVA in the periodic table, {(Figure 5-1)

1 18
1A VITIA
I 1
H | ia WA VA VA VA viia | He
| 1 q [ ] q £l 1]
Li | Be B | CE N|O|F | Ne
il 12 " - 5 13 14 1% i I7 i
Na|Mg|us we vB vis ViB e vims 'S 13 i |AlL | SE P [ S |Cl|Ar
1L, 10 | 13 2% 14 15 h- 17 L 1 il 11 ik LE i 15 L]
K | Ca|S |Ti| V| Cr|Mn| Fe| Col Ni| Cu| Zn| Ga As| Se | Br | Kr
i L' ] 4 41 1 it 1 E b o ik i adf ] 52 53 I
Rb| Sr | Y | Zr | Nb| Me| Tc| Ru| Rh| Pd| Ag| Cd| In Sb| Te| I | Xe
=3 [ L5 rd | | = b T TR ] (=41 /i il ¥ ig R
Cs| Ba| La| Hf | Ta| W | Re| Os| Ir | Pt | Au| Hg Bi | Po| At| Rn
] et s e P R e P i
Fr| Ra| Ac| Rf | Db Sg | Bh| Hs | M1t Uun| Uum| Uub
Figure 5-1 5.2 GENERAL CHARACTERISTICS OF GROLUP IVA
Location of Group Group IVA is more various and numerous in the characteristics of its
[VA periodic table members than other groups in the periodic table. The members of this

group show a ¢lear tendency to transfer from the nonferrous to metal
characteristics as we go higher to lower in the group, as the atomic
number inereases.p.e, Carbon is nonferrous, silicon and germanium are
metalloid and tin and lead are pure
metals., Thus, tin and lead have the
physical characteristics of metals such
as high density and thermal and elec-
tro conductivity together with bright &
color and high malleable and ductile =
prone, The melting and boiling points g
of group IV elements also decrease as
we go from the top to bottom.

The elements of this group are also
known to have four valence electrons 1n their outer shells. They need
to gain, lose or combine four electrons to reach the stahle electron con-
figuration. Due to the difficulty of gaining or losing four electrons, the
elements of this group tend to combine four elecirons via making co-
valent bonds to reach the tetra-oxidation case (+4). In fact, silicon and
carbon compounds are actually covalent compounds of tetra-oxidation.
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Grermnanium, tin and lead, on the other hand, combine to make ionic and
covalent compounds. [n the ionic compounds, only two electrons are lost to
make Ge*, Sn** and Pb*_ The elements of this group whether metalloid or
nonmetals, have low level of activity, They react with the nonmetals such
as oxygen but they need heat to do so.

5-3 SILICON

The figure 5-2 shows the electron configuration of silicon. It shows that
silicon has four clectrons in its outer shell. As it is so difficult for an cle-
meni to gain or lose four electrons, silicon combines with its four electrons
to form compounds, most of which are covalent silicon compounds. Its
valence electrons is four,

Shell symbol | Shel mumber(n) |[Electron number
K 1 2
L 2 8
M 3 4

F-d-f Oceurrence in Nafure:

Silicon is the most abundant element in the earth’s crust after oxygen. i
constitutes more than one guarter of the carth's crust, approximately 28%.
It oceurs mostly in combination with oxygen in soil or as various forms of
sand and clay deposits. It does not occur as a pure free element in nature.
It is most widely distributed in rocks as silicon dioxide (5i0),). It is in the
form of quartz and sand. Silicon has two main forms (Figure 5-3). The
first form of silicon is crystallized of dark brown color. The second form is
non-crystallized of dark gray color. The crystallized form is less active than
the non-crystalhzed one, Both forms have a formula simalar to diamonds.

Figure 5-2
Electron configuration of
silicon atom.

Chemical symbol: Si
Atomic number : 14
Mass number ;28

Figure 5-3
Types of silicon
A)erystallized

B) non-crystalhized
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A-Preparation In Laboratory:
MNon-crystallized silicon can be produced by heating potassium element in

silicon tetra fluoride (SiF,) according to the following equation:

SiF, + 4K -84 §i +4KF

The erystallized silicon can be obtained by melting silicon in aluminum
then cooling the solution. Finally, silicon crystals can be separated from
the solution,

8- Imidusirial Preparafion:

Silicon (1) can be prepared industrially by reducing silica (510),) using
high temperature and carbon or magnesium as a reducing
element, as in the following equation:

Scientist Berzelius

sio, +2¢ &5 2007 +si

3-3-1 Properties of Silicon:

A-Physical Properties:

silicon 15 a metallond. It 15 a very nd element, with a high melting point
of approximately (1410 *C). [t has a gray color and a metallic luster., It is
also a semi conductor. Due to this property. it is used in manufacturing of
electrical devices and applications and also in computer industry. In addi-

tion, it is used in manufacturing solar cells which convert the solar energy
into ¢lectnenty.
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B-Chemical Propertics:

Silicon does not react with most acids, [t melts in agueous solution of bases
according to the following reaction:

5i+2NaOH + H,0 — NaSi0, +2H,

Silicon is very reactive with chlorine as in the following equation.

85i + ICL, - SiCl,

Silicon is not prone (o react with air at room temperatures. [t reacts at (950°C).

Silicon and its natural compounds (silica and silicate) are not poisonous.

§-d-4 Uses of Siffcon:

Silicon has a wide variety of uses. It 1s used in;

| -Electronics ndustry, electrical appliances and i manufacturing solar cells. (Fig-
ue 5 -4

2-Metal bars used in different industries.

A-Gilass, cement and ceramics industries.

4-Orpanic silicon materials which are very important commercially in the

production of oils and plastics. Figure 5 - 4

Use of silicon in infegraied
circuit indusiry

y-3=3 Sificon Compranns:

Silicon forms a great number of compounds such as:

a- Silicon i;q'l1T||'H|I|r|-;|.-,' with hy l.,ZIl'HEL‘II silicon |L:-.-d|‘j:lf.r:.~:. {Silane)

These compounds consist of silicon and hydrogen. SiH, is an example

of such compounds, It is prepared by the reaction of magnesium silicide
Mg.Si with the acids such as hydrochlornie acid as in the following equation:

MgSi + 4HCI — SiH, + 2MgClL



Figure 5 - 5
A sample of pure silicon

Figure 5 - 6
impure silica found
in sand

Figure 5 - 7 Silica gel
as a desiccant factor

( Chapter - § e

Hydrates are so active compounds. For example silicon (IV) hydride
bums spontaneously in atmosphere and forms silicon diexide and water
as in the following reaction.

SiH, +20, — 8i0, +2H0

b- Silicon Compounds with Oxygen

I= Nilicon Deoxide (Sifical Sic)

It oceurs in nature as pure silica such as quartz and flints (Figure 5-5).
They are highly solid substances and are used in cutting glass and
scratching steel. The other form of silicon dioxide (Silica) ( 5103, ) 15 the
impure silica such as sand and clay (Figure 5-6). It contains different
quantitics of impuritics which give it a wide range of different colors.
The most important properties of silica are:

@- It is not reactive when reacts with chlorine, bromine, hydrogen or
most of the acids.

= It reacts with hydrofluoric acid and bases:

- It reacts with oxides or metal carbonates by high heating. The resul-
tant compounds are known as (silicates).

i~ Silica gel is mainly used as a drier due to its large
surface and great ability to absorb water. {Figure 5-7)

2- Silicaies
Silicate occurs so widely in nature,
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Among other types of silicates, sodium silicate is the most widely used. It *
is soluble in water and its concentrated aqueous solution is called “water . %S
glass” or “liquid glass”. s
[t is commonly used in various industrial fields such as providing passive | -
fire protection for textiles and papers. It is also used as a cheap adhesive.
Cement can be strengthened by mixing it with sodium silicate in order to
be used in buildings.

c- Silicones: Figure 5-8
These compounds are organic compounds of silicon. They aren't poison- Soil i one of Hiatutal
ous and are very stable along a very wide range of temperature variation.
Silicon oils are the most important of these compounds. They make the
surfaces anti moisture and are used to cover the roofs of buildings.
Silicone rubber, maintains flexibility at a wide range of temperature
variation. It is used in manufacturing of molds and as a sealing
substance in baths and kitchens. Silicone resin is used in electrical insula-

tion and in making construction materials water proof ,too.

silicates.




- Write the following reaction equation;
1} Magnesium and silicon dioxide
2} Magnesium silicide and hyvdrochloric acid
3) Silicon dioxide and carbon

- Write electron configuration of following
elements and ions;  8i and Si"

. Where are silicon and its compound used?
Write them,

- Explain with writing chemical eguation
how 1o prepare silicon?

. Complete the following:

|- There are two types of silicon dioxide (silica

in nature, first One pure as ... A s
and non-pure type such 45 ..o, 5.1
2- Tt can be prepare......oooeiinmi. fromn extreme

heating silica with metal carbonate or metal
oxide.

3- The elements of the fourth group have
COMMON XAt .o, e .

4_ The oxidative SIEIE .o 15 more
stable i carbon and silicon |

5- The silicon reacts when it heated 1o (950 ¢
with oxygen or aerated air to give ............. e

fi- The maore the characteristics in group [VA..._.
renerem s erasrnensensees WHEN W move from the
top of the group to the bottom in this group, also
the elements of this group ....................... decrease
as we move from the top to bottom.

T-51licon has tao main forms, the first form of
SHHCON 18 .o veviiiiiviniversenss 17 - RS Lo [ o
the second Form . ..o ,and has ......... .



INTRODUCTION TO
ORGANIC CHEMISTRY

After completing this chapter , students wall be able to:

| -Realize importance of organic compounds.

2-ldentify characteristics and features of organic compounds.
3-Relate organic chemistry with the environment and life.
4-Distinguish between methane, ethylene and acetylene gases.

5-Prepare methane, ethylene and acetvlene gases, and understand,
the properties of each them.
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-1 INTRODUCTION

Dwring our study of chemistry in previous years, we have addressed in
some detail; Carbon and some of its important compounds in our life,
such as (carbon dioxide and caleium carbonate), Earlier in this book,
we have addressed group 4A (IVA) winch includes the elements (C, Si
and Ge), Organic chemistry will be discussed in this chapter in keeping
with knowledge expansion in all aspects of chemistry and due to the
considerable importance of carbon for its unique teatures as it the major
and principal element in the molecules of living organisms and their
nutrition. It also contributes in several aspects of our daily live (drogs,
fragrances and paints and in what is known now as Organic Chemistry.
Theretore this chapter will be devoted to the study of this branch of
chemistry, a study in some detail of the general properties and some or-
ganic compounds like methane, ethylene and acetvlene as well as ethyl
alcohol, benzene, acetic acid and phenol.

