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INTRODUCTION TO NEW EDITION

Chemistry may be generally defined as that branch of science which is concerned
with the study of the composition, properties and structure of matter and the ways in
which substances can change from: one form to another or react with one another.
Matter is anything which has mass and occupies space. It is present all over, and in
the far corners, of the universe. The study of chemistry, therefore, implies the study
of all processes which aie going on all around us and even inside us.

The past decade has witnessed spectacular developments in chemistry and the
related fields of scientific studies. Well over 3 million different substances or
compounds are now known, a good number of them having been produced or
synthesized by chemists in the laboratories. Thousands more are turned out
synthetically every year in various parts of the world. All these new substances are
being produced with the expectation that at least a number of them will benefit us and
make our lives more comfortable. Most of the new substances used in medicine,
agnculture and the textile and plastic industries, to mention a few, had their
beginnings in the laboratory. ‘

It would be an impossible task. to learn the _properties and reactions of each
and every one of these substances. For a meaningful study 'of chemistry, the various
component substances of the natural world are observed, measured and classified into
appropriate categories, Scientific laws are then formulated to summarize the results
of these numerous observations. Once the formulation of a scientific law is achieved,
theories or models are devised to explain the law. Only those theories tested and
proven by the entire scientific community survive to provide the basic foundations
for the study of the science of chemistry. In the course of time a great many of the old
established theories have been forced to the background by new developmcnts
resulting from a better understanding of the chemical processes and phenomena. Such
new insights into the science of chemistry and the related scientific fields, coupled
with the mountains of facts accumulated especially during the past decade or so, have
had a profound effect on the study of chemistry.

Old ideas are revised or reformulated to blend in with the new. Still newer
ideas are generated, developed and applied at & pace never before kncwn in the
history of chemistry. '



These developments have prompted major changes in the way chemistry is
studied and taught throughout the world. This' is reflected not only in the new
chemistry course contents but also in the course organizations and the methods of
teaching and examining the subject. The modern day emphasis on practical work is
one such prominent aspect of the new approach to the teaching of chemistry.

Fully aware of the new developments in the teaching of high school chemistry
and taking cognizance of the fact that some of ‘the students will need to have
professional orientations on completion, the authors have undertaken the task of
preparing tW}/t‘éxtbooks, one for the grade9 and the other for the grade 10 of
the Basic ‘Education High School, in conformity with the revised high school
chemistry syllabus. The course contents of these two textbooks taken together comprise
the requirements for the Basic Education High School Chemistry Course. -

Grade-10 chemistry text is ‘based on the knowledge the student has acquired
from the study of the (Grade- 9 )chemistry text. Any student preparing for the Basic
Education High Schiool Examination should be familiar and proficient with the
theoretical portions included in the grade 9 and the grade 10 chemistry texts as also
with the experimental chemistry texts which accompany these books. J

. In this new edition, most of the chapters have been feVised-, summary and
relevant questions for all chapters are added and updated. For the benefit of the
students, four appendices are added and enhanced.: Appendix 1: Periodic table of the
elements (updated 2003), Appendix' 2: Table of the relative atomic numbers and
relative atomic masses of the elements (including the new discovered web-elements ),
Appendix 3 Vapour pressure of water and Appendix 4 The Activity series

The authors should like to acknowledge their gratitude to the Ministry of
Education and to the Directorates of Basic Education and Higher Education for their
help and encouragement during the writing of this book. ‘

***********************-**************.*
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THE ELECTRONIC STRUCTURES. OF ATOMS,
PERIODIC TABLE AND CHEMICAL BONDS

1.1  Arrangement of Fundamental Particles of Matter

Fundamental Particles:
All matter is made up of atoms . In turn, atoms. censist of three main fundamental

particles. They are protons, neutrons and electrons. The masses and charges of these.
particles are shown in Table, 1.1 :

Table 1.1 Fundamental particles of matter

_ Particle 3 Mass : Charge
Proton (p) | 1 amu  Positive (+1)
Neutron (n) . lamu ' ~ Neutral

- Electron () ' -1"8-1:;6 amu | Negative (-1)

Arrangement of the Fundamental Particles in the Atom
Figure 1.1 represents the models of the hydrogen and helium atoms.

( p=proton

electron n=neutron )
empty
Q>
nucleus
H atom He atom

Fig. 1.1 Models of the hydrogen and helium atoms
The atom may be pictured as follows.
The atom has a small, dense, positively charged centre called the nucleus.
This nucleus contains protons and neutrons. Outside and around the nucleus,
electrons move in circular or near circular orbits. The negative charge of the electrons
balances the positive charge of the nucleus. The atom as a whole is neutral. Most of



an atom is empty space that separates the tiny nucleus from the distant electrons.
Most of the mass of the atom is concentrated in the nucleus since the mass of the
electrons is so small that it can be considered negligible.

- Atomic Number

Atoms are electrically neutral. Therefore, in an atom, the number of protons must be -
equal to the number of electrons. - : =

. The number of protons in the nucleus of an atom is known as the atomic number
of an element. Since an atom contains an equivalent number of protons and electrons,
the atomic number of an elément represents the number of protons as well as
electrons present in the atom of the element.

Table 1.2 Atomic structure of selected elements

, Number of electrons, protons and
: ~ Atomic . ,
Elemeat Symbol number _neutrons in each atom. -
Electrons Protons Neutrons

Hydrogen H 1 1 i -
Helium He 2 2 2 2
Lithium - Li 3 3 3 4
Beryllium Be 4 . 4 4 .5
Chlorine Cl 17 17 17 I8
Zinc | Zn 30 - 30 .30 34
Lead Pb 82 82 82 124
Uranium U 92 - .92 92 146

Mass Number and Isotopes
The mass number of the element is the sum of the numbers. of protons and neutrons in
the nucleus of an atom of that element.

The atomic number of an element never changes. This means that all atoms of
the same element contain the same number of protons. However, this is not the case
with the number of neutrons. Atoms of the same element can have different numbers
of neutrons.

Atoms of the same element that have the same number of protons but different
numbers of neutrons are called isotopes. In other words, 1sotopes are the atoms of the
same element with different masses. C

The atomic number of Cl is 17. The two isotopes-of chlorine are represented as

#Cl and ¥ CL-In % C1 one atom of chlorine contains 17 protons and 35-17=18




neutrons whereas one atom of 3, Cl contains 17 electrons, 17 protons and 20 neutrons.

Note that both isotopes of chlorine contain the same number of protons (17) and
electrons (also 17).

Notation for Isotopes

The iéotope of any element X is usually represented as X where A is the mass
number of the isotope and Z is the atomic number of the element X. Isotopes of the.
same element have the same atomic number Z, but the mass number A may be
different.

1.2 The Electronic Structures of Atoms
Electrons move round the nucleus in definite orbits or shells. The first shell is known

as K shell, the second as L shell, the third as M shell, the fourth as N shell, the fifth as
O shell and so on. The first shell is also given the number 1, the second the number 2,
the third number 3 etc. See Figure 1.2.

O

K b

OF
nueleus / 2

34 5

Fig. 1.2 Diagrammatic representation of the nucleus and the electron
shells in an atom (not to scale)

Each shell or energy level can contain a limited number of electrons. The
maximum number of electrons which each shell could contain can be calculated by
the formula 2n?, where n is the shell number. For number 1 shell the maximum
number of electrons it could contain is (2 x 1%) =2 electrons, for number 2 shell (2 x
2%)= 8 electrons, for number 3 shell (2 x 3% = 18 electrons, for number 4 shell (2 x
42 )= 32 electrons and s0 on.

Here we shall concern ourselves only with the elements having atomic number up to
10.



Table 1.3 The electronic structure of the atorhs of the elements - L
Electrons in | Electronic

Symbol | Atomic number |~ T g shell | Struéture
H 1 1 - 1 1
He | 2 2 - ' 2
Li 3 2 1 2,1
Be - 4 2 2 2.2
B 5 2 3 23"
€ 6 2 4 2.4
N 7 2 5 2.5
O 8. 2. 6 26
F 9 .2 7 2.7
Ne =~ | . .10 2 8 28

.....

Thé distribution of electrons it an atom of an element is. k:nown as the electromc
striictire of that element. The electronic structures of elenients of atomic number 1to
10 ate given in Table 1.3. ‘

The electronic structires of an elemént, for example, fluorine is written as F 2.7.

Then the first intéger 2 indicates there are 2. electrons in the first shell. The second
integer 7 ifidicates there aré 7 electrons in the second shell.

Theé electronic strictire of an element can also be represented
diagramatically as in Figuré 1.3: The small circle at the centre with the symbol of
the élément represents the nticles of the atomi of that element. The electrons
stirrouinding the nucleus are shown as dots.

Bedtom " Neatomn ' Oatom
(22) @38) @)
Fig 1.3 Electronic structure of Be, Né and O
Sub-shells
Each shell is again divided into a number of sub-shells, which are known as s,p,d and
f. The Ietters ised for sub-shells notations are the ititial letters of the names given to

‘\'.




certain spectral lines, s stands for sharp; p for principal; d for dlﬂ"use and f for
fundamental

5 sub- shell can have the maximum pumber of 2 electrons p sub-shell cani at
the maxlmum accommodate 6 electrons, d. can have 10 and f14 electrons, Thus in a
shell which have 8 electrons, 2 would be in sub-shell s and 6 i in the sub-shell P. The
shell which has 32 electrons will have 2 in s sub-shell (written as s%), 6 in the p sub-
shell (written as p®), 10 in the d sub-shell (written as d'%) and 14 in the f sub-shell
(written as £%),
Order of filling up sub-shells with electrons
The shell nearest to‘the nucleus has the lowest. energy. In general the. closer the shell
is to'the nucleus, the lower is its energy.

The order'.m-which-thesnib-shells:are filledis shown in Figtme 1.4.

Fig 1.4 Order of occupancy of sub-shells



The complete electronic structures of elements with atomic numbers 1 to 32

are shown in Table 1.4. )
‘Table 1.4 The complete electronic structures of some elements

S:;:{Ei:f len;; . Complete Electronic structure
H 1 1s!
He 2 is?
Li 3 1s% 2s'
Be 4 1s* 25
B 5 1s* 2s° 2p°
C 6 1s* 28* 2p”
N 7 1s” 2s° 2p°
0 8 - 15”25 2p°
F 9 1s* 25° 2p°
Ne 10 1s” 25 2p°
Na 11 1s% 2s* 2p° 3s'
Mg 12 1s* 25" 2p° 3s”
Al 13 1s” 25° 2p° 3s” 3p’
Si 14 1s° 2s° 2p° 3s° 3p°
P 15 1s* 25* 2p° 3s° 3p°
S 16 1s” 2s° 2p° 3s” 3p°
Cl 17 1s* 25° 2p° 35 3p°
Ar 18 - 1s% 25" 2p° 3% 3p°
K 19 1s* 2s” 2p° 3s” 3p°® 4s’
Ca 20 15 2% 2p° 35° 3p° 45"
. Sc 21 1s* 2s* 2p° 35 3p° 4s” 3d’
Ti 22 ~1s” 25* 2p° 35 3p° 4s° 3d°
vV 23 15" 25~ 2p° 3s° 3p° 4s” 3d°
. Cr 24 1 15725° 2p°3s° 3p° 4s’ 3d°
- Mn | 25 1s* 25° 2p° 3s° 3p° 4s° 3d°
Fe .26 1s* 25” 2p° 3s” 3p° 4s” 3d°
Co 27 1s® 2s* 2p° 35~ 3p° 4s” 3d’
"Ni 28 1 15%2s"2p®3s°3p°4st 3d°
“Cu | 29 1s* 25* 2p° 3s* 3p° 45’ 3d"°
Zn 30 1s* 25 2p° 3s* 3p° 4s” 3d"°
Ga | 31 1s* 2s” 2p° 3s” 3p° 4s” 3d" 4p’
Ge . | 32 Is* 2s% 2p° 3s” 3p° 452 3d'° 4p>




Complete and Essential Electronic Structures ‘
The arrangement of all the electrons of an atum of the element in appropriate sub-
shells is sometimes known as the complete electronic structure of that ¢lement. For
example, the complete electronic structure of potassium is 15% 2s? 2p® 3s? 3p° 4s!.

The representation of the arrangement of valence electrons of an atom of the
element in appropriate sub-shells is called the essential electronic structure of that
element. For example, the essential electronic stmcture of potassium is 4s.

Valence of the Elements

From the electronic structure of an element, the valence of the element may be
~determined. When the number of electrons in the outermost shell of the atom of the
clement is 4 or less than 4, then the valence of that element is equal to the number of
electrons in that outermost shell. When the number of electrons in the outermost shell
of the atom of the element is greater than 4, the valence of the element becomes 8
minus the number of electrons in that outermost shell.

1.3~ The Periodic Table
- The elements may be arranged in a table in order of their atomic numbers, so that
-elements with similar electronic structures or similar properties fall under one another
in a column. In this arrangement, elements with similar electronic structures or
similar properties occur at certain periodic intervals, i.e., the electronic structures of
the atom of the elements vary periodically with their atomic numbers. Hence the table
is named the "Periodic Table" (Appendlx 1). The Periodic Table with: elements of
atomic number 1 to 118 is given in Appendix 2.

The Groups and the Periods

In the modern periodic table, there are 18 vertical columns and 7 horizontal rows.

The vertical columns are called groups. Elements in the same group have the
same number of electrons in the outermost shell of their atoms, i.e., they have the
same number of valence electrons.

The horizontal rows are called periods. All elements in the same period have
the same number of electron shells, i.e., elements of period 2 have 2 electron shells,
while those of period 3 have 3 electron she]ls and so on.

The elements in the Group I A with the exception of hydrogen, are called the
alkali metals. Beryllium, magnesium and calcium in the Group IIA are known as thé
alkaline earth metals. The élements in the Group VIIB again with the exception of
hydrogen, are called the halogens. The elements in the Group 0 are known-as the
noble gases or inert gases (Figure 1.5).

The elements in the central sectzon of the periodic table are known as the
transition elements.



A TA B IVB VB VIB VIB 0
1 | o ‘ 1] 2
. H H | He
-3 4. ‘ . 5 6 7 8 9 10 .
Li | Be- : . B C N F Ne
11 | 12 .13 14 | 15 16 17 18
Na | Mg |. | Allsi|P| s |cl]|ar
19| 20 ' ' '
K | Ca
s - blpck d- block and £ - block p- block elements
metlﬂs | metals

Fig. 1.5 The three blocks in the periodic table

1.4  Periodic Properties

Metals and Non-Metals in the Periodic Table

As we go from left to right across the periodic table, the elements change in
properties from metals to non-metals. The division of metals and non-metals in the
periodic table is indicated by the dark line. The elements to the left of this dark line
are metals and those to the right are non metals. For along each side of the dark line
are elements that have properties of both metals and non-metals. These elements

except Al are called metalloids.

Electrepositive and Electronegative Elements
In general, metals are the electropositive elements. This means that they tend to lose

electrons and form positive ions. However, the electropositivity of the elements
decreases on going from left to right across a period, because the greater the number
of electrons that has to be lost, the more difficult it becomes for the element to lose
electrons. :

- Generally, it is considered that non-metals are the electronegative elements. In
other words, these elements have the tendency to gain electrons. On going across a
period from left to right, the electronegativity increases, i.e., the elements have an
increasing tendency to gain electrons. -

The noble gases or inert gases, are neither electrop051t1ve nor electronegative,

o




because they have very stable electronic structure and have little tendency to gain or
loseelectrons,

When the eletropositive elements combine with the electronegativée elements,
i.e., when metals combine with non-metals, ionic compounds are usually formed.
When electronegative elements, or non-metals, combine with one another, covalent
compounds are formed.

Atomic Sizes

The size of an individual atom is. dlfﬁcult to determine. However, one can’ estlmate
the approximate radii of atoms by kirowing the distances between atoms in molecules.
Atomic size is generally described by thie radius of an atom. '

Table 1.5 Atomic radii of elements in second period

Atomic number 3 4 5 6 7 8 9
Element Lil Be B Ci N Of  F
Atomic radius (nm) | 0.123] 0.089| 0.080| 0.077| 0.074] 0.074| 0.072

Table 1.6 Atomic radii of alkali metals

Atomic number "~ Element Atornlc rad1us(nm)
3 Li 0.123
11 Na B ) b &
19 | K | -0.203
+37 ‘ Rb - 0216
55 Cs - ' ‘ 0.2-35

Tables 1.5 and 1.6 show the atomic radii for some clements Note the penodlc
trends for atomic radii. :

1. Atomic radii decrease from left to right across a penod in the perlodw table.

2. Atomic radii increase from top to bottorix in a group.

The trends in atomic radii can be explained as follows: - :

As you know the higher the atomic number, the greater the number: of protons,
in the nucleus. The charge on the nucleus increases with increasing atomic number.
The attraction between the nucleus and any electron around the nucleus alse increases.
As you move left to right across a period in the periodic table, the nuclear charge
(atomic number) increases while the added electrons enter the same shell, the.
outermost shell. The increased nuclear charge attracts the electrons in. the outermost
shell closer to the nucleus, Hence the sl:il contracts, resulting in smaller atoms.

Down a group in the periodic table, atomic radii, increase- bec: use of two



reasons. First, the number of electrons increases. These additional electrons are in the
larger electron' shells farther and farther from the nucleus. Second,"there is the
repulsion between individual electrons. Hence, the shell expands, resulting in larger
atoms. R | : .

. Although the nuclear charge increases down a group, its effect will be little
compared to the effect of the change in distance between the electrons and the
nucleus. o ‘

Ionic Sizes _ : S
‘When one or more electrons are removed from a metal atom, 2 positive ion is formed.
Both a positive ion and the parent neutral atom have same nuclear charges but there is
a lesser number of electrons in the positive ion. Hence, the repulsion between
electrons is reduced in the positive ion. For this reason a positive jon is always
smaller than its parent atom. |

When one or more electrons are added to a neutral atom, a negative ion is
formed. Increasing the number of electrons cause an increase in the repulsion
between electrons. Thus, a negative ion is always larger than its parent atom. '

Yonization Energy

Energy is required to remove electrons from atoms because they are held strongly
within the atom by the attraction of the nucleus. The amount of energy required to
remove an electron from a gaseous atom to form a gaseous ion is called the ionization
energy. The ionization process can be expressed in an equation. .

clement gy + ionizdtion energy —— fon’(gy + electron,

We can represent this for sodium: .
Nagy, + energy — Nafg) +&

N Successive removal of other electrons give the second, third and subsequent
ionization energies. The ionization eriergies become progressively higher.

Tonization energies measure how tightly electrons are bound to atoms. Low
jonization energies indicate ease of removal of electrons, and hence case of positive
jon (cation) formation. Figure 1.6 shows a plot of first ionization energy versus
atomic number for several elements. '

10
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Fig. 1.6 Variation in first ionization energies with atomic number

We see also that in each period of Figure 1.6, the noble gases have the highest
first ionization energies and the alkali metals have the lowest first ionization energies.
“This should not be surprising, because the noble gases are known to have the closed
electronic structures (the octet) which resist the removal of electrons, whereas the
alkali metals have only one electron outside of a noble gas structure, which is very
easy to remove, _ ‘
The ionization energies of the elements depend on the electronic structures.
Let us examine the periodic trends in the ionization energy to learn about the stability
of the various electronic structures. Table 1.7 provides a list of the ionization energies
of the elements in the second period.

Table 1.7 Icnization energies of the elements in the second period

Atomic number 314 5 6 | 7 8 9 10
Element Li | Be B C N 0 F Ne
IE (kJ mol™) - 1520{900} . 80C | 1086 | 1403 | 1314 | 1681 | 2081
Essential ' ‘ ~

electronic structure . | 2s' | 2 | 2s%2p! | 25%2p7 | 25%2p° 25%2p* | 28%2p° | 25%2p°

In general, as one moves from left 'to right across a period, ionization energies
increase. For example, ionization energies generally increase from Li to Ne (Table
1.7). This is because, the nuclear charge increases across a period and the electrons
are more strongly held by the force of atiraction between the nucleus and the
electrons. Another approach to this trend is to look at the relative sizes of the atoms.

11



The size of the atoms decreases from left to right across a period. The nuclear
attractive force is greater in the smaller atoms. Therefore, more energy is required to
remove an electron from the element as you go across the period.
The trend in ionization energy within u group is shown in Table 1 8. In general,
-ionization energies decrease down a group. This is consistent with the trend in atomic
sizes. As we go down the group, the atomic size increases and the outermost electron
is farther from the nucleus making it easier to remove it..

Table 1.8 Ionization energies of alkali metals

© . Atomic number Element - IB (kJ mol” 1)
3 Li : 520
11 . Na : . 495
19 - ‘K : 418
37 Rb : 403
55 Cs ‘ 374
Electron Afﬁmty

The electron affinity of an element is the energy Leleased when an electron is added to
a gaseous atom to form a gaseous ion. C

e.g., - element‘ -+ electron — om,  + ener
@ | . T o @ :

Cl_(g)' o+ 3 Clly -+ energy

- The halogens have the highest electron afﬁmnes Thxs is becausie, they form
stable anions with noble gas electronic structures, ns® np®, by gaining one electron.
On the other hand, the alkali metals have very low electron afﬁmtles since they do not
bind their outermost electron very strongly.

Electron afﬁmty values for halogens (Group V]IB elements) are glven in Table 1. 9

Table 1.9 Electron affinities of halogens

- Atomic Number Element Electron affinity
| , | (kJ mol™)
9 F 333
17 c o | - 348
35 Br _ 340
53 I : 297
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. The decreasing trend in electron -affinity on' moving: down a’group arises
because the size of the atom increases and the electron being added goes to higher
shells. The anomalous behaviour of flaorine may be due to the fact that the flucrine
atormn is so small that the incoming electron is affected by comparat'ively strong
repulsion from the nine electrons already around the nucleus 50 dnnmlshmg the
overall amount of energy released by the process.

For many reasons, the variations in electron affinities are not regular across a
period. The electron affinities generally increase from left to right across a period.

It is interesting that non-metals generally have higher electron affinities than
metals. Metals, on the other hand, have lower ionization energies, Since non-metals
characteristically gain electrons to become negative ions, the word electronegative is
used to describe them. Similarly, since metals characteristically lose.electrons ‘to
become positive ions, the word electropositive is often used to describe them.

1.5  Types of Bonds
Generally speaking there are three main types of chemical bonds such as (1) 1omc
bond, (2) covalent bond and (3) metallic bond.

The coordinate bond, which is a special type of covalent bond is another
common chemical bond.

Ionic Bond (Electrovalent Bond)

An ionic bond is formed when there is complete transfer of an electron or
electrons from one atom to another resulting in the formation of cations and anions.
These oppositely charged ions are held together by an eiectrostatlc attractlon known
as ionic bond.

The most typical ionic compounds are formed when a metal element from Group 1A
or Group IIA reacts with a non-metal from Group VIB or Group VIIB. When the
reaction oceurs, electrons are transferred from the metal to the non-metal until the
outer electron shells are identical to those of the nearest noble gases. This electron
transfer process produces charged particles called ions.

13



An ion is an atom (or group of atoms) that is electricaily charged as the result
of the loss or gain of electrons. . : »
| Atoms or groups of atoms lose valence electrons to form posmve ’Exbns
(cations), or gain valence electrons (from other atoms) to form negative ions (anions).
The charge on an ion is directly correlated with the number of electrons lost or
gained. The ions are stable because they obtain the eIectronic structure of a noble
gas.

An ionic bond results from the electrostatic attraction between positively

charged cations and negatively charged anions.
For example, when sodium and chlorine combine to form sodium- chlorlde,

one electron from the sodium atom is transferred to the chlorine atom, resulting in the
cation Na* and the anion CI"~. ' :

Na o+ O — N+ ke

electronic structure  2.8.1 2.8.7 28 2.8.8

Both Na"™ and Cl ions now possess stable electronic.structures of the noble
gases. The sodium and chloride ions are held together by the strong electrostatic force
of attraction which is known as the ionic bond.

Characteristic Properties of Ionic Compounds

Ionic compounds do not contain molecules. They consist of aggregates of o_ppositely
charged ions. Consequently, if they,are melted or dissolved in water, the ions become
more mobile. They conduct electricity and are, therefore, electrolytes.
~ Tonic compounds are solids and do not vaporize easily.
Ionic compounds Wlll not usually dissolve in organic solvents such as toluene,

ether, benzene, etc.

Covalent Bond
In a covalent bond between two atoms, ‘the electrons are not actually gamed or
- lost by the atoms concerned. The two electrons forming a covalent bond are shared
between the two atoms. .

Covalent compounds are formed when non-metals react with one another. In covalent
bonding actual molecules are produced, not ions. Each electron of the "shared pair "
passes from an orbit controlled by the nucleus of one atom into an orbit controlled by
the nuclei of both atoms.

14




Examples of molecules formed by covalent bonding are shown in Figure 1.7,

H H
a -
. H .
methane : ammeonia water

x electron of H
_* electron of other element

Fig 1.7 Covalent molecules of inethane, ammonia and water (only
valence electrons are shown in this figure)

Each shared electron pair is made up of one electron from eath of the atoms
concerned. All the atoms share the resulting octet or duplet of electrons. The
formation of four covalent bonds in methane can be represented by the electron dot-
cross structure as: _ '

¢ i H
'I\O . . * X
c + ‘4‘)}"{ — HxxCxH

H

L

Characteristic Properties of Co‘.ralent Conipounds

Covalent compounds consist of molecules. They contain no ions, are unable to
conduct electricity and so are non-electrolytes.

Simple covalent compounds are gases or volatile liquids (e.g., ammonia,
carbon dioxide, ethanol) because their molecules are electrically neutral and the
forces of attraction between them are very small. As the moleciles come closer
together, the atomic nuclei of one molecule and the electrons of another molecule
attract each other while at the same time there is repulsion between their electrons.
The forces of attraction and repulsion are balanced in the formation of crystal. These
van der Waals forces are, however, rather weak and the crystals have low melting

points. (e.g., naphthalene has melting point of 81°C compared to that of the ionic

crystal such as sodium chloride of melting point, 804° C).Covalent compounds are
usually soluble in covalent organic solvents, such as benzene or carbon disulphide.

15



Coordinate Bond or Dative Bond

'Coordinate bond or dative bond is a special type of covalent bond ‘This bond is characterized
by the fact that the two sharedelectrons are bothsupplied by one of the participating atoms.
This is quite different from an ordinary covalent bond, where the two bonded atoms
contribute an electron each towards the formation of the bond. A coordinate bond is
formed when one of the participant atoms possesses a lone pair of electrons. This lone
pair is donated to an atom needing them to bmld up, or complete, an electron octet or
duplet of great stability. :

The formation of NH," is an example of a dative covalent combmatzon The
ammonia molecule possesses a lone pair of electrons; it can be donated to a hydrogen
jon from an acid to produce the ammonium ion NH,", forming a coordinate bond.
This bonding supplies an electron duplet to the hydrogen nucleus wh11e still
maintaining the stable electron octet structure of the nitrogen atom in ammonia.

As aresult of the combination, the positive charge on the hydrogen ion is
carried over to give the positively charged ammonium ion, NH," (Figure 1.8).

. ' - + .
SRR 1 I
ammonia hydrogen _
: . ammonium ion
molecule  + ion = —— (NH)
(NHz) HY
Fig. 1.8 Formation of ammonium ion
The Octet Rule

The noble gas stable electromc structures have in common that the outermost s and p
sub-shells are completely filled. In general, there are elght outer shell electrons.
Atoms of many electrons that lack the very stable outer-shell electronic structure of
the noble gas tend to attain it in chemical reactions that result in compound formation.

Studies of the chemical bond have led to the fact that in-forming a chemical
bond, atoms gain, lose or share electrons in such a way to attain the stable electronic
structures of the noble gases, i.¢., to have eight electrons in the outermost shell. This
is known as the octet rule. '
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Exceptions to the Uctet Kule '
There are some exceptions to the octet rule Wthh the student should know. Such

exceptions, are found with the elements of the second penod of the periodic table,
e.g., BeCl, and BCls.

Tl

Xoe

. Cly Be [Cl] . .-
" Toragsra:

In BeCly, the beryllium atom is surrourded by 4 valence electrons and in
BCls, the boron atom is surrounded by 6 valence electrons. « :
. Also there are exceptlons in the third period of the penochc table €8, PFs,
CIF; and SF;.

0. v
e : ) o'
al : )
Ay e W%, .o : F2 ..
> o ® -
e By P o‘n, F o .F
- % .. s ‘ CI t”
S X :‘E .
.'.'. L ‘;;“.

In PFs and CIF3, the phosphorus and the chlorine atoms are surrounded by 10
valence electrons. In SFs, the sulphur atom is surrounded by 12 valence electrons.
Metallic Bond ,

Most of the metals are solids at room temperature and therefore, there must be
some sort of bonding between these metal atoms, These metal atoms are held together
in solid crystalline form by what is known as metallic bonding. .‘

In metallic solids, atoms of metals are present. They form metallic bonds. In a
metallic bond, valence electrons of the atoms are very loosely held, forming a
common electron cloud. Electrons move freely within this electron cloud. These
electrons are often described as a sea of electrons. The positively charged metallic
ions resultmg by loss of valence electrons, repel each other, but they are surrounded
by free-moving electrons. Hence, they are held together by the attractive force of the
electron cloud. Each metal atom is bonded to aIl the atoms around it by a surrounding
sea of electrons.