6-2 IMPORTANCE OF ORGANIC COMPOUND

Organic compounds are important in our lives as they represent

I- All forms of basic food materials for human and animals, which are:
protemns, carbohydrates, animal fat and plant oil .

2= Many natural and synthetic products like cotton, wool, natural and
synthetic silk, paper and plastics.

3= Fuel like petroleum, natural gas and wood.

4- Medical drugs as well as vitamins, hormones and enzymes.

6-3 EXISTENCE OF CARBON IN ORGANIC COMPOUNDS
Carbon is the essence of the organic compound and to prove its exis-
tence in such compounds, the following experiments can be used:

‘i |- When lighting a candle or a piece of paper or {any organic material),

carbon dioxide, CO,, is released which can be found by adding calcium
hydroxide solution, Ca{OH),, which makes it turbid, whereby caleium
carbonates are formed, CaC0,,

Organic compounds in our lives

2- When sugar, an organic substance, is burnt in a test tube, a black sub-
stance 15 formed which 1s carbon. This indicates that carbon is found in
SLEAF 85 & COmMponent,

-4 GENERAL FEATURES OF ORGANIC COMPOUNDS
Organic compounds i general have distinetive features, including the
followings:

1- All organic compounds contain carbon in their compositions and are
subject to decomposition or combustion by heating, particularly if heat-
Buming of sugar ed 1o high temperature,

©@
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2- Atoms in the organic compounds are bonded by covalent bonds, making Fxercise 6-1

them react slowly. How can you prove presence
3- Many organic compounds do not dissolve in water but sofuble in some  of carbon in organic com-
organic liquids such as aleohol, ether, acetone and carbon tetrachlonde. pounds experimentally?

6-5 COVALENT BONDS OF CARBON ATOMS IN ORGANIC

COMPOUNDS

Carbon has an atomic number of 6, therefore the electron configuration can
be illustrated in figure (6-1). One can observe that the outer shell (valence
shell) of carbon atom contains four electrons. Therefore, for the carbon
atom to reach stability it must share the four valency electrons with other
atoms, so the number of electrons surrounding each carbon atom would be
eight.

As you have already leamed that each valence bond needs two electrons
{one from each atom), therefore, carbon atoms bind in the following way
by four single bonds with hydrogen in a methane molecule (CH, ).

? '

o@o o
i

Figure 6-1
Electron configuration of
carbon atom

Methane (4 single bonds)

Ethylene: A double bond and 4 single bonds

Carbon atoms might bond with each other in triple bonds, as in acetylene
molecule:

H-C=C-H

Acetylene : Ope triple bond and two smgle bonds;
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Such various bonding possibilities for carbon atom in compounds add
versatility to this atom in having various valence bonds, not to mention
carbon atoms” ability to bond with each other 1o form open or closed
chains (nngs).

These chains include single, double or triple bonds between carbon
atoms or other atoms, Therefore, there are thousands of organic com-
pounds in nature and can also be synthesized as well. The following
examples illustrate various forms of Organic compounds:

i
gk N i
H | H H-C-C-C-C-H H-C-H
H-t-C=C—H HHHH H
HH H Orginie compound Organic componnd with

Organic compounsd
fhromched cham)

[sohutane

&
H—'lllj—fil— OH
H H

Oyaiae corrgpoimil
coiainimg oy e ekl

{Erhy| aleohol)

(unbratiched chain)

Buiane

Chgaic comgronmd wll
trgHle covnleut boni
{ Acetylene)

single covalent bond

i Methumne)

H‘M~ - H
KE C‘\

H H
Chwgame compond with
donble conmlent bond
{Exluylowa)

In this chapter, we will study several types of these organic compounds
three of which are hydrocarbons, i.e.. containing carbon and hydrogen
only. These hydrocarbon compounds are: Methane, CH,, Ethylene. C,H,,
Acetylene, C_H,. Methane represents an example of organic compounds
which contain single valence bonds.this tvpe of saturated hydrocarbon
compounds is called (alkanes).

CH CH, H,C CH,

T
HL HC CH

1 1

H.C CH, HC

H H
Cvelic orpnnic compound

1 penlagon -.|'..I:.'E-\.'

, CH

Cyelic crganie compound

1
Cyvelie organig compound
mn trimngular shape

y i hexs |'t";'|".' -\.!|.||,l|.
(Cyelopropane)

I.- & S 5 0 L
{Cyclopeniane) (Cyelohexonz)




cessmansosescsssl Introduction to Organic Chemistry )

Ag for ethylene molecule C H, . it contains double bonds between carbon
atoms, these compounds are called alkenes. Acetvlene has triple bond be-
tween two carbon atoms. These compounds are called alkynes, both eth-
¥lene and acetvlene are called unsaturated hydrocarbons,

As for the types which will be addressad in this chapter, they are organic
compounds in which carbon atom bonds as well as hydrogen and Oxygen.
We will study Ethy| alcohol, acetic acid in addition to benzene and phenol
compounds which are examples of closed chain organic compounds.

6-6 SOME ORGANIC COMPOUNDS

At this stage, we will study some organic compounds such as saturated and
unsaturated hydrocarbons, aleohols and acids:

6-6-f Hydrocarbons:

As it is known from its name, it contains only carbon and hydrogen only,
either saturated or unsaturated, these hvdrocarbons include:

1- Methane ¢

Its molecular formula 1s CH, whereby a carbon atom 1s bonded with 4 hy-
drogen atoms in a single bond.

i) Exisfence in nature:
It is the simplest hydrocarbon compound, it is found in large amounts as
natural gas which accompanies crude petroleum, it is emitied from cracks

of coal mines, it is also formed when organie matenals are decomposed in H
stagnant waters of ponds and swamps. |

by Preparation of Methane Gas in Laboratary: H —C — H
Methane 15 prepared by using the apparatus below (figure 6-2), whereby |

sodium acetate is heated at high temperature along with sodium hydroxide H

or calcium hydroxide (because the mixture will have little effect on glass
and ensures higher melting point for sodium hydroxide ) in a test tube, the
resulting gas is collected by removing the water further down. Structure of Methanc

Sodivam aceime and Sodium [radroxide

l

J.l.-‘?ﬁ-ﬂ\
. \ |
\ | . Figure 6-2

5 An apparatus for prepatation

! ¢ _ of methane gas
o ! A7

CHCOONa + NaOH —2CH,1 + NaCO,
Soddium ocetnte  Soddium hydroxide Methane  Sodium corbonate

+
|
i

ittt




c) Physical and chemical Properties of Methane gas:

|- Colorless and odorless,

2- Highly insoluble in water.

1= Flammable, smokeless flame, releasing carbon dioxide E‘ﬂ:and water
vapor and energy, as in the following equation:

CH, + 20, —S> CO. + 2HO + Energy

Medhane  Ooygen Carbon dioxide  Water vapor

2- Ethylene {CH.,):

Ethylene has the molecular formula of C H| in which two carbon atoms
combine with each other through double bond. It is one kind of unsatu-
rated hydrocarbons which are called “Alkenes”.

a) Preparation of Ethyfene Gas In Laborator)
Ethylene can be produced by heating ethyl alechol, C H OH. with suffi-

o> _ i cient amount of concentrated sulfuric acid up to 170 °C as in the figure
fﬂ— CH 6-3 below.
H H Frmnel
Structure of Ethylene ﬁ;
{C,H,) Trom rod
Ethylens pus Siinp Case
e Ethyl aleohol =
Concentrated
sulfune weid
Figure 6-3 Bisahii—ss
An apparatus for preparation

of ethylene gas

The sulfuric acid removes water molecule from the of alcohol according
to the following equation:
C.H.OH "“% CHt + HD
Ethyl akeobid Ethylene  Waler
b) Plysical and chemical Properties of Ethylene
|- It 15 colorless with sweet and musky odor and msoluble in water.
2= It burns with a smoky flame producing carbon dioxide and water.

A
CH, + 30, — 2C0, + 2HO

i~ It reacts with the red bromine water and removes its color,
This process can distinguish between ethylene and gaseous methane.

( Chapter - 6 e
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Methane does not react with the red bromine water and color does not dis-
appear. Ethylene, on the other hand reacts with the red bromine water and
the color disappears.

Ethylene + red bromine water — red color disappears
Methane + red bromine water —  1ed color docsn't disappear

3- Acetylene {{'JHIJ:

It is a hydrocarbonic compound with the molecular formula of (C,H,) in
which the two carbon atoms combine with each other in triple covalent
bonds. 1t is an example of the unsaturated hydrocarbons called “Alkynes™.

Ethylene gas is used to
) Preparation of Acetviene : ripen tomato,
Acetvlene can be produced by the reaction of calcium carbide., CaC., with
water. CaC, + 2IH,0 — CH,t + CalOH),
It is an industnial process of acetylene production also. In the laboratory, .
acetyleng can be produced as shown in the figure 6-4 by putting calcium H— C - 'C — H
carbide in an erlenmever flask. Water is added very slowly and gradually
using a tube. The reaction which Acetylene (C,H,)
happens immediately produces molecule
the gaseous acetylene which can
be collected from the botile by re-
moving water downward.

by Properties of Acetvlene:

[- It 15 a colorless gas with a bad
smell. It smells like garlic.

2- It 15 insoluble in water.

3= Combustion of acetylene in air forms
a smoky flame.

4-It bums with oxygen gas in
making a faded blue flame and

acetylene

high temperature: El:ti;"

4 Figure 6-4
i e o An apparatus for prepara-
5-1t reacts with the red bromine water and removes its color. tion of acetylene

This reaction 15 used to distinguish between acetylene and methane gas.
Acetylene removes the red color of the bromine water whereas methane
has no such effect according to the following equations:
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Aceiylene + red bromine water —  red color disappears
Methane + red bromine water —  red color doesa’™ disappear

c) Uses af Acetylene:

I« The mixture of the gas and oxygen is used to produce the oxyacety-
lene for cutting or welding metals.

2- The gas is used as a raw material in the production of rubber,plastics
and acetic acid.

4- Ethanol { Ethyl Alcohol) (C,H OH):

Aleohol is an Arabic word from which the Latin word “Aleoholis de-
rived, it was known long time before and was produced then by fer-
menting molasses, dates or grapes in isolated air . By the effect

of zymase enzyme, its occurs naturally in veasts sugar is converled
inte simpler sugar which in turn 15 converted into carbon dioxide and
ethanol by efTect of enzyme,

Simple sugar 7 ———t== Ethylalcohol + Carbon dioxide
Aleohol is then separated from its aqueous solution by the process of
distillation. Ethanol or ethy] aleohol can be produced industrially from
oil products through the reaction of gaseous ethylene, C_H . with water
with the existence of concentrated sulfuric acid and other factors such
as heat and pressure.