The sea of mobile electrons in 2 metallic crystal accounts for many of the
properties of metals. Metals are malleable and ductile. The flexibility of metals
results from the fact that the metal ion can slide by each other and the electrons are
free to flow. The ability of the electrons to flow freely also accounts f)r the high
electric conductivity of metals. Electricity flows easily through metals. '
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' . SUMMARY =

In this chapter , the fundamental particles. of atoms such as protons,
electrons and neutrons have been introduced first, followed by the electronic structure
of the atoms of elements including complete and essential electronic structures of
‘the various types of elements. The definitions of atomic number, mass number,
isotopes of the elements in the periodic table have been presented. The group number,
-period number, periodic properties such as metals and non-metals , electropositive
and electronegative elements, atomic sizes, ionic sizes, ionization energy, electron
affinities of the elements have been elaborated. The octet rule and the exception to the
octet rule have been depicted with suitable examples. The types of bonds such as
jonic or electrovalent bond, covalent bond, coordinate ( dative) bond and metalhc
bonds have been illustrated w1th appropnate examples

Questions and Probiems
1.  Write only TRUE or FALSE for each of the followmg statements.
(8) A metallic bonding is observed in metals.
. (b) Noble gas elements are neither electropos1t1ve nor electronegatlve
(¢) The essential electronic structure of 1451 is 3~
(d) The electron dot-cross structure of ammonia is HINH

Xe

{(e) C and N are both in period 2 Therefore, the size of C is Iarger than that
of N.
2, Fill in the blanks with the correct word(s) ‘phrase, term etc., as riecessary.
"(3) Atoms of the same element that have same atomic number but different .
atomic MAasses are.......o.ern.- : h
(b)  Elements that are found within the same................. of the periodic table
have similar properties. : - :
(¢). From top to bottom in a given group, the atomic number increases and
the size of the oM. ..cvueu...
(d) A charged particle is a (an) ...ce.oveveren : .
(&) Compounds formed between metals and non-metals will have..........

bonds. -
3. Select the correct word (s),notation, terms etc., given in the brackets.
(@ The atom without neutron (s) is [ hydrogen, hehum, _
caesium)
(b) The atom with the duplet structure is [hydrogen hehum
neon}.
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(¢} The element at the group VII B and the period 3 in the periodic table is
[X(2.7),Y(2.8.3), Z(2.8.7)]
" (d) The ionic (electrovalent) compounds have [ Jow, mechum ’ hlgh]
v melting points.
(e) [CI,CI", Cl)]is stabilized by electron octet. '
Match each of the items given in List A with the. appropriate correct item
shown in List B. ‘ L
List A ‘  ListB

(a) proton ' (i) increases down the group
(b) alkali metals ‘ (i} covalent bond ,
(c)  sharing electrons (iii) 2 x n’(n=shell number)
(d) number of electrons in the (iv) in the nucleus
main n® shells
(¢) atomic size (v) lowest electron affinity
Answer the following:

(2) Inaneutral atom of an element, the number of a certain particle or
particles is equal to the atomic number. Name the particle or particles.
(b) Select the isotopes from the following and give reasons for your answer.
14T, 17CL, 3Ca, 17Cl
(c) Determine the number of neutrons, protons and electrons in the atom of
165 o
(d) What elements are most likely to form covalent bonds?
(¢) What type of bond exists in the solid metals?
(a) Write down
(i) the complete electronic structure (ii) the essential electronic structure
(iii} the group number (iv) the period number
(v) the chief valence of the following elements.
11Na, oF, 12Mg, 1341, 17Cl, 15Ar
(b) Classify the above elements:as alkali metal, alkaline earth metal,
- halogen, noble gas and give reasons for your classification.
(@) Generally, the elements of the same group have similar eléctronic_:
structures. Arrange the following elements in their appropriate group.
sLi,12Mg, 20Ca, 50,11Na,10K,16S
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(b) . What 1s meant by the term .
(i) electropositive element’
(i) electronegative element‘?
(¢)  Arrange the following elements in order of thelr increasing
electronegativity. ' -

oxygen, carbon, fluorine, nitrogen -
8. The followmg information regarding elements I to IV are prov1ded

Element Atomic number - . Mass number. Complete electronic structure
1 4 . 9 1s* 26°
I ' 18 - 40 1s? 2% 2p°® 357 3p°
11 1 - 35 1s? 2s% 2p° 3s* 3p°
v 12 24 1s? 28% 2p® 3§

Answer the following questions.
(a) Which of the above elements are in the same group of the perlodlc table?
(b) “Which element is a noble gas?
() ‘Which element has the highest electron affinity?
" (d) Which element has 18 neutrons in each atom?
(¢) Which of the elements have a valence of 2?

9. Complete the following table and answer the following questions.
‘ ‘ ~ Element X Element Y Element Z
Atomic number 11 : 6 - =
~ Number of protons . . - T [
Number of neutrons = 12 6 16
Mass number _ - 12 32
Electronic structure - 2.8.1 o R j . -

(a) Which of the above elemengs X, YandZisa metal?
(b) What type of bonding exist between X and Z?
(C). Write down the most hkely formula of thls compound usmg the symbol
X and Z. :
10.  Give the difference between ionic compounds and covalént compounds based
on (a) volatility :
{(b) solubility
_ (¢) electrical conductivity.
11, () A compound is formed between sA and ;7B. Name the type of bonding
exists between' A and B . Write down the elect on dot-cross formula of
the compound formed.
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12.

13.

14,

(b) What type of bond is formed between the above compound and :NHj3?
* Draw the electron dot-cross structure. _ |
(a) From the following group of elements, select the one which has the

- largest radius. Give reasons. :
() Fe¥',Fe’* ()CLCI (i) LiNa,K (v)C,N,0

N (b) Explain which of the following group has the largest ionization energy.

(12.8.1 (i)2.8.5 (iii)2.8.7
(¢) Explain (i) why Be has higher ionization energy than that of B and
(ii) why N has higher ionization energy than that of O.
(iii) why fluorine has lower electron afﬁmty than that of chlorme
Answer the following questions.

- (a) What is the charge and mass of a proton ?

(b) From the foIlowmg calculate the number of protons, neutrons, and
electrons in each of these atoms.
TsAn 1701 26C8 {9 . iP
(c) Which two elements would form a covalent compound ?
(d) Which two elements would form an electrovalent compound ?
() Which particle contains 20 neutrons, 19 protons and 19 electrons ?
(f) Explain the meaning of the atomic number of the element.
(g) How are the elements arranged in the periodic table ?
Answer the following questions. | '
(a) How many electrons does a potassium atom lose in forming the K ion ¢
(b) How many electrons does a chlorine atom gain in forming the C1 ™ ion ?
(c) - Explain the formation of ionic compounds . Give three examples.
(d) Describe the differences between covalent compounds and ionic
- compounds.
(¢) What do we call bonding which involves electron transfer ?
(f) What do we call bonding which involves electron sharing ?
(8) What type of bonding do we find in molecules ?
(h) Why the noble gases or inert gases are neither electropositive nor
electronegative ? |

e 2k 2k ok o ok ok sk ok ok ohe ok e o o ode ok e Sk ole ok o e ok o e ok ok ook ook ek o ok
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CHAPTER 2

‘THE GASEOUS STATE AND GAS LAWS

2.1 Measurable Quantities of Gases ‘

A gaseous substance consists of very small particles as other states of matter-
solids and liquids. The particles of the gas are w1dely spaced and free to move in any
direction. It spreads itself uniformly throughout any container.

Before deahng with the theory of gases, we should consider the properties
(mass, volume pressure and temperature) that can be measured

Volume of the Gas :

Suppose that a sample of gas is enclosed in a container of 1 clm3 The partlcles of gas
are freely moving within the whole space of container. Thus, the volume of enclosed
gas is 1 dm®, If the gas is transferred into another container of 2 dm®, the available
space occupied by the gas will be 2 dm®. :

Pressure of the Gas '

During the motion, the particles of a gas collide w1th each other and also with the
walls of the container. Hitting the walls of the container by the particles is actually the
force on it. The force acting on the unit area is what we know as; the gas pressure.
Force

Area

Pressure of gas =

Temperature of the Gas :

At any low temperature, the particles of a gas are moving with a slow ‘speed. If the
temperature is increased, they move faster resulting in the more frequent collisions on
the container. Variation of temperatures can affect the pressure and volume of the gas.

2.2 Gas Laws

Pressure- Volume Behaviour

1 atm(1 kg cm™?) - 2 ati_n(Z kg cm?)

- Fig. 2.1 Pressure-volume behaviour of a gas at constant temperature

22




Figure 2.1 shows that when a pressure of 1 atmosphere is applied on a volume of gas,

the volume of the gas supports against this external pressure. The préssure of the gas

is 1 atmosphere which corresponds to 2 dm’. When a pressure of 2 atmospheres is

applied, the volume of the gas reduces to half of its original volume. . ‘
- The decrease of gas volume accompanies the increase of gas pressure.

| Boyle::’s Law o o | |
Boyle’s law shows the relation of gas volume (V) and pressure (P). It can be
expressed in mathematical form as: L ‘

C Ve % (maés and temperature are kept constant)

vV = constant X-—
PV = constant
‘PIVI = PV,

Thus, Boyle.’s law can be stated as follows: - .
When the temperature of a given mass of gas is kept constant, the volume of the gas

is inversely proportional to its pressure.

Example: A volume of a certain mass of gas 0'ccﬁpies 952 cm’ at 561 mmHg.
What is the volume under 760 mmHg at the same temperature?

- Initial state .- Finalstate
Py =561 mmHg o P, =760 _m{an
Vi =952 em® - WV, =2
According to Boyie’s'.law:
P] V] = Pz Vz A
' PV
V2 F,
v, = = 36l mmHgx952em®
2 760 mmHg |
V:  =7028cm’
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Volume-Temperature Behaviour ‘ - :
When a given mass of gas is heated at a constant external pressure, the gas particles
begin to move with greater speed. Therefore, they hit the walls with greater impact
making the gas to expand to a new volume. Hence when a given mass of gas is heated
at constant pressure :the volume will expand with respect to the increase in
temperature. This means that the volume of a given mass of gas varies with
temperature. .

Similarly the volume of the gas decreases regularly with regular decrease of
temperature. If the constant contraction rate is continued, the volume of the gas will
become zero at — 273 °C.This temperature is taken as the zero point of a new scale of
temperature, (Kelvin temperature scale) and also known as absolute zero temperature.

Absolute zero temperature= -273°Cor 0K. '

Relation of Kelvin temperature and Celsius temperature

TK= t°C+273 _
Charles’ Law -
Charles’ law shows the relation of volume (V) and Kelvin temperature (T).
It can be stated in mathematical form as: - : " '
V « T (mass and pressure are kept constant)

s V= constant X T
v . ‘constant
. T . ¥

vV

T, T,

This relation may also be expressed as; -
‘ When the pressure of 2 given mass of gas is kept constant, the volume of the
gas is directly proportional to its temperature on the Kelvin scale.
Example: A certain mass of gas occupies 617 cm’ at 9 °C. What is the volume
at 0 °C under the same pressure? |

Initial state Final state

VvV, = 617em’ ' V., = ?

T, = 9°C+273 - T, = (°C+273
= 282K o = 273K
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~ According to Charles’ law,

& ES ' ..Yl.
T, L
v, = VT,
L.
v _ - 617em’x273K
V, =
, 282K
Vs = 597.3 cm®

Relationship between Temperature and Pressare of Gases
As mentioned in the above section, the increase in the temperature makes the
particles to move with greater speed and greater force or pressure on the walls of the
container. Therefore, when a volume of given mass of gas is heated, the pressure of
the gas increases with the increase of temperature.
A mathematical expression of this statement can be written as:

P o< T (mass and volume are kept constant)

~P o= constant X T
E = constant
T
U & = 22—
T T,

- This relation can also be expressed as:
When a volume of a given mass of gas is kept constant, the pressure of the gas -
is directly proportional to its temperature on the Kelvin scale.

Example:  The pressure of a gas at 27 °C is 760 mmHg. What is the pressure of
the gas at 87 °C at constant volume?

Initial state o Final state
Pr = 760cm’ P, = ?
Ty = 27°C+273 T2 = 87°C+273
= 300K ' = 360K
E _ R
T L
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P, e P1>_<T2 " - 760 mmng360K
T 3OOK
912. mmHg

.

Combination of Boyle’s Law and Charles’ Law
Boyle S Iaw, V. e F (mass and ternperature are kept constant)

Charles law, V e T (mass and pressure are kept constant)
By the combmanon of these laws

v oc —;—1 (mass is constant)
A" = constant' x% o
PV o
o = constant - -

T o
PV, - PV,

T T,

This equation is known as combined gas law equation.

Standard Temperature and Pressuré, STP
STP means standard temperature and pressure. .

Standard temperature = 0 °C or273 K
Standard pressure - - = 760 mmHg orl atmosphere (atm)

 Example:  At27 °C and 750 mmHg a gas occuples 380 cm What is the volume

of the gas at STP? _ «
 Initial'state SR 'Final-state'
B 750mmHg. P, . = 760 mmHg
T = 27°C+273 T.. = 0°C+273
= 300K -~ 2MBK
Vi = 38em® -V, = 2
According to the combined gas law equation,‘ -
PV, _ BV,
T T,
‘ PVT
V = 171"
’ TP,
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750 mmHg X380 cm® X273 K
300K x 760 mmHg
341.3 cm’

V2 =

]

V,

“Molar Volume of Gases
One mole of every gas occupies 22.4 dm® at STP. :
The amount of the gas expressed as relative molecular mass in gram is
equivalent to one mole and occupies 22.4 dm” at STP. _
Example:What is the mass of hydrogen gas enclosed in 5.6 dm® at STP? (H=l)

22.4 dm® of the gas at STP = 1 mol
3
5.6 ovvveeeeeae.. = 8dm
: 22.4dm
= 0.25 mol
1 mol of hydrogen = 2g .
0.25 mol = 2x025g=05g

Gay-Lussac’s Law of Combining Volumes of Gases
At the same temperature and pressure, the volume of reacting gases and gaseous
products are in simple ratios of small- whole numbers. :

hydrogen + nitrogen. —— ammonia

3Hy(g) + Nyg) — 2NH,(g)

3volumes + 1volume -—— 2volumes

volumeratloosz N,:NH,=3:1:2

Avogadro’s Theory ‘
At the same temperature and pressure, equal volumes of all gases contain the same
number of molecules.

(OR)
For a given mass of an ideal gas, the volume and amount (moles) of the gas are
directly proportional if the temperature and pressure are constant.

V « n (at the same temperature and pressure)

n = number of molecules
V = volume of gas
Relatlve Density of Gas

Relative density of a gas can be defined as the ratio of the mass of a volume of gas at
a certain temperature and pressure to the mass of equal volume of hydrogen at the
same temperature and pressure.
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According to Avogadro’s theory,

Relative density of a gasv.. _ mass of n inolecules of the gas

mass of n molecules of hydrogen
mas: of a volume of the gas
mass of an equai volume of hydrogen
(both gases are measured at the same temperature and pressure.)
mass of n molecules of the gas
mass of n moleculesof hydrogen . .
mass of one molecule of the gas-
mass of one molecule of hydrogen
mass of one molecule of the gas
mass of two atoms of hydrogen
mass of one molecule of the gas
2 x mass of one atom of hydrogen
1 _ massof one moleculeof the gas
2 7 mass of one atom of hydrogen
1
2

Relative density of a 8as =

It

X

mass of one molecule of the gas

- X

-%x-mass ofa "ZC:atom '

1
— relative molecular mass of the gas

t\)

Relatlve density of a gas is equwalent to half of the relative molecular mass of the gas;

Example: What is the relative density of COz ? (C =12,0= 16)

#

12 :+‘2 X 16'
= 44

Reiativé molecﬁlar niass ‘of COZ

Relative density of CO, %«x relative molecular mass of COz

= 1 x 44
2

= 22

Pressure Behaviour in a Gas Mixture
[t is obvious that the total pressure of a gas mixture is related to the partlal pressure of
each gas if the individual gas is inert to one another.

When a mixture of oxygen and nitrogen gas is enclosed in a container w1th the
capacity of 1 dm?, the pressure shown in the pressure gauge is the total pressure of
the gas mixture. :
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If each gas is separately stored in the container with the same size as the
volume of the gas mixture (i.e. in 1 dm>), the pressure exerted by each gas at the
same temperature is the partial pressure of each gas.

Dalton’s Law of Partial Pressures

The phenomenon of gas pressure in a gas mixture can be summarized as follows:
Pow = p,+ p,+ p,+... (temperature is kept constant)
Pww = total pressure of gas mixture
P, PP, = partial pressures of different gases

Hence, when the temperature is kept constant, the total pressure of a gas
mixture is the sum of the partial pressures of different gases.

Example:  The pressure of hydrogen collected over water at 27 °C is 776.7
‘mmHg. The vapour pressure of water at 27 °C is 26.7 mmHg What is

the pressure of dry hydrogen?
Pow = Py, + Puyo
Py, T Ptoul pH 0
= 776.7 mmHg 26.7 mran
= 750 mmHg

Diffusion of Gases

Particles of gases are always in constant and rapid motion. Therefore when two gases
are in contact with each other one gas travels through another gas. The process by
which the molecules of one gas spreads through the spaces created between the
molecules of another gas is known as diffusion. In general, the lighter gas diffuses
faster than the heavier one.

Graham’s Law of Gaseous Diffusion

r e L (at the same temperature and pressure)
Jd
1
T | constant X J?i
r J— = constant Co
1'1\/_1""' 1'2\/'32 or l'lmlz I‘zmz
I, d, I, M,
T = rate of diffusion of gas (em’s™)
d = density of gas (g dm’ )
M = molar mass (g mol’)

This relation can be expressed as:
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At the same temperature and pressure, the rate of diffusion of a gas is

inversely proportional to the square root of the density of the gas.
Example: What is the relative molecular mass of the gas that diffuses 4 times'as

fast as oxygen‘? What is the molar mass of that gas? (0 16)
Mo, =2 x16 =32 g mol?

rx L . M°1‘
L, M,
4 _ 37 .
oo _ M,
16 = 32
. ‘ Mx
32
M = it
N 16 .
| My = 2gmol’
Molarmass = 2 gmol’
Relative molecular mass = 2

2.3 Chemical Calculatxoné Involving Gas Laws and Theories
Expressmg measurable quantltles of gases in vamous terms (i.e.; dm®, mole, mmol, g

and amu)
1. You are prov1ded w1th 11.2 dm® of hydrogen gas at STP. Find the amount of

. hydrogen in (i) moles (ii) molecules (iti) gram (ix) amu.(H= 1)

Q) . 22.4 dm® at STP = 1mol of H;
112dm*> = - = __1__1__2__@1_11_3_ mol
i 22.4 dm®
= 0.5 mol of H;
(it} 1 mol of H, = 6.02 x 10* molecules
0.5 mol_ = 6.02 x 10* molecules mol™ x 0.5 mol
= 3.01 x 10 molecules
(iii) I mol of H weighs = 2g
0.5 mol = 2 gmolx 0.5 mol
= 1g
(iv) 1 molecule of H weighs = 2 amu
3.01 x 10” molecules = 2 amumolecule™ x 3.01 x 10* molecules
= 6.02x% 10" amu
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2. 8 g of oxygen gas is given. Calculate the tollowing:
(i) moles (ii) molecules (iii) volume in dm® at STP (iv) density of oxygen gas
at STP (v) relative density of oxygen.

(i) , 32 g of oxygen = ] mol
8g
8e 32gmol *
0.25 mol
0.25 mot x 6.02 x 10” molecules mol™
1.505 x10% molecules
0.25 mol x 22.4 dm® mol”!
5.6 dm’
mass

volumeat STP
8g

5.6 dm®

= 1428 gdm™>

(v)  relative density of oxygen = % X relative molecular mass of the gas

1
= = x32
2

= 16

I

(ii) molecules

1 T I

- (1) volume at STP

i

(iv) =~ densityatSTP

Change of Volumes with Temperatures and Pressures

3. The volume of a certain mass of gas collected over water is 227 cm® at12 °C
and 762 mmHg, Vapour pressure of water at 12°Cis 10.5 mmHg. What
would be the volume of dry gas at 15 °Cand 757 mmHg?

Pom = P dry gos + pnzo
P drygas = Piotat - pH20
=762 mmHg - 10.5 mmHg
=751.5 mmHg
Initial state Final state
Py =751.5mmHg P, = 757 mmHg
T, =12°C+273 T, = 15°C+273
=285K = 288K
Vi =227cm’ Vy =9
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According to the combined gas law equatlon

BV, _ RV,
‘ Tl h T,
V2 = m—-z-
: TP, _
v - 751.5mmHgx 227 cm® x 288K
* 285K x757 mmHg
V, = 227.7 cm®

Application of Gas Law to Problems Involving Chemical Reactions
4. 10 g of calcium carbonate is treated with dilute ‘hydrochloric acid. The
liberated gas measured at 27 °C and 750 mmHg is 1.85 dm®. Find the
percentage purity of calcium carbonate. (C= 12,0=16, H= 1, Ca=40) '

Change the volume to STP. ‘
Initial state _ Final state
P = 750 mmHg. P =760 mmHg
T, =27°C+273 T, =0°C+273
=300K =273K
vV, =185cm’ VvV, =2
According to the combined gas law equation, o
RV _ RV
T - T,
v, = kb
a o h
v, = 750 mmHg x1.85 cm® x 273K
: ~ 300K %760 mmHg
V; = 1.661dm’atSTP |
CaCOs(s) + 2HCl(ag) — CaClfaq) + HO() -+ COz(g)
1 mol R S 1mol
(40 +12+48) - L (12432).
100 g 44 g or
| - 224dm’at.
STP

32




At STP 22.4 dm® of CO; is obtained from 100 g of CaCO3. . - *

3
1.661dm’ ... ... ... .. = Leelam 100
224 dm :
= 74l5¢g
- Percentage purity of CaCOs = %015 100
- = 74.15%

Problems of Gaseous Diffusion
5. What is the relative rate of diffusion of hydrogen and oxygen? (H=],
" 0=16)
M,=2x16=32¢g moll
My,=2x1 =2 g mol*

.rl'l.%. = Moz

roz MH:

By 32 i
T, = | 4 :
s ' N

_ Hydrogen diffuses 4 txmesjas_tgr than oxygen. .
6. Helium gas diffuses-4 fimes as fast as an unknown gas. What is the relative
molecular mass of the gas ? (He=4)

r"i_e = Mx
rx MHe
M _ ‘
4 = gz
4 . L
. 4 ,
My =  64gmol”

Relative molecular mass = 64

Problems of Dalton’s Law of Partial Pressures

7. A gas occupies 500 cm’ at 17°C and 785 mmHg when it is collected over
water. The vapour pressure of water at this temperature is 15 mmf ig. What is
the pressure of the dry gas at 17 °C?
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8.

Piow = P gygas t Pyo
p dyps = 4 ol — Puo :
785 mmHg —15 mmHg
= 770 mmHg

Total pressure of oxygen and acetylene gas storage tank is 7520 mmHg The
partial pressure of oxygen is 3400 mmHg. What is the pressure of acetylene?

Pow = | po1 + P Cl,
Py, = Pow —Py
= 7520 mmHg 3400 mmHg
4120 mmHg
SUMMARY -

This chapter is concerned with the gaseous states of matter and the laws

governing their behaviour. The fundamental properties of gases include mass, volume, |
pressure, and temperature. The gas laws include ; Boyle’s law, Charles’ law ,-
Combination of Boyle’s law and Charles’ law, Gay-Lussac‘s law of combining
volumes of gases, Avogadro’s theory, Graham’s law of gaseous diffusion, and
Dalton’s law of partial pressures. Standard temperature arid pressure (STP) is defined
as 0 °C or 273 K of temperature and 760 mm Hg or 1 atmosphere ( 1 atm) of pressure.
One mole of every gas occupies 22.4 dm® at STP and is regarded as molar volume .
Relative density of a gas is equivalent to half of the relative molecular mass of the gas.

Questions and Problems

L.

Fill in the blanks with suitable word, phrase of numerical figure.

{a) STP means .......... The standard conditions chosen are.......... and.........
(b) 100 °C is equivalent to .......... K. )

(©)  One mole of any gas occupies ....... R

(d) One gram of hydrogen gas occupies .......... at STP (H= 1)

(¢) The combined gas law equation is ........ o

Choose the correct term or terms given in the brackets.

(a) Boyle’s law can be expressed as(V= 1/P,PV= constant, P/V= constant).
() Graham’s law of gaseous diffusion can be symbolized as .

(r/d = constant, rh[&:: r24fd, ,r=1/d )
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(d)
(e)

Dalton’s law of partial pressures can be used to the gas mixture of (Ll
and H,, He and Ne, NH3 and HC1).

One molecule of hydrogen gas weighs (1 g, 2 g, 2 amu).

100 cm® of CO, diffuses through a porous pot in 50 s. The same volume
of propane gas CsHs would take (10s, 50s, 60s) to diffuse through the
same pot. (C=12, H=1,0=16) '

Which Law represents each of the followmg statements?

®
®

(d)

A volume of gas expands when it is heated. _

When the volume of a gas is compressed at the same temperature the
pressure of the gas will increase. _

The same volume of different gases at constant temperature and pressure
contains the same number of molecules.

A lighter gas diffuses faster than the heavier one.

State TRUE or FALSE for the following statements.

@
®)

©)
(d)

()

Equal amount of moles of the gases occupies the same volume at the
same temperature and pressure.

The pressure of the gas in a closed container will increase when it is
heated.

18 g of liquid water occupies 22.4 dm’ at STP. (H=1,0= 16)

The relative denmty of the gas is directly proportlonal to its relative
molecular mass.

One molecule of hydrogen weighs 2 g. (H=1)

Give a short answer for each of the following quesuons

(@)
(%)
- ©
(@

)

Which one diffuses faster in each of the following pairs under comparable
condition? (i) He and Ne (ii) **UFs and ***UF; (iii) No and CO

What will be the volume of hydrogen chloride gas when 100 cm’ of
hydrogen and 50 cm 3 of chlorine are-mixed? (All gases are measured at
the same conditions).

How many molecules are there in 5 6 dm® of hydrogen at STP?

7 g of nitrogen gas occupies 5.6 dm?® at STP. What is the relative
molecular mass of the nitrogen?

What is the mass of CO; enclosed in 5.6 dm” at STP'?

A gas with the relative density of 22 is given.

(2)

Find the relative molecular mass.
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10.

11.
12,

13.

'(b)  What is the mass of one mole of the gas in g?

(c) What volume at STP would the gas occupy by 22 g of that gas?

- A certain mass of gas occuples 942 cm® at 22 °C. At what temperature in °C

will the gas occupy 311 cm” under the same pressure‘? :

021 g of a gas occupies a volume of 186:cm® measured over water at 766
' mmHg and 23 °C. Vapour pressure of water at 23 °C 1s 21.1 mmHg What is

 the approximate molecular mass of the gas‘?

If it takes Iminute for 50 cm Sof oxygen to diffuse. through a pmhole how long
will it take for the sime volume of hydrogen to diffuse through the sanie hole?
Match each of the items given in List. A w1th the appropnate correct item
shown in List B

List A | ~ ListB
(a) Gas pressure ' " () - Avogadro’s theory
(b) One mole of substance (i) ‘/z Relative Molecular Mas:
(©)  One mole of gas (i) oK |
(d) Ve n(atP, T=constant)  (iv) ' 22.4 dm® at STP
- (¢) Relative density of a gas (v) force per unit area

(f) Absolute zero temperature ~ (vi) 6.02x 1023 particles

" Which law represents relattonshlp between temperature and volume?

What do you think, a volume of given mass of gas when heated, pressure of
the gas increases with the increase of temperature ?
How many grams are there in
(a) 5 moles of carbon dioxide , CO, ? (C = 12 0 = 16 )
(b) 0.1 mole of calcium carbonate CaCO; ? (Ca=40,C=12, O = 16 )
{c) 0. 25 mole of oxygen atoms ? (O=16) . : -

*fk******************************'****
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CHAPTER 3
STOICHIOMETRY

3.1  Stoichiometry - :

That part of Chemistry which deals with the quantities of substances taking part in
chemical reactions is called stoichiometry. Stoichiometry is based on the laws and
principles of chemistry, primarily on: -

1. Conservation of mass ‘

2. Relative masses of atoms

3. The concept of the mole _

The law of conservation of mass as applied to chemical reactions states that
the total mass of the products formed must be equal to the total mass of the reactants.
The masses of the substances taking part in a chemical reaction can be expressed in
terms of the masses of their constituent atoms. In the grade 9 course we have
dealt with the idea of relative masses of atoms and hence the relative masses of the
elements in a compound. Consequent to these ideas, we have learned that quantities
can be expressed in terms of numbers of atoms and molecules and this has led to the
concept of the Avogadro number and the mole. This’ concept is fundamental to all
aspects of stoichiometry. ' '

What does stoichiometry involve?