Conemiraked H.50,

CH, + H0 =T CHOH
Ethylene Waler Extaps] ar ethyl aleohod

i) Propertics of Ethanol (Ethyl Alcehol):

I~ It1s a liquid wath a boiling point lower than the boiling point of water.
Its freezing point is very low.

2- It 15 a volatile liquid with a very distinguishing smell.

3= It 1s an active solvent fo many organic substances.

4- Complete combustion of ethanol produces a faded blue flame and
forms carbon dioxide{ CO, land water vapor,

b) Uses of Ethanal (Ethol Alcohol):

1= Ethyl alcohol is used as a raw material in many industries especially

cosmetics, commercial rubber, ink, many types of paints and perfumes.

2« It is used in the production of alcoholic beverages and drugs.

i- It is used as a motor fuel through mixing it with other oil products.

4- Used as a sterilizer by mixing it with some iodine and it is
poisonous.

5- Ethyl alcohol is very cheap for industnal purposes. 1t is undrinkable

as some poisonous substances like methyl aleohol are added to it and

by then known as mactivated alcohol (sperto) . Also, some dyeing

substances are added to it to make 1ts color different from pure ethyl

alcohol.
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c) Effect of Ethyl Alcohol on Human Beings:

Drinking alcohol disturbs the consistency between the muscular and ner-
vous systems. Very clear changes in mood. recognition and feelings are
noted. These changes in the human body caused by alcohol slow down
the functions of nerve cells in the nervous system. Addiction to alcohol is
detrimental to health. Addicted people go to hospitals and health institution
in order to be treated to stop addiction because of its lethal health damag-
es rather than its social consequences. People addieted 1o alcohol behave
strangely and sometimes dangerously. Therefore, some governments im-
pose high taxes to reduce aleohol consumption and to eliminate its social,
health and economic damages.

5- Acetic Acid (CH,COOH): CH,COOH 0
i) Induseriad Preparation: HC—C
Acetic acid is produced industrially by the reaction of acetylene with water \QH
using sulfuric acid and other faciliating factors. A chamn reaction ocours Aisdiia Aidid

and finally produces acetic acid

k) Properties of Acetic Acid:

|-t is a liquid at room temperature.

2-1t is a volatile compound. [

-1t reacts with sodium hydroxide to form water soluble sodium acetate. Y

4-It can be mixed with water at any rate, -Y Y.

L |
- Benzene (C H ) ’L‘h

Benzene can be extracted from coal tar which is one of the petrol products T
and is fugitive {vapor quickly). Benzene is a hydrocarbonic compound consisting @ Caton  Benzane Ring CaHe
of carbon and hydrogen, Its complete combustion results in a very smoky flame o Ml

because of the high percentage of carbon. Bensene is the simplest compound in
the group of hydrocarbons which are called * Aromatic Hvdrocarbons™ because of
their distinctive smells. Benzene vapors very quickly and boils at {(80°C). It 15 not
soluble in water and is used as an important industrial solvent to paints and many
important mdustrial products. [t s also vsed in the production of insecticides, ny-
lon, modern detergents, etc.




CHAPTER QUESTIONS

- How can methane gas be produced in laboratory,
draw shape of equipments and wriie the reactions?

- Give example about following terms;
Branched chain, unbranched chain, cvelic chain

-Ehunse the most appropriate of the brackets
that complete the following expressions .

a. All organic compounds coniain ong of the

tollowing elements in their composition | hydro-

gen. oxygen. nitrogen. sulfur. carbon;

b. The bond covalent between two carbon atoms
in the sty rated hydrocarbons i a....uevenenan..

b double

¢, The gas that is found in large amounts in nat-
ural gas is
(Methane . Ethylene. Acetylene ¢

d. In acetylene; two carbon atoms are bound each
other by

a) Single covalent bond
b) Two covalent bonds
¢) Three covalent bonds

a) Single ) triple

.............................

!I—Euw can be produced acetylene gas in laboratory,
raw shape of equipment and write the reaction

egaution?

-‘l.lr’hai are the general features of the organic com-
pound?

-Writ-e balance equations of the following.

1) Heating of Sodium acetate and sodium hydroxide

2) Burning of Methane, ethylene, acetyvlene gases in air

31 Reaction of water with calcium carbide.

B Exptain the effect of normal aleohol on the hu-
mans body after drinking it?

@

- What is inactivated alcohol | Sperto

- 1. Compare the methane, ethylene and acetylenc
pases about;

a) Color

b} Solubility in water

¢) Burning in air in normal form

d) Reaction with red bromine solution

2. What is used with acetylene gas to produce sirong
Hame?

. What 15 the importance of benzene?

- What 1s the methane gas that is reflected in
each of the following observations.

a. The gas is collected when it is prepared by pushing
the water down.

b, Gas does not react with bromine.

¢. The gas burns with a smokeless flame.

- Both acetylene and Benzen are ignited with
an smoke flame, what do vou deduce from this
observation,
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CHAPTER

GROUP VA

Atmospheric Nitrogen (N, )

= ".\-:,,ﬁ.::ﬁmi lation

Danitrify
Bacteria

Nitrogen-fixing 3 5
bacteria living in Py 4
legumea root nodules _ ij. Nitrates(NO, |

Decomposers
{aerablc and anacsrabic

bactaria and fungi

Mitrifying
Ammaonification Mitrification bacteria

P T

HNitrogaen-fizing

s0il bacteria Wtrinying bacteria

At the end of this chapter, the students would be able to:

| -Know the names and svmbaols of Group VA elements.

2-Know the place of Group VA elements in the peniodic table.

3-Know why these elements are put in one group (Group Five).

4-Know name amnd symbol of nitrogen and 1ts molecular formula in air

S-Know some compounds of nifrogen and their preparation and uses.

f-Know the name and symbol of phosphorus and recognize its chemical and physical forms.
7-Know the importance of phosphate fertilizers. their production and their role in plants growth.
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7-1 ELEMENTS OF GROUP VA

Ciroup VA (group five) consists of nitrogen (N), phosphorus (), ar-
senic (As), antimony (Sh) and bismuth (Bi} as shown in the periodic
table helow. All the elements in this group have five electrons in their

Figure 7-1 outer shells.
Place of group VA elements in penodic table.

(R YEIA
H | i R A
Li | Be Blc|N]o|F N
:IN:.":ME il?n 1".'-'5 1.5-'3 -.-'in »-F:. -u—'-'l?m—':. #u :’ui: “ﬁl “'Epl 3 IS Iﬂ ”alr
WH wCa ::5: '1‘1 -”'lu" ”Er E:'Iln-im:“FJt:: En -“Hi 'I:Eu HZn I:Ga G-.- 3 ”‘&-ﬂ riir 1Ikr
Rh “51- h!f “IEr I1"'i||]| h;.'h'lull.'.]'c I=III'.ILl L-Iﬂ.h P IAE IIil:ni Illllrll an 2 "Te “I h.'{-&
Es mﬂa 1.-: ut| Ta| w| Re| 0s| 1r | Pt| An “H;“’[‘l ”I'h 3 “P':t M “Rn
H-Fr ‘?Ra 1:&: I"lall.f Db E; "Eh Illl:]s MI ”':’nn| Ul:u:lll Unb

7-2 GENERAL CHARACTERISTICS OF GROLUF VA

Although the five elements of this group form less than 0.2% of the
Earth’s crust, they are very important in nature. The elements of this
group have some similar chemical behaviors but they differ in some
others. The similarity between these elements reflects the similar aspects
in the electron configuration. The most important properties of the group
VA elements are:

|- The properties of the elements vary gradually from being nonmetals
{nitrogen and phosphorus) to metals (bismuth). Arsenic and antimony
are metalloid.

2- Nitrogen is gaseous. The rest of the elements are solids in normal
conditions. The chemical properties vary on a regular basis from phos-
phorus to bismuth. Phosphorus and nitrogen have the propensity to form
covalent compounds. Other elements like bismuth and arsenic form ion-
ized compounds, The acidic and basic properties of the elements’ oxides
also vary from being acidic (phosphorus) to basie (bismuth).

7-3 NITROGEN

Chemical symbol ' N
Atomic number £
Mass number 14

ud

namnny

&
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| Electrons
Shell symbol| Shell number i
K 1 2
L 2 3

P=3-1 Occurrence in Nature:

Nitrogen constitutes T8% of the Earth’s atmosphere. [1 15 mostly an nert
2as in standard conditions. In ancient times. it was called “Azote”. which
means in Latin “the Lifeless”, Yet, nitrogen compounds are very important
in food. fertilizers and explosive industries.

7-3-2 Preparaiion af Nifrogen:

Nitrogen can be produced in two ways:

1- Preparation in Laboratory:

A mixture of ammonium ¢hloride (MH,Cl) and Sodium Nitrite NaNO, is
put to a healing source with some water [o prevent any possibility of explo-
slon oceurrence, as in the figure below. The reaction can be expressed by
the following equations:

HO
NH,Cl + NaNO, NaCl + NH NO,

1 —
A
H.0
NHNQ, ——— 2HO! + N}

2- Industnal Preparation;
Large quantities of gaseous nitrogen
can be industrially produced by the
fractional distillation of liquid air which
must have no carbon dioxide (CO,). In
this process, nitrogen distills first leav- =
ing oxygen behind because the boiling
point of nitrogen {-198°C}) is lower than
the boiling point of oxygen (-183°C), Ammonmm
v # chloride and =
The produced nitrogen containg Very  Sodium Mitie
small quantities of oxyvgen which can
be removed by passing the gas through
heated copper fillings which react with

Electron configuration
of Nitrogen

Figure 7-2
Preparation of nitrogen
from ammonium nitrite

oxygen to form {Cu(d),
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7-3-3 Properties of Nitrogen:

I- Phivsical Properties:

Nitrogen is colorless, odorless and tasteless, It has the form of diatomic
molecule (M.} at room temperature. 1t is less soluble in water and 15 al-
most mactive in normal conditions.

2- Chemical Properties:

Under certain conditions, nitrogen reacts with some other elements.
For example, heating nitrogen leads to direct interaction between nitro-
gen and magnesium, Bithium and calcium, When mixed with oxygen and
the mixture 1s put under a spark. mirogen produces mtrogen oxides (N,
and NO). On the other hand. heating nitrogen with gaseous hydrogen
under high pressure and with an appropriate catalyst produces ammonia
{Haher - BOSCH process), according to the following equation:

i‘h

T'-]: FIH. A high pressure

. IMH
2 Calalyst 1

Liguefied Nitrogen Gas Catalyst : A substance that changes the speed or yield of a chemical re-
action without being consumed or chemically changed by the chemical
reaction.