Stoichiometry involves ‘ _

1. Prediction of the quantities of materials required to produce a given qhantity of
products or, vice versa, the determination of the quantity of product which may
"be obtained from given quantities of reactants. ‘ o

2. Interpreting the results of a chemical analysis. s :

3. Choosing the most economical way of carrying out a.chemical reactionona
commercial scale. _ L .

4, Preparing solutions containing the required concentrations of dissolved
substances. S - - ' ‘

3.2  Formula Masses (Formula Weights) :

A formula is used to express the composition of a substance and it denotes.- the
relative numbers of atoms of the respective elements in a molecule or formula unit of
the substance. The masses. of the molecules or formula units relative to 2C are
expressed by their molecular masses or formula masses respectively. These are
computed by simply adding the relative atomic masses of each and every atom in the
molecule or formula unit. |



3.3 Formuiae and Percent Cemposition
If the formula of a compound i is, known, the percent composmon of the element

present in the compound may be caleulated. For this calculation, knowledge of the _

relative atomic masses (or atomic we1ghts) is essential.
Example: Calculate the percent composition of magnesium nitrate. (Relative
' atomic masses of Mg =24.31, N = 14. 01, O=16)
In magnesium nitrate, Mg(NOs), each formula unit contains one Mg
atom, two N atoms, and six O atoms.
Formula mass = 24.31 amu +(2x 14, 01) amu + (6x 16)amu
= 148.33 amu .
24.31
BVTETRE
=16. 39% Mg
_'2x14.01 < 100
- 148.33
= 18.89 %N -
6x16
“Taga 1%
=64.72% O

. Percent of Mg - =

' Percent of N

_ Peroent ‘of o

3.4  The Mole and the Millimole :
A chemical formula may be used to refer to one atom, one molecule one formula unit
or to a mole of atoms, molecules or formula units.
The quantity of a substance in terms of moles may easily be determmed if the
mass of the pure substance in grams is known. '
1 mole of the substance = Relative molecular mass expressed in grams
mass of substancein grams
- relativemolecular mass
Molar mass = mass in grams per mole of a substance
: = relatxve molecular mass expressed in g mol’ .
Example: How many moles of hydrogen gas are there in 27.0 g of hydrogen'? o

moles of hydrogen =2
- 2.016
= 13.4 mol H,
For experimental work It is sometimes convenient to use the millimole

(mmol) as unit. This corresponds to 0.001 mole,

Quantlty of substance in moles =

38
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mass of substance in milligrams
reiative molecular mass
Molar mass = mass in milligrams per millimole ofa substance -
. =Relative molecular mass expressed in mg mmol
It is evident that 1 mole is equivalent to 1000 millimoles.

Quantity of substance in millimoles =

3.5  Chemical Equations in Stoichiometry
In every chemical reaction between a given set of reactants under a given set of
conditions the same products will always be formed. Using such equations it is
possible to predict the quantities of products which will be formed from the quantities
of reactants used. To be useful in this manner,
1. the chemical equation must be balanced
2. the physical state of each of the reactants and products must be indicated
by use of proper abbreviations in parentheses after the formulae: (s) for
solid, (1) for liquid, (g) for gas, (aq) for aqueous solution.

Example : 4 g of a mixture of calcium carbonate and sand is treated with an excess
of dilute hydrochloric acid, and 0.880 g of carbon dioxide is produced.
. What is the percentage of calcium carbonate in the original mixture?

The balanced chemical equation is :
CaCOa(s) -+ 2HCl(ag) — COx(g) '+ CaClyaq) H;O (1)

1mol 1mol .
40 +12+(3 x 16) 12+2x16)
100 . 4o
1 mol of CO: is expected from 1 mol of CaCOs.: |
Oz—zsmol ...................... % mol of CaCOs

or . 9.88. x 100 g of CaCOs
44

or 2.00gof CaCOs
2.00g of CaCO,
4.00 g of mixture
= 50.0%

x 100

Percent CaCO; in mixture =

3.6 Limiting Quantities

When an experiment is actually conducted the relative quantities of the reactants.
present may differ from those required by the balanced chemical equation. If the
reacting mixture contains one of the reactants in lesser quantity than is required by the
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equation, the reaction will ‘simply stop when the reactant in lesser quantity is
exhausted. The quantities of products formed Wlll then be determmed by the reactant

present in lesser quantlty

Example: How many grams of sulphur would be preclpltated on mlxmg 5 dm® of
sulphur dioxide with 12 dm’ of hydrogen sulphide if both gases were

ongmally at 756 mm Hg pressure and 25 °C? (8=32)

2HS(g) +  SO:(g) — 'ZHZO D +  38(s).
2 mol 1 mol S  3mol
2 vol 1 vol - o
SO, gas is lii_niting quantity.

Initial'state - " Final'state(at STP)
Vo= sdmw L vpe=7 0
Py = 756 mmHg : o P, = 760 mmHg
Tr = 25+273=298K = . - T3 = 273K
PLV; _ PV
Ty . Ty

760 mmHg x 298 K

Volume of SOz : 4.5564 dm3 at STP.

< mol of SOy = 2‘; 545(16;;1::1“011 = 0.2034 mol
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1 moi of SO, on complete reaction with H,5 deposits 3 mol of S.
0.2034 mo} ......... o eesseseeenns 02034 % 3 = 0.6102 mol of sulphur
* mass of sulphur in grams L amount (molj x molar mass (g mo}") -
"= 0.6102 mol x 32 g mol” = 19.53 g of sulphur

3.7  Stoichiometry in Solution: Volumetric Analysis
Molarity :

The molarity (M) of a solutlon is the quantlty in moles of the solute dissolved in one
cubic decimetre (1 dm®) of the solution.

A molar solution of a compound is one which contains one mole (the relative
molecular mass in grams or the formula mass in grams for those compounds having
giant structure) of the compound in one cubic decimetre (1 dm’) of the solution. Note
that it is one cubic decimetre of solution, not solvent, that is specified.

In common analytical use the formula usually accepted for a compound
having giant structure is assumed to be molecular formula of that compound.
Consequently the formula mass is used in place of relative molecular mass.

The formula mass or formula weight of a substance is the sum of the atomic masses
or atomic weights of the elements in the formula, each taken the number of times the element
occurs. Hence, a formula mass or formula weight gives the mass of one formula unit in atomic
mass units.

We shall use the term molar solution for all formal solution in this text.

Thus, since sulphuric acid has a relative molecular mass of 98, molar
sulphuric acid solution contains 98 g of pure sulphuric acid in one cubic decimetre of
solution. S _ o

Similarly, molar sodium hydroxide solution contains 40 g of sodium
hydroxide in one cubic decimetre of solution. A 0.5 molar solution of sodium
hydroxide will obviously contain 20g of the solute in one cubic decimetre of solution.

In the case of sodium chloride which has a giant structure, the formula mass
of the formula unit NaCl is used. Thus, a molar sodium chloride solution contains
58.5 g of sodium chloride in one cubic decimetre of solution.

1 mole of solute dissolved in 1 dm® of solution will give a solution of 1 M.
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Since, Imole= - 1000 millimoles

and idm® = . 1000 cm®
the above solution contains 1 millimole solute in 1 cm® of the solution.
Hence, molarity is also represents the quantlty in millimoles solute per cm’® of
solution. :
Example 1: Calculate the molarity of a solution prepared by dissolving 4.0 moles

of solute in sufficient solwent to make 2.0 dm® of solution.
- “4 mol of solute

2 dm’ of solution -

" molarity =

= 2M ‘
Example 2 Calculate the molarity of a solution prepared by addmg 100 g of pure
. sodium carbonate to sufficient water to make 1.5 dm® of solutlon

Relative molecular mass of Na,CO; = 2 X 23+ 12+3 % 16
| ' ' = 106 '

- S _100
- 100 g Nay,CO = 22 mol
- SOU B NBILLS 106 °

= 0.9654 mol |
0.9654 rnol dm=?

2. Molarity of solution -

' : = 0,6436 M
Example 3 : What volume of 2.0 M sulphu:nc ac1d is required to react with 5.0 g of
zinc?

Zn(s) + HySOs(aq) — ZnSO4(aq) + Hg(g)
Imol 1mol o

5g of Zn = —5—-— mol

. 654
= (,0765 mol of Zn
. Amount of HSO;4 required= 0.0765 mol
2 mol of HySO4 is present in 1 dm? or 1000 cin® of 2 M st04
- 0.0765 ...... Q00 x0.076> "20 0765 3 of 2 M HaSO4

or 38.25 cm® of 2M HySO,4
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Dilution of a solution .

When a given aqueous solution is diluted with wiiter ‘the. quantity or mole of the
solute does not change but the concentration or molarity does change.. Such changes
in concentration can be easily calculated from the definition of molarity.
Example: How many cubic centimetres of a 0.1 M solution must be diluted

' with water to make 2.0 dm® of 0.025 M solution?

2.0 dm’ of 0.025 M solution must be made.
2.0 dm® of 0.025 M solution must contain 2 x 0.025 mole or
0.050 mole solute.

Now,
0.1 mol solute is containeqi in 1000 cm® of 0.1 M sdlution.
£20.050 T10.cer s 1000 X 91693:9 em® of 0.1 M solution.
or 500 cm®

Hence, 500 em’ of 0.1 M solution must be taken and diluted to 2 dm>.

Alternative method

When a solution is diluted, the concentration decreases and the concentration of the

resultant solution is inversely proportional to its final volume. Generally, for the same
amount of solute,

concentration o

- volume
Provided we keep the units of concentration and volume unchanged,
Concentration x volume = constant
LGV =GV, = gonstant

If concentration is in terms of molarity and volume in cm® -

M1V1 = M2V2
0.1M X Vi em® = 0.025 M x 2000 cm®
~Vinom® = 0.025 x 2000
0.1
= 500 cm®

Note: This formula M, V, = M;V, may be used for dilution of a solution where the total
amount of solute does not change.

Example: If 20.0 cm’® of 1.0 M sulphuric acid and 60.0 cm’® of 0.2 M sulphuric
acid are mixed what will be the molarity of the final solution?
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We shall first find out the total quantity of suiphuric acid i miilimoles {;mmol) wnicn
will be present in.the mixed solution. This will be the sum of mlllnnoles sulphuric
acid present in each solution. : :

Since molarity also expresses concentravion in mmol cm™

1 em® of 1.0M HzSO4 contains 1 mmo} HgSO4
200N 1eerreerbeserserorsersinsis 20 x 1 mmol H,80;
' ot 20mmol HpSO4
60 em® of 0.2 M H;S04 contains 60 x 0.2 mmol
: HgSO4 :

3

. or 12 mmol HzSO4
~ Total mmol HoSO4 = 20+12
or - 32 mmol HySO4
ThlS quantxty is present in a total volume of (20 + 60) cm® or 80 cm

i Concentratlon in r_nrnol cm™ = % mmol cm™
Molarity = 040M

3.8 Terms and Units used in Volumetrlc Analysns -

Titration - : :

The term “titration” is used for the procedure in which a solution of a standard

reagent (reactant)is added to a specific volume of a solution of unknown molarity.

The volume of standard reagent solution which just reacts completely with the

unknown solution is measured carefully. From this measurement the amount in moles

of standard reagent required for the reaction can be caloulated. Knowing the equation

for the reaction we can determine the amount in moles of the other reactant. Titrations

are possible if the following conditions are fulfilled.

L The standard reagefit must react completely with the unknown solution. -

2. . ' The reaction must be reasonably fast.

3. : \The point at which the two reactants have just completely reacted, that is, the
equivalence point must be easily detectable. .

4, The equation for the chemical reaction must be exactly known for easy
determination of the stoichiometric proportions in which the reactants react.
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50 pipette

burette

B s T

) conical flask o apparatus for titration

A weighed quantity of the unknown substance or a precisely known volume of the
solution of the unknown, usually measured out bya pipette is placed in'a conical flask
or beaker. o |

A solution of known concentration is then added gradually from a burette.
This addition is continued until the exact mole ratio required by the ‘balanced
chemical equation is reached. To detect this equivalence point suitable indicators
(dyes), which change colour at this point are added to the solution. For example, the
dye phenolphthalein is colourless in acid, and red in alkali solutions. Its colour
changes from one to the other at the equivalence point. Methyl orange is red in acid and
yellow in alkali.

The reaction between sulphuric acid and sodium hydroxide is represented by
the following equation.

H;S04(aq) +2NaOH(ag) —— Na;SO4(aq) + 2H,0(1)
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This shows that one mole of sulphuric acid reacts with two moles of sodium
hydroxide and so it follows that
1 dm? of M sulphunc acid reacts with 1 dm® of 2M sodium hydromde
or .
- 1 dm? of M sulphuric acid reacts with 4 dm® of 0. 5 M sodlum hydrox1de
Consider the general reaction in which compounds A and B react in the ratio
of X moles of A to y moles of B. This reaction may be represented as

" XA+yB — products

Suppose .tha_t in a titration V4 cm® of solution A which has molarity Ma reacts
with Vg cm® of solution B whose molarity is M. |

Since 1000 cin? of solution A contains M, moles of A
Va cm® of solution A contains M, XV, moles of A -

| 1000
 Similarly, since 1000 cm® of solution B contains Ms moles of B

Vg cm” of solution B contains 13000 B moles ‘of B g
Therefore, the ratio of moles of A and B reacting is .
M, XV, C
X . 1000
y MB XVB )
- 1000
which on reatrangmg
XMBVB = yMAVA

In any titration, only one of these variables is unknown and it may be
calculated using this relationship. - : -

Example: 1.0 dm’ of sulphuric acid solution required 4.0 dm® of 0.1 M potass:um
. hydroxide to neutralize it. Calculate the molarity of sulphunc acid.

H2S04 (aq) + 2 KOH (aq) — KZSO4 (aq) + 2H20 (l)
Imol . - 2mol -
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For acid For base

X = 1mol v = 2mol
My = ? Mg = 0.1M
Va = 1.0 dm’ Vp = 4.0dm*

XMp Ve = yMaV,
' MV, . . 3
M, = BYs _ 1.molx01Mx4{)3clm= 02 M
AN 2molx1.0dm

Standard solution :
- The reagent of exactly known concentration that is used in a titration is called
a standard solution. -
The concentration of a standard solution is established either du‘ectly or
indirectly.
‘1, by dissolving a carefully weighed quantity of the pure reagent and
diluting to an exactly known volume,
2. by titrating a solution containing a weighed quantity of pure compound
with the reagent solution.
In either method, a highly purified chemical compound called a primary
standard is required as the referenge material.

Primary standard

The accuracy of a volumetric analysis depends upon the primary standard. A primary
standard is a highly pure and stable compound, used to establish the concentration of the
standard solution. Important requirements for a substance to serve as a good primary
standard mclude the following.

(1) Highest purity.

(2) ~Stability

(3) Absence of hydrate water

(4)  Ready availability at reasonable cost

(5) Reasonably high molecular mass.
The requlrements 1,2and 3 are important because the compound to be used as
standard will conform to the composition prescribed by the molecular formula only if
these requirements are met.
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Standardization
The process by which the concentration of a standard solutlon is- determmed

volumetrically by the use of 2 primary standard is called standardization.

Equwalence pomt and end point

In every titration the objective is to add the standard solution in an amount that is
chemically equivalent to the substance with which it reacts. This condltlon is
achieved at the équivalence point.

The equivalence point in a titration is a theoretical concept. In actual fact, its
position can be estimated only by observing physical changes associated with the
equivalence point. These changes occur at the end point of the titration. . ‘

- A common method of end point detection in volumetric analy51s mvolves the
use of an indicator that exhibits a change in colour as a result of concentratlon
changes near the cqulvalencc points.

3.9  Standard Solutions in Acid-Base Titrations o
For volumetric analysis a standard solution is required as a starting point: Actually
few compounds are suitable for the direct preparation of- standard solution. Some
compounds, such as, sodium’ hydroxide, potassium hydroxide, and concentrated
sulphuric acid absorb water from air. For this reason, these substances cannot be
weighed out accurately. : - :
Sodlum hydroxide and potassium hydroxidé¢ also react with carbon dioxide
from the air. - _—
2NaOH(s) +COx(g) —— NaCOs(s) + Ha0()
2KOH (s)  + COz(g) — K2C03(s) + HaO(1)

A compound which is commonly used for the d1rect preparatlon ofa standard
solution is anhydrous sodium carbonate. It is best prepared from sodium
hydrogencarbonate of high purity. This is done by heating the sodium
hydrogencarbonate to constant mass, which ensures completion of the decomposition.

2NaHCOs(s) — NazCOs(8) + H0() + COx(g)

The anhydrous sodium ‘carbonate so obtained is very pure and can be regarded as a
primary standard if prepared just prior to its use, It can be used in ordmary weighings
with no appreciable change in composition.

The preparation of a standard' solution of sulphuric acid cannot be done
directly because concentrated sulphuric acid absorbs water tapidly from the air and is
never reliably pure. A solution is prepared which is a little above 0.1 M in

48




concentration and it is then standardized against a primary standard and diluted with
distilled water to exactly 0.1 M.

A molar solution of sulphuric acid contains 98 g of pure acid in 1dm’® of
solution. So the 0.1 M acid contams 9.8 g of the acid in 1dm’, The concentrated acid

has a density of about 1.8 g cm ™3, so 10 g of it will occupy about 5.6 cm®.

Thus, the preparation of a standard solution of sulphuric acid involves
(a) diluting a concentrated solution of sulphuric acid to an approximate
molarity, and
{b) the standardization of the dilute acid solution using a previously
standardizea alkali solution.

3.10 Calculation

Example 1: Two drops of phenolphthalein solution was.added to 10.00 cm?® of
hydrochloric acid solution , and this solution was titrated with 0.10 M sodium
hydroxide. When 7.5 cm? of the sodium hydroxide solution had been added,part of the
solution turned pink, but the colour disappeared upon mixing the solution. From this
point onwards the sodium hydroxide solution was added dropwise with thorough
mixing of the solution after each addition, until a lasting pink colour was
developed.The equivalence point is now reached and the volume of 0.10 M sodium
hydroxide added was 8.00 cm®. What was the concentration of the hydrochloric acid
solution?

NaOH (ag) + HCl(ag) — NaCl(ag) + HO (D)
1 mol {1 mol '

The added NaOH in millimeles = 8.0 cm®x 0.1 mmol cm?
. = 0.8 mmol '

This base will neutrahze an equivalent amount of HCl,ie.,
0.8 mmol of HCI

Hence, 0.8 mmol of HCI must have been present in 10 cm? of the HC solution.

. : 0.8 mmol HCI1
.. Molarity of HCI --—--—--——_ 70 o

= 0080M
Exainple 2: Vinegar contains an organic acid, acetic acid (ethanoic acid), HC,H,0,.
When 6 g of vinegar was titrated with 0.10 M sodium hydroxide, 40.00 cm? of this base had

to be added to reach the equivalence point. What is th? percentage by mass of ac-stic acid in
this sample of vinegar? [H= 1, C= 12, 0 = 16]
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HCH,0, (aq) + NaOH(aq) —— NaCH,0,(aq) +H. 0(1)

1 mol Imol
amount ( mmol) of NaOH = molarity ( mmol cm3) x volume ( cm? of solutlon)
g = 0.10 x 40.00 -
= 4 mmot

By equation, l mol of NaOH = 1 mol of HC H, 0
~ 4 mmol of NaOH =4 mmol of HCszo
=4 x 10-* mol '
- =0.004 mol
molar mass of HC,H,0, =(1x4)+(12x2)+ (16 x 2)
=4+ 24+ 32
=60 g mol*! ‘
mass of HC,H,O, ~ =amount of HC,H,0, (mol) x molar' mass (g mol™)
- =0.004 x 60 : c
‘ =024g -
6 g of vinegar contains 0.24 g of H,C,H,O,.
100 g of vinegar contains - =024x100 ¢
'44%§

Example 3: 25cm® of 0.1 M sodium carbonate solution required 24 cm?® of sulphuric
acid toneutralize it.
(i) Calcnlate the molar concentration of sulphunc acld
(ii) What volume of water should be added to 24 c¢m? of sulphunc acid so that
the concentration becomes exacily 0.1 M? :
Na,CO, (aq) +H,80,(aq) —> Na,S80,(aq) +H,0 (D) + CO, (g)
1 mol l mol . : ,
Amount (mmol) of Na,CO, = molarity ( mmol cm?)x volume (cm®of solution)

A

= 0.1%x25
= 2 5 mmotl
By equation, 1 mol of Na,CO, =1 mol of H,SO,.
2+ 2.5 mmol of Na,CO, = 2.5 mmol of H,S0,.
. . ‘amount of H,5O, (mmol)
Molarity of H,SO, = ~oTame oF .30, (o)
2.5 mmol
T 24 om?
: =0.1042 M ,
(ii) Before dilution After dilution
M,=0.1042M M,=01M
V, =24 cm? Vv, =2
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M,V,

M, V,

2 - _M_z-
_0.1042x 24

0.1
=25 cm®

Vol'ume of water=V, -V, =25 -24 =1 cm®

Example 4: 25 cm® of sodium carbonate solution required 23.5 cm® of 0.5 M
hydrochleric acid solution to neutralize it. Calculate the molarity of sodium
carbonate solution and convert the concentraction into g dm?. {C=12, 0 =16, Na=
Na,CO, (aq) +2HCl(ag) —> - 2NaCl(aq) +H,0 (1) +CO,(g)
1 mol 2 mol
Amount (- mmol) of HCl = molarity ( mmol cm?)x volume (cm3 of solution)
- 0.5 x23.5
- = 11.75 mmol of Na,CO,
By equation, 2 mol of HC1 = 1 mol of Na,CO,

11.75 mimol of HCI = ILT5 _ 5 875 mmol

__amount of Nd& _égmmol)

volume of Na,CO, (cm®)
_ 5.875 mmol
25 om?
= 0.2351 M of Na,CO,

molar mass of Na,CO, = (2 x 23) + 12 + (16 %'3)-
=46 + 12 + 48
: = 106 g mol™
Congcentration of Na,CO, in g dm™ = molarity (mol dm?) x molar mass (g molt)
= (,2351 mol dm™ x 106 g mol -’
=24,91 g dm? '

'Molanty of Na,CO,

Example 5: 3 g of a mixture of sodium carbonate and sodium chloride were made
up to 250 cm® of solution. 25 cm? of this solution required 21 cm® of 0.1050 M
hydrochloric acid for neutralization. Calculate the percentage by mass of sodium
chloride in the mixture. [C =12, O = 16, Na = 23] |

Only Na,CO, in mixture neutralizes with HCI,

Na,CO (aq) + 2HCl (ag) —> 2 NaCl(aq) +H,0(1) + CO, (g)

1 mol 2 mol

Amount (mmol) of HCI = molarity ( mmol cm®) x volume ( cm?® of solution)
= (.1050 x 21
= 2.205 mmol
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By equation, 2 mol of HCl = 1 mol of Na,CO : ‘
2.205 mmol of HCl = 2:205 205 = 11025 mmol ofNa Co, N

25 cm® of mixture solutlon contains. = 1.1025 munol of Nazco
250

250 cm® of mixture solution contains = 1,1025 x 55 = 11.025 mmol
=11.025 x 10 mol‘
' = 0.011025 mol
molar mass of Na,CO, = (23 x 2) + 12 + (16 X 3)
A =46+ 12 + 4%
o ' . =106 g mol! : ; :
mass of Na,CO, . - =amount of Na ,CO, (mol) X molar mass (g mol 1)
' =0.011025 molx 106gmol1 .
. L =1.169 g
mass of NaCl =(3~-1.169) g -
i - =1.831g
Percentage of NaCl =1 231 X 100 ‘V
' =61. 033 %

3.11 Calculations mvolvmg formulae and chemlcal equations -
ere are.two kinds of formulae (i) the snnplest or emplncal formula and
(ii) the molecular formula, '

The, simplest formula or the empmcal formula -gives us only the relative
number of dtoms of different elements in a compound. The molecular formula tells us
show many ‘atoms of various elements exist in an individual" molecule. Usually. the
empirica] forinula is calculated first, since it is obtained. dlrectly from the chemical
analysis of the.compound. Other data are needed to. determine the molecular formula.

When the empirical formula of a compound is known, the percentages by
mass of each of the elements i in a compound can be calculated. For example, let us
calculate the percentages by mass of calclum oxygen and carbon present in calclum
carbonate 3 :

The empirical formula of calclum carbonate i is CaCO3

The formula mass of CaCO3 is 40 + 12 + (3 X 16)— 100.
Out of 100 umts of mass of CaCO;, 40 umts of mass are from calclum That is,
the fractional mass of calcxum is % Therefore the percentage by mass of Ca in

caCO; = 20 00 = 40 %. Smu!arly the perccntage by mass of C in

100
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CaCO; = -i%%- X 100 12 %.The percentage by mass of oxygen need not be calculated

because-
percentage of oxygen = 100 (% of Ca+ % of C)

=100— (40+12) =48%-

We have seen that a chemical reaction can be represented by chemical
equation; A balanced chemical equation can be used as summary of the mass changes
that occur when reactants are converted to products.

Let us consider the chemical equation: _

CaCO; + 2HCI 5 Cally, + HO0 + CO,
40+12+(3 %16) + 2(1+35 5) .____> 40+(2x35 5) + (2x1)y+lé + 12+(2x 16
100 73 11t 18‘ 44

a

This equatlon tells us that one mole of calcium carbonate reacts w1th two
moles of hydrochloric acid to form one mole of calcium chloride, one mole of water
and one mole of carbon dioxide. When the appropriate formula masses are inserted as
shown above the equation also means 100 parts by mass of calcium carbonate reacts
with 73 parts by mass of hydrochloric acid to-form. 111 parts by mass-of calcium
chloride; 18 parts by mass of water, and 44 parts by mass of carbon dioxide.

Various problems can be solved by using balanced chemical equations.

Relative Atomic masses (nearest values) of elements for solvmg the problems
are given in Table 3.1 . :

Table 3.1 Relative atomic Masses (nearest values)
’Alummmm 27 ~ Hydrogen 1 Phosphorous .. 31

Barium 137 Iodine - 127 Potassium 39

Bromine 80 Iron - 56  Silver . 108
: Calcium- 40 Lead 207 Sodium 23

Carbon - 12 Magnesium 24  Sulphur . 32

Chlorine 35.5  Mercury 201 Zinc 65

Chromium . 52 Nitrogen = 14

Copper 64 Oxygen 16

SUMMARY

In this chapter, the chemlstry which deals with the quantities of substances
taking part in chemical reactions is termed * Stoichiometry’. Stoichiometry is based
on the laws and principles of chemistry, such as conservation of mass, relative
masses of atoms, and the concept of the mole. It involves formula masses (formula
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weights), formulae and per cent composition mole , millimole of substances It
introduces the concept of limiting quantities in an experiment. In volumetrlc analysis
(stoichiometry in solution), it explains the concepts of molarity, standard solution,
primary standard, standardization, equivalence point, end point involve inacid-base .

titration. Various types of volumetric analysis "have been presented with appropnate o

worked out examples followed by problems and questions,

Questlons and Problems

1.

What is the molarity of the followmg so]utlons?
(a) 3.2 g of sulphuric acid in 500 cm of solutlon
(b) 0.56 g of sodium carbonate i m 100 ¢m? of solution,

'(¢) 1 g of caustic potash in 1 dm® of solutlon
(d). 3.6 g of hydrogen chloride in 100 em® of solution.

How many cubic centimetres of 1 M hydrochloric acid are needed to neutrahze

" 0.40 g of caustic potash?
Sgofa mlxture of sodium chloride and anhydrous sodium carbonate were made

up to 500 cm? of aqueous solution. 25 em® of this solution required 18 e’ of 0.1
M ‘sulphuric acid for neutrahzatlon What was the mass of sodlum chlonde in
this. mixture?

048 ‘g of magnesium was dlssolved in 50 cm® of 1 M hydrochlorlc aold How
many cubic centimetres of 0.1 M potassium hydroxide solution will be necessary
to nentralize the excéss-acid?

2.5gof mlxture of antiydrous sodium carbonate and sod1um chIorrde were made
up to 250 cm’ with distilled water. 25 em® of this solution required 20 cm®-of 0.1
M hydrochlonc acid. Calculate the percentage by mass of sodrum chlonde in the
m1xture

100 cm of concentrated hydrochlorlc acid were dilute to 1 dm wrth distilied

- ‘water 26 8 cm® of this diluted acid were needed to neutralize 25 em of 0.5 M
. sodlum carbonate solutlon What is the concentration in g dm of the onglnal

acid? '
Calculate the molecular. tass or formula mass of each of the followmg
compounds:’ - : -

(a) Nitric acid , ¢ Barium carbonate

(b) Lead (II) chloride - (g) Magnesrum hydrogencarbonate

(c) Calcium carbide (h) Sodium dihydrogenphosphate

(d) Tetraphosphorus decaox1de (i) Disodium hydrogenphosphate

{or) Phosphorus (V) oxide ~ (j) Potassium chlorate '

(e) Dinitrogen tetroxide
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11.

12.

13.

14..

15.

16.

\

Calculate the percentage by mass of the elements in each of the following

~ compounds.
(a) Potassium chioride (d) Nitrogen dioxide
(b) Iron (IT) sulphate (e) Trilead tetroxide _
(c) Dinitrogen oxide (f) Tetraphosphorus hexaoxide

(g) Sodium thlosulphate
Find the percentage by mass of water present in copper (II) sulphate crystals.
How many grams of copper (II) sulphate crystals can you get from 50 g of
malachite ore of formula Cu(OH);. CuCO;?
1.905 g of silver is converted to silver nitrate. This silver nitrate is dissolved in
distilled water and to this solution dilute hydrochloric acid is added in slight
excess. The precipitate formed is filtered, washed and dried. The weight of this
dried precipitate is 2.535 g. From this experimental result, formulate the
equation for the precipitation reaction.
5 g of a mixture of anhydrous sodium sulphate and sodium sulphate decahydrate
on heating to constant mass produces 3.2 g of anhydrous salt. What percentages
of anhydrous and hydrated salt are present in the mixture?
0.02 g of hydrogen gas was evolved when 0.65 g of a divalent metal was treated
with dilute sulphuric acid. Calculate the atomic mass of this divalent (combining
oapac:ty of 2) metal.
100 cm® of iron (II) chloride solution is boiled and ammonium hydroxide is
added in slight excess. The reddish brown precipitate is washed, dried and
ignited. The weight of the re51due obtained is 0.72 g. How many grams of iron
(1) chloride is dissolved in 1 dm® of solution?
Write TRUE or FALSE for each of the following statements. _
(2) A standard solution is the reagent of exactly known concentration.
(b) Sodium hydroxide may be used as primary standard.
(¢) Equivalence point and end point are identical in all types of titration.
(d) A hygroscopic compound is preferrable to use as a primary standard.
Fill in the blanks with a suitable word or phrase or numerical value with unit as
necessary.
(2) One of the reactants in a reacting system that has the lesser quantities than is
required by chemical equation is the ......... substance.
(b) A molar solution dissolves.......... of solute in 1 dm’ of the solution.
{c) The amount of....... does not change due to dilution. -
(d) One cubic centimetre of a molar solution contains......... of solute. A
(e) The process of determining the accurate volume of solution that is exactly
reacted with other is called ...............
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17

18.

19.

20.
21.
22.

25 cm® of 0.2 mol dm? sodium hydrox1de solution?
23.

Choose the correct term or terms given in the brackets. :

(a) The (amount of solute, amount solvent, molanty) does not change due to
dilution.

(b} A (pipette, burette, comcal ﬂask) is used to measure the: amount of :a
solution. , .

(c) Molarity means (mol dm , mmol dm?, g dm’ )

(d): An indicator indicates the (equlvalence point, end point, stomhlometnc
amount of reactants).

(e) The compound with (hydrate water low molecular mass, h1gh punty) is’

- preferabletouse as a pnmary standard. :
Match each of the items given in List A w1th the appropnate 1ten1 1n List B.

ListA ©+ ListB
(a) pipefte . - . (i) toindicatethe end .point
(b) indicator ‘ (i) formula mass . "
(c) molarity . . (iii) finding the concentratlon of a solutlon .
(d) standardization (iv) mol dm?®
(c) giant structure (V) to withdraw a known volume

How will you assign the physwal states of each of the reactants and products ina

- chemical equatxon ?

Define the term ¢ Molarity °. : T
Discuss the d1ﬁ’erences between. molanty and a molar solutlon ofa compound
How many cm’® of 0.1 mol dm™ hydrochloric acid will be requn‘ed to neutrahze

If 25 cm’® of potassium hydroxide is neutralized by 20 em® of 2, 5 mol dm3
sulphurlc ac:1d what is the molanty of the alkali ? R

e o ok ok o ok sk s ook o okl e e ek ok ok ok ok sk ook ok sk ok ek ok ok ok ok k|

56




CHAPTER 4.
" ELECTROLYSIS

4.1 Conductors and Electrolytes -
A substance which conducts or allows the passage of electricity is called a conductor.
Conductors are usually solids. One exception is mercury which is liquid at room
temperature, but nevertheless conducts electricity and is therefore referred to as a
conductor. All metals whether they are in the solid state or liquid state are conductors.
A solid substance which does not conduct electricity, is known as a non-
conductor or insulator. R - o |
Those substances, other than metals, which in the molten state or-as a solution
in water, allow the passage of electricity are called electrolytes. The passage of
electricity through electrolytes is usually accompanied by- chemical decomposition.
Electrolytes are ionic or electrovalent compounds. :
A substance in a solution that does not conduct electric current is called a

non-electrolyte. '

Electrolysis : - :
The decomposition of a compound, in solution or in the molten state, brought about
by the passage of an electric current through it, is known as electrolysis.

4.2  Electrical Conductivity of Metals ' ' .
In metals, the atoms are packed tightly together to form what is known as the metallic
lattice. Such a lattice is shown in Fig. 4.1. The valence electrons from each atom in
the lattice can move freely through the entire lattice. That is why metals are good
conductors of electricity. : - |

Fig. 4.1 Close packing of aioms in metal
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Fig. 4.2 Conductlon ina rnetal wire

" When the metal wire, like copper wire, is used to link up the terminals, as
shown in Fig.4.2(a)thereis a flow of electrons towards the. positive. terminal, while
fresh electrons are drawn into the wire from the negative terminal. Therefore, the
electrons flow freely through the completed circuit. Current flow is the reverse of electron
flow (Fig.4.2.b). ‘

A metal like copper, conducts electnmty both in its solld and hquld states. The
electrical conductance of a metal is much greater than that of a solution of an
electrolyte. One distinctive property of metallic conductance is that it decreases with
increase in temperature. Silver, copper, gold and alumlmum, in the order given, have
the highest conductance among the metals.

4.3  The Ionic Theory
To explain the phenomenon of electrolysis; the Ionic Theory was put forward by
Arrhenius about the year 1880.
~ This theory postulates that :
‘1. Electrolytes contain electrically charged particles called fons.
2. Electrolytes can conduct electricity due to the movement of these ions.
3. Non-electrolytes do not contain ions and so they cannot conduct electricity.
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Tons are derived from atoms (or groups of atoms) but differ from them by
having electrical charges. Generally, hydrogen ions and ions derived from metals are
positive and the ions derived from non-metals are negative. The positive ions are
called cations and the negative ions are catled anions. | ‘

The number of electrical charges on an jon is equal to the valence of the
corresponding atom or group. -

Ions in some substances
For example ions contained in some substances are given in Table 4.1.

Table 4.1 Ions in some substances

Compound , ' Ions
Sodium chloride Na'Cl~
Sodium hydroxide ‘Na'OH"~
Copper (II) sulphate - - Cu*'so¥
Lead (II) nitrate : Pb?"2NO;

4.4  Electrolysis of Molten Salts

(@  Electrolysis of molten sodium chloride

At sufficiently high temperature sodium chloride may be melted. Molten or fused
sodium chloride contains Na™ and Cl~ ions. The flow of these ions is influenced by
the direction of the electric current. Migration of jons during electrolys1s is shown in
Fig. 4.3.

6 v battery bulb

l IIl - k @ . arrows in outer

circuit indicate

electron flow

anode cathode ) 4
e -
platmurp or platinum
graphite

_ SalF arrows in elec-
solution  trolytes indicate

flow of ions

Fig. 4.3 Migration of ions during electrolysis
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Sodium ions'move tothe cathode.(a negative electrode in electrolysis) where
they accept electrons and are dlscharged as sodium atoms. The chlorideions go to
the anode (a positive electrode in electroylsis) where they give up their electrons and -form
chlorine gas which is given off at ﬂns electrode The reactions at the electrodes

may be represented as :
reaction at cathode Na* + ¢ .= Na ‘
takenup
from
. ‘ cathode
_reactionatanode ClI° - CI +
glven up
T ‘atanode
Cl + (l - Clz :

Positive ions (catnons)mxgrate to the cathode, and negatlve ions (amons) move to the anode
In this experiment the sodium atoms discharged at the cathode cannot & ‘ack

the. platmum electrode.

Note: Sohd,_sodmm chloride does not conduct electricity, because in the solid state the
movement of Na&* and Cl ™ ions are restricted.

(b) Electro]ysns of molten Iead (II) bromide -

The reactions at the platmum electrodes in the electrolyms of molten Tead (l'[)

bromide may be written as ‘
reaction at cathode . Pb*" + 2¢ — Pb

takenup
from
: , cathode
reactionatanode Br~ — Br + ¢
givenup
at anode -

Bi' + Br — Brz'

4.5  Conduction of Electricity by Aqueous Solutmns
In the previous experiment, the sodium atoms discharged at the cathode cannot attack
the platinum electrode. In general, ions dlscharged at the platinum electrode cannot
attack the electrode. , -

By using the apparatus as shown in Fig. 4.3, we may test whether aqueous
solutions of organic substances such as sugar and urea, and inorganic salts such as
sodium chloride, calcium chloride, copper (II) sulphate etc., conduct electricity.
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It is found that aqueous solutions of the above organic substances do not
conduct electricity, whereas aqueous solutions of the inorganic salts conduct
electricity. :

Electrolysis of saturated aqueous sodium chloride solution (brine) using
platinum electrodes .

Aqueous sodium chloride solution contains Na" and Cl~ ions from the complete
dissociation of sodium chloride and some H' and OH ™ ions from slight dissociation
of water. On electrolysis, the cations, i.e., Na" and H ions, move to the cathode.
However in the electrochemical series sodium is above hydrogen and so hydrogen
jons accept electrons more readily than sodium ions. The electrochemical series is
similar but not identical to the activity series. Generally, cations of element lower in
the electrochemical series accept electron more readily than those above it.

- Therefore, hydrogen gas is liberated: at the cathode. This removal of hydrogen
ions give rise to more water dissociating to replace the H' ions removed from the
solution. The anions, i.e., OH ~and Cl~ ions move to the anode. If the amounts of OH
and Cl~ ions are similar in the solution, OH™ ions will lose electrons more readily
than Cl1~ ions. However, in brine, i.e, saturated aqueous sodium chloride solution, the
concentration of C1”~ ions is very high compared to that of OH™ ions. The OH" ions
are retained by the Na' ions and it is the C1~ ions which lose electrons at the anode.
Therefore chlorine gas is evolved at the anode. The reactions at the electrodes can be

represented as
reaction at the cathode H + ¢ - H
H + H — H;
reaction at the cathode Cl- - C + &

Cl+ 1 - Ch

Electrolysis of dilute aqueous copper an sulphate solutmn using platinum
electrodes

Dilute aqueous copper (II) sulphate solution contains Cu?* and SOﬁ jons from the

dissociation of copper (II) sulphate and H and OH ™ from slight dissociation of water.
On electrolysis the positive ions, i.e., Cu® and H' ions move to the cathode. Since Cu
is below H in the electrochemical series, Cu®* ions accept electrons more readily than
hydrogen ions and so copper is deposited on the cathode. |
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' Both SO and OH " ions travel to the anode. The concentrations of SO~

and OH ™ ions are similar here, and the OH ™ ions lose €lectrons  more easily to the
anode and are discharged. The reactions at the electrodes may be written as
reaction at the cathode Cu®*"+ 2¢° -»Cu
reaction at the anode OH™ = OH + ¢
' "OH + OH — H0+0
0 + 0 = 0O
reactlon at the anode 40H"™ e 2H20 + 0Oy +de
may be summed up as
46 Electrolysis of Aqueous Solutions of Alkali and Acid using Platinum
Electrodes ' ‘ B

hydrogen (2 volumes) =t ‘oxygen (1 volume)

dilute sulphuric acid

' 2o - platinum electrode ' ‘

. ' W =1E ' I . N
‘}1 ‘

cathode - + anode _ , .

Fig. 4.4 Hofmann's voltameter for electrolysis of ‘dih‘lte sulphuric acid -

Aqueous solutions of sodium hydroxide conduct electricity.

The sodium hydroxide solution contains Na', OH~ and H' ions. The Na"
and 0" ions both travel to the cathode. Since hydrogen is lower in the
electrochemical series than sodium, hydrogen is liberated at the cathode

The hydroxide fons are discharged at the anode.

Reactions at the electrodes are

‘reaction at the cathode H + .e
. H + H - H,
reaction at the anode 40H™ — 2H0+0q+4¢
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Note that an equal number of H” and OH ~ ions are discharged at the
electrodes and hence for every 4H" dlscharged two moles of hydrogen - Wlll be

liberated while 40H" discharged will give rise to one mole of oxygen. :
Dllute -sulphuric acid conducts electricity (see Fig, 4.4). Sulphunc acld

soltition contams H', SO% and OH ions. On electrolysm, H' ions go to the cathode
and accept electrons, eventually. formmg H; molecules. S
SOZ™ and OH ~ions both travel to the anode. Since the concentrations of these

anions are similar, OH ™ jons lose electrons more easily and are dlscharged at the
anode where oXygen is eventually liberated.

Reactions at the electrodes are

reaction at the cathode  H + €. —H
2H — Hz _
reaction at'the anode ‘ - 40H™ — 2H; 0+ 0+ 4¢”

Electrolysis of dilute sulphuric acid, in effect, result in the electrol_ys,isiiOf water.,

4,7 Electrolysis of Aqueous Copper (II) Sulphate Solutlon usmg Copper
Electrodes :

The electrolys1s of copper (II) sulphate solution using copper eIecn'odes is camed
out as shown in Fig. 4.5. . o _

“ Aqueous copper (II) sulphate solution contains Cu®, SO%", H* and OH' ions.
As explained above Cu® ions are discharged at the cathode, where metallic copper:is
deposited. The SO} and OH ™ ions go to the anode where three different reactions
are possible: ' ' o .

(1) SO? ions can be discharged,

(2) OH" ions can be discharged,

(3) Cu atoms from the anode can lose electrons formmg Cu?* ions whlch can

dissolve into solution. '
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. 6V battery - .- . bulb

S anode - cathode - = -
. 7 = B
. copper electrode . ' . - copper electrode -
I-l ' ' |——| ... copper {n su]phate
o , solution
2
" Fig. 45  Apparatus for electrolysis of 2 aqueous copper (II)

‘sulphate solution using copper electrodes

Actually the last process occurs.

Therefore, the reactions at the electrodes may be represented as .

reaction at the cathode” = Cu”* + 2¢° —- Cu: ‘

‘reaction at the anode . Cu - Cu¥ +2¢

‘The net result of the electrolysis of copper (II) sulphate using copper
electrodes is the loss of copper from the anode and the deposition. of copper at the
cathode. This process is used for punﬁcat:lon of crude copper,. Whlch is made the
anode i in the eleetrolytlc process

4.8 Summary of the Effects of Electrolys:s
When an electric current is passed through an electrolyte, electrolys1s takes place, the
effects of which may be summarized as in the following Table 4.2. Lo
Table 4.2 Summary of the effects of electrolysis

Electrolytes Cathode of Anode of  Atcathode - = Atanode

Fused sodium - platinum . . . - platinum or sodium. - - chlorine
chloride graphite deposited . evolved
Saturated platinum = - platinum or hydrogen - . chiorine
sodium ' graphite evolved evolved
chioride ‘ : '
solution

Sodium platinum platinum hydrogen - oxygen
hydroxide evolved evolved
solution '




Dilute platinum . platinum * hydrogen - oXygen

sulphuric . evolved - evolved
acid -7

Copper (I) sul- platinum platinum COpper oxygen
phate solution ' deposited evolved
Copper () sul- copper - copper - - copper - - copper
phate solution . ‘ - ‘deposited dissolved

4.9 Selective Discharge of Ions

In an aqueous solution of an eleét'rplyte, there are usually more than one species of
cations or anions e.g., in an aqueous solution of sodium hydroxide, there are Na*, H*
and OH" ions, When electricity is:passed through such a solution, the cations move
towards the cathode and the anions move towards the anode but not all the positive
ions or all the negative ions are ﬂischérged at the cathode or the anode at the same.
time. Usually one species of cations or anions is selectively discharged- at. the
respective electrodes, The preferential discharge of these ions depends on the
following three factors : '

Position of the metal or group in the electrochemical series

Table 4.3 shows cations and anions arranged in the order of increasing readiness with
which they are discharged from solution on passage of electricity. The arrangement of
the cations corresponds to what is known as the electrochemical series. '

-
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Table 4.3 Arrangement of ions'in the order-of increasing readiness of discharge'at
.electrodes (for dilute solutions) ' o

.- Jons
.
Ca¥
Na+ ‘,\
Mg* | .
A {
Zo i\
LS e
Pegr |

b

g

—> to cathode- .

. mcreasmély easier to discharge

ce |
.‘1‘, 5-:¢.

A Ag’; /
SO{_} - |
L CI .

- Br-
iT P
I 4 OH- /

s toansde

incrasingly easier-to diséhargu ‘; ‘

. If all other factors are equal, any ion lower in the series will be discharged
from solution in preference to those above it, positive ions at the cathode and negative

ions at the anode. : ) )
For example, in sodium hydroxide solution, containing positive ions of H
and Na', H'" discharges in preference to Na'; in copper (I) sulphate solution,

containing OH™ and SO3" as negative ions, OH™ is discharged in preference to
sor. |
Concentration of electrolyte

As the concentration of an jon increases, the tendency of the ion to discharge from solution
also increases, e.g., in concentrated hydrochloric acid containing OH and
Cl-, the concentration of Cl~ is -very much greater-than that of OH ™. In these
circumstances, Cl™ is discharged first. But if the acid is very dilute, some discharge
of OH ™ will also ocour. ' '
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~ The concentration effect can also be.seen when brine is.electrolysed. Here the
order of, discharge stated by the .electrochemical series :may- be- reversed. by - the
concentration effect.

Nature of the electrode : :
The nature of the electrode is the demdmg factor in some cases. The products of the

electroysis of a saturated solution of sodium chlonde with mercury cathode are quite different
from those obtained by using the platinum’ cathode. With a platmum cathode, H' is
discharged. This is in accordance with the positions: of ' .and. Na" in the
electrochemical series. H' is placed below Na in the series. The cathode: product is
hydrogen gas. . ‘ I I LA
If a mercury cathode is used, Na® is: dxscharged to dlSSOlVC in.the mercury.
This requires less energy than the-discharge.of H' to hydrogen gas and 'so oeéurs:in
preference, and sodium amalgam is the product. o
4.10 Chemical Energy into Electrical- Energy
An electric current ¢an be produced from a ‘chermical reactlon
" The apparatus is set-up as shown in' Fig. 4.6: :
When the switch'is pressed down-to- domplete ‘the circiiity’ reaction will take
place quite rapidly and the bulb will hght up, 1ndlcat1ng the flow of electrlc current in
the C1rcu1t :

bulb (1,25 V, 025 A)
—— .

switch

‘copper foil — zinc ribbon’
/ T
_ dilute sulphuric acid
Fig. 4.6 A chemical cell

The reaction that takes place is as follows:

ch, the more electropositive of the two metals, i ionizes by loss of electrons
and these’electrons pass from zinc to copper through the wire. This is equivalent to
the flow of current in the opposite direction. At the coppet surface, the electrons
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reduce hydrogen ions from the electrolyte “which rare’ eventiakly: discharged as
hydrogen gas. Reactions: at the zinc and copper electrodes may be repxe.?sented as

T .-

Zn — In* 4+ 2¢ :
The copper then attracts the H+ ions from the acld solutlon, and they are

dlscharged S S SR _ B
' H”’+ e —> H; 2H—>H2(g) } L

Current should continue to flow as long as matenals last,.but. the bubbles of
hydrogen adhere to the surface of the copper electrode, cutting off these surface areas
of the electrode from contact with the electrolyte. This phenomenon slows down the
reaction at the electrode. Under these circumstances the cell is said. to be polanzed
The whole process in the cell corresponds to the change. .

Zn(s) + 2H'(aq) — Zn'(aq) + Hz%g)

The two metals, that are used to convert chemical energy -into ele. trical -
energy, must be: widely separated in the electrochemical series e.g,, copper and
magnesium, copper and zinc, etc. The greater the difference in reactivity between the .
two metals, the greater the voltage or electromotive force (emf) of the cell,

4.11 Electrochemical Senes

One electrode may be adopted as a standard electrode and a series of cells constructed
using a different second electrode in each cell. The voltage measured from each cell
of such a series, may be used to arrange the metals in the order of i mcreasmg or

decreasing electrode potential. :

The series obtained by placing the rnetals in order of decreasing negative
potentlal is known as the electrochemical series.

A high negatxvc electrode potent:al shows that the metal has a strong tendency

to go into solution as positive ions.
- The electrochemical and actlvxty senes are simifar but not identical. Part of
the electrochemlcal sencs is g;vcn in Table 4 4.
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Table 4.4, The electrochemical series
Element Standard electrode potential (valﬂ

Potassium -2.92
Calcium - -2.87
Sodium ° -2.71
Magnesium =239
Aluminium ' - 1,66
Zinc -0.76
Iron -0.44
Tin -0.14
Lead . -0.13
Hydrogen 0.0
- Copper ' ' +034
Silver +0.80

4.12  Faraday's Laws of Electrolysis
These laws express the quantitative results of electrolysis.

Faraday's first law of electrolysis -

The mass of 2 given element liberated during electroly31s is dlrectly proportxonal (I)‘
to the magnitude of the steady current used and (2) to the time for which the current
passes. That is, the mass of element liberated is directly proportxonal to the quantity
of electricity passed through the solution during electrolysis. S

To investigate the amount of substance liberated in electrolysis by different
quantities of electricity
The apparatus is set up as shown in Fig. 4.7.
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6 V battery
- L=
. 1 1]
switch

@) smmetel; A g variable resistance

— copper electrodes

—— 0.IM ¢opper(II) sulphate solution

Fig. 4.7 The apparatus to investigate the amounts of copper liberated in

electrolysis by different quantities of electricity.

The beaker is filled two-thirds full with 0.1 M copper (II) sulphate
solution. A piece of clean, dry copper foil, approximately 5 cm x 3 cm is weighed.
This copper foil will be the cathode in the circuit and therefore attached to the
negative pole of the battery. -

Another piece of clean, dry copper foil will be the anode in the circuit and
attached to the positive pole of the battery. Both the electrodes are dipped in the
copper (II) sulphate solution.

" Simultaneously, a stopclock is started and the current is switched on. Then the
variable resistance is quickly adjusted to obtain a steady current of approximately 0.2
A. It may be necessary %o alter the variable resistance from time to time to maintain
the current at this steady value.

After about fifteen minutes, the current is sw1tched off and the tlme on the
stopclock noted. The copper cathode is removed, washed first w1th distilled water and
then with a little ethanol and ﬁnally dried. When this cathode is completely dry, it is
welghed and the increase in mass of the cathode is determined. This is the. mass of
copper deposited in the time for which the current flowed.

~The cathode is replaced in the beaker, the stopclock is started and the current
switched' won. After another fifteen minutes, the current is switched off and the
increase m mass of the copper cathode is determined as before.

This procedure is repeated twice. The results of one such experiment.is shown
in Table 4.5 . )
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Table 4.5 The amounts of copper deposited by different quantities of electricity

Current Time Quantity of Mass of copper

(amperes) (seconds) (Ziejg:;g) ‘err Zs’::;d
0.21 15 x60=900 900x0.2]1 =189 0.063 - -
0.21 30x 60=1800 1800 x 0.21 =378 0.129
0.21 45x 6G=2700 2700x% 0.21=576 0.187
0.21 60 x 60 = 3600 3600x0.21 =756 /0 250

fogure 4.8 is the graph obtained by plotting the masses of copper deposited
against the quantities of electricity used.

_ 0257
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B8 02071

= i

_E)‘ 0.157

§‘ 0.10

2 0104

8

G

© 005t

@ , .

B 0.00 ; " : e : ; '

0 100 200 300 400 500 600 700 800
quantities of electricity (coulombs) o
. Fig. 4.8 Graph of masses of copper depos1ted against quantmes of

electncny used

The shape of the graph is a straight line passing through the origin, whlch shows that
the mass of copper deposited is directly proportional to the. quantity of electricity used.
This experiment confirms the validity of Faraday's First Law of electrolysis.

Faraday's second law of electrolysis -

When the same quantity of electricity is passed through solutions of different
electrolytes the relative number of moles of the elements deposited are inversely
proportional to the charges on the jons of each of the elements respectively.
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To determine the amounts of different substances liberated by. thé same quantity
of electricity i - : "
The apparatus is set up as shown in Fig. 4.9.

The copper electrodes and silver electrodes are cleaned, dried and weighed

separately.

6 V battery
v i 1Y 1Y o
-, - hjsfr— \
‘ switch o _ ‘
‘ L

(A) : g variable

resistance
copper ‘
electrodes =——= sitver electrodes
- 0.05Mcopper _ 0.05 M silver
(I . : :
- sulphate solution ' nitrate solution

Fig. 49 The apparatus to determine the amounts of copper and
silver deposited by the same quantity of electricity

The copper electrodes are immersed in-0.05 M copper -(I) sulphate solution
and the silver electrodes are immersed in 0.05 M silver nitrate solution. A current of
about 0.5 A is passed for twenty to thirty minutes, after which the cathodes are
removed, cleaned, dried and reweighed. o _ : '

Data obtained from one such actual experiment are shown in Table 4.6.
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Table 4.6 - ..:Amonnts.of-copper and sﬂwer deposxtcd by *thevsame quantity of

electricity
Current ~=: 0 45 A
. Time . = 25 ;mnutes
Mass of copper deposited . = 0.221 g
Mass-of silver deposited = 0.755g .

It can be seen that the masses of coppei' and silver deposited in the experiment
are different. To compare the amounts of copper and silver dep051ted the moles of
atoms of each element must be calculated.

Therefore, the amount of copper deposited = 26% n"xol
=(.0035 mol

0755
the amount of silver d ited mol
€ amoun . ilver deposite 1078 mo

=0.0070.mol
That is, twice as many atoms. of silver are deposited as atoms of copper by the same
quantity of electricity,
This can be explained as follows
Since the process at the cathode i is addition of electrons to the ¢ations,

X"(aq) + ne —_ X(s)

the quantity of electricity rcqun-ed to liberate one molc of X will depend upon the
charge, 1", on the jon.

In the case of copper and silver the charge on the copper ion (Cu2+) is twice
that on the silver ion (Ag") and therefore twice the quantity of electricity will be
required to liberate one mole of .coppc'r'as for the liberation of one mole of silver.
Consequently, for the same quantity of eIectnclty only half as many moles of copper
will be obtained as silver. -

This expenment confirms Faraday s Second Law of elcctrolysns

4.13 The Faraday as a Unit Quantity of Electricity

The quantity of electricity required to liberate one mole of a univalent clemcnt is
96500 coulombs. This quantity of electricity is given a speclal name which is the
Faraday, in honour of the man who carried out a lot of work on the study of
electrolysis.
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Thus; one: Faraday. of electricity ‘will liberate one- mole of hydrogen ions, one
mole of sodium ions and one molP of potassmm ions. Generally this can be
represented as;

(a'q)' + e —-—> M(s)
whichris the cathode reaction for 2 univalent metal M.

Therefore, for one mole of unipositive iofis to be discharged: electrons carrying
an equivalent amount of negatlve charge would be necessary. Thls is-calied one mole
of electrons. :

Hence, one Faraday may be conmdered as the equ;valent of one molc of
electrons.

4.14 Determination of Relative Atomic Masses
From the data obtained on Table 4.6, the relative atomic masses of copper and silver
may be calculated.

Experimental data: o
s “Cirrent = 045 A
: “Time = 25minutes -
Mass of copper deposited = 0221g
Mass of silver deposited ‘= 0.755 g
Calculation: S ‘ : o ' -
Quantity of electricity = 045x25x 60 coulombs
o = 675 coulombs ‘
For silver, 675 coulombs liberdte’ = ~ 0:755 gsitver
96:5,050.‘coulebs,lib.‘exate_. L 0.755%36500 755;7?56500 gsilver’ -
= 108 0 g s11ver

Smce sﬂver forms umposmve 1ons (Ag*) one mole of elect;ons or one

'Faraday of electrlclty will liberate one mole or the rélative atormc mass of atoms

Hence 108 is the relative atomic mass of silver.

For copper, ‘ -
675 coulonibs liberate ~ = ~0.221 :%co‘p'p'er |
96500 q,ciulombs"li.berate. L= S %52_16%_@@_ opper

o= 31'.6 gcoppcr
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Since copper forms dipositive ions (Cu®"), one mole of ‘electrons: or one
Faraday of electricity.will liberate half mole or half the relative atomic mass of atoms.
Hence, the relative atomic mass of copperis 2 x 31.6=63.2.