Do }ruu'.b:nn:rw

f=3-4 Lsex af Nifrogen:

Nitrogen has a very wide range of uses:

|- It is used 1o produce ammonia industrially. [t is the most important use
of nitrogen due o the vital importance of this substance in the produc-
tion of fertilizers and in the production of mitric acid (Ostwald process).
2Tt is wsed in cooling and freczing food products by putting the prod-
uets ko the hquid nitrogen gas.

3- The liguid nitrogen is used in the petroleum industries, It is used to
cause an increase in the pressure in the petrol producing wells to push
the petrol up the wells.

4- It 1s used as an inert agent in containers and tanks of lammable ma-

terials.

7=3=-5 Nitrogen Compournis:

Nitrogen atom has five electrons in its outer shell. It has the propensity
to form covalent bonds which can be single bond as in the molecule of
ammonia {(NH. } or triple bond as in the molecule of nitrogen (N, ). Ni-
trogen atom can also gain three electrons or one electron according to
its combination with the atoms of other elements in their compounds.
The most impertant compounds of nitrogen are:

|- NH, { Ammonia):
It 15 one of the important compounds of nitrogen and hydrogen. [t oceurs
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m nature as a result of the process of decay of animals and plants upon
death. Ammonia occurs also in soil in the form of ammonium salts,

) Preparation of Ammaonia in Laboratory:
Ciaseous ammonia can be produced in the laboratory by heating the salt of
ammonium chlonde with caleium hydroxide, as in the following equation:

INH.CI + Ca(OH), 2> CaCl,+2H,0 + 2NH,

The gas ammonia is lighter than air. 1t 1s, then. collected by downwand
removal of air after passing it in a pole of caleium oxide to remove any
maoisture with the zas, as in the iigure below:

Figure7-3
Admimransa PremiEleon i
in laboratory Ammionia gas 15
wathered by
pashing the m
NH,CT + CalOH), e
= W

Cal) to dehumidify
Pole of Cal)

Scientist:
FREDS HABER

by Induserial Preparation of Fan
| reneepirindin:

Large quantities of ammonia
can be produced indusirially by
Haber-BOSCH Process which
invilves the direet combination
of nitrogen and hydrogen as in

P

Cooling of expunded Y.
EASES 4

the equation and higure below:
N +3H — ?NH Returmng
R R M= and Hi gases
through the Catalyst
Processor | anik- ir'hl.'l:|'|_ e
Heating
sprial ™

NH3 product Pressurized BRsEs
before heating
Figure 7 - 4 Ammonia production by Haber process
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Physical Properties of Ammaonia
|- Ammonia is a colorless gas with a characteristic pungent smell. [t is
lighter than air.
2- 1t has strong propensity 1o be soluble in water. [ts aqueous solution is
called “Ammonia Water™ (NH,OH). If this agueous solution is heated
or exposed to air, the solution loses ammonia gas. The high solubility of
ammonia in water can be clearly shown by the foun-
tain experiment. The device used in this experiment
consists of a glass. Half of the glass is filled with water
} with two drops of phenolphthalein [t also consists of
a round bottom flask provided with a rubber cover
with two holes. A long glass tube goes through one
of these two holes down 1o the bottom of the flask. A
dropper tube goes through the other hole of the cover.
The flask is filled with dry ammonia gas and then
turned upside down on the water glass, The dropper
tube is used to add some water drops with the color-
water and phenolphthalein indroper  less phenolphthalein. The gas reach with the water
and stants o dissolve. This process changes the pres-
sure inside the flask and the water pushes from the
glass to the Aask as a fountain. The solution becomes
pink- red because of its basically (ammonia solution
is act as a base).
i~ It can be liguidized at room temperature with 8-10
alm pressure. The boiling point of liquid Ammonia
i& (-33.5°C) under the normal atmospheric pressure.
It vapors at high temperature and for this reason it is
used i refrigeration and 1ce production.

Armmenia gas in the kallan

waler arul two drogs
[ pheodpldhatzin

4

Figure 7 -5 Chemical properties of ammonia:

AN A oniigi |- Ammonia molecule is chemically stable, yet it can release nitrogen and
hydrogen when vou pass gas on a hot metal surface, or when passing an
electric spark through the gas.

2- Ammonia gas is flammable in an atmosphere of oxygen, as in the fol-
lowing equation:
4NH, + 30, 2+ 2N, + 6H.O

Bases turns red litmus to blue color  5- Ammaonia solution tums the red litmus paper into blue.

Test af Amumonia:
Ammonia can be detected by the following method.
When ammonia reacts with hydrogen chlonde, it produces white dense
vapor which is ammonium chioride.
NH,, + HCL, — NHCl T
@ Ammnia  Hsddrogen chleride  Anmonium chloside
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2= Nitric acid, HNO.:
Nitric acid is the most important oxygenated acids of nitrogen which has a
molecular formula HNO,,

Preparation of Nitrie Acid in Laboratory:

This acid is usually prepared by heating a mixture of Potassium nitrate salt
with sulfunic acid m the glass retort.and the nitne acid vapor resulting from
the interaction is condensed in a water-cooled vessel (Figure 7-6) the inter-
action can be expressed in the following equation,

KNO, + H,$0, —» KHSO, +HNO,

Glass retort ﬁ

nitrate+
cone. sulphuric

Setentisl
Fredrick Wilhelm Oswald

Figure 7 - 6

Mitrie acid F‘r:l&'p:l'rrﬂi-:'ln i |ﬁ|"||.".~:':'|.1.l::l|}
Industrial preparation of the acid:

The acid can be prepared artificially in commercial quantities by method

of Cstwald whereby ammonia is oxidized in air, plafinum acts as a catabyst.

Water

l'-"t.pu::;

E-i_||_r_|_tr|_'- T =T Mitric :I::i.:IF‘:-rE'|1:'|1:tIi-::II'| indlusirial @




Figare 7-7

Electron configuration of
phosphorus

Chemical Symbol: P
Atomic Number :13

Mass Number =31
Figure 7-8

Preparation of phosphorous
in industry

Steam plbd prleud (assis

Ehraugh e orrabirsa
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Properties of Niric aciil:

Pure acid is colorless, it has odorous fumes, but the color of the impure
acid (or the pure acid after leaving for a period of time) is yellow due to
containing soluble nitrogen oxides (especially NO,). The acid is com-
pletely dissolving in water forming a mixture of (68%) and it boils at
120.5°C.

74 PHOSFHORUS

Shell symbol | (Shell number | Hedonnumber
K 1 2
L 2 8
M 3 5

7-4-1 Existence of Phosphorus:

This element is an cssential component in hving things, it is found in
nerve cells, bones and cell cytoplasm. It is not found freely in nature,
yet, it is extensively found various minerals, Apatite ores (apatite: im-
pure form of calcium phosphate) are important source of this element.
Huge deposits of this mineral are found in different parts of the world
including Irag.

T-4-2 ITnduseeial Production of Phosphorous:

Phosphate ores contan high rabio of phosphorous, theretore, these ores
represent the basic source for com-
mercial phosphorous  production
with high purity, therefore, there is
no need to prepare it in laboratory.
hand Phosphorous is normally produced
by heating Calcium Phosphate
Ca (PO}, with the sand (Si0,) and
carbon C in an electrical oven at
high temperature, air-tight, as in the
following equation:

Haw wrateriad of
syl wath
sy i) el

Pale

) —
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2Ca,(PO,), + 6Si0, + 10C ———> 6CaSiO, + 10CO + P,

The resulting phosphorous is white, sometimes called yellow phosphorous i
it is cast in the form of cylinder bars. The casting process and preservation P - ol
is done underwater because of the low temperature of flammability, fast
integration with oxygen, high flammability in air. The figure 7-8 illustrates N
industrial production of phosphorous. = \8 e
p phosp %: . o
7-4-3 Properties of Phosphorous:
Phosphorous is normally white (yellowish) having a waxy form. As forpure  White phosphorus
Phosphorous, it is solid colorless and transparent. There are other types of
it, red or black ( or purple), the most common is white and red phospho-
rous. These forms of phosphorous differ in their properties, see table 7-1.
White Phosphorous is more active than red phosphorous under normal
temperatures, because atoms of these two forms of phosphorous differ in
the way that they bind. Properties of white phosphorous are:
1-White phosphorous glows in the dark, looking pale green when exposed
to damp air, this process is called chemical luminance or “glitter”, accom-
panied by garlic-like odor. 3
2-It burns spontaneously in air at room temperature due to enough oxidation, N
releasing phosphorous pentoxide (P,O,), see the following equation:

P, +50, ———= 2P0,
Under other conditions, (limited amount of oxygen) white phosphorous
oxidizes to form phosphorous trioxide PO, as in the following equation:
P, +30, ——s= 2P0
3-White Phosphorous is a poisonous for cells of living things whereby it pen-

etrates into the digestive system and dissolves in the digestive juices , turning
into a poison, unlike red phosphorous which doesn’t dissolve in the juices

Red phosphorus

1. Translucent, white to yellowish color 1.Its external surface is red to violet color.
2. Produced in the rod form and stored under water 2 Produced in powder form it is not

because of its activity. effected by air at ordinary condition.

3. Lower density than the red.

4. Soluble in some organic solvents such as carbon
disulfide but insoluble in water. ; :
5. Its melting point is low. - stslimeies Iy hediluy,

6. Its flash point is low so it burns easily. 6. Its.ﬂash PO““t is high.
7. It is poisonous. 7. It 1s not poisonous.

3. Higher density than the white.
4. Insoluble in organic solvents and water.

7-4-4 Some Phosphorous Compounds: gable 7-1 Pl 1

Phosphoric Acid (H.PO)) omparison of white an
¥ . . , red phosphorous

A densely formed ,colorless and odorless liquid. This acid is weak non oxi-

dative acid. It reacts with bases forming phosphorous salts, such as sodium phosphate

Na,PO, which is used as preservative for some food products, meat and many other usees.
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which have major imporianee in manufacuring phosphate fertilizers.

F~4-5 Industrtal Lses of some Phasplioreus compainds;

I- Matchsticks:

Matchsticks are processed by Ammonium Phosphate solution (NH ) PO,

This material helps bum the matchstick in a smokeless fame. It Edsn ]1¢Ir:s
| keep the lame buming completely, [t also ensures the stick put off when
the flame goes off, therefore, no hazard of fires when the maichstick is
e thrown away. The top of the stick is covered by a paste made of :
Matchsticks: a- Flammable material like antimony sulfide Sh.S.,
b- An oxidant, like Potassium Chlorate, KCIO,,
¢- Friction material like glass powder.
e~ Glue material to bind the ingredients of the paste when the top of the
maichstick is rubbed against the side of the box which contains red phos-
phorous, a sufficient heat is generated to ignite the side of the box then this
ignition transfer to the wp of the matchstick and it burns.