4.15. Electroplating
Electroplating is the electmcal prec1p1tat10n of one metal on another Usually tlle
appearance and the re51stance to corrosion of the electroplated obJect are greatly
improved.
In silver plating, articles such as spoons or ornaments, made of base alloys,
(e.g., cupronickel) are made the cathode in a plating’ bath ' 6f potassmm
argentocyanide, K [Ag(CN),]solution. This solutlon contains silver ions, Ag from the’
ionization of K[Ag(CN)z]. -
KIAg CN):(ad) =="K" (aq)+Ag(aq) +2CN"(ag)

The anode is pure silver. When a direct current passes throughithis soluticn, the:
following reactions take place

reaction at the cathode Ag” (aq) +e  ——Ag(s)

‘ silver deposits
reaction at the anode Ag(s) — & ——Ag'(aq)
silver dissolves

Steel parts are usually chromium plated. In chromium plating a steel object is plated
first with nickel or copper, because chromium does- not. stick well onto a steel
surface. The object is. made the cathode in a plating bath of chromium@mysulphatein
sulphuric acid and water. The anode is made of lead. When a direct current passes
through this solution, chromium deposits on the object at the cathode as a bright
coherent layer. :

reaction at the cathode Cr*(aq) + 3¢° ~—— Cr(s)-
reaction at the anode 40H ,, —— ;HzO(l) + O,(g 4e

This chromium layer resists rusting and gives a brlght "silvery" surface,
SUMMARY
This chapter is concerned with the application of electricity in electrolysis of
solutions.It introduces the terms: such as; conductors, non-conductors (insulators),
electrolytes, non-electrolytes, electrolysis, electroplating and electrical conductivity

of metals. Electrolysis of saturated aqueous sodium chloride solution (brine) using
platinum electrodes, electrolysis of dilute aqueous copper (II) sulphate solution

75



using. platmum electrodes; electrolysis of aqueous :solutions of alkalisand acid using
platinum electrodes, have been 111ustrated The concept of electrochemical series has
been depicted with suitable examples. Faraday’s laws- of electrol vaiz such as
Faraday’s first faw of electrolysis and Faraday’s second law of electrotysis have been
presented with appropnate examples. The term such as .one ‘Faraday whlch is
equivalent to 96500 coulombs, and the application of the twc Jaws in solvmg
electrolysis problems have been elaborated. A

Questlons and Problems :

1.. A solution of copper (If) sulphate was. d1v1ded mto two pomons One portlon was
electrolysed using platinum electrodes. The other portion was electrolysed using
copper electrodes., What changes.in colour of the solution do you igxpect in each
case? - - , C e L L e .

2. Solid sodium chlonde does not conduct an electrlc current. Fused sodium ck-oide
conducts an electric current and sodium metal is formed at the cathode. Which of
the following statemients is an incorrect deduction concerning this-experiment?

(a) On electrolysis‘Na"' ions move to the cathode and C17 ions move to the anode.

- (b) Since sodium chloride is neutral, there must be equal numbers of posmve and
\ negative charges present in the substance.
 (c) There are no ions in solid sodium: chloride.
3. Alargé number of substances contam fons. Which of the followmg statemen‘ts is
- false? ' ' ' :
(2) The atom of an element and the i ion obtained from it have the same propertles
| '(b) Those ions which travel towards the negativeé electrode ‘are called’ catlons,
" those which go to the-positive elecirodes are called anions. |
{(¢) The number of electrical charges on‘an ion is equal to the valency of the
correspondmg atom - : :
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4. The apparatus:is set up as shown in the following diagram.i::
Ui

RIS

- “platinum -
copper o
copper (I) . - UJ . dituto sulphuric
sulphate soultion \. g X ‘ N/ acid

sodium hydroxide solution:

A current of 0.5 A was switched on and allowed to flow for 15:minutes.
(a) Describe how the electricity is conducted in the copper (II) sulphate solution.
(b) Name the products formed duung ‘the’ electrolysm of - sodium hydroxlde
solution at the electrodes.
() State, whether the masses of the copper cathode and the copper ‘andde wﬂl
increase, decrease or remain constant during the electrolysis. -
(d) Write equations for the reactions taking p]ace in dilute squhunc acid .at the
cathode and anode. '
(e) Caiculate the volume of hydrogen whlch would be released from the dilute
* sulphuric acid (at STP) during the electrolysis.
(f) What would happen to the concentration of each solution durmg the passagc
of the current? : ~
5. When an aqueous solution of silver nitrate is electrolysed w1th platmum
electrodes, the products at the cathode and anode are two. volumes of hydrogen
and one volume of oxygen respectively. Also the cathode liquid becomes alkaline
and the anode liquid acidic, Exp]am these results.
6. Two plates, one of zinc and dne of copper, held apart and connected to a_small
+ light bulb, are dipped into dilute sulphuric acid. The bulb lights up but the light
soon becomes dim.
(2) What would be observed at the copper plate? Write an equation for the
reaction which occurs.
(b) What would happen at the zinc plate? Write an equation for this reaction,
(c) Explain why the light fades after a short time.
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~(d) If the zinc plate were replaced by an iron plate, would the lamp:glow more or
. less brightly? , |

(e) If the zine plate were retained but the copper plate were replaced by a silver
plate, would the lamp glow more or Jess brightly?

7. Draw a fully labelled diagram of the apparatus you would use to electrolyse bnne
and measure the volumes of the gases produced at the electrodes
(a) Name these gases and state thelr relatlve volumes.

(b) How can these gases be made to react 'with one another?

(© What is the product of the reaction of these two gases?

(d) What will be the actual volume at STP of this product, if 96500 coulombs
were used in the electrolysis, assuming that cornplete combination of the
reacting gases occurred?

8. Draw a fully Iabelled diagram of.a.voltameter suitable for the electrolysis of water

. acidified with dilute sulphuric acid, showing how the. gaseous products are
collected. :

(2) Give the names and relative proportions of the gases evolved.

(b) Write down the equations for the reactions at: the electrodes.

(c) The same result would be obtained if the water:was made alkaline by addmg
sodium hydroxide instead of acidifying with sulphuric acid.

'(d) State and explain the effect of electrolysing a dilute solution of sodium
sulphate in the same voltameter. '

9. What mass of (a) copper,(b) silver, (c) aluminium and what volume at: STP:of (d)
oxygen and (e) chlorme will be liberated during electrolysis- by a charge of one
Faraday‘7 (Cu=63, Al=27,0+16,C1=355) -

10. On passing a steady current of 0. 75 A for 25 minutes through a.copper (i)
sulphate solution, 0.369 g of copper is deposited. Calculate the relative atomic
mass of copper. (One Faraday = 96500 coulombs)

11. Calculate the mass of silver in grams deposited by passing a steady current.of 0.1
A for. one hour through an excess of silver nitrate solution, (Ag'= 108 ‘one
Faraday= 96500 C) ‘ N

12. An electric current is passed in turn through solutions of silver mtrate, copper (1)
sulphate and dilute sulphuric acid in series. If 0.5 g of silver were deposited at the
cathode of the first.cell, calculate.

(a) the mass of copper deposited in the second cell and:
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(b) the volume of hydrogen liberated at 30 °C and 760 mmHg in the third cell.
(Ag=108, Cu=63, H=1) ‘
13. Write TRUE or FALSE for each of the following.
-(a) Anions are oxidizéd dt the anode. :
(b} Metals are good insulators of electricity.
(c) A conductor contains electrically-charged jons.
(d) Inan electrolysis, the quantity of element discharged is d1rect]y proportlonal
to the quantity of electricity used. -
(¢) A chemical cell produces electricity due to the chemical reaction.
14. Fill in the blanks with a suitable words or phrase or numerical value with unit as

necessary.
() The decomposition of-a molten salt brought about by the passage of electricity
~ throughitisknownasthe ................

(b) Cation is reduced at the ...................

(¢) The ions at the lower position of the ................... . are easier to discharge.

(d) The electrical precipitation of one metal on another is krown as
('3) The metals more separate in the electrochemical series produce more
siesavenneneen . When they are used as the electrodes. ‘
15. Choose the correct term or terms given in the brackets.
(a) (K, H',Cu®")ions are difficult to discharge.
(b) Electrolytes can conduct due to the movement of {(ions, electrons, molecules).
(¢) Polarization occurs in a chemical ¢ell due to the (hydrogen bubbles,
discharge of OH ™ ions, disconnection of eurrent)
(d) More (separate, closed, adjacent) metals in the electrochemical series produce
more e.m.f in a chemical-cell. .
(€) Articles to be electroplated are connected to the (cathode, anode, electrode).
16. Match each of the items given in List A with the appropriate item in List B.
List A ‘List B
(a) 96500 C (i) produce e.m.f.
(b) chemical cell  (ii) one Faraday
(c) electrolytic cell (iii) chemical reaction by electric current
(d) inert electrode  (iv) tendency to flow the current
(e) conductance V)Pt

-
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17.

18.

19,

20.

21.
. 'Distinguish between the following.

23,

- Describe the differences between . -

(a) conductors and non-conductors
(b) electrolytes and non-electrolytes -
snswer the following questions. |

(a) What do we call a solid which does not conduct electricity ?

(b) What do we call a liquid which does net conduct eleomclty ?
Describe the differences between ‘ :
(a) electrolysis of molten sodlum chloride and

(b) electrolysis of saturated agueous sodium chloride (brme) using
platmum electrodes.

Describe the differences between using platmum electrodes and copper

electrodes in electrolysis of aqueous copper (II) sulphate solution..

What are the factors affecting the electrolysis products? .

(a) electrolysis and electrolyte
. (b) cathode and cation

(¢) anode and anion

(d) conductor and insulator- :
Complete. the following table and name the main. anode and cathode products.

, Anode

- : - R ' Cathode
Electrodes: | ‘ Eleetrolyrtes | product “ product
platinum. "Fused sodium - chloride
platinum: . Saturated: sodium chloride

7 solution. . b
platinum: | Sodium: hydroxide selution: |

sopper- t Copper (IT) sulphate-
. ' solution:

platinum Copper (II) sulphate

solution

e e o sk o o ek e ek o e e s de ek e st ke
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CHAPTER'5
OXIDATION AND REDUCTION

5.1  Concepts of Oxidation and Reduction -
Originally, exidation was defined as the addition of oxygen to a substance or the
removal of hydrogen from a substance, ¢.g.,

2Cu(s) + Oyg) — 2Cu0 ©
S (g) + Clz(g) —3 2HC1 (g) +8 (S)

Conversely, rednction was defined as the addition of hydrogen toa substance
or the removal of oxygen from a substance, e.g.,

LCh(g) + Ha(g) — 2HCl(g)
CuO(s) + Ha(g) — Cu(s)+ H.0 (1)

- We have studied that electronegative elements which tend to attract electrons
are the non-metallic elements and electropositive elements which ténd to donate
electrons are the metallic elements. As you must have realized from your studies,
chemical reactions are of great variety involving the participation of - different
substances as reactants. The definition of oxidation and reduction which is confined
to the reactions with oxygen and hydrogen is too narrow to be satlsfactory There are
numerous reactions in which these elements are not involved.

Oxygen belongs to that class of elements we have defined as electronegative.
Slmﬂarly, hydrogen is an electropositive element. Based on this classification of
elements as electronegative or electropositive, the concept of oxidation and reduction
was extended one step further to mclude the electronegative 'and electropositive
elements.

Thus, oxidation may now be defined. as the addition of oxygen or an
electronegative element .to a. substance or the removal of hydrogen or an
electropositive element from a substance. .Reduction is, therefore, the addition of
hydrogen or an electropositive element to a substance or the removal of oxygen or an
electronegative element from a substance, e.g.,

2Fe(s) + 3CL() -— 2FeCis (s)
Mg(s) + 2HCl(ag) — MgCl: (aq) +H; (g)

Oxidation and reduction in terms of change in oxidation number
Oxidation numbers (oxidation states) 'iave been used as a device for assigning an
electrical charge to an atom in a molecule.
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Oxidation numbers are assigned according to the following tules :

1. The algebraic sum-of the oxidatiori numbers of all.atotns ini a formula is equal
to the net charge on the group of atoms represented by the formula. Thus the sum of
the oxidation numbers in NaCl must be zero, and the sum:of the: oxrdanon numbers in

MnO; must be-1.

2. All elements in the free state (1 e., uncombined with ¢ any othertelements) Have
an oxidation number of zero. :
3. In a simple ion the oxidation number is the same as the charge on the ion.

Thus, the ion AI3 has an oxrdatron number of + 3 and the fon S2° “has an oxidation .

number of -2.

4, The alkali metals {(Group IA metals) always exh1b1t an oxidation number of
+1 in their compounds, and the alkaline earth metals (Group TIA metals) always
exhibit an oxidation number of+2 in their compounds.

5. The oxidation number of oxygen in its compounds is taken to be -2 (except in
0,, O, and peroxides).
6. The oxidation number of hydrogen in 1ts compounds is taken to be +1 (except

in H,, and ionic hydrides). ;
With these simple rules in mmd the concepts. of oxidation and. reductlon may

now be further refined.

Oxidation-reduction reactlons are charactenzed by changes in the oxlda‘non
numbers of some of the elements in the reactants. Any element whrch increases in
oxidation number is said to be oxidized. Any element which decreases i in oxidation
number is reduced..

_For example, inthe reactlon
ZFeClz (S) + Cly (g) —> 2F3013(S)

the oxidation number of iron changes from + 2 in FeCl; to + 3 in'FeCls, and therefore
FeCl, has been oxidized ‘to FeCls. Similarly, the oxidation number of the chlonne
changes from O in the free elenent Cl, to -1 in FeCls, and the' chlorme gas has‘
therefore been reduced.

Thus, oxidation brings about an increase in oxidation number and feduction, a
decrease in oxidation number.- ' ' '
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Oxidation and reduction in terms of electron transfer -
In the reaction
Zn. + Co¥ —— Zn™+ Cu

it is obvious that the zine is oxidized and the copper (II) ion is reduced. The formation
of zine ions is due to the loss of two electrons by each zinc atom. The change from
copper (II) ions to copper metal is due to the gain of two electrons by each ion. Thus
the loss of electrons by one species (electron donor) is accompanied by the gain of the
electrons by another species (electron acceptor). '

An oxidizing agent causes the oxidation of another species, and in the
process it is reduced. .

A reducing agent causes reduction of another species, and it in tum is
oxidized. ' '

From the electronic point of view the following are the definitions of
oxidation and reduction.

Oxidation is the loss of electrons by an element,
compound or ion. ‘ :
Reduction is the gain of electrons by an element,
compound or fon. '

An oxidizing agent is an acceptor of electrons.
A reducing agent is a donor of electrons.

5.2 Oxidation-Reduction Reactions

Every oxidation must be‘accompanied by a corresponding reduction and vice versa,
because if one substance loses electrons then another must gain them. Reactions in
which simultaneous oxidation and reduction are occurring are often known as redox
reactions. -

The following example illustrates these reactions.

Example 1: Magnesium combines with oxygen to give magnesium oxide,
: 1
Mg(s) + 5 02(8) — MgO(s)

The electronic changes occurring are given by the two half-equations:
Mg — 2¢ — Mg* (Mg oxidized)

-%-02 + 2 —— 0% (O, reduced)

83



In these reactions the metal is oxidized by losing two.clegtions. per atom.
These electrons are accepted by oxygen atoms, which are reduced as a resultj
Magnesium (donating electrons) is reducing agent and oxygen (acceptm £ lf‘('iTQub) is
the. 0x1d12mg agent. - :

Example 2: Tron (I) chlonde reacts w1th cnlorine: to give iron (III) chloride,
2FeCla(s) + Clz (g) -—>2FeCl3 (s)
The two half—equatlons can be vmtten as ‘
o F¥* — & — Fe* (Fe® oxidized)
Cl + 2¢° === 2C1" (Clgreduced)
Addition of these two half-equations gives the full ionic equation.
e  + Clp — 2P + 2C1°
The iron (II) ion, Fe**, is oxidized by losing one electron per ion and is the
reducing agent. Chlorine acts as the oxidizing agent. (electron acceptor) and is
reduced. .
Example 3: Passing hydrogen gas over hot copper (I) '_oxi&'e' gives ;the_.‘fpl‘lov(f"iﬁg
reaction : o S '
CuO(s) + Ha(g)——

Cu®+HO @)
The half-equations are |
o+ 28 —— Cu (Cu feduced)
Hy — 26 ——2H (W oxxdazed)_ |
and hence the ion'i_'c eQua'tion is o " | |
¥ o+ H — Cu + ZI-F

This i 1on1c equation, however, does not give the completc picture. The oxide
jon, 0%, is strongly aftracted by the H' ions and. forms water" whlch is . almost

completely covalent.

Example 4: Hydrogen sulphide reacts with chlorme to glve hydrogen chloride and
sulphur.

HzS(g) + Clz(g) ——>3(s) + 2ZHCl(g)
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The half-equitions are
$F - 26— 5 (8% oxidized)
Ch + 2¢ — 2C1~ (Cl; reduced)
and the ionic equation is |
(@) + Ch(® —— SE + 200" (g

~ The hydrogen ion originally of the hydrogen sulphide is unchanged at the end
of the reaction and it does not oceur in the ionic equation.

Example 5: Electrolytic processes involve redox reactions. (See Chapter 4.) A
cathode which is a source of electrons; is equivalent to a reducing agent, and the
discharge of positive ions at a cathode is, chemically, a reduction. | |
For example, discharge of metallic ion (e.g., sodium ion) at a cathode is the

reduction of that ion, Na", to the metal Na. The electron gained by the wmetallic ion is
supplied by the cathode.

- Na*+ @ —— Na
By the same reasoning, an anede which is an electron aceeptor, is equivalent to an
oxidizing agent. Discharge of negative ions at an anode is an oxidation. For example;
chloride ion; L17, is oxidized to the atom; CI, by electron loss, the electron being
accepted by the anode, as :

CI"" — ¢ —s
3.3  Oxidizing Agents ‘ : ' \
Oxidation is the loss of electrons from a substance. The loss of thése -electrons is
brought about by the help of another substance which accepts the electrons. This
other substance is the oxidizing agenit. Hence, an oxidizing agent may be defised as
an electron: acceptor. Somie iniportant oxidizitig dgetits and examples of thei ue are
given below. ' "
1. Oxygen %02 + 2¢ — 0 ' ' -

Oxygen oxidizes mdst-‘ mefals and non-metal's.t'o thetr oxides.
Qu(+ Ox(g) ——> 2Cu0i)
S+  0(g) — SOx(e)
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2. Chlorine ?IZ-C12+ e —=Cl™

Chlorine oxidizes heatéd iron to iron (IH) chloride.
2Fe(s) + 3CI(g)——> 2FeCls(s)

3. Hydrogen peroxide H;Oz + 2H" +2¢—— 2H:0
The H' is supplied by water or dilute-acid present in the reaction mixture.

Hydrogen peroxide oxidizes acidified solutions of potassiufﬁ’iddidé, iodine
being liberated. In this reaction the acid liberates hydrogen iodidé from potassium
jodide and it is the hydrogen iodide which is oxidized, ie.,

- 2K1 + 2HCI . —— 2KC1+2HI

2HI + H0;. — I +2H0

The full reaction is written as

2KI (aq) + 2HCI (ag) + H205(aq) — 1x(aq) ; 2KCl(aq) + 2H,0(1)

4. Nitric acid 4HNO; +2¢ —— 2NO; +2H,0 +2NO2
(conc) o : |
SHNO; + 66 ——> 6NO +4H,0+2NO
G o |
When copper reacts with concentrated nitric acid the products are copper (I)
nitrate, water and nitrogen dioxide. But when copper reacts with -a mixture of

concentrated nitric acid and water in equal volumes the gaseous product is nitrogen
oxide. '

Cu(s) + 4HNOs(conc) — Cu(NOs)(aq) + 2H,0(1) + 2NO:(g)
3Cu(s) + 8HNOs(aq) ——> 3Cu(NOs) (aq) + 4H0(1) + 2NO(g)

5. Potassium permanganate ‘MnO; + SH'+ 5¢ ——> Mn*+4H0

Acidified solutions of potassium permanganate oxidize sulphur dioxide. The purple
solution furns colourless in the process. ‘ '

5805(g) + 2KMnO4(aq) + 2H,0(1) ——K2804(ag) + 2MnSO4(aq) +2H:S04(2q)

6. Potassium dichromate Crz0% + 14H' + 6" —> 2Cr’" + TH0
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_ !
Acidified solutions of potassium dichromate oxidize iron (II) salts to iron (IM) salts.
‘The orange solution turns green. o : '

KaCr,0r(ag) + THSOx(aq) + 6FeSOs(ag) —> -3Fey(SO5aa) + Cri(SOs(a) +
, o © KaSO4(aq) ¥ THO(1)

54 Reducing Agents o ‘

Reduction is the gain of electrons by a substance which accepts the electrons from

another substance. Hence, reducing agents may be defined as electron donors. Some

important reducing agents and examples of their use are given below.

1. Hydrogen (with heated metallic oxides) H,+ 0> — H O+ 2¢
e.g, CuO(s)+ Hyfg) —— Cu(s) +H,0(g) ’

2, Carbon (with heated metallic oxides) C+ Q2" — CO + 2¢
_ ‘ - or C +20%  —— COy+4e”
e.g,Zn0(s) + C(s) —> Zns) +  CO(g)

3. Carbon monoxide (with heated metallic oxides) '

CO+0* — CO,+2¢"
e.g., Fe0;5(s) +3C0O(e) ——  2Fe(s) + 3COx(g)

4. Hydrogen sulphide S* — 8§ + 2
e.g, 2HaS (g} + SOx(g) —— 3S(s) + 2H,0(1)
5. Sulphur dioxide (aqueous) o
In aqueous solution, sulphur dioxide gives sulphurous acid which dissociates ‘into
hydrogen and sulphite ions. -
SOxg) + H0) — HSOs(aq).
' HaS0; == 2H' + SOF
SO + HO0 —— SO +2H +2¢

It tums acidified potassium dichromate solution from orange to green and
acidified potassium permanganate solution from purple to colourless.

3.5  Balancing Oxidation-Reduction Equations o

Two methods have been developed for balancing oxidation-reduction (redox)
equations: The oxidation number method and ion-electron (half-reaction) method, To
demonstrate these two methods the following gquation will be used.
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KaCr,07 +HE+ HC104 ey KCIO4 + Cr{C10g)s + T+ HyO

Oxidation number method _

The oxidation number method makes use of the fact that the sum total of oxidation
must equal the sum total of reduction in the overall chemical reaction. However,
many examples of redox reactions are too complicated to balance by this method.

Step | Find which elements change oxidation number ,

O (inKCrQy) > Cr¥Tin Cr(ClOa); ] (changdof - 3)
I” (in HI) w3 I(inl) (changeof+T)

Step 2 To conserve oxidation number in the overall equation in a given example we
must have three iodine atoms giving electrons for every chromium atom
gaining electrons. Since the. formula K2Cr,0 contains two. chromium atoms,
six Hif molecules are, required. . o
K2Cr0y+ 6HL 4+ HC10y . == KCIO04 + 2Cr(Cl04)s + 3L +H0

Step 3 Balance the metals; that do not change exidation number (X in:this case)
KoCrO7+ 6HI+HCIO, == 2KCl04+2€x(ClOx+ 3+ 1RO

Step 4. Balance the anions that do not change (C10 in the case):
KCr0p + 6HE+8HCIO; = 2KCI04 +2€x(Cl08)s + 3T +H30
Step 5 Balance the hydrogen : y
KsCrpO7+ 6HL . 8HCIOy == 2KC104,+2C(ClOs)5 +3], + TH,0

Step.6. Balance the. oxygen. |
Fhe.oxygen atoms are-already balanced: 3%-on eagh side.,

Ion-electron. (half-reaction). mgthod: _
The ion-electron. method: considers: iedox reactions, s the. sum of two half-reactions,
one. of which donates: electrons, and; the, other accepss those electrons. In. all redox.
reactions. the number, ofielectrons, donated:by. the reducing agent must be- equal to-the.
number, of electrons;accentedi by the.oxidizing:agent:. o
Step- 1 Omit;ions.which:do.nekchange.in;the-reaction,.
(X" and,C1Q7; in;this.case);
CnQF I HH = @D, B




Step 2' Identify the elements oxidized and reduced, along with the oxidation and
reduction products. Construct a half-equat]on for 0x1dat10n and reduction

separately.
Cr0Fr —5 2c¢7*

21° ——) I

Step 3 Balance the atoms in the half-reactlons by adding acid H" and H,0, or base
OH"™ and H;0 (the number of oxygen and hydrogen atoms must be balanced).

Since H' is involved in the given reaction, H,O and H are used to balance the

atoms.
Cr,0% +14H" —— 2C°* + 7H,0

A° — L

Step4 Add electrons to balance the charge for each half-reaction. In step 3, the
charge for the reactants of the first equation equals -2+14=+12 and for the
products -+ 6. We must add six electrons to the reactants of that equation to
achieve charge balance. : ,

CrOF +14H +68 —— 20"+ TH,0
Similarly 2I° —— L +2¢

Step 5 If necessary, multiply one or both haif-reactions by an integer to balance the
number of electrons transferred in the two half reactions.
In this case, second half-reaction is multiplied by 3.
Cr0F +14H" +6e —— 20"+ 7TH,O

6I° —— 31, +62

Step 6 Add the two half-reactions, canéelling species appearing on both sides of the
resulting overall reaction. Elecirons must cancel exactly.

Cr,0%F +14H" +6I° —— 2CF" + 3L + TH,O

The equation should now be balanced buta check should be made on the basis
of charge balance. If the equation is really balanced, the net charges on each
side will be equal.
2+ 14FD+6(-1) = 2(+3)+3(0)+7(0)
2+ 14 -6 = +6 0O 0
+6 = +6
K,Cr, O,;+ 6 HI+ 8HCIO, —— 2KCIQ,+2Cx( Cloy),+ 3L+7TH,0
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1
Since -all chemical reactions, excepting -those .occurring + by - double - de-

composition are redox reactions, the method.of balancing equations described above
may be applied generally. The following examples with further ilfustrate the method.

Example 1: FeCl, + Cly— FeCls
Balance by ion-electron (half-reaction) method
1. Begin writing the half-reactlon equatlons by showmg reactants going to produet.
Fe*" —— Fe™
Cly — 2C1°
2. Balancmg atoms - Atoms in the above two half-reactlon equatlons are already
balanced. : :
3. Adding electrons as needed to balance the charge
Fe?t —— Fe¥ + ¢ :
Cl,+2¢ —— 2CI° IR Cro?
4. Mult1p1y1ng first half-reactlon by 2 to makethe number of '
- electrons in each half-reaction the same.
QFe* — e +287
1) +2 —2C17
5. Adding the two half-reactions. ' ‘ _
 2Fe?" ——2F 426
cy, 426 — 20

. 1
S ced Ry«

2Pe* + Clp — 2R+ + 2C1°

Final check on charge balance

2(+2) +0 = 2(+3)+2(-1)
+4 0 = 6 2
+4 =

2FeCl+ Cl, ——  2FeCl,

Example2: MnO; + $* —— S -+ Mn®*
Balance by ion-electron (half-reaction) method
1. Writing the half-reaction equations.

 MnO; —— Mn®*
g — 8°
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2. Balancing atoms - Add H,Q and H" to balance the number of atoms.
MnO; + SH'—— an* + 4 Hzo
8 (— 5 §%
3. Adding electrons as needed to balance the,charge,.

MnO;+ 8H'+ 5¢ —— Mn™ + 4H,0
' SZ- —_— SD + 7 _23'-

4. Multlplymg by coefﬁclents (2 and 5, respectlvely) to make the number of
electrons in each half-reaction the same. :

2MnO; + 16H*+ 1067 —— 2Mn** + 8H;0
58 — 58° +10¢
5.. Adding the two half-reactions. '

2MnO; + 16H + 587 —— 2Mn® + 8H20+5S

Final check on charge balance :
2-1)+16(F1) +5(-2) = 2(+2) + 8(0) + 50)

2 + 16 - 10 = + 4 .
- +4. = ' + 4 »
- SUMMARY

This chapter is concerned with the concept of oxidation and ‘reduction. The terms
such as oxidizing agents and reducing agents are clearly definied with appropriate
examples. Methods' of baIancmg oxidation and reductton equations are presented
with worked out examples. Problems and exercisés are glven at the end of this
chapter for practlce

Questions and Problems

1. Define oxidation- and reduction in terms of (a) oxygen, (b) hydrogen,
(c) electrons.

2. What is a reducing agent? Give three exampies of common reducmg agents

3. What is the oxidation number for the underlmed element in each of the following
substances?

(@ BCl (b) Cr2 02" ~(c) HNO; o @ KCI0; * ()P4
(OMnO; . (N0 .  (h)NH;. (i) 8207 () NaHCO;

4. Which of - the following equations represent ox1dat10n~reduet10n reactions?
Identify each oxidizing and reducing agent.
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@HS + Clh — 8.+ 2HCI
() 2H,0 + 2Cly, —— 4HCL + Oy
(©)2Ct0F + 2H" —— CrO7+ H0 .
@Cu0 + HpSO; —— CuSOs+ H0
PO + C — Pb + CO
() F&' + Al —— Fe + AP
. Select (a) an oxidizing agent and (b) a reducing agent from the following list:
carbon, potassium permanganate, sodium sulphite, chlorine, coppet(II) oxide.
. State which reactant is ox1chzed in each of the followmg reactions. lee reason
for your answers. :
() 2Na -+ 2H,0 -——> 2NaOH + H;
(b) Cu -+ CuCl, ~ —— 2CuCl _
(¢) SO, + H,0-+NdClO — NaCl . + HoSO4
Write balanced equations for the following reactions.
(@ H + NOI + Fe® —— Fe* + NO; +H,0

b Cu*t + I° — Cul + L
© H0; +Crn0¥+H —= "+ 0 +HO
(d) - HSO4 +HI —3 L + H;S +H0

(€) MnO; +NO; +H;0 —> NO; + MnO,+OH"

. Write TRUE or FALSE for each of the following statements.
(@) Oxidation number of hydrogen in hydrogen peroxide is +1.
(b)  Electropositive elements may be reducing agents.
{c) Electrons are transferred from an oxidizing agent to a reducing agent
(@ Electrolytlc process involves redox reaction.
(e) Oxidation reaction takes place at the anode in an electrochemlcal reaction.
. Fill in the blanks with a suitable word or phrase or numerical value with unit as
necessary.
(a) An oxidizing agent is an .......vese :
" (b) Oxidation number of Crin Cr0% 18 veeeverecne. .

(¢) When the oxidation number of an element is decreased, it is saidto
0TS

d) A common laboratory oxidizing agent is .......... -

(&) Oxidation number of element, in pure form IS coevearsseesnnis

Choose the correct termeor terms given in the brackets. .

(a) A cathode is a (an) (source of electron, electron acceptor, electron donor).

(b) An electrocherical reaction is /a (an){redox, catalytlc, electron transferrmg)‘
reaction.
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{(¢) Oxidation is the (gain, loss, acceptor) of electrons.
(d) In the reaction:

Fe(s) + Clag) —— FeCly(s)

Fe is a (an) (oxidizing, reducing, neither oxidizin g nor reducing) agent.
(¢) In the reaction:

$¥(® + Chig) — S(s)+2CI" (g)
S* is (oxidized, reduced, neither oxidized nor reduced) to S.
11. Match each of the items given in List A with the appropriate item in List B.

List A List B _
(a) electropositive element (i) oxidation number of sulphtir is +6.
(b) electronegativé element (ii) oxidation number of sulphur is +4.
(c) SO .- (i) oxidizing agent
(d) SO g‘ (iv) electron donor
(e) element | (v) oxidation number is zero.

12 Answer the following questions.
(@) Whatis a loss of electrons called ?
{b) What is a gain in electrons called ? _
(¢} Are oxidizing agents good or bad at accepting electrons ?-
(d) Are reducing agents good or bad at accepting electrons ?
(e) Intheequation -
2Braq) + Clygg — 20l (ag) + Bry()
() What is being oxidized ?
(ii) What is being reduced ?
(iii} Which: is the oxidizing agent 7
(iv) Which is the reducing agent ?

- e ek ek ok e e R e e e e e e e
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CHAPTER 6
RATES OF REACTIONS AND EQUILIBRIA :

The study of rates of reactions (chemical kinetics) and chernical equ111br1um is central
to the understanding of chemlcal reactions. :

Questions are usually asked, such as

(1) why do chemical reactions occur?
(2) what factors determine the rates of the chemical reactions? : .
(3) -even -when a.chemical reaction has occurred, the questlon 18 "whether the
reaction is going to be complete or not".
These questions can only be answered, after one has studied the pnn01ples of
rates of reactions and the concepts of chemical equilibria. - : :

6.1  Rates of Reactions _ :
An iron nail reacts slowly in air as it rusts.. White phosphorus bursts into flame when
exposed to air. Candle wax burns only after the wick of the candle is lighted. These
reactions with the oxygen in air take place at different rates. The above examples
show that reactions can proceed at different rates.

To understand the expression "the rate of a reactxon" the following example
may be used.

It is known that magnesium readily reacts with hydrochlonc acid to form
hydrogen and magnesium chloride. The equatlon for the reaction is

Mg(s) + 2HCl(aq) —— MgChfag) + Hg(g)

Suppose we have a small clean strip of magnesium ribbon of known mass.
When the magnesium strip is placed in dilute hydrochloric acid, reaction takes place.
The magnesium ribbon is observed to disappear after some definite interval of time
depending on its mass and the concentration of the acid. There is also an evolution of
hydrogen gas during the course of the reaction.

The rate of disappearance of magnesium ribbon is the quotient obtained by
dividing the mass of magnesium which has reacted completely by the time required
for completion of reaction. :
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The rate of reaction (in terms of the reactant) is

mass of Mg reacted

rate = - -
' time of reaction

= quantity of Mg reacted per unit time

Similarly, the rate of reaction (in terms of the product) can be expressed as

volume of H; collected under standard condition .

rate = -
time of reaction

= quantlty of H; produced per unit tlme

Generally, in chemical reactions the rate of a reaction is measured in terms of
change in concentration of reactant or product divided by time unit.
Hence, for an elementary chemical reaction of the type

A+ B —C + D

the rate may be written as the decrease in concenn'atlon of reactant A with time, as

expressed by the derivative .—— [ ! , Or the decrease in concentratlon of reactant B

e d . L o :
with time, —% It may also be written as the increase in concentration of either C

dcy ., dD]
dt dt
Thus in accordance wzth the stoxchlometry of the reactxon the algebratc rate
relation is

or D with time, i.e., +

dAl _ dB)

rate =" — -
d¢  dt

when the concent:atxon of a partlcular reactarit, whtch is decreasmg n concentratlon
with the progress of the reaction, is considered. ‘ '

Alternatively, the rate may be derived by concentration of a partlcular product
which has been formed in this case. : S '
dc] _ , dp]

rate = + , |
dt dt
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Since the -concentration of the product keeps on mereasmg withiithe' progress of the
reaction towards equilibrium. . :

~The units of concentration can be in partial pressure wuiits' (for gases) or in
niole.., or in volumes (for solutions). The-unit is usually expressed:in moles per dm’.
Time is usually measured in terms of seconds, mmutes, hours; days:or months .The unit
of rate of reaction is mol dm?* s or mol dm'3 min™ or mol dm Shret,

62  Factors inﬂuencing Reactjon Rates -

Effect of concentration of reactants -

A chemical reaction will occur only if the molecules of the reacting substances come
into contact with each other. Therefore, we postulate that chemical reactions depend
upon collisions between the reacting particles-atoms, molecules or ions. This model
of reaction rate behavior is called the collision theory. It states that the more frequent
the contact between reacting species, the greater can be the rate of reaction. Thus, for
a given set of reactants, an increase in the -concentrations of those reactants will
increase the number of reacting species per. unit volume of the reaction system. Hence
the chance for contact will be increased and therefore the rate of reaction will also
increase-accordingly. The rate of reaction is inversely proportronal to the time taken
(a.fast reaction takes a short time, but a slow reaction takes a long time). Thus, it may
be concluded that as the concentration of reactants is mcreased the reaction time
decreases, i.e., the rate of reaction increases.

Effect of pressure

The effect of changing the pressure on reactions just involving liquids, solutions or
solids is negligible since they are almost mcompressrble ‘However, the volumes of
gases are greatly affected by pressure. The concentration of a gas is proportional to its
(partral) pressure. At a given temperature the greater the quantities of gas in terms of
moles in a given volume, the greater will be the pressure of that gas. Therefore, one
can generally increase the rate of a reaction involving a gas by increasing its partial
pressure. For example, iron filings burn slowly when heated in air, which contains
only 20% oxygen; but when the hot iron filings are thrust into pure oxygen,
combustlon proceeds vrgorously w1th a shower of sparks.

Effect of temperature g ‘

The observation that reactions proceed faster at thher temperatures than at lower

ones is common experience. For example,: the reason that foods are refrlgerated for

storage is to retard the reactions which would lead to spoilage at room temperature.
Chemical reactions occur when collisions occur but only when the collision

involves more than a certain amount of energy. This can be explained by postulating
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that two molecules must.collide with enough energy.to form an activated complex
which then can disintegrate into reaction products.

Many collisions are. ineffective because .molecules are not in proper
orientation at the .actal time of collision. Consider the reaction H, + I, — 2HL
During collision, H;.and I molecules would come near each other, and prior to the
formation of HI, the bonds between atoms in hydregen and iodine molecules would
be loosened due to molecular interactions and an intermediate complex, which is
known as activated complex, will be formed as shown in-Fig..6.1.

H -H: H- . H H-

[—I - [ = T S S &

activated complex ‘
Fig. 6.1 Formation of HI

This Intermediate state (also known as transition state) being a species ‘of
high energy would be highly unstable and the activated complex can break info two
HI or H; and I, molécules depending on a chance happening. The minimum energy
required to form this dctivated complex is called activation energy. The progress of
the reaction according to this concept is summarized in the energy diagram’ showi in

Fig. 6.2

energy ~—=

reaction coordinate ~——»

Reactants —— Activated complex ~—— Products
- Fig. 6.2 Energy diagram for the reaction:Hy+ §, ——s 2HI -
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‘Unless the colliding molecules have. energy greatér than the acttvation energy,.the
product molecules’ cagnot be obtained. Of the many collisions which occur, only a
small fraction of collisions have energy greater than the required activation energy.
Hence, only a fraction of collisions lead to reaction products.-As the temperature is
raised, the riumber of collisions -energetic enough to-overcome the transition state
increases and the reaction goes faster. Roughly, the rate. of reaction becomes double
when the temperature'ié increased by ten degrees. - ' )

Effect of catalysts '

' A catalyst is a substance which alters the rate
of a chemical reaction, but remains chemically
unchanged at the end of the reaction.

‘Since catalysts are not consumed by the chemical reactions which they
promote, a small quantity is sufficient to catalyze the reaction of a large quantity of
reactants. _

A catalyst that usually increases the rate of reactiom is called a positive
catalyst. A negative catalyst or an inhibitor decreases the rate of reaction, and this is
occasionally used to suppress an unwanted reaction. B

Catalysts are widely used in the chemical industry and in chemical research.
Examples are; iron in the Haber Process for manufacturing ammonia ; vanadium V)
oxide or platinized asbestos in the Contact Process for manufacturing sulphur trioxide
and manganese (IV) oxide in the preparation of oxygen from potassium chiorate.

Fe catalyst
Na(g) + 3Hi(g) —— — 2NHsg)

V05 or Pt
250:2(g) + Ox(g) —— " 2805(s)
catalyst

_ o . MnO, .
2K C104(s) 5  2KCI(s} t+ 302(8)
catalyst : .

A very large number of catalysts, called enzymes, are found in living tissues.
Among the best known examples of these are thg digestive enzymes such as the
ptyalin in saliva and the pepsin in gastric juice. A common function of these two
enzymes is to hasten the breakdown of large molecules, such as starch and protein,
into simpler molecules that can be utilized by body celis. |
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Effect of radiation -

Light is a source of energy and can influence the rate of some chemical reactions. For
examples, the reaction between hydrogen and chlorine is extremely slow in the dark,
but it becomes explosive when the reaction mixture is.exposed to bright sunlight.
Chlorine molecules absorb energy from light waves and, hence, become activated
enough to decompose into chlorine atoms (also known as “free radicals") which are
very reactive. These chlorine atoms combine ‘with ‘hydrogen molecules, forming
hydrogen chloride molecules-and hydrogen atoms. The hydrogen atom in turn reacts
with a chlorine molecule producing another HCI molecule and a chiorine atom. In this
way a reaction chain is set up and the reaction rate becomes very fast.

Cc, —Y i+
(light)

Cl+H, ~ HCl+H
H+Cl — HCl+ Cl

The above reaction is not the light catalyzed reaction. It is a photochemical
reaction. A photochemical reaction is a reaction which takes place only when the
reactant molecules absorb the light radiation (hv) when it is exposed.

Effect of surface area of reactants ,

.The particle size may influence the rate of reaction in the chemical reactions
involving solids. For example, aluminium foil reacts moderately with sodium
hydroxide solution only when warmed but powdered aluminium reacts rapidly in the
cold. :

2Al(s) + 2NaOH(aq) + 6H20(1) — 2NaAOH)4 (aq) + 3Ha(g)

These observations are due to the fact that reaction occurs at the surface of the solid.
The larger the surface area, the greater the coxitact between the reactants and faster
the reaction. For the same mass of substance, the smaller particles have a larger total
surface area than larger particles. This explain why powdered aluminium reacts much
more readily than aluminium foil. '

6.3  Chemical Equilibria

Many reactions are reversible. That is, they can proceed in the forward as well as in
the reverse directions under the appropriate conditions. Reversible reactions are
indicated by using the === sign in place of the usual single arrow sign. For example,

Hyg) + L) —= 2HI(g)
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The reactjon proceeding to the right is called the forward reaction; that
occurring in the gpposite direction is called the reverse reaction; ‘

- When hydrogen and iodine are mixed.-in a reaction vessel; only the forward
reacuon occurs as there.js no hydrogen iodide. However, asthe, reaciion proceeds,
hydrogen iodide is formed and when its concentration is sufficiently high, the reverse
reaction starts. As time passes, the concentrations of hydrogen. and iodine decrease
and so the forward reaction is slowed down. However, the:reverseféaction speeds up

since the concentration of hydrogen iodide increases. When the:rates of the forward
and reverse reactions become equal,. there is no :further. change in the net
concentration although the reactions in both directions may continue to take place.
Equilibrium is said to be established at this stage. Equilibrium. is a dynamic state,
since both reactions are still proceedmg, but since the two opposing reactions are
proceeding at equal rates, no net change is observed.

6.4 - Factors in_ﬂue_ncing qu_xilibrium - Le Chatelier's Principle
Once equilibrium is-established in a system, no further change is apparent as long as
the external conditions remain unchanged. If the external conditions are altered, the
system will shift to a new. state of equilibrium. The conditions affecting chemical
equilibrium - can be . considered by -the application of a principle known as
Le Chatelier's principle, which is stated as follows:

When anyone, of the factors affecting the

equilibrium of a.chemical system such as

tempcrature, pressure or concentration is

changed, the system reacts in such a way as

to nulhfy the effect of the change.

Effect of temperature _ ' ' '
The effect of temperature on the pos:tlon of ethbnum is 111ustrated by the followmg
example.

In the Haber process, mtrogen and hydrogen take part m a revers1b1e reaction
to give ammonia.

Na(g) + 3H2(8) == 2NH3(3)

'The forward reactlon (formatlon of ammoma) is- accompamed by the
evolution of heat while the reverse reaction (decomposition of ammonia into nitrogen
and hydrogen) absorbs heat. If - the temperature is raised, then according to
Le Chatelier's principle, the.system. should counteract this by shifting the equilibrium to
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the left. .In this .wayi the temperature will be lowered because the reverse reaction
absorbs heat and decomiposition of ammonia will be favoured. Conversely; lowering
the temperature shifis the equilibrium in favour of the forward direction in which heat
is evolved. That is, formation of ammonia will be favoured.

Effect of pressure

The effect of pressure change is-much more noticeable in reactions occurring in the
gaseous state than those occurring between solids and liquids, since the volumes of
solids and liquids are very little affected by change in pressure.

" A change in"pressure causes a change in the ‘volume of- reactmg gases.
Consider the following reaction: :

Na(g) +3Ha(g) === 2NHs(g)
1vol  3vol 2 vol

While going from left to right in the above reaction, there is a decrease inthe
total moles of gas:'ord decrease in volume. Increasing pressure would favour a-
decrease in volume. Since the gaseous system can Gounteract the effect:of mcreased
pressure only by a contraction of volume. Hence, a shift-towards ‘the right will take'
place. Thus, more ammonia is formed with increase in pressure. On the other hand,
decreasing the pressure (increasing volume) results in'the' formatlon of more mtrogcn
and hydrogen.

The change in total pressure has no effect on those reactions in which there ]S
no difference in the total moles of gas on either side ofthe equilibrium. That is, there
is no change in the total moles as a result of the equlllbnum reaction. For example, in
the reaction

/Hy(g) + Io(g) == 2HI(g)

chbngmg the total pressure will not shift the equilibrium since 2 moles of gaseous
reactants produce 2 moles of gaseous product. The effect of pressure on gascous'
systems may be summarized as follows :

The pressure of a system is inversely proportional to

its volume. Thus, high pressures favour reactions

which take place with decrease in volume and low -

pressures favour reactions which take place w1th-

increase in volume.

Effect of concentration

Increasing the concentration of one of- the substances in- an “equilibrium ‘mixture -
causes the reaction to proceed in the direction which consumes:the substance. added:
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Similarly, decreasing the concentration of a substance favours-the:reaction leading to
the . formation of the substance.’ The following reaction shows the effect of
coricentration on a system at equilibrium : : ' ‘
' Feag) ~ + SCN(ag) == FeSCN*" (ag)"
pale yellow colourless red coloured
(thiocyanate) complex o

Addition of more SCN~ ions to an equilibrium solution containing both Fe&**
and SCN~ ions brings about an increase in the concentration of the complex ion
FeSCN?* and hence a corresponding increase in the intensity of colour. That is, the
equilibrium shifts towards the right to form more FeSCN?* jon: Similarly, addition of
more Fe** ions also shifts the equilibrium in the direction in which FeSCN*" is
formed. On the other hand, if Fe** or SCN ™ is removed from the equilibrium mixture
the concentration of FeSCN*" will be relatively higher and the reaction will shift to
the left; the solution will become paler. This is due to the conversion of some

FeSCN*" into Fe’* and SCN ™.

‘ SUMMARY _ |

The rate of reaction is measured interms of chan%e in' concentration of
reactants or product divided by unit time (mol dm>sor min™ or hr')The substance
used in a chemical reaction are called reactant and the substances produced in the
reaction are called the products.Fast reaction takes a short time and slow reaction
takes a long time.Concentration, pressure, temperature, catalyst, radiation and surface
area of reactants are the six factors which influence the rate of reaction.A catalyst is a
substance which alters the rate of a chemical reaction but remains chemically
unchanged at the end of reaction. o

Enzymes are biological catalysts.Inhibitors are catalysts which decreases the
rate of reaction.Many reactions which can proceed in the forward as well as in the
reverse directions under the appropriate conditions are called as reversible reactions.

(Reactants ———— Products)

Equilibrium is used to be established, when the rates of the forward and
reverse reactions become equal; there is no further change in the net concentration
although-the reactions in both directions may continue to take place, equilibrium is a
dynamic state.According to Le Chatelier's principle, increasing pressure would
favour decrease in volume; an increase in temperature would favour endothermic
reaction (heat absorbing); and imcreasing the concentration of one of the
substances in an equilibrium mixture causes the reaction to proceed in the direction
which consumes the substance added. .-~ &~ o v
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Questions and Problems

1.

Two gases X and Y are filled in a contamer What effect will the followmg

changes have on the rate of the reaction between these gases?

e

(a) The pressure is.doubled.

(b) The number of molecules of gas X is doubled

(c) The temperature is decreased at constant volume.

Explain the following terms;

(a) activation energy

(b) transition state

(¢) reversible reaction : : : :

Write an equation for a reaction which can be catalyzed by manganese (IV) oxide.

What would be the effect on the rate of this reaction if

(a) Qre/manganese (IV) oxide is added? :

(b) the same weight of catalyst is used but the particle size is mcreased‘?

Explain why rise in temperature increases the rate of reaction.

Why is chemical equilibrium referred to as a "dynamic ethbnum ?

Choose the correct statement from the following: '

(a) The addition ofa catalyst changes the position of equilibrium.

(b) A catalyst speeds up the forward reaction and slows down the reverse reactlon.

(¢) The composition of equilibrium mixture is not changed by the catalyst.

(d) Pressure change does not change the equilibrium concentration.

What is the effect of reducing the pressure on the following equxhbnum"
Hy(@) + Ig) == 2HI(p) |

What is the effect of reducing the volume on.the following equlhbnum?
2C(s) + Oug) == 2CO()

What is the effect of increased pressure on the followmg equlhbra?

(@) Na(g) + 3Ha(g) == 2NHs(g)

10.

(b) 250x(g) + Oixg) == 280x(g)

(€) N2Ous(g)e=—= 2N02(g)

Using Le Chatelier's principle, predict the effects of

(a) decreasing the temperature

(b) increasing the temperature

on each of the following equilibrium systems.

(1) Na(g) + Ou(g)+heat == 2NO(g)

(i) H:0(g) + heat ==Hs(g)+'(:0x(g)
(D2CO(g) + Oxg) ==2CO0g)+ heat
(iv)4NH3(g) +50x(g) +4NO(g)+ 6H,0(g) + heat
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11. The dissociation of calcium carbonate is accompanied by the. absorptlon of heat.
CaCOs3(s). = CaO(s) + CO:g) L
What will be the effect of
(a) increasing the temperature? _
(b) increasing the pressure on the equilibrium? ‘
12. Sulphuric acid is manufactured by making use of the equlhbnum reaction.
2S0x(g) + Oxg) == 2504(g) '
(a) Heat is given out in the formanon of SOs. State what effcct there would be on
the equilibrium concentration of 8Os if
(i) the pressure were increased.
(i) the temperature were raised. .
(b) The actual conditions used in the process are
(0 anexcess of air.
(i) atemperature of about 450 °C. .
(iii) a pressure slightly in excess of-one atmosphere
(iv) a catalyst.:
Explain why each of the conditions is necessary.
13. State TRUE or FALSE for each of the following statements.
(a) A large particle has the larger surface area than the smaller pamcles of the
same mass.
(b). The reaction is.completely stopped at the equlhbnum
(c) At the equilibrium the reactions are still proceedmg with equal rate on both
sides.
(d) There is no pressure effect on the equilibrium of
Hyg) + L(g) == 2Hl(g) o
(¢) More amount of product would be obtained by using 4 proper catalyst.
14. Fill in the blanks with a suitable word or phrase or numerical value with unit as
necessary. : : -
(a) The rate of reactlon is inversely proportmnal to the weiiviinin
(b) A catalyst alters the ..c..ceovecerieniss _
() A catalyst found in the living cell is known as ...............
(d) An activated complex has the ....co.eveveenn. .. energy.
(e) A substance to slow down the rate of reaction is known as ........ -
15. Choose the correct term or terms given in the brackets.
{(2) A catalyst changes (the rate of reaction, concentration of produect, frequents
of collisions).
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(b) The rate of decomposition of A is denoted by ("%l’%ijﬂ’%
(¢) (Bvery collision, Collision with enough energy, Collision with low energy)
leads to the chemical reaction.
(d) Anactivated complex is (stable, unstable, highly energetic) intermediate.
(e) Enzyme is a(an) (biocatalyst, inhibitor, intermediate). '
16. Match each of the items given in List A with the appropriate item in List B.

List A . List B
(a) intermediate state (1) amount of product formed per unit time
(b) activation energy (if) reaction by light
(c) inhibitor (iii) transition state - :
(d) photochemical reaction (iv) minimum energy-for a chemical reaction
(e) rate of reaction (v) slow down the rate-of reaction.

17. Which change will-not affect the ammonia in the following reactions ?
Na(g) + 3H(g) == 2NH; (8 + heat
(8) Increasing the temperature of the reaction vesse] ?
(b) Adding a suitable catalyst.
(c) Increasing the pressure of the reaction.
(d) Increasing the concentration of hydrogen.
18. (a) What do you understand by the term  reversible reaction * ?
(b) In the following reversible reactions, name all the reactants
and products and explain how you would move to'the right hand
side (products) of the equations. _ '
() CuSO4.5H20(s) == CuSO;(s) + 5H,0 (&

() Fe05(5) + 3Hr(g) == 2Pe(s) + 3320'(1)
(i) NH4«CI(s) == NHz(g) + HCl(g)
(V) N2(g) + 3Hy(g) = 2NH;(g)

(v) 280:(8) + O:(8) == 250;(g)

*******************************‘*****
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| - CHAPTER7 -
ENERGY CHANGES IN CHEMICAL REACTIONS

Matter possesses energy of various kinds, which may be claéSiﬁéd as :

_energy due to the moving of a body -
. energy due to the position of a body, e.g., mass
in a gravity field, a charged particle in an

(1) Kinetic energy
(2) Potential energy

_ x ~ electric field o _
(3) Thermal energy .~ energy due to the effect of temperature
(4) Chemical energy - .energy due to the structure of a substance and

(5) Other forms of energy such as electrical energy produced from a
generator; mechanical energy produced from a motor. . .

Of the various forms of energy, that form of energy which.most interests us is
chemical energy. Chemicals such as dynamite or petrol (gasoline) have the capacity
to undergo change. This capacity for change, called chemical energy is a kind of
potential energy. The study of energy changes in chemical reactions is a subject in
itself and is usually called "Chemical Energetics ". This subject deals with the change -
in energy, which is either released or absorbed when chemical reactions take place.
Examples are; the burning of a match in air; the explosively violent reaction between
hydrogen and oxygen- initiated by a burning match; and the heat evolved when
sulphuric acid reacts with sodium hydroxide. ~ '

7.1  Exothermic and Endothermic Reactions | _

Whenever a chemical reaction takes place between reactants to form products, there
is always a marked heat change. In some reactions energy is absorbed whereas in
some reactions energy is evolved as you have leamt in Grade Ten Chemistry.

For instance, when sulphuric acid is slowly poured into water, the beaker (or
flask) becomes hot. This is a case of heat being released to the surroundings by the
reacting system. This kind of change (reaction) is known as an exothermic change
(reaction). ' h '

HaS04(1) + H0(1) — HSO4(aq) +heat

There is another kind of heat change when ammonium chloride is dissolved in
water, the beaker becomes quite cold to the touch. This is a case of heat being
absorbed from the surroundings by the reacting system. This kind of change
(reaction) is known as an endothermic change (reaction).

NHCI(s) + H,O(l) + heat——> NH,Cl(aq)
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An exothermic reaction is one which releases
heat to the surroundings.

An endothermic reaction is one which
absorbs heat from the surroundings.

7.2 Units of Heat Chaunge
The unit of heat change is the joule (symbol J). The joule is expressed as follows:

_ 1J (joule) =1V (volt) x 1 C(coulomb)

Another common unit of heat change is the calorie (symbol cal). A calorie is
the heat required to raise the temperature of 1 gram of water by 1°C. The kilocalorie
(keal) is used to represent 1000 calories.

The relation between calorie and joule is

1 cal (calorie) = 4.18 J (joule)
7.3 The Enthalpy Change of Chemical Reactions and Standard Conditions
The “heat change" of a chemical reaction is usually expressed by the terms "change in
heat content" or "change in enthalpy" of the chemical reaction. The heat absorbed or
released in a process occurring at constant pressure is called the enthalpy
change. The change in enthalpy of a chemical reaction is represented by A H. '
Most of the chemical reactions may occur at ambient room temperature and
atmospheric pressure. Hence, the "heat change" of a chemical reaction is also
expressed by the terms "Standard Enthalpy Change", symbolized as AH®. The heat
absorbed or released in a process occurring at standard conditions of
temperature and pressure is called the standard enthalpy change.
The standard conditions chosen for energy changes are as follows:

standard temperature = 298 K (25 °C)

standard pressure = 1 atm (760 mmHg)
For an exothermic reaction where energy is released, AH or AH® is negative i.e.,
negative sign.
For an endothermic reaction where energy is absorbed, AH or AH'is positive i.e.,
positive sign. ‘

" Examples of exothermic reactions are the following;

Ha(g) + -21-02(g) 5 HO(1)  AH = — 286k mol®
C(graphite) + O,(g) —— COy(g) °~  AH®° = _386kJ mol™

Examples of endothermic reactions are represented as follows;
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-lNg(g) + .,loz(g) " 5NO(® . AH® = +903kImol’

C (graphite) + 28 (thombic) —— CSz(1) AH® = +7117 kI mol”
These equations (exothermic as well as endotherrmc), which include
information regarding heat changes as well as p11ys1cal states are called
“ﬂlermochemlcal equations". :

7.4 Types of Heat Change . |
Heat changes result from dlfferent kmds of chemical react1ons “The usual chemical

reactions are
(1) heat of combustlon
(2) heat of formation of a compound
(3) heat of neutralization.

Heat of combustion
' Many substances burn in air (or oxygen). This process xs called combustion.

‘The heat change involved i in combustion is called heat of combustion. Heat of
combustion of a substance. is always negative ie., héat is evolved when a
" substance is burned in oxygen.
The heat of combustion of a substance is
defined as the heat change which takes place
when one mole of the substance is compl'eteiy

burned in oxygen.
For example, heats of combustlon of the burning of one mole of

hydrogen gas in oxygen, the burning of ore mole of solid carbon in oxygen and
the burning of one mole of methane gas in oxygen are — 286 kI, -394 kJ and —
890 k._I, respectwely The reactions are written : as follows :

Hx(g) + %Oz(é) —9E20(1) T AHI“’ = _.286.0 kJ mol™

" C(graphite) + Oxg) ——COg)  AH®=_396.0kImol’
CHu(g) + 202(g) —— COx(g) + 2H0(1) AH® = 890.0 k) mol”
~ The heat of combustion is measured by using an equipment called a bomb
calorimeter. | |

Heat of formation of a compound
Heat change in a chemical reaction is also expressed in terms of heat of formation of a

compound, AH ¢
The heat of formation is'defined as the heat
change when one mole of a-compound is
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+ formed from its elements in their standard
stdtes. The standard state of each element and
each compound is defined as its most stable
physwal form at 1 atm pressure and 298 K.
By convention, the enthalpy of each element in the uncombined. state is
assumed to be zero when it is in its standard state, :
For example the heat of formation of one mole of liquid water is expressed as

Hy(g) + —Oz(g) —  H0() AH —-286kJmoI"

In this example AH° — 286 k¥mol™ is not only. "the ‘heat of formatlon for the

formation of one mole of H,O (1) "; but it may be expressed depending on the choice
of heat change that one wishes to express. In. this case it is also " the heat of
combustion of one mole of H; (g)" :

However, the heat involved for the formation of one mole of carbon d10x1de
gas, COz (g), from carbon monoxide and - -oxygen is not the "heat of forrnatlon" but
rather the "heat of combustlon of one mole of carbon monoxide gas" or snnply the
"heat of reaction”. Note that the term "heat of formation”, is used only when
elemental reactants combine to form a compound, : :

Further examples of "heat of formation" reactions are:

S (thombic) + Ox(g) —— SOxg) AH®=_.296.8kImol "

2A1(s) + %Oz(g) — ALO;(s) BH? =_1667.8 KJmol ™’

%Hg(g) +.% Ch(e) —> HCU) ~ AHZ=—922kImol"!
% 2g) + %Hz(g) ——> NHs(g) A_H'? =454 kTmol™
%Nz (@) + % Or(g) —> NO(g)  -AH® =+ 903 ki mol~

The way the reactions are written, giving special attention to the formation of one
mole of product, should be noted. AH? may also be exothermic or endothermic.
Heat of neutralization -
Whenever acids and bases react together in a neutrallzatlon reactlon, to form a-salt
and water heat energy is always evolved.

acid + base — salt + water
In the neutralization reaction between any acid and a base the heat change that
is involved, is only due to the formation of one mole of H20 1) ﬁom one mole of

109



hydrogen ions from the acid and one mole of hydroxide jons from the base. It is not
due to the reaction between one mole of acid and one mole of base: |
The heat of neutralization is expressed as follows:
The heat of neutralization is the heat change when
one mole of hydrogen ions from an acid reacts with
one mole of hydroxide ions from a base.
Thus, it may be written as T '
H'(ag) + OH™ {(ag) — H;O(l) AH" _ 57 KJ mor‘

‘This value of the heat of neutralization.is the same for the neutralization-
between any pair of strong acid and strong base. All heats of neutrahzatlon are found
to be exothermic. S
The heat of neutralization of the reaction between HC] and NaOH is — 57 kI . mol"

Na"OH" (aq) +H'C1™ (ag) — Na'Cl™(aq) + H20() - AH“—-S?kJmol‘

The heat gwen out by the neutrahzatlon of KOH and HN03 is also AH®=_57
kJ. But it is not the same when a complete reaction takes place between NaOH and
H,SO4 or NaOH and H3PO,, since these two acids are not monobasw That is, one
mole of H2S0;4 1f completely jonized, contributes two moles of I—IT 1ons It is dibasic.