2- Phosphaie Fertilizers:

Phosphorous is an essential element in the growth of plants, it plays a
vital role in the life of living beings and the development of the skeletal
structure of animals and humans, Therefore, it is important for plants to
make use of this element in the soil in the form of soluble compounds,
Since calcium phosphate (the original source of phosphate in nature),
which is a salt that is fairly insoluble in water, therefore, it is necessary
to transform it into a salt easily soluble in water 1o be used as a fertilizer,
When calcium phosphate (naturally found in rocks ) is processed with
sulfuric acid, it changes into another chemical formula known commer-
cially as super-phosphate fertilizer, It is soluble in water, so that the
plant can make use of it, as in the following equation:

Ca(PO,),+ 2H,S0, — Ca(H,PO,), + 2CaS0,

This fertilizer is used to increase soil fertility, other kinds of phosphate
fertilizers can be prepared through the reaction of phosphoric acid with
caleium phosphate to form a fertilizer commercially called triple su-
per-phosphate Ca{H,P0,), which is far much better than ordinary
phosphate because it doesn't contain calcium sulfate.

It is worth noting that lrag is an important source of natural calcium

phosphate whereby larze amounts are found in Butba region, in Akashat
at Anbar province.

Use of Fertihzers

@



Group VA

- Complete the following statements;

1 - Atomic number of mtrogen 15.. ...
therefore its nucleus contains.................... proton
| L P electrons rotate around of
nuclevs.

2- Atomic number of phosphorus is............
therefore 1t nucleus contains proton.................
which.......... e electrons rotate around of
nucleus.

3- A match’s tip is coated with a paste.which con-
sist of the following substance .

a) Inflammable material such as................

b) An oxidizing material such as......ccveniieinnn

¢) A material that increases the friction force such
=,

- Nitrogen Bas ...ovueeeeeeeenenean. 0 mature, Chemi-
cal symbol of nitrogen........c.c..co.u.

S-NH issymbolof ...
malecule. This molecule consists of | atom ...
and three atomE. ..o eeeeeiirereas

G- What 1s the benefits of fertilizer of phosphate’?

-L'hnuh'-r the cormect answer,
) Which one of the following percentage of nitro-
gen in earth’s atmosphere?

a)21% b 78% ) 50%

2) Which of the following compounds is used in

preparation of nitrogen gas in laboratory?

ap Copper oxide

h) Caleium Chloride

¢} Ammonium Chloride and sodium nitrate in
the presente of water.

) Among those substanees. where as phos-
phorus enters their structure a substance direct-
ly used as phosphate fertilizer: this substance
D iiicaen ot S e e i

a) bones

b) natural calciom phosphate

¢} super phosphate

4) Which one of the following can be a proof that
shows presence of ammonia in a solution?

a) It tums red litmus to blue.
b It turns blue litmus to red.
¢} It turns red litmus to yellow,

5) Heat of your hand 1s sufficient to ignite one
form of phosphorus element, thus it should not be
handle with hand when it 15 used i experiments
for studying the phosphorus properties. This form
T SRR PR Y
a) Red phosphorus b) White phosphorus
) Which method 15 used to preparation of Nitne
acid in industry?
a) Heating of Potassium nitrate salt and concentrat-
ed Sulfuric acid mixtures;
b) Oxichzing of ammonia by using catalyst plati-
num in atmespheric pressure,
¢} Separation of ammonia molecule in aqueous.
solution Dissociation

7} When phosphorous burms in enough of ar, most-

a) Phosphorous trioxide
b) phosphorous pentaoxide
¢} phosphorous nitrate
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- Complete the following reactions equations then
balance them and write name of reactants and products.
a) INH,CL + CalOH), Lo i
b) Ca,(PO,), + HSO, —
¢) Ca(PO,), + Si0, +C 22

- Mark the following sentences as true (T) or false
(F) after that correct the false sentences,
a) Phosphorous element exists compound form
in the nature.
b)Highly tempretures are used in preparation of
ammonia in industry,
¢} Nitrogen has five clectrons in outermost

energy level. It can be composed single or
multiple covalent bond.

d) Compounds which are called “phosphate™
are salt of commaon phosphorie acid H PO,

¢) White phosphorus 1s poisenous matenial thus
it is stored under water.

) Red phosphorus is stored in the water
container bottles.

2) White phosphorus is more reactive than
red phosphorus, where as they are two forms
for same element.

h) The color of pure Nitric acid after a while
becomes yellow after a while,




After completing this chapter, students will be able 1w:

| -ldentify mames and symbols of group VIA elements.
2-Understand general properties for group VIA elements.
A-Express electron configuration for group VIA elements.
d-Know whereabouts of sulfur and its forms in nature.

5-Be familiar with some important and common sulfuric compounds
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8-1 INTRODUCTION

Group VI A elements appear on the right side of the periodic table. They
include five elements: Oxygen (O), Sulfur (S), Selenium (Se), Tellurium
(Te), Polonium (Po). Figure 8-1 illustrates the location of this group on

the periodic table.
1 18
1A VIIIA
1 2
H | 1ia mA A va VA via| He
3 4 5 6 7 8 9 10
Li | Be B|C|N|O|F|Ne
11 12 13 14 15 16 17 18
Na|Mg|ms e VB vis VIIBj<— vims —5 15 up |Al| Si| P | S Cl|Ar
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K |Ca|Sc|Ti|V |Cr|Mn| Fe| Co| Ni| Cu| Zn| Ga| Ge| As| Se| Br| Kr
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb| Sr| Y | Zr| Nb| Mo| Tc| Ru| Rh| Pd| Ag| Cd| In | Sn| Sb| Te| I | Xe
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs| Ba| La| Hf| Ta| W| Re| Os| Ir | Pt | Au| Hg| Tl | Pb| Bi | Po| At| Rn
87 88 89 104 105 106 107 108 109 110 111 112
Fr| Ra| Ac| Rf| Db| Sg| Bh| Hs| Mt | Uun| Uuu| Uub
Figure 8-1
Place of group VI A elements 8-2 GENERAL PROPERTIES OF GROUP VIA
on the periodic table Elements of this group are characterized by gradual increase in their

atomic numbers ,whereby oxygen and sulfur are considered as non-met-
al while selenium and metallold such as tellurium and non-metalic

o properties, as for po lonium, it has
. pure metal properties.
All elements of the group VIA has
six electrons in the outer shell which
make them “hunt” two electrons
from other elements in order to have
a stable electron configuration simi-
lar to that of noble elements.

Tellurim Cesium

Sulfur

8-3 SULFUR

Symbol of shell (Shell number (n) Number of electron Chemlcal Symb()l: S
Atomic number : 16

K 1 2 Mass number  : 32
I 2 8
Figure 8-2 M 3 6

Electron configuration of sulfur

atom 8-3-1 Occurrence of Sulfur:

Sulfur is found in nature freely in special sulfur mines in Mosul city,
Mishraq region, Northern Iraq. It is also found in volcanic regions in
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large quantities in the form of compounds such as hydrogen sulfide, H,5,
and sulfur dioxide, 50, which evaporate with other volcanic gases.

8-3-2 Preparation of Sulfur:

a- Preparation of sulfur in laboratory:

Sulfur can be prepared in laboratory by adding concentrated hydrochloric
acid to sodium thiosulfate, Na 8,0, (at -10°C). Sulfur precipitates and col-
lected through filtration according to the following reaction equation;

2HCI + Na S0, L5 8, + 50,1 + 2NaCl + HO

Concentrated Sodium thiosulfate Sulfur  Sulfur dioxide  Sodiem Water
hvdrochboric acid chloride

b- Extraction of Sulfur:
Sulfur is extracied freely in the form of underground deposits by vsing
Frasch Process. This process is done by melting sulfur underground by
means of special equipments, (Figure 8-3) consisting of three overlap- §
ping tubes pivotally centered. Pressurized

and superheated to 170°C water vapor is

pushed mnto the outer tube (A) to where

sulfur converges, this pressure melts sul-

fur underground. Pressurized air from

tube B lifts up molten sulfur through tube Bl ocieoer. s
C, the middle tube. Sulfur comes out to

the surface from this tube mixed with poorro
some air bubbles. On the surface, molten
sulfur is cast in large basins and left o
cool down and solidify. Much of the sulfur
produced by using this process is 99.5%-
99.9% pure, therefore in needs no further
re-purtfication.

-+—Super heated water

ost pipe

8-31-3 General Properties of Sulfur:
|- Phvsical Properties:

Sulfur has the following physical proper- Molten sulphur

ues. : 1 Frasch processfor the extraction of sulphur
a- It is vellow solid substance at (Figure 8-4) {or mining of sulphur}.

b- Tasteless, with distinctive odor. ]

c- Insoluble in water, yet dissolves in some Figure 8-3

inorganic solvenis like carbon disulfide, CS,. If carbon disulfide is evapo-  Extraction of sulfur by
rated, sulfur with 8 atoms (S,) deposits gradually in the form of crystals,  Frasch Process




Rhombic sulfur

Prismatic sulfur

Exercise 8-1

write Sulfur reaction eqution
with copper and Zinc.

Figure 8-5

Three-dimensional shape

of the S, molecule
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d- Non-conductor of electricity.

e- Has various forms in nature with variant physical properties. Sulfur
and other elements have many forms (allotropes) which vary in physical
form, color despite belonging to the same element. These elements are
called as allotropic elements. Sulfur has two main allotropes:

I- Crystalline sulfur . Rhombic sulfur is the most common type
it is a yellow crystal (like lemon), stable at room temperature.

It is the most stable form of sulfur. It is found as cyclic S, molecule in
volcanic areas. There is another type of crystal sulfur, called the prismatic,
because its crystals look like prism.

2- It is non-crystalline sulfur, like rubber or plastic sulfur. It is called
amorphous sulfur. It can be prepared by heating sulfur to 150 ‘C and
pouring the liquid sulfur into cold water, whereby spiral chains are
formed. It is less stable than crystal sulfur, it turns to crystal sulfur grad-
ually.

Sulfur has the formulas; S, and S, the first form is more active than the
latter due to the high tension of the rhombic ring as in figure 8-5.