7.5  Hess's Law of Constant Heat Summation -

At a particular temperature, the enthalpy change of a chemical reaction
depends only on the nature of reactants and products. It does not depend on whether
the reaction is carried out by different methods. For example, consider the burning of
carbon (graphite) to produce one mole of COz. The reaction is written as,

C (graphite) + 02(g) — 5 COy(@  AH=_393 kImol’

It is also possible to-carry out this reaction by two steps. First, carbon is
converted to carbon monoxide, and then followed by the 0x1dat10n of CO to CO;. The
relevant thermochemxcal equations may be written as:

C (graphite) +502 ® — CO@® AH°=—110kJmol" |

CO@ +10) — CO®)  AH'-—28WImol’

C (graphite)+ O2(8) — CO:(g) AH®=_ 393 kJ mot™
The sum of the enthalpy changes in these two reactions gives the value of
AH®= — 393 kJ mol” which is the same as the enthalpy change for the burning of
carbon to produce one mole of C02 (g).
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-]

Cgraphiigy > CO: (g)
 CO(g)

AHy = AHpy + AHp

* A thermochemical equation summarizes the chemical reaction inclusive of the heat
changes taking place in the reaction. Heat changes or enthalpy changes are expressed by
using the symbol AH. Negative values of AH? indicate heat loss by the system, i.e., heat
is evolved. Positive values of AH® indicate heat gain by the system, i.e., heat is absorbed.
. When chemical equations are added or subtracted one must also add or

subtract the corresponding enthalpy changes. _ ‘ ‘
~ This conclusion is expressed by " Hess's'Law of constant heat summation",

The net enthalpy change of a given chemical

reaction remains the same, no matter by what

methods the change is carried out.

Hess's law is found to be useful for thermochemical calculations. By using
this law it is possible to calculate the enthalpy changes of reactions which cannot be
determined diréctly by experiment. For example, the heat change for the formation of
methane, represented by the equation,

C (graphite) + 2Hy(g) —> CHs(g) .
cannot be carried out directly in a calorimeter. However, AH; for methane can be
obtained by measuring the heats of combustion of methane and its constituent
elements, carbon and h&drogen, represented by the following reactions.

(@) C(graphite) + 0, (g) — COs(g)- - AH®= -393 ki mol"

® H(e) + al-oz(g) — s H0(1) AH® = 286 k) mol

(c) CHig) +20:(g) —— COy(g) +2H0(1) AH® =-890 kJ mol™
(@) = C(graphite) + Ox(g) —— COafg) | AH®* = -393 kI mol
(b)x 2= 2Ha(g)  + Oxg) — 2H0(1) AH® = -572 kJ

Vit .
Clgraphite) + 2Hy(g) + 20x(g) ~— COy(g) + 2H,0() AH® = -965 kJ
(©)= CHy(g) +20;(g) —— COy(g) +2H,0(1) AH® =-890 kJ mol

C (graphite) + 2Ha(g) —— CHi(g) AH® =-75 & mol”.
Net operation ={ (a) + 2(b)] - (¢)
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Another way of obtaining the thermochemical equation for the:formation of methane
as follows; e

(a) =>C(graphite) + Oxg) —— COa(g) AHS = =393 kI mol™
(b)x2=>2Hy(g)  + Ox(g) — 2H:0(1) AH%E5T2 KT

() reverse=> COx(g) + 2H20(1) —— CHa(g)+204(g) A 4= 890 kJ

C (graphite) + 2Ha(g) —— CHug) =~ AH"=-T5KJ mol™
Adding equations (a) and (b) and subtracting equation (c) from the sum gives
the equation for the formation of CH,. The reaction for the formation of methane is
Net operation = (a) + 2(b) + reverse of (¢)] - -

SUMMARY

This chapter introduces some of the basic concepts of ‘energy changes in
chemical reactions. Various types of energy are presented in it.. Every change either
physical or chemical of a substance, is accompanied ‘by. a change of energy. In
chemistry we are more concerned with heat and chemical energy. Chemical energy is
a form of potential energy which exists in a substance. Every process occurring in
daily life is associated with the change of energy. The study of energy changes in
chemical reactions, chemical energetic, deals with the energy change which is either
absorbed (endothermic) or released(exothermic) when chemical reactions are taking
place. The target concept of this chapter is enthalpy (enthalpy change) denoted as AH
which is measured under constant pressure. Most of the chemical reactions are
allowed to occur at ambient temperature and pressure.: We need to specify the -
standard conditions for chemical reactions. Hence, standard. enthalpy change
symbolized as AH? is introduced. It is measured at the. temperature of 298 K(25 °C)
and under the pressure of 1 atm(760 mmHg). Students can: understand what the
difference between standard conditions for both gaseous state and chemical reactions
would be. Three types of heat change, namely heat of combustion, heat of formation
of a compound and heat of neutralization are discussed in this chapter. Students
should practice in writing the thermochemical equations concerning with such kinds
of heat change. They should take care of units of enthalpy change or standard
enthalpy change while writing thermochemical equations. In Jast portions of this
chapter Hess's law of constant heat summation is described. This law is very useful
tool in order . “ind out the enthalpy change of a chemical reaction that is impossible
to take place directly by experiment. Students should study how to determine the
enthalpy changes of chemical reactions by utilizing Hess's law. Since many methods
can be applied to solve the Hess's law problems, teachers should encourage their
students to understand the concepts which may be easy way of solving such kind\:)f
problems. ' A
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Questions and Probleins

1

. Explain the terms

(a) an exothermic reaction

(b) an endothermic reaction

(c) enthalpy change.

Which of the following are endothermic reactlons'? o

(a) HoSO4() + HyO() © —— H2304(aq) AH° -71 kJmol' _

ONEE  — N@* S HE A =6 mr

(c) Nay(g) + = Oz(g) ~— NO() "‘L\H =+90.3 kI mol”

(d) Zn(s) + Cu2+(aq) —) Zn2+(aq) + Cu(s) AH“ =- 48 kJ mol™

Write the thermochemical equations indicating the sign of the enthalpy change for

the following processes -

(a) NH,Cl is dissolved in water.

(b) H2804 is added to water to form 2.0 M solution.

(¢) 1 mole of carbon (graphite) is heated with 2 i'holes of hydrogen.

(d) 6.1 M hydrochlonc acid is neutralized w1th 0. 1 M potassium hydrox1de '
solution.

~ Wil the temperature of the surroundmg air increase or decrease, 1f

(a) an exothermic reaction is allowed to occur in air?
(b) an endothermic reaction is allowed to oceur in air? .
The formation of methanol from hydrogen and carbon monoxide can be
represented by , |
' CO(g) +2Hi(g) == CH;OH(1) AH® =+91kJ mol™
(a) What mass of hydrogen would react to cause: thls Heat change?
(b) What would be the effect on the equlhbnum concentratmn of metha: 101 in thlS
endothermic reaction if a -
(i) the temperature was increased?
(ii) the pressure was increased?
(iii)the hydrogen concentration was increased?
The heat evolved-in the combustion of methane is given by the follomng ‘
equation:
CHu(g) + 20, (g) — COs(g) + 2H,0(1) AH® =890 kJ ol
(a) How many grams of methane would be required to producc when 445, 15 kJ of
heat is evolved? |
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10.

11,

12,

13.

14.

15

(b) How many grams of carbon dioxide would be formed when: 445.15 kJ of heat
- is evolved? - :

" The heat change for the following exothermic reaction.

NaOH(aq) + HCl(aq) — NaCl(aq) + HoO(1) is AH? =—-57.3 kJ mol”
State the heat changes for the followmg reactions in dilute aqueous solutions and
give reasons for your answers: -

(2) KOH (aq) + HNO; (aq) —— KNO; (ag) + H20 (1)
(b) 2NaOH (aq) + H2SO4 (aq) ——> NaxSO4 (aq) + 2H,0(1)
Explain Hess's law of constant heat summation.

Calculate the heat of combustion of methane if its heat of formation is

76 kJ mol™. The heats of formation of CO; (g) and H,O-(1) are
—393 kJ mol” and —286 kJ mol~ !, respectively. '
Calculate the heat of formation of C;HsOH (1) if its heat of combustion is
— 1368 kJ mol™". The heats of formation of CO; (g) and H,O (1) are
—393 kI mol” and —286 kJ mol ~ Y respectively. |
Calculate the heat of formation of CHsCOOH (1).
Given: . AH° (combustion of carbon (graphite)) = — 393 kJ mol™.

AH % (combustion of hydrogen) = — 286 kJ mol™

AH® (combustion of CH;COOH ) =—872 kJ mol™

Calculate the heat of combustion of butane gas if its heat for formation
is—124 KkJmol’ The heats of formation of COz(g) and H20(1) are — 393 kJ mol™

and —286 kJ mol ™!, respectively. .

Calculate the heat of combustionof oxalic acid, 021{204@ “if its heat of
formation is -251 kJ mol™. The heats of combustlon of carbon graphite and

hydrogen are— 393 kJ mol™ and — .286 kJ mol™ ", respectlvely

Write TRUE or FALSE for each of the followmg statements.
(a) The heat liberated by the combustion of one mole of graphite is greater than,
that of one mole of carbon monoxide. : :
(b) An endothermic process may be used as a coolmg system..
(c) Mention of physical states of the substances is essentlal in writing
thermochemical equation. :
(d) The surrounding temperature is increased by an exothenmc process.
(e) Combustion of fuels is exothermic. ‘
Fill in the blanks with a suitable word or phrase or numerical value with unit as
necessary.
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() An exothermic reaction ................ heat to the surroundings.

(b) Standard enthalpy change is denoted by the symbol............... and it is
measured at ..................

(c) The heat change by the combustion of one mole of substance in oxygen is

known as ................

(d) Heat liberated by a chemical reaction is assigned by ................ sign.

(¢} When glucose is dissolved in water, the solution is cold to touch. So the
Process is .......ceveunen..

16.  Choose the correct term or terms given in the brackets:
.(a) (AH®, AH, H)is the symbol of standard enthalpy change.
(b} Melting of ice is a (an) (exothermic, endothermic, heat absorbing) process.
(c) Heat change by the combustion of one mole of hydrogen is (heat of
formation of hydrogen, heat of formation of ‘water, heat of combustion of
hydrogen). -
(d) Standard enthalpy change is measured at (0°C,273 K, 25°C) and 760
mmHg, : :
(¢) The temperature of surroundings (increases, decreases, remains unchanged)
by the endothermic reaction.
17. Match each of the items given in List A with the appropriate item in List B.

List A List B
(a) Endothermic process (1) depends upon structures
(b) Heat of formation (ii) AH?
(9 1cal (iii) H'(aq) + OH" (aq) = H0(l)
(d) Heat of neutralization (iv) heat absorbs
(¢) Chemical energy (V) to increase 1 g of water by 1°C.

18. Give two examples of exothermic reactions.

19, Give two examples of endothermic reactions.

20. When hydrogen burns in oxygen, energy is released and water is formed.
(a) Give a balanced chemical equation for the reaction.
(b) Is the reaction exothermic or endothermic?

21 “\Give three possible forins of the energy released.

************************ ’
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o CHAPTER 8. ST “
SOME IMPORTANT METALS AND THEIR COMPOUNDS
‘Metals are very important for the national economy of any country. They are widely

used in our everyday life. Thus, the study of metals and their compounds is one of the
important areas of chemistry.. - - ' TR

~ In Table 8.1, the metals are arranged in order of the activity series. This
arrangement more or less represents the inverse order of the ease with which the
elements may be extracted.
Table 8.1 Metals arranged in decreasing order of reactivity and inverse of ease of

extraction =~ -
K |
Na _
B C | Very reactive. Never found as free element.
2} a Extracted by electrolysis. '
| ‘ : S :
2l M _ ;
= g
Sl 4,
2l Al J
g ~
1)
S| Zn | _ A
LE NN Moderately reactive. Found as oxides, carbonates or
o Fe sulphides. Extracted by the reduction reaction..
[7r] . .
a
S| Pb
§ ‘
o R
= Cu
' |
3 \. Not very reactive. May be found in nature as the -
1 Ag free element. - L ' S
"Au
v /

This chapter deals with the- ".'Alkéii Metals" Group I'metals, such as sodium,
potassium; the "Alkaline Earth Metals " Group II metals, such as magnesium,
calcium; Group III metal, aluminium and Group IV metal, lead.
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8.1  Group I Metals : Sodium and Potassium :
The alkali metals are the members of Group IA in the periodic table. (See Table 8.1)

Table 8.1 Group IAThe alkali metals

Symbol " Name of the element . Atomic number
Li Lithivm 3
Na Sodium _ 11
K . Potassium 19
Rb ' Rubidium o 37
Cs Caesium 55
_Fr ] , Francium 87

In all these metals, the only one electron in the outermost shell occupies the
s-orbital; hence these elements are sometimes called the s-block elements.

Oxidation number of the alkali metals
Table 8.2 shows the various physical propertles of the alkah metals.

Table 8.2 Physical properties of the alkali metals

Element Li Na K - Rb Cs
Electronic structure ~ (He)2s'  (Ne)3s! (Ards' . (Knssw (Xe)bs
1* jonization energy . 520 495 418 - 403 374

(kJ mol) . _ L ‘
2™ jonization energy 7300 4660 3100 2700 2400
(kJ mot™)
Atomic radius i.e., 0.123 0.157 0.203 0.216 0.235
metallic radius (nm) _ o _
Melting point (°C) 180 - 98 64 39 29
Boiling point (°C) 1330 892 760 . 688 690
Density (g cm™) 0.53 0.97 . 08 153 1.0

. From Table 8.2 you can see that the first ionization potential for each of the
element is much lower than that of the second. In the case of Na, it is nine times
easier to remove the first electron than the second. The first electron, in s-orbital can
be removed from the atom easily, but the second electron must be removed from a
noble gas core, and therefore requires much more energy. Thus, sodium readily forms
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“Na* ions, but never forms Na®* ions. This means that sodium and the other elements
in Group IA have the one oxidation state of + 1 only in their compounds.

Physical properties of the alkali metals

The atomic radii increase with increasing atomic number down the group since each
succeeding element has electrons in the next larger shell than those in the previous
element.

The outermost s-electrons in these metals are held very weakly by the nucleus.
Thus, the outer electrons can drift further from the nucleus than in most other atoms,
and the elements in Group I have larger atomic radii than those elements which
follow them in their respective periods. '

The large atomic size results in weaker forces between neighbouring atoms
since there is a reduced attraction by the nucleus for the shared mobile outer electrons
as these electrons get further away. Consequently the alkali metals have lower
melting points and lower boiling points than we would normally associate with metals.
All the Group IA metals melt below 200 °Cin contrast to most transition metals that
melt above 1000 °C.. : L

The reduced interatomic forces in these metals make them relatlvely soft, All
the Group IA .metals can be cut with a knife and they are generally softer than
transition metals. .

The s-block elements have larger atomic radii than transition metals of
approximately the same relative atomic mass. Thus, the s-block elements will be less
dense and have larger rnolar volumes The densities of the alkali metals vary from
approxxmately 05g cm>to2g cm™, Most transition metals have a density greater
than 7 g cm™

Chemical properties of the alkali metals

The positions of the alkali metals are high in the electrochemical series. Hence these
metals are very good reducing agents. With the exception of lithium, all alkali metals
react vigorously with water, reducing it to hydrogen.

M (s) — M'(aq) +e
HOBH+ e — —é— Ha(g) + OH™ (aq)

Excepting lithium, which reacts slower than all the other alkali metals, the reactivity
of the elements with water closely follows their positions in the electrochemical series.
For example, sodium reacts vigorously, fizzing and skating about on the water surface.
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Potassium reacts even more vigorously producing small cracks and pops as the
hydrogen explodes and'burns with a lilac flame.

The alkali ‘metals are such good reducing agents that they can react with
chiorine, bromine, sulphur, hydrogen and oxygen on heating.

The alkali metals tarnish rapidly in air, forming a layer of oxide. thhlum,
sodium and potassiui are so reactive that they are usually stored under kerosene.

Sodium and Potassium.

Occurrence -

Although far too reactive to be found free these metals occur in nature in immense
quantities in comparatively few compounds. They occur chiefly as the chloride,
sodinm chloride (common salt) and as potassium chloride (carnallite). Other sources
of the elements are soda feldspar, NayO.A1,03.65i0,; sodium carbonate, Chile salt-
petre (sodium nitrate), potassium carbonate and potassium nitrate.

Extraction of sodium and potassium

Both metals are extracted by electrolysis of their fused chlorides. Since both metals
are extracted in a similar manner, that for sodium only will be described.

* The more common process for the electrolysis of fused sodium chloride to
give its component elements is known as"Downs Process" The cell employed in this
process is shown in Fig. 8.1. The container of the cell B is made of steel, Iined with
firebrick. The anode A is made of graphite and the cathode C is in the form of an iron
ring. As the melting point of sodium chloride is high (804 °C), a ‘small amount of
calcium chloride is added to lower the melting point which is reduced to 600 °C. The
added-calcium chloride does not interfere with the electrolysis of sodium chloride.
The fused electrolyte D, is placed in the cell. On electrolysis, chlorine is liberated at
the anode, it escapes through the hood G. The sodium, which is liberated at the ring
cathode, rises upward through the electrolyte, is collected by the annular sodium
collector H and then passes through pipe I to the collector J. The chemical reactions
involved in this process are as follows :

reaction at the cathode Na™ + e —> Na
reaction at the anode Ci~ —e3 CIl +e

Ct +Cl — Clp
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Fig. 8.1 Downs cell for the electrdlytic;manufacture of sodium

Properties of sodium

Physical properties

1. Sodiumisa soft metal and may be cut easily with a knife.
2. Ithasasilvery lustre but it rapidly tarnishes in moist air._ '
3. Itis a good conductor of heat and electricity.

Chemical properties - _ o
1. When heated in air, sodium burns readily with a bright yellow flame to form a
mixture of oxide and peroxide.

4Na(s) + Oz2(g) > 2Nay0 (s)
: sodium monoxide
2Na(s) + Ox(g) —> NaOxfs)

- sodium peroxide

2. Sodium reacts vigorously with water giving hydrogen and sodium hydroxide,

2Na(s) + 2H0{l) ——> Ha(g) + 2NaOH(aq)
3. When heated, sodium combines directly with the halogens, phosphorus and
sulphur to form the halides, phosphide and the various polysulphides respectively.
When heated in hydrogen, sodium forms its hydride, NaH.
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4. When heated at 300 - 400 °C in gaseous ammonia, sodium forms sodamide.
2Na(s) + 2NHy(g) ——. 2NaNH; (s) + Hag)

5. Sodium dissolves in mercury to form sodium amalgam.
6. Sodium reacts violently with acids. (Not to be tested)

Uses of sodium
Sodium is used in large quantities for the manufacture of sodium peroxide, Na;O,
sodium cyanide, NaCN and sodamide, NaNH,. It is also used in the manufacture of
tetraethyl lead, an anti-knock additive used in petrol.

Compounds of sodium

Oxides

Sodium peroxide Na;0,

Sodium burns in excess of air or oxygen giving sodium peroxide.

2Na(s)  +Ox(g) — Nay0:(s)

Sodium peroxide reacts with cold water to form sodium hydroxide and hydrogen
peroxide.

Nay0; (5) +2H20 (1) —— 2NaOH (aq) + H202 (aq)
If the water is not cold the following reaction occurs.
© 2Na0s(s) + 2H,0(1) ——> 4NaOH(aq) + Os(g)
Sodium peroxide combines with carbon monoxide to give sodium carbonate.
Na,0; (s) + CO(g) — NayCOs (5)
It also reacts with carbon dioxide in the following manner :

2Na,0, (S)"l'ZCOz {2 E— 2Na;CO; (s) + 02 (g)

Sodium peroxide may, therefore, be employed for removing carbon monoxide and
carbon dioxide from the air in submarines. It is also used in portable breathing
apparatus,

Sedium oxide (Disodium oxide) Na,O :
When sodium is heated in a limited amount of air or oxygen; sodium oxide is formed.

4Na(s) + Oa(g) —  2Na;O(s)-
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Since it is difficult to obtain pure sodium oxide in this way, it is'more satisfactory to
heat gently sodium peroxide with the appropriate amount of sodium. - .

NapOos) + 2Na(s) —— 2Na0(s)
Sodium oxide reacts violently with water to give sodium hydroxide solution, .

N2;0(s) + H,0() —— 2NaOH(aq)

Sodium hydroxide (Caustic soda) NaOH

Sodium hydroxide is one of the most important industrial chemicals. On the
commercial scale it is prepared by the electrolysis of a saturated solution of sodium
chloride (brine). Chlorine resulting from the electrolysis is evolved at the graphite
anode. At the mercury cathode the sodium ions are discharged where they react with
the mercury to form sodium amalgam. Then the amalgam reacts with water in the
receiving tank, to form sodium hydroxide solution and liberate hydrogen. The
reactions involved in this process are as follows: o

2NaCl +2xHg ~— 2NaHgy+Cl
sodium
amalgam

INaHg, +2H,0  ——> 2NaOH + H, + 2xHg ,
Sodium hydroxide is a white deliquescent solid. It is readily solublc in water and

much heat is evolved in this process.
It is a very strong alkali and attacks the skin. For this reason that it is termed

"caustic” soda. . - _ ‘
Sodium hydroxide is a strong base and reacts with all acids and acidic oxides.

For example,
NaOH(aq) + HClaq) =~ — NaCl(aqg) + H0(0)
INaOH(aq) + COxg) ~ — NayCOs(aq) + HO(1)
It precipitates many metallic hydroxides from solutions of metallic salts. Thus,
| CuSO4(aq) + 2NaOH(aq) ——— Cu(OH)2(s) +NayS04(aq)
FeCliaq) +2NaOH(aq)  —— Fe(OH)s(s) +2NaCl(aq)

Hot aqueous solutions of sodium hydfoxide react with aluminium and with zinc

forming the aluminate or zincate and liberating hydrogen. -
2Al(s) +2NaOH(aq) + 6H,0(1) —— 2NaAl(OH)4(aq) + 3Ha(g) .
-Zn(s) +2NaOH(aq) + 2H,0(1) — NapZn(OH)4 (aq) + Ha(g)
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With elements from-Group V to VIL sodium hydroxide reacts to give either the
hydride or the sodium derivative of the element, but no hydrogen is evolved The
following examples illustrate this:

4P (s) +3NaOH (aq) + 3H,0(1) " — PHs(g)  + 3NaH,PO; (aq)
‘ phosphine sodium dihydrogen-
hypophosphite
4S (s) +6NaOH (aq) ——> 2Na,S (aq) + NazS8;0; (aq) + 3H,0 (1)
.sodium
thiosulphate

Cla(g) +2NaOH(aq) —— NaCl (aq) + NaOCl(aqg) + HO(l)
In cold solution sodium hypo-
chlorite

3Ch(g) +6NaOH(aq)— 5NaCl(aq) + NaC10s(aq) + 3H,O(1)
In het solution sodium chlorate

Sodium hydroxide is used in the manufacture of soap. It is also employed in the
paper-making and dyeing industries. Other uses include its appllcatxon for the
refining of petroleum and in the rubber industry. »

Sodium carbonate (Soda ash) Na,CO;
Sodium carbonate is manufactured by the Solvay process.

The principle of this process is that sodium hydrogencarbonate is precipitated
from a mixed solution of brine (saturated NaCl solution) and ammonium
hydrogencarbonate saturated with carbon dioxide. On subsequent heating of this
sodium hydrogencarbonate, the normal salt is obtained.

The reactions involved may be shown as

NHa(aq) +H20(1) +COxg) —— NHHCO; (aq)
excess ammonium hydrogencarbonate
saturated with carbon dioxide

NH,HCOs(aq) + NaCl(aq) ——— NaHCOs(s) +NH,C1 (aq)
INaHCO4(s) —2 5 NayCOs (s) + H,0 (1) + €Oz ()
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. Anhydrous sodium carbonate is 2 white powder. The shlirdissolves in water
and forms a series of hydrates containing one, seven or ten fidlecules of water of
crystallization respectively. The decahydrate Na,C0s.10H;0 i§%301d'as washing soda.

In contrast to the carbonates of most rnetals anhydrous sodium carbonate does

not decompose on heating, .
In aqueous solution it is alkalme since the salt reacts w1th water to form

sodium hydroxide as follows :
| NixCOs(aq) + H5O() ——> NaHCOx(aq) + NaOH(sq)

When a salt reacts with . water to form acid or alkali, the salt is said to be
hydrolysed. The process is known as hydrolysxs '

Sodium carbonate reacts vnth a01d to liberate carbon dlomde For example,

NayCOs(aq) + 2HC1(aq) —— 2NaCl(aq) + HZO(I) + COz(g)
Sodium carbonate is used in large quantities for the soﬁenmg of hard water.
It is also employed in the manufacture of glass and water glass.

Sodium hydrogencafbonateNhHCO::,
Sodium hydrogencarbonate is obtained as an intermediate in’ the manufacture of
sodium carbonate (Solvay process). It may be prepared in the laboratory by the
following reactions : ' T ‘
NaOH(aq) + CO:(g) —— NaHCO;/(aq)
Na;COsaq) + H,O() + COx(g) —— 2NaHCOs (aq)
If the aqueous solution of sodium hydrogencarbonate is heated decomposition
occurs as follows ;. .
2NaHCO3 gy —— NaZCO3 (aq) +. HgO O+ COz (g)
Addition of acids to sodium hydrogencarbonate results 1n‘11bcrat10n of carbon‘
dioxide. I o
NaHCO; (s) + HNOs(aq) ——> NaNO; (aq) + H0(1) + GO, €)
Sodium hydrogencarbonate is sold as baking soda. It also finds important
application for medicinal purposes, such as the correction of stomach acidity.

124




Sodium chloride NaGl.

Sodium chloride oceyrs in nature as rock salt and it is present in sea water. It is
prepared in the laboratpry by neutrallzmg hydrochlonc aCId with sodium hydroxide
solution. .

NaOH(aq) +HCl(aq) —— NaCI(aq) + HgO(l)

It is a white crystalline solid. It is falrly soluble in water
The most important use for sodium chloride is as an essentlai part of the
human diet. It is also employed for the seasoning of foods.

Sodium nitrate -NaNOs , : _
Sodium nitrate mostly occurs in Chile and is known as Chile salt-petre. It may be
prepared in the laboratory by neutralization of sodium hydroxide with nitric acid.

NaOH(aq)+HNOs(aq) ——> . NaNOs(aq) +H,0(l) . -
It is a white, crystalline solid, which is very soluble in water. -
It decomposes on strongly heating, forming sodium nitrite and oxygen.

2NaNO;(s) ‘——A_—> 2NaNOy(s) "“_02_(8)_‘

Most other metal nitrates give the metal oxide.
Sodium nitrate is used as a fertilizer.

Sodium sulphate Na;SO4 ‘
Sodium sulphate may be prepared by strongly heating sodlum chloride . with
concentrated sulphuric acid. :

2NaCl(s) + HySO4(conc) ——> NaySOs(s) + 2HC1 g -

The salt crystallizes as the decahydrate, Na,;$S04.10 H,0, \;frhich is known as
“Glauber's salt". It is used as a purgative in medicine. The anhydrous salt is used in
the manufacture of glass.

Sodlum hydrogensulphate NaHSO4
Sodium hydrogensulphate is made on a large scale by the Leblance process in which
salt is heated with sulphuric acid.