2- Chemical Properties of Sulfur :

Sulfur is not reactive under normal temperatures, but when heated it gets
active and reacts chemically, reacts with almost all elements directly
under the appropriate temperature. As follows:

a- Reaction with non-metals: Sulfur burns easily in air producing blue
flame, reacts with oxygen gas and releases a huge amount heat and sul-
fur dioxide as in the following reaction:

A
S+0,—> SO,
Sulfur reacts with carbon to produce carbon disulfide, CS,

A
28 +C — C§,
b- Reaction with metals: Sulfur reacts with metals like iron, copper and
zinc to produce metal sulfides:

>+ Feg A) FeS
Iron (II) sulfide
c- Reaction with concentrated and oxidized acids:
Sulfur is not affected by dilute acids while it is oxidized with concentrat-
ed acids such as hot sulfuric acid, producing non-metallic oxides.

A
8+ AL, 80, — 380, + 2110
Concentrated and hot
With hot concentrated nitric acid, it produces non-metal oxides of NO,:

S + 6HNO, —> H,S0, + 6NO,+ 2H,0
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=34 Uses af Sulfur:
Sulfur has many uses in industrial and agricultural fields, it is used in

| =matchsticks and black gunpowder and fireworks because of
high flammabality.

2=t 15 used in agriculture to balance carth alkaline as well as a
fertilizer.

3=It is used to produce sulfuric acid, paints,

4=I[t 15 used mining metals and ol refinery, films, drug industry.

d=d=0 Somte Suifur Componds;

a- Sulfur Dioxide (80, ):

Sulfur dioxide, S0, is produced mainly by bumning sulfur with oxygen gas.
This gas naturally evaporates in large quantities from volcanic activities,
It 15 also generated from some industrial processes dunng mining of some
substances and burning of petroleum derivatives and briguette.

Sulfur dioxide 15 prepared at laboratory by adding  dilute sulfuric acid to
sodium sulfite, (Na, SO, )(Figure 8-6). It can be collected by pumping air
out from above because it is heavier than air. As in the following equation:

H,S0, +NaSO, —= S0, 1+ NaS0,+ HO

Sulfur dioxide is a col- Milute
orless gas with a strong acud
charactenstic smell. It

15 heavier than ar. It

does not dissolve much

in water producing a Sodium
weak solution of sulfu- W'::‘ilt
St basulphite
SGJ T Hzm = H:SUI
Sulfurous
acid

For this reason. the col-
or of the blue htmus
paper is turned to red
when it is put in the pas Figure 8-6

collecting hoitles used in the laboratory preparation of sulfur dioxide be-  Preparation of sulfur diox-
cause of the effect of the sulfurous acid which results according to the  ide in laboratory

above mentioned equation. Large quantities of sulfur dioxide can be
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industrially produced by the combustion of sulfur in air. The molien sul-
fur is pumped in special combustion towers. The resultant gas contains
some impurities which need to be removed;

$+0. 250,

Sulfur dioxide is commercially used in decolorizing the delicate organic
substances such as paper, straw, artificial silk and wool which changed
when they are bleached with gas chlorine. However, this bleaching ef-
fect does not normally last for a long time,

Most of the 50, bleached materials recover their colors as soon as
they are exposed to gir. This gas can also be used for sterilizing purpos-
¢s by the process of combustion some quantitics inside the places that
need to be stenlized. It is, in addition, used as a preservative agent in
food industries. Sulfur can bum spontanecusly in air at (400°C) with the
existence of oxygen. The combustion releases sulfur dioxide which has
an odor smell, This gas is bad for health and the increasing release of
sulfur dioxide in air because of the fossil coal combustion and other
industrial activities causes serious damages to the health of humans,
animals and plants. It is also the main cause of acid rains.

k- Hydrogen Sulfide (H.5)
Hydrogen sulfide is a colorless gas with a characteristic foul odor of
rotten eggs. 1t occurs in nature as a result from: the bacterial breakdown
of the organic matters, underground water that contains sulfur as in the
mineral water wells in Hammam Al-Aleel in Nineveh Province north of
Irag or from the biological activity of some kinds of bacteria that rely
of ron and manganese as part of their food sources. Hydrogen sulfide
also occurs in almost all the natural and petroleum pases. Natural gas
contains 28% of hydrogen sulfide and it may, because of this, cause air
pollution in the regions where it is produced and in refineries. There
may also be gas emissions in the industries that use sulfur compounds.
Gias hydrogen sulfide gas can be produced in laboratories using the same
device used to produce 80, The device is based on the reaction of the
diluted acids such as sulfuric acid with metal sulfides such as iron (1)
sulfide as in the following equation:
FeS + HS0, — HST + FebO,

Iron { [F) sulfide  Suwlfisric acid Hydreseen sulficde  Inon 1) salfase
Passing hydrogen sulfide gas through in the solutions of metal 1ons like
copper (11} sulfate results in a black precipitate of copper (11} sulfide
according to the following eguation:

HS + CuSQ, — HBH0, + Cus|
Hydrisgen salfide Copper {[1) sulfate  Sulfiric acid — Copper (1) sulfide

Hiyldrnogen
‘Sulficde”
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c- Sulfuric Acid (H. S0 )

Sulfurie Acid (H,50,} is one of the earliest acids identified by Arabs in carly eighth

century .

Sulfuric acid is a colorless oily liquid with high density and has no characteristic
smell when it is pure. It is a highly corrosive strong acid. [t 1s soluble in water at all

concentrations and its solutions have high electrical conductivity.

- Industriol Manufacturing of Sulfuric Acid
Sulfunc acid can be industnally manufactured by contact process which
simply involves the reaction between sulfur and oxygen to produce sulfur
dioxide:

8 +0, %% 50,
Sulfur dioxide is pumped into contact chamber which contains catalyst to
sulfur trioxide. 250, + 0, — 2580,

Sulfur dioxide sulfur trioxide

next step is adding sulfunic acid tosulfur trioxide to obtain smoke H:5:00 by adding water to

obtain sulfunc acid 80, +H S0, —s H:S:0r

smoke sulfunc acid

H:8:05 + H.0 —2H SO,

obtain

Sulfuric acid is
a colorless oily
]Iﬂuld wthlh a Molten

high density of P
(1.84  giem®).
It has no char-
acteristic smell
and it dissolves
in water at all
concentrations " HiO
generating high
temperature.

280, 40,
S+ 00 80,

- 250N,

Ha%a0-+H a0 —= 2540y
i' S [N acid

Contact Chamber

For this reasot,
cautions  must
be taken when reducing its concentration.

Sulfuric acid is vsually used as a deving agent because of its high ability to
absorh water from the organic compounds. This can be shown when we put
a spoonful sugar in a bowel full of concentrated sulfuric acid. We see that
d black carbonic substance results from the reaction in the bowel as in the
following equation:

C H,0, "I e 4 11H,0

SILLAr Cane Carbon Waler

Sulfuric acid



4= Lses af Sulfuric Acid

Every vear, large quantities of sulfuric acid are
being produced maore than any other chemical
substances. The acid 15 usad for many purpos-
s

Figure 8-7

Addition ':'If S“Iﬁ‘ﬁf‘ acid into |- It is used in the production of other acids such as nitric and
beaker which contains sugar hydrochloric acids becanse of its high boiling point,

cane.

2- It 15 wsed as a drying agent especially with the gases which do not
react with it because of its high ability to react with water.

3= It 15 used to refine crude o1l and remove impurities,

4- It 15 used in the production of explosives hke nitroglycern nitrates

and cellulose nitrates.

5- 1t is used as a ¢leaning agent 10 remove rust from the iron tools before

being painted with zine.

6- It is widely used in the production of batteries (lead storage batteries) and
-------- also in the electrical coating because of its high electrical conductivity.

S 1 1 of its high .
T.’|I11-E.-L::|—mﬂf-trl'ln1m'ﬂnk ™ 7- It is used in the production of chemical fertilizers such as ammonium
Ln(): Zine oxide sulfates and phosphate fertilizers.
ZnS0,: Zine sulfate
ZnfOH).: Zine hydroxide 8-4 SULFATES

o Sulfates are sulfuric acid salis which are derived from the reaction of
20, : Zinc carbonate sulfuric acid with the metals or with their oxides, hydroxides or car-

bonates. The result of such a reaction is the formation of metal sulfate
salts as in the case of metal of zine, zinc oxide, zinc hydroxide and zinc
carbonates as in the equations below.

Zn0 + H,50 — ZnSO, + H,0
Zn(OH), + H,80,— ZnSO, + 2H,0
ZnCO, + H,80, — ZnS0,+ CO, 1 + H,0
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R-4-1 Test |{_.'"."|-rr{,l':r.f.' fur.' "."l.l"..'_I J:
Sulfate ions can be identified in their aqueous solutions by adding the
solution which contains bartum 1ons such as barum chloride. The result
is a white precipitate of barium sulfate:

BaCl, + 50> — BaS0, | + 2CI

Rarium chioride  Sulfate ion Barium sulfate  Chloride ion
White precipiiate




—

B Physical Propertics of VIA group clements arc| [l 1if you have a mixture of very fine table salt
arranged from oxygen to polonium. Write the properties)  chalk and sulfur, describe an experimental method
to separate these materials in dry and pure form.

- Write the reaction of sulfur with metal and

- Write the common electron configuration of V1A
group elements.

non-metal.
- Choose the correct anwser - - o ) S
| - Sulfur element occurs, in nature, in Ellhpimnlheprepa.ranun OF SuiesAnid with in.
form ... dustrial method.
a) Free only - Complete the following reaction;
IJ'} Combined DHI}' FeS+HS0 —
& i ad ok Y shuE R R AR
A< e

Bal'?l: + 80 R T R e

2- Some elements such as sulfur, phosphorous and
carbon, occur in therr solid states in different forms;
they are charactenized by these forms each other in
some physical properties, these forms are called:

a) Allotropes of element b)) Elements shape

¢) Elements forms d) Elements types

3- One of the following free solid molecules con-

tains eight atoms, that is...........
a) White phosphorus b} lodine
¢) Sulfur d) Carbon

- What happens when hydrogen sulfide gas 1s
passed 1n zinc sulfate ,lead acetate, copper sulfate
solutions, explain these using equations,

- The underground deposit of sulfur is extracted
in the Mishrag fields, according to Frasch process
which three concentric pipes extended to different
deep. Answer the following questions according to
figure 8-3.

a) What is the role of the pipe (B) in this process?
b} Which material passes through the outer pipe
{A)?

¢) Explain how vou could get water 170°C while it
boils at 100MC.




After completing this chapter, students will be able to:

| -Find the location of VIIA group elements in the periodic table.
Z-Identify names and symbols of seventh group (VIIA) elements.
A-Understand general properties for seventh group (VIIA) elements,
4-Realize importance of chlorine and some of its compounds,
S-Deetect and discover chlorne and Hydrogen Chloride gas.
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Figure 9-2
Chlorine is gas.
Bromine is liquid.
lodine 15 solid.

@

Figure 9-1 9.1 INTRODUCTION
Location of group Elements of 7A group are fluorine (F). chlorine (Cl), bromine (Br), io-
VIIA elements dine (I}, astating (A1), Elements of this group are called as halogens,
, s having extremely non-metallic
2 M properties and highly active
L 1 15 14 "] 1# F i l.;' A i 1
H | s T TA W T theretore, they are not tound
!l e eleclnlo freely in nature but combined
.Hl I.-'H! WiE WE VB vin l.-nTn,-"— viin —% | 5 i Al IISI P "E ot l:n-Tll'I.E_r El{!mm?s' Ty
W R T R ETIRE [T i T T T [ TR T [ T £ have similar physical and
K |Ca| S |Ti| ¥ | Cr| Mn| Fe| Col NI | Cal Fn| Ga| Ge| As| Se chemical meﬂm'ﬂ with a
R | Se| ¥ | 2| W] Mo| Te | Ru| wn| Pd| Ag] Ca| tn | 5a| sb | Te gradual shift in these proper-
ll-': Ih -l.a -.Hl' -;Tl -.w -IFl.t 'l.'.hs “Tr !P‘I -:‘m .‘I-I],', l.'I"I hl"l:r -'.Hﬁ 'EP-u !I'ES. Thete is ELL?{}-EI ﬁlﬂ'ﬂm
GO O WY P S % o T e in other properties. Figure 9-1
Fr| Ra) Ac| Bf| Dy ) Bh) Hs| Me] Yem) Uueg bob illustrates the location of this
T T T T T T T T T group on the periodic table.
Ce| Pr| MNd| Pm{ Sm| Ea Edl Th| Dy| Ho| Er | Tm| Yh Lu|
-..I:[h ..:P' -U -\.:HF -upu I.;a”.!“ Iﬂk wc[ l.'\-:El‘ -i;m ;rlqu_.rih} (4] |
h" _— 92 GENERAL PROPERTIES OF GROUP VIIA (HALOGENS)

|- All elements of this group has seven electrons in the outer shell and
tend to gain one electron during reactions 1o fill its outer shell. Electron
gaining differs gradually from Fluorine 1o loding,

2- Halogens are found in normal temperatures in various physical forms,
Nuorine F, and chlonne CL, are gases, as for bromine Br, is a liquid, io-
dine L, is a solid. (Figure %-2)

3- Halogens are colorful substances because they absorb some of the
visible rays. {Figure 9-2})

4- Boiling and melting points for halogens increase with the increase in
atomic number.

9-3 CHLORINE

It was first introduced in the nineteenth century by the well known sei-
entist Scheele, from the reaction between manganese (V) oxide, Mn(),,
with concentrated hydrochloric acid. _

Shellmymbol  |Shellrumber | Blectmn Number L'-|'I"-"f'illif-‘ﬂ| symbol: Cl
Atomic number - 17
Mass number ;35

K 1 b

z B

M 3 7

) —
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Electron configuration shows that chlonne atom tends to gain one electron
to fill the outer shell (third shell), therefore, it 13 monovalent and its oxida-
tion number is (-1) in compounds because it tends to gain one electron to
form a negative chlorine ion (C1).

B-3-1 Exivtence of Chilorine:
Chlorine is not found freely in nature due to high chemical reactivity and
readily interaction with other elements to form many of the chlorine com-
pounds. Sodium chloride NaCl (table salt) is the most common chlorine
compound found in nature. [t
15 found in sea water and saline
sediments underground; Figure
Q-3 illustrates the crystal net-
work of sodium chloride mole-
cule (NaCl),
¥-3-2 Preparation of Chlorine:
A- Laboratory Preparation:
Chlorine 1s prepared in labora-
tory {Figure 9-4) by oxidizing
concentrated hydrochloric acid with
manganese (V) dioxide as shown
in the following equation:

AHCL+MnO, 2> MnCl, +2H,0+ Cl1
The resulting gas
is refined  from
HCI and water by
passing it through
bottles  contaming
water and sultunc
acid consecutively., Hol
It is observed that
manganese (1Y)
dioxide does not
act as a catalyst
but it is consumed
after the reaction
as an oxidizing
apente . HC

thistle funnel
-

vt ot i d'=||.'-":f:|-' tuibe

riemipval o
water

B- Industrial Preparation of Chlonne Gas:

Chlorine 1s prepared industnally through electrolysis of sodium chlonde

in water or molten sodium chloride in the electrolytic cell, see figure 95,
elbeire Cumrenl

ZNaCl ——— == 2Na + CLf
Memtive pole  Positive pole

Electron configuration
of chlonne atom

Figure 9-3

Crystal network of
soddium chloride

Figure 9-4

Che= Preparation of chlo-

rine gas in labora-
tory




Figure 9-5

Electrolysis device for
preparation of chlonne gas
from molien NaCl in indus-

h—:r.

Hi — Molien Nall

{icquad )
Malten Sodium

Ciraphte
Ancule pole

¥-3-1 Properttes of Chiorine Gas:

|- It has greenish yellow color.
3 2= Chlorine gas is collected by pushing air upward. This indicates that
chlorine gas is heavier than air,
1= 1t 15 less soluble in water under normal temperature,
4- It has suffocating odor, it attacks mucous membranes of the nose,
throat and when inhaled in large guantities, it causes death,

4

% .

o

i . 5- Tt reacts with highly active metals like heated sodium forming Sodi-
. um Chloride, an ionic compound.
Chlorine gas A

INa + Cl,————= 2INa(l
fi- Chlorine gas reacts strongly with non-metals like phosphorous, form-
ing phosphorous chlorides which are covalent compounds:
2P + 3Cl ———— 2P,
Phosplonas inchlarde
P + SCL,—— = 2PC|,
Phosphonas pentnchlsride
7- Chlorine pas reacts with hydrogen to form hydrogen chloride, as in
the following equation:

H, + Cl,——= IHCl
: Hydrogen chloride gas
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W3- Uses of Chlorine was:

Chlorine gas is used in many areas:

|- Used to sterilize drinking water and swimming pools.

2- Chlonne compounds are used in the preparation of some medical drugs,
3- Chlorine gas is used in the combination of many industrial organic sol-
vents like chloroform, CHCL, methyl dichlonide, CH,CL, and carbon tetra-
chloride CCl

4- Chlorine 15 used in bleaching and sterilization of tissues of vepetable
colors, Chlorine reacts with water when dissolve slowly under normal tem-
peratures and reacts quickly in sunlight. It reacts with water to produce
OXygen in its atomic state: this is why it is called atomic oxygen. A high-
ly active substance which removes vegetable colors (bleach them), killing
germ and sterilize. As shown in the following equation:

HO + (l,——= 2IHC + 0]
Hydrogen chlaride solution  Oeevgen in atomis form

5- Chlorine 15 used to bleach the colors of clothes, especially cotton clothes,
But, it should not be used to bleach natural silk and wool, because it dam-
apes them. Try to put a colorful flower or a plant leave in a bottle of dry
chlorine gas. You cannot sce a clear change. However, make the flower or
the leave wet, then put them in the gas bottle and leave them there for some
time. You can see that their colors fade away which in turn signal the ability
of chlorine to bleach colors of plants and that water is so essential to the
process of bleaching. The atomic oxvgen forms during the process which
bleaches the colors as we mentioned earlier.

Calcium hypochlonite Ca(OCl), 15 one of chlorine compounds whiach is the
active substance for the hleaching powder used for bleaching and
purification.

9-4 HYDROGEN CHLORIDE GAS (HCT)
Hydrogen chloride gas is not found freely in nature. But, it 15 found in gas-
tric juice as a hydrochlorie acid solution which helps digestion of proteins.

O-4-1 Preparation af Hydrogen Chioride Gas in Laboratory:

HCl gas can be prepared in the laboratory by the reaction of concentrated
sulfurie acid (H,50 ) with sodium chloride (NaCl) (Figure 9-6) as in the
following equation:




Figure 9-6

Apparatus to produce hy-
drogen chloride gas in the
laboratory

)

Acids turn blue litmus to red.

e

( Chapter -9 e

4
NaCl + HS0 ———=— INaHS0 +HCI?
Sidinn Concentrated Socliim Hydrogen
chleride  Sulfurie acid bizulfale chlaride gas

el batiom
Mz — delivery e

| | e

sohmnn of )
s el

HCI g Hydrechione
Al

An appropriate amount of approximately (10 mg) of pure sodium chlo-
ride is put in a glass flask, The cover of the flask has two twhes, one goes
down to the bottom of the flask and the other goes 10 a glass bottle, Con-
centrated sulfuric acid is put in the glass bottle and the connecting tube
goes down the acid. Another connecting tube connects the glass bottle
with a dry gas collecting bottle. Concentrated sulfunic acid is added to
the flask through the tube as to cover the salt. Heating the flask slowly
causes a reaction that releases hvdrogen chloride gas. Several gas bottles
are collected and then sealed with glass covers in order for the properties
of the gas to be studied.

9-4-2 Properties af Hydrogen Chloride:

Properties of hydrogen chloride can be tested by using one of the gas-
full bottles that have been collected during the process of preparation.
The most important properties of hvdrogen chloride are:

|- It 15 a colorless gas of suffocating odor.

2- It 1s heavier than air and can be collected by removing air upward.
3- The aqueous solution of hydrogen chloride is acidic in effect and it
15 called "Hydrochloric Acid™. It changes the blue color of litmus paper
into red.

4- 1t 15 highly soluble in water and for this property to be atiested, the
following experiment is made.

A gas bottle is sealed with a rubber cover with two holes, a dropper full
of water goes through one of the holes and a glass tube goes through the
other hole to the bottom of the gas botile, The outer end of the tube is pui
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a water-full bowel with litile orange methvlene. By squeezing the dropper,
the water gushes into the bottle through the bottom-reaching glass tube as a
red fountain because of the gas dissolution in the water of the dropper. This
disturbs the pressure inside the gas bottle which is a clear indication of the
high solubility of gas in water as shown in the figure 9-7 below;

HC zas in the balloon sucks water.
|1 seeit axa (ki [his indscates that
HICl is highly soduble in water.
A paece of wet codlon
Tocated an (he slopper

dry HCI gas
i the Baklogn

Water in
the beakers
/ Figure 9-7
Preparation of HCl fountain
in the laboratory
(A} [l (Ch

5- Hydrochloric acid reacts with iron fillings to form iron (11} chloride and
release hydrogen gas according to the following eguation:

Fe + 2HCl —= FeCl, + H}
Iren  Hydrochloric acid Iron (1T} Chloride  Hydregen gas

fi= It is nonflammable and does not instigate combustion.

W-d-3 lest of hvdrogen chloride gas:

A glass tube is put in the solution of ammonia. Then taken out and put again
close to a bottle of hvdrogen chloride gas. A white foggy substance of
ammonium chloride forms as a result of the direet union of hydrogen chloride
gas with ammonia solution:

NH, + HCIT— NHCI

Ammaniz  Hvdrogen chloride  Amencemam chloride

e A White fopoy sobetsne)
This reaction is considered to be one of the examimation means of hydrogen :
chloride pas. Similarly, the same means can be used to examine ammonia Figure 9-8 Test of
2as. hydregen chloride gas.

It is worth mentioning here that dissolving hydropen chloride gas in water

&
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produces a solution called “Hydrochloric acid” (HCI) which can be test
by adding silver nitrate, AgNO,. A white precipitate of silver chloride,
AgCl, results from the reaction as will be shown in the test of chlorides.

9-5 CHLORIDES
Chlorides are salts of hydrochloric acid. They are formed when a metal or
root such as ammonium replaces the hydrogen in the acid as in the equations
below:

Mg + 2HCI — MgCl, + H,

Magnesium  Hydrochloric acid ~ Magnesium chloride Hydrogen

NHOH + HCI — NHCI + H,0

Ammonium Hydrochloric Ammonium Water
hydroxide acid chloride

It is also possible to obtain chlorides from the direct reaction of gas chlo-
rine with metals as in sodium chloride (NaCl) and potassium chloride
(KCI). All chlorides are soluble in water except for silver chloride (AgCl)
and mercury (II) chloride (HgCL). Lead (II) chloride (PbCl,) is soluble
only in hot water. It does not dissolve in cold water.

9-5-1 Test of Chlorides:

The insolubility of silver chloride, AgCl, in water is a very useful ways of
testing chlorides. The process involves adding silver nitrate (AgNO,) to its
solutions such as sodium chloride solution or hydrogen chloride solution.
A white precipitate of insoluble silver chloride is formed in the ammonia
solution as in the equations below:

AgNO, + NaCl — AgCl | + NaNO,

Silver Nitrate Sodium Chloride Silver Chloride Sodium Nitrate
(White precipitate)
AgNO, + HCl — AgCl| +  HNO,
Silver Nitrate Hydrochloric acid  Silver Chloride Nitric acid

(White precipitate)



- How many electrons are there in VILA group ele-
ments on the outermost energy level?

- Do VIIA group elements gain or lose electrons
to make their outer shell full?

- What the most important reactions of chlorine
pas?

- Choose the correct answer .

| } Which compound is important for human life and
found abundantly in the nature?

a) Caleium Chloride b) Sodium Chloride
¢) Potassium Chlonide ) Magnesium Chloride

2) Which color differs chlorine gas from other gases?
a) Red b) green
¢} Yellow d) greenish vellow

31 When chlorine atom combines with sodium atom,
how many electrons are gained?

a) 1 b)2 )3  d)4

4) Which one of following gas is used to bleach
herbal colors?
a) Hydrogen
¢} Nitrogen

b) Ammonia
d) Chlorine

- Complete the following reactions.
Mnf), + HCl — i
A S = e s

Fe + HCl

H:+CL

- Explain the reasons of the following.

1) Chlorine gas has Mono Valent as NaCl.

2} Chlorine gas bleaches herbal textile product only
in water,

3) When concentrated hydrogen chlonde 15 ap-
proached to a bottle of ammonia solution, a foggy
substance is formed.

4y Chlorine is not found freely in nature.

B v hich methods are used to determine the fallow-
ing substances?
a) Hydrochloric acid
b) Hydrogen chloride gas

- What are chlondes? Write down necessary reac-
tions to obtain magnesium chlornde and ammonium
chloride.

- Write important usages of chlorine gas.

- Explain the preparation of chlorne gas in labo-
ratory by writing chemical equation and drawing its
figure.

O
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ATOMIC NUMBER | NAME SYMBOL | RELATIVE ATUORMMNC ROUT I"ERICY
MASS
| H]-druEm H 1T 1114 i
2 Helinm He o e 18 ML 1
3 Lithiium Li [T 1A 1
i Bazryllinien i W1 1A 1
3 Horun 1] LEL] 12 11A 1
fi Garksm L= 120107 14 TV A 1
T Witragen M 1 AKT 131 N ]
K ﬁ@l: 11 15,9554 16/ V1A 1
4 Fhuurine E LA SR a2 1T NI 1
] Wean e M7 18 VTN 3
11 Soxlinm { Nmriwm) M 22 PERTRNZR 11 1A s
12 Magnesium Mp 245050 IrIA 1
13 Adumindam Chdome- | Al 5 0E1I80 ETRAIES k]
b
Id Silbonn 5 JRAESS 14 TYA 1
15 Pheepharus [ ATl 15/ WA 1
16 Sulfur 5 31055 16 VA ]
17 Chlorine Cl 35453 I7 Y114 1
8] .ﬁ.riﬁ‘ln AT RERTE 15 ¢ W1IEA 1
& Partimstuin ARalium] | K ELELS L 4
a0 Cabciurm Ca A0LOTE 1A 1
3] Scacadiurm B 44955512 LIIm i
2 Tzl I'| 47 857 4 /IR i
23 Yanadium ¥ 50415 5/ VH 4
! Chronzium Cr 51 991 H VI 4
25 Hﬂlllj.im;‘-.h.' Win B4 G103 TINTIR i
Zh Iron (Ferminig Fe 55,845 BINII 4
i) Cuhah Lo SH.233145 vl 1
28 Hicks i HARH 104 VI 4
29 Lapper fouprum ) L 63545 107 1B 4
k] fane n 0550 12 HR 4
il Gralliuen {za [ b 1200 4
3i Ligrmanium e 73564 14 [WA 1
33 A As 7492160 151VA 4
k11 Sobersdum L TH 16! V1A '
35 Bemmine Br T A0 17 PV 4
K Kripion Kr B3, PR 18 AVIE, 4
57 Rusbcd i Ik BS.LETR 1A 5
AH Seremiisim 8r #rat Er0lA %
3 YIrrium T HH 055 34 118 5
40 FEreanumm i 9121 1 IVH 5
1l Kioddnm Wh 02 40 34 EINRE LY
41 MustybsJetsim il 15 a¢ V1 E
i3 Tevhnitinm Te a7 Tt T VIIE 5
' Ruthenium Ru 1T IV 5




Chemistry 3

43 Rhimdinm Kh 111z 5065 5l S/% -
L1 Falladium Fdl 10642 L EL 5
47 Sibver { Arpenkinm) Ag 117 Bl L/ 1B 5
4% Cadminm d 112411 127 10 £
it I malliisn In (NEFI5 137 1A 3
3l Tin {Sanmam) 5n 11870 141144 3
31 Amimony {(Sthium) | Sh 121760 151 VA 3
5 Telarinm e F 16 | VIA 5
5 lesching [ 120504 47 171 WA ]
| Xy L 13123 LH T VA 5
35 Cacsivm [Cesium) s 1329054519 1414 [
i Barium fha | 37 517 2L ol
57 LantFrarmm La | 30 9087 - [
54 Cerlum e 1 4LI S - &
50 Prasecschomium B 14050765 ]
H] Beudyimium Bl L4243 z &
il Priveethium P | 45527 = [}
&2 Samrim sm | 5H.54 [}
3 Furopium Eis 15196 P &
| Gadolinium el 15725 &
.5 Terbaam Th 15HA1E35 5 t
(] [ryspresiim L1y 2 500 ]
.7 Halméum Ho 6853032 : &
5 Erbam Ex 167 25% - &
5 Thaliitia T IR &
i1 Weterhinm Vi 13504 &
i | Luteisim [u | 75967 A IR =]
71 Halniiem Hi I7EA4% 41 [Vh &
73 tantalurs E'_a | B S THE 5/ VR &
M Tungsten (Wolframi | W (ERCE SIWTH -]
3 Ehenium Be 1 86,207 TIVIE -]
i Lsmium Ls 19123 &V L
kil tradiuen [r 192217 AL &
.3 Malizum Pe | 95 £y TR &
G Ciodd [Aurwm) Ao L O EMGatR Y 11I1E &
B Mieroury {Hpdrargy | Hg 200154 12/ 18 &
ri)
3l Thallisam Tl . 3833 13 1 10A &
il Lead {Flumbam] P T3 1311V &
a3 Basmuth Bi IS SHLE0 151 ¥& &
M Prdoatnm P TR 161 ViA ol
15 Aezating At oIl 17 I VIA &
A Radun En 2IT0H 76" 18 VITA &
a7 Framcuem Fr ZIRIgr 1114 Fl
| 88 Radium Ea 2160154 21 A ¥
e Actimdurn .18 21707 - T
wh Tharrsiny i) 2rEIRHIn" 7
2l Protactiniur Pa 210358 7
¥z Uramizim 4] TLRO2RY] 7




Chemistry 3 )

. Mepstuminim Np A537.0443" T
o Plstaumirin Pu F440e420 7
05 Americm Am 243 061* 7
o5 Clsrium m 247 0T T
ar Berkelinm Hk 247 AT L T
w5 Califomniim cf 251.0796" > T
i Ernsdeinmin ks 252.0830* 7
Lon Fermizm Fri JRT a1 7
11 Mendedevinm Md 2505t T
102 Bilrcdinm Nir 25900 )
113 Lawrencinm Lr P (1 A0 T
1414 Buthertomndinm R 201 008" 3§ TV T
1% Dubsdom Db a3 SIVE T
i Seabinginm i 200 fif I 7
17 Brohsitm Bh 264 7/ VIIn ¥
111K Ha_wﬂ H_s a3 HiWIl 7
(HIL] Mesinerium Mi 26H a4y T
L1l Diarmstadriurm D= M ik YL 7
1 Fosnigenium [ PAF ) [ 7
112 Unndsinim Uub 285 12/ 1A 7
115 Lnnedrium Uui 2Rd () [ 7
114 Unnsquichuis iy 250 M IYA 7
115 Lhinmpendium LUupe 28H I57 ¥A 7
L1A Urnnhexism Ul 293 16! YIs 7
117 Ulnieseptinm Uis 171 ¥YILA 7
11K Lmisoctiun Ll 204 B WITIA )

*Relative atomic mass of the isotope of the element with the longest known half-life,




Periodic Table of the Elements
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