NaCl(s) + HpSO4(aq) ——» NaHSO; (aq) + HCl(aq)

On heating sodium hydrogensulphate it first decomposes with the formation of
sodium pyrosulphate,
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2NaHSO4(s) ——> Naz$;04(s) + H20(g)
On further heating, at red heat, sodium sulphate and sulphur trioxide are formed.
Nes$:01(s) - —> NazSO4(s) + S0s ()

Sodium hydrogensulphate st111 has acidic property since it contains a replaceable
hydrogen atom.

Sodium thiosulphate Nagszos -

It is made on a large scale from calcium sulphlde, CaS. - When air is blown through a
suspension of the sulphide in water, calcium thiosulphate is formed. This on reaction
with either sodium carbonate or sodium sulphate, produces sodium thiosulphate.

CaS;0s (aq) + Na;SO4aq) ——— CaS04(s) + NaxS:03(aq)

CaS;0; (aq) + NaxCOs(aq) —— CaCOs3(s) + NazS205(aq)
Sodium thiosulphate reacts with many salts which are insoluble in water to form
complex salts. For example, '

Na;S.0s (aq) + AgCls)  —— Na[AgS:03] (aq) +NaCl (aq)

This particular reaction is employed in photography.
Sodium thiosulphate crystallizes as Na;S;03.5H,0 and it is usually marketed in this
form. The hydrated sodium thlosulphate is also known as photographic hypo.

8.2  Group II Metals: Magnesmm and Calcmm
Magnesium
Qccurrence

Magnesium is so erective that that it is never fround free in nature.the oxide, carbonate,
sulphate, chloride and silicate. It is also foung as the chloride or sulphate as a constituent
of sea water and of deep well brines.

Extraction of magnesium
Large quantities of magnesium are extracted from sea water by converting the salt to
the insoluble magnesium hydroxide and then heating this to give the oxide.

MgSO4(aq) + 2NaOH(aq) ——> Mg(OH)x(s) +NazS04(aq)
Mg(OH)(s) —=—> MgO(s) + H0()

The magnesia (magnesium oxide) is heated with coke in a current of chlorine,
to give magnesium chloride.
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MgO(s) + C(s) + Clo(g) —— MgCly(s) + CO(g) -

Anhydrous magnesium- chloride in the molten form ‘is electrolysed.
Magnesium is liberated at the cathode and chlorine is liberated at the anode. ‘

Properties of magnesium
Physical properties

1. Magnesium is a silvery-white metal with a very low density. -
2. Itis stable in dry air, but in moist air becomes coated with an oxide film which
prevents further attack by the moist air.

Chemical properties

1. 'When magnesium is heated in air, the oxide and a little of the nitride are formed.
- 2Mg(s) + Ox(g) — 2MgO(s)
3Mg(s) + Na(g) ——> MgsNafs)
. When magnesium is heated it combines directly with sulphur, chlorine,

phosphorus, boron and carbon to form the sulphide, chloride, phosphide, boride
and carbide respectively. However, it does not form a hydride.

- Magnesium reacts with steam, forming the oxide and liberating hydrogen.

Mg(s) + HyO(g) —— MgO(s) + Ha(g)

- Since magnesium is well up in the activity series, it reacts with dilute acids, with
the formation of the corresponding magnesium salts- and the evolution of
hydrogen.

Mg(s) + H2SO4(aq) —— MgSOu(ag) + H (g)

Hydrogen is evolved when magnesium reacts with very dilute nitric acid. With
more concentrated nitric acid, oxides of nitrogen are produced instead of
hydrogen. The other metals, with the exception of manganese, will not liberate
hydrogen from nitric acid under any conditions.

. Caustic alkalis have no action on magnesium.

Uses of magnesium

Magnesium based light alloys are the lightest known useful alloys for engineering

construction. Magnesium ribbon and wire are used largely by the radio industry for
de-gassing radio valves.
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Compounds of magnesium - ‘

Magnesmm oxide (Magnesm) MgO

‘ 'Magnesium oxide miay bé prepared in the laboratory by the thermal
decomposition of the hydroxide, carbonate or nitrate. It is also formed when the metal
is heated in air, but in this case it is contaminated with the nitride, Mg;N>.

Magnesium oxide is a white powder and is only shghtlyrsoluble in water,
giving a slightly alkaline solution. It is an extremely stable compound Thus it may be
heated to 2900°C, without undergomg decomposition.

It reacts with acids giving the correspondlng salts.

The most important use for magnesium oxide is in the manufacture of

refractor:es (fire remstant materials). It is also used for medicinal purposes

Magnesmm hydroxide Mg(OH)z :
Magnesium hydroxide is formed as a white prec1p1tate when alkah metal hydroxxdes

are added to the solutlon of a soluble magnesium salt.
MgSO4(aq)+ ?.NaOH(aq) ——--—) Mg(OH)z(s) + Na2804(aq)

CTtis only shghtly soluble in water. It is a strong base reacting with acids to
form magnesmm salts.-

Magnesium carbenate MgCO3 -

It occurs in nature as magnesite, MgC03 and as dolomlte, MgCOg CaCQOs.
Magnesium carbonate may be prepared by the addition of a solution of

sodium hydrogencarbonate to the solution of a soluble magnesium salt.

MgSO4(aq) + 2NaHCO3(aq) s Na2804(aq) + Mg(HC03)2(aq)
warm.

: MgCOg,(s) +H0(1)
+COxg).

The addition of ‘sodium carbonate solution, instead = of the sodium
hydrogencarbonate, results in the precipitation’ of white basic . carbonates of. the
general formula, xMgCO;.yMg(OH):.H0. . _ : .

If carbon dioxide is passed through a suspension of magnesium carbonate in
water a clear solution of magnesium hydrogencarbonate is produced. '

MgCOs(s) + HoO(1) +COx(g) — Mg(HCOs)z(aq)

* The basic carbonates of magnesxum are used as "fillers” in tooth pastes, prmtmg .
inks, paints and varnishes.
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Magnesium sulphate MgSO, : .

This salt occurs in nature as kieserite, -MgSO4.H,0. In-the laboratory, magnesium
sulphate is prepared by the action of dilute: sulphuric acid on the -inetal;” oxide,
hydroxide or carbonate. : o : ' '

For example,

MgCO(s) + HaSOu(aq) —— MgSO4(aq) + H:0(1) + COx(®)

It crystallizes as the heptahydvate, MgS0,.7H,;0, which is IdloWn as Epsom salt. It is
used as a purgative in medicine. '

Calcium

Occurrence

Calcium is far too reactive it is not found free in nature but it is. abundant - as, the
carbonate, sulphate, fluoride and silicate. The most important of these. natural
minerals is limestone, CaCOQj; (also known as chalk).

Extraction of calcium
Calcium is obtained by.the electrolysis of the fused anhydrous calcium chloride.
A little calcium fluoride is added, to lower the melting point and hence the tempe-
rature of fusion. A steel cathode and a graphite anode are used. The meta],
calcium, is deposited in the molten state at the steel cathode and ‘chlorine is
liberated at the graphite anode.

reaction at the cathode Ca¥ + 2¢ — Ca _

reaction at the anode 2Cl1- —s Cly+2e

Properties of calcium
Physical properties - ‘
1. Pure calcium is a soft grey metal.
2. -On exposure to air it becomes coated with a layer of oxide and hydroxide.
Chemical properties . _ o
1. When calcium is heated in air, calcium oxide together with a little calcium.nitride,
CazN, , is formed. ' |
2Ca(s) + Ox(g) —> 2Ca0(s)
3Ca(s) + Na(g) —— Ca3Ny(s)
calcium nitride

2. It combines with hydrogen and carbon on heating to form calcium hydride, CaHy,
and calcium carbide, CaC;, respectively.
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3. Calcium reacts steadily with cold water and rapidiy with hot water.
" Ca(s) +2H,0(1) ——> Ca(OH)(aq) + Ha(g)
4. It ‘r_eacts vigoroﬁsly ﬁvith aci_ds to form c.alcium salts.
Ca(s) + 2HCI(aq) —— CaCly(aq) + Ha(g)
5. It does not feéct' with alkalis. '

Uses of calcium
Calcium is used in the manufacture of calcium hydnde CaH,. It is also used asa.

drying agent in the laboratory.

Compounds of calcium
Calcium hydride CaH,
It is prepared by the direct action of hydrogen on metallic calcium at 350 °C. Calcium

hydride reacts with water, forming calcium hydroxide and liberating hydrogen.
CaHj(s) + 2H,0(1) —— Ca(OH)a(s) + 2Ha(g)
Tt is used as a means of producing hydrogen gas.

Calclum carbide CaC,
Calcium carbide is prepared by heatmg a mixture of quicklime and carbon at about

2000 °C. |
CaO(s) + 3C(s) —> CaCa(s)+CO(g)

It is a hard, brittle crystalline solid. It reacts with water to produce ethyne

~ (acetylene).

- CaCy(s) + 2H,0(1) —— CaHx(g) + Ca(OH)x(s)
acetylene '

Calcium. carbide when heated with nitrogen reacts to form calcmm cyanamxde
CaCN,, wh1ch is an important fertilizer being known as "nitrolime".

CaCz(s) + Na(g) ~——>» CaCNy(s) + C(s)
calcium
cyanamide

Nitrolime liberates ammonia on reaction with water.

- C4CNa(s) + 3H0(1) ——>  CaCO; (s) +2NHs(g)
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Calcium oxide (lime or quicklime) CaO _ '
Pure calcium oxide may be prepared in the laboratory by heating the hydroxide,
carbonate or nitrate. It may also be obtained by burning calcium in oxygen.

It is made industrially by heating limestone at about 800 °Cin a stream of air.
The function of air is to remove the carbon dioxide. ' '

CaCOs(s) == CaO(s)+ COx(g) -

Calcjum oxide is a white powder. It is very stable and may be heated to a high
temperature without undergoing any chemical decomposition. '

It reacts with water to form calcium hydroxide, kriown as slaked lime. The
process of preparing siaked lime is known as slaking of lime:

CaO(s) + Hz0() —> Ca(OH)(s). -

Calcium oxide is a strongly- basic oXide reacting vigorously with acids to
form the corresponding calcium salts. For example, : :

CaO(s)+2HNOs(aq)—> Ca(NOs);(aq) + H,00)
It reacts with acidic oxides such as silica, on heating.
CaO(s) +8i0y(s) ~— CaSiOs(s) .
' calcium silicate

- Calcium oxide is used in the manufacture of glass. It is also used as
constituent of many types of cement and mortar.

Calcium hydroxide (slaked lime) Ca(OH),
It is made by slaking lime with water.
CaO(s) + H,0(1) —— Ca(OH)y(s)

Calcium hydroxide is a white powder. It is only slightly soluble in water an
unlike most substances, its solubility decreases on increasing the temperature. The
aqueous solution of calcium hydroxide is known as lime water and an aqueous
suspension of calcium hydroxide is known as milk of lime. _

If carbon dioxide is passed through lime water, a milky precipitate of calcium
carbonate is formed. '

Ca(OH);(aq) + COx(g) —— CaCOs(s) + H0(1)

. However, on continued passage of carbon dioxide, the insoluble carbonate is
converted to the soluble hydrogencarbonate.

CaCOs(s) + H20(1) + COx(g) —— Ca(HCO;3),(aq)

131



The addition of calcium hydroxide to a solution-of calcium hydrogencarbonate
resuIts in the precipitation of calcmm carbonate.

Ca(HCO3)(aq) + Ca(OH)g(aq) — 2CaC03(s) +. 2H20(1)

* This reaction is unportant for the removal of hydrogencarbonates of calcium

and magnesium present in hard water.
Mixtures .of calcium hydromde and ammonium: salts yxeld ammonia on

heating. - ‘ : _
Ca(OH)z(s) + 2NH4Cl(s) —_— CaClz(s) + ?.HzO( 1) + 2NH3(g)
Passage of chlonne over slaked Inne at atmosphenc pressure yields bleachmg
powder. |
,Ca(OH)"g(s')l + Chfg) Ly CaOChEs)  + HzO(l)
o  bieaching powder . -

* Slaked lime is used in the manufdcrure of bleachmg powder in water
_ softening and in the making of cements and mortar. :

Calcium carbonate CaCO;;
It oceurs in nature as limestone, marble and chalk.

_ It is insoluble in pure water, but in the presence of dissolved carbon dioxide,
calcium carbonate readily ‘dissolves owmg to the formation of the soluble calcmm

hydrogencarbonate.
vaCO0s(s) + HzO(l) + COx(g) --——)Ca(HC03)2(aq)
Calcium hydrogencarbonate readily Iloses carbon dioxide to give

calcium carbonate. The above reaction is therefore rever31ble Formation of stalactites
and stalagmites is due to. this reversible reaction. :

Calcium' carbonate is emiployed in the manufacture of tooth pastes for -
medicinal purposes and for cosmettc preparations. In the laboratory it is oﬂen used as
a source of carbon dioxide. '

Calcium ch!orlde CaCl
In industry, calcium chioride is produced as a by-product from the Solvay process for

manufacturing sodium-carbonate.
The hexahydrate CaCl,.6H,0 may / be obtamed in the laboratory by the action

of hydrochloric acid on calcium carbonate.
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CaCOs(s) + 2HCl(aq) ~——> CaCly(aq)+H:O() +CO; () .

Anhydrous calcium chloride absorbs water to form CaCl,. 6H20 Anhydrous
calcium chloride is used as a drying agent in the laboratory. It cannot be- used for
drying ammonia since it forms an unstable complex Wlth the gas ' ‘ '

Calcium sulphate CaSO,

Calcium sulphate occurs in nature both as the anhydrous salt.and as the dxhydrate
(gypsum). In the laboratory the dihydrate may be prepared by the addztzon of dﬂute
sulphuric acid to an aqueous solution of calcium chloride.

CaCly(aq) + H,S04(aq) + 2H0(1) —— CaS04.2H,0 (s) +2HCl (aq)
When heated just above 100°C the dihydrate loses three quarters of its water of

crystallization to give the hemlhydrate CaSOq. -i- H,O or 2Ca€04 H20 “This

hemlhydrate is the chlef constituent of Plaster of Paris,. :
When Plaster of Paris is mixed with water it sets to form a. hard mass whlch is

a dlllydrate
Calcium sulphate is spanngly soluble m water. Gypsum is used to
manufacture Plaster of Parls

Calcium phosphate Cay(PO,),

Calcium occurs in nature as a number of naturally occurring phosphates One of the

chief uses for these meterials is as fertilizérs. . An 1mportant feitilizer
"superphosphate" is made by treatmg calcium phosphate with concentrated sulphw:lc

acid.

Ca3(PO4)2(s) + 2H2804(conc) ——-> Ca(HzPO4)2 (s) + 2CaSO4(s)
J
superphosphate

8.3 Group III Metal: Alummlum

Occurrence '

Aluminium occurs in nature as the silicate in rocks and clays 'I‘he maln source is the

naturaily occurring oxide known as bauxite. ‘ |
Extraction of aluminrium

Alunainium is extracted by electrolysis of the fused ox1de Cryohte Na;AlF 5 1S added

to lower the temperature of fusion. Both electrodes are made of graphite. Alummmm

is produced at the cathode and oxygen is liberated at the anode.-

reaction at the cathode  2A1™* + e ——3 241

reaction at the anode 307 —— %02 + 6e
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Properties of aluminium

Physical properties

1. Aluminium is a silvery-white metal.

2. It has high ductility and high malleability. -

3. It exhibits high electrical and thermal conductivities.

4. Tn moist air a film of oxide is formed on the metal surface which prevents further
attack on the underlying metal. :

Chemical properties

1. Aluminium, on heating, combines directly with the halogens, sulphur, hitrogen
and carbon to form halides, sulphide, nitride and carbide respectively.

2. Aluminium is a strong reducing agent, thus, when metallic oxides are mixed with
_ahmmmm powder and then ignited, the metallic oxide is reduced to ‘metal. This is
the basis of the "Goldschmidt” or "Thermite" process for the extraction of high
melting point metals from their oxides. The heat liberated in this reaction is so

" great as to produce molten metals.
As an example, this reaction is applied to the reduction of iron (IH) oxide to
produce molten iron. It is also used in weldmg of iron.

" FeyOs(s) + 2AK(s) 5 ALOs(s) + 2Fe(l) + heat
3 Aluminium reacts slowly with dilute hydrochloric acid and v1gorous1y with the
hot acid. ‘
2A1(s) + 6HC1(aq) ———> 2A1Cl(aq) + 3Ha(g)
The reaction with dilute sulphunc acid is similar. ‘With hot concentrated
sulphuric acid aluminium gives aluminium sulphate water and sulphur dioxide.
2Al(s) + 6H2804(conc) —£ Alz(SO4)3(S) + 6H20(1) +380,(g)

Nitric acid, both dilute-as well as concentrated -react very slowly with aluminium.
The formation of the protective layer of oxide by the oxidizing acid prevents.the acid
from vigorously attacking the metal.

Aluminium reacts with alkalis as well as acids.

2Al1(s) + 2Na0H(aq) + 6H20(1)———*> 2NaAl(OH)4 (aq) + 3Ha(g)
sodium aluminate
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Uses of aluminium

Aluminium is used in the chemical, food, dairy and pharmaceutical industries, in
building and for architectural purposes, in the form of foil for packaging of foodstuffs,
sweets, cigarettes, etc. Aluminium based light alloys are 1mportant in all branches of
engineering construction. ‘

Compounds of aluminium

Aluminium oxide (Alumina) ALO; -

Alumina occurs naturally in several forms. It also occurs in nature in the form of the
gems such as the ruby and sapphire. In the laboratory, - aluminium oxide may be
prepared by heating aluminium hydroxide.

2A1(0H)s(s) —2 ALO;s (s) + 3H,0(g)

Alumina is very stable and has a very high melting pomt (2040 °C).It is an
amphoteric oxide.

It is used as the source of aluminium and as an adsorbent in chromatography
Itis also used as a refractory lining in fiirnaces. '

Aluminium hydroxide Al(OH);3 _ : :
Aluminium hydroxide may be prepared as a white gelatlnous precipitate when
ammonium hydroxide is added to a solution of an aluminium salt.

AL(804)3(aq) + 6NH,OH(aq) ——> 2A1(OH)3(s) + 3(NH4):S04(aq)
It is amphoteric, thus

AKOH);(s) + 3HCl(ag) —— AlCli(aq) +3H,0(1)

Al(OH)3(s) + NaOH(aq) —— NaAl(OH)4 (aq)
Aluminium hydroxide is used as a mordant or dye-fixing agent in thé 'dyeing inousu'y;
Aluminium chloride AICI

Anhydrous aluminium chloride may be prepared either by heating chlorine with
aluminium

2Al(s) + 3c12(g)‘ —— 2AICh(s)
or by heating alumina with carbon and chlorine,
ALOs(s) +3C(s) +3Cl(g) ——> 2AICk(s) + 3COG)
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The reaction of hydrochloric acid with metallic aluminjum gives a solution of
aluminium chloride, which on evaporation gives crystals of the hexahydrate,
AlCL.6H,0. : . " . . -
. " Anhydrous aluminium :chloride ‘is a white crystalline “substance which is
éxtremely deliquescent. In moist air, fumes are-produced because of the formation of
hydrogen chloride. ' o o

AICl; (5) + 3H;0(1) ——> Al(OH)s(aq) + 3HCI(g) -

On heating, aluminium chloride vaporizes readily at about 180 °C, without
melting. At temperatures between 183 °Cand 400 °C, the vapour consists of Al:Cls
molecule, but at 400 °C dissociation to AlCl; icommenées and is complete at about
750 °C. " | | |

Anhydrous-aluminium chloride is used as a catalyst in many organic chemical
reactions, and in the petroleum industries. - : S ‘
Aluminium sulphate AL(504)3 | o

It is prepared by the réaction of dilute sulphuric acid with aluminium
hydroxide. On evaporation of the resulting solution, crystals of Alz(SO4)s.18H,0 are
obtained. '

2AKOH)(s) + 3HySOsag) —— Al(SOas(aq) +6H0(1)
Aluminium sulphate is used as a mordant 1n the dyeing indilstry,‘as'a filler in.the
‘manufacture of paper, in'the tanning of leather, in fire extinguishers and in the
purification of water. ' -

Common alum K;SQy. AL(SO04)s. 24H;0 - :
When a solution containing potassium sulphate and aluminium sulphate in the propet
proportions is evaporated, colourless crystals of the double sulphate of potassium and
aluminium are obtained, -having the formula K2SO4 Al(SO4)s. 24H,0. This
substance is known simply as alum or as potash alum. This compound is used as a
mordant in the dye industy. It is also used for purifying of water. '

" Potash alum is a typical member.ofa group of compounds known as the alums
which have the general formula M2304.M§(S'04)3.24H20, where M represents’ a
univalent and M" represents a trivalent metal. : —

84  Group IV Metal: Lead

Occurrence o _ ,

The main source of lead is the lead (I1)-sulphide which occurs- in nature as, galena,
PbS. Myanmar is one of the world's largest producers of lead ore.
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Extraction of lead R '
Lead is extracted by heating the galena ore in air to give the oxide which is then
reduced by heatmg with earbon. The process may be represented as

2PbS(s) +30,(g) —— 2Pb0(S) +280(g)
PbO(s) + C(s) —= Pb(s) +CO(g)

Alternatively, reduction of galena to lead may take place as follows

PbS(s) + 2PbO(s) ™= 3Pb(s) + S0, (g)
PbS(s) + PbSO4(s) —> 2Pb(s) +280x(g)

Properties of lead

Physical properties

Lead is a bluish-grey metal. _

It is the softest of the metals-in common use, and can be pressed into any form:
It has a low melting point (328 °C).

It is a poor conductor of electricity and heat.

On exposure to air lead is tarnished owing to the formation. of a Iayer of
hydroxide and carbonate which prevents further attack.

b e

Chemical properties
1. Lead does not react with water or steam.
2.0 It reacts slowly with hydrochlonc acid, whether dilute or. concentrated

Pb(s) + 2HCl(aq) —— PbCly(aq) + Ha(g)

Lead (1I) chloride is sparingly soluble in cold water, but is soluble in hot water.

Dilute sulphuric acid has' no appreciable action upon lead;. but ‘hot
concentrated sulphuric acid reacts with lead to form'lead (I) sulphate and liberate
sulphur dioxide. '

Pb(s) + 2H2804(conc) —> PbSO4(s) + 2H0(1) + SO,(g) -

The metal also reacts with dilute nitric acid

3Pb(s) + 8HNOs(aq) —— 3Pb(NOs); (aq)+ 4H;0(1)+ 2NO(g) -

and with concentrated nitric acid. , ‘

Pb(s) + 4HNOs(conc) ——> Pb(NO3)s(aq) + 2H,0(1) + 2N02('g) -
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Uses of lead
Lead is used as a shield agamst radioactive material and X-rays. It is also used in car

batteries and accumulators. Lead is also an important constituent in many important
alloys, for example soft solders (lead and tin), and type metal (lead, antimony and tin)
for use in printing. . :

Compounds of lead

Lead (II) oxide PbO
It is formed as a yellow powder when lead is heated gently in air. Lead (In

oxide is also known as litharge. ,
2Pb(s) + O2(g) —— 2PbO(s)
Lead (II) oxide is amphoteric, reacting with acids as well as alkalis.
PbO(s) + 2HCl(aq) - ——> PbCly(s) + Ho0(1)
- PbO(s) + 2NaOH(aq) ——> NaPbOa(aq) +H0(D)
sodium plumbite

It is used in the manufacture of glass.

Di lead (II) lead (IV) oxide (Red lead) Pb3O4
Red lead is made by heating lead (I} oxide at temperaturc not exceedmg 450 °C.

450°C

6PbO(s) + O 5 2Pby04(s)

At temperatures in excess of 450°C the reverse reaction occurs.
- In this chemical reaction, di lead (II) lead (IV) oxide behaves as a mlxture of

lead (IT) oxide and lead (IV) oxide, 2PbO+PbO>.
With hydrochlonc acid, lead (1) chlonde is formed and chlorine is liberated.

Pb3Oq4(s) + 8HCl_(aq) ——>  3PbClxs) + Clz(g) + 4H,0(1)
. Red lead is used in surface coating such as paints for preventing corrosion. - .
Lead (IV) oxide PbOz
It is prepared by the action of nitric ac1d on red lead
PbsO4(s) + . 4HNOs(ag) ——> PbOy(s) + 2Pb(N03)2(aq) + 2H20(1)

Lead (IV) oxide is amphoteric and is a powerful oxidizing agent
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With concentrated hydrochloric acid, chlorine is. evolved and with
concentrated sulphuric acid oxygen is evolved.

PbOx(s) + 4HCl(conc) ——> PbCl(s) + 2H20(1) + Ch(g)
2PbOx(s) + 2HaSOs(conc) ——> 2PbSO4(s) + 2H20(1) + Oqfg)

Lead carbonate PbCQO;
It is prepared by the addition of a solution of sodium hydrogencarbonate to the
aqueous solution of a lead salt.

Pb(NOs)(aq) + 2NaHCOxaq) ——s PbCOs(s) + 2NaNOs(ag) + HzO(1) + COx(g)

The addition of sodium carbonate solution gives rise to the formation of basic
lead carbonate, Pb{OH),.2PbCQ;. Basic lead carbonate is used as a white pigment.

Lead chromate PbCrO,4
It is precipitated as a yellow solid when the aqueous solution of 2 soluble chromate is
added to the solution of a lead salt. '

It is employed as a chrome yellow pigment. If the chromate is boiled with
alkali solution it is converted into a red basic lead chromate, PbCrO4.Pb(OH),. Basic
lead chromate is employed as chrome red pigment. :

SUMMARY

This chapter is concerned with the extraction of alkali metals such as sodium
and potassium, alkaline earth metals such as calcium and magnesium , group 111 metal,
aluminium , group IV metal, lead and their physical and chemical properties,
preparation of . compounds including their respective uses. Problems and exercises are
given at the end of this chapter for practice.

Questions and Problems
1. Describe the extraction of sodium metal from common salt.

2. How does sodium react with
(a) water (b) oxygen (c) hydrogen (d) chlorine (e) ammoma?

3. Give an account of 'manufacture of sodium hydroxide from common salt by
eIectroly51s How, and in what conditions, does sodium hydroxide react with
(a) carbondioxide :
(b) aluminium
(c) chiorine?
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10.

11.

12.

Give an account of manufacture of sodium- carbonate by the Solvay process
Describe the following.

(a) the behaviour of sodium hydrogencarbonate when heated

. (b) the behaviour of sodium on m1x1ng with mercury, °

(c) the action of heat on sodium nitrate.
Describe the extraction of rnagnesxum from sca water. Starting from magnesmm,
how would you prepare normal magnesxum carbonate?
Starting from marble, how would you prepare

- (a) quicklime

(b) slaked lime

(c) nitroliime?
Starting from aluminium foil, how would you prepare

(a) anhydrous alumzmum chlonde

(b) alumina

(c) potash alum?
Di lead (II) lead (IV) oxide behaves as a mixture of lead (II) oxide and Iead (IV)
oxide, Explain this statement.
State which of the metals Na, Pb, Al, Mg, Ca will react:

(a) readily with cold water

(b) very slowly with cold water, but vigorously w1th steam’

~(c) with nelther cold water nor steam .

Place these metals in descending order of act1v1ty
State TRUE or FALSE for each of the foIlomng statements

(a) The reactive meta]s are found free in nature.
(b) The . solublhty of calcium hydrox1de decreases. w1th ‘the /increase of

- temperature,

{c) The electronic structure shown by (He) 25 is hthlum .

{d) Alkali metals are easily inflammable when they touch to kerosene.

(e) The metals at the lowest place of activity series may be found free in nature.

Fill in the blanks with a suitable word or phrase or numencal value with unit as

necessary. : -

(2) A small amount of .........ec.. is used to lower the melting point of sodium
chloride. . '

(b). Sodium hydroxide is commercmily produced ﬁom saturated solutlon
[0) by using electrolysis. _

(c) Most of sodium chloride is naturally found in .e.eevereen.

(d) Reactive metals are usually manufactured by ..........ee.
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13.

(e) The mixture of calcium dihydrogenphosphate and calcium phosphate is
sold as ... ' . »

Choose the correct term or terms given in the brackets.

(i) (X, Fe, Ag) is usually manufactured by electrolysis.

(i1) (K, Fe, Ag) is marufactured by reduction reaction.

(i)(K, Fe, Ag) is found as free element.

(iv) Aluminium can react with (acid, alkali, water).

(v) (Al, Pb, Na) is used to protect the radiation.

14. Match each of the items given in List A with the appropriate item in List B.

15.
(a) metal + cold water —— 9

16.

17.

18.

List A ) List B
(a) washing soda (1) K2504.AL(S04):.24H,0
(b)Alum . (ii) Pb304 L
(¢} An ingredient of paint (iii)NaCl
(d) rock salt ‘ (iv)Na;CO;.10H,0 .
() baking powder (v) NaHCO;

Complete the following reactions.

(b) metal + steam — 7

{¢) metal + dilute acid —s 9

Answer the following observations. ‘ :
(a) If the metal hydroxide is decomposed to heat, what are the two products ?
.(b) Ifthe metal carbonate is decomposed to heat, what are the two prodiicts ?
(¢} Most nitrates on heating gives off brown fumes. What i$ this brown fumes?

Answer the following questions: ' '

(a) What is the displacement reaction ? _ o

(b) Can you name a metal carbonate that is stable to heat ?

(¢) Can you name a metal hydroxide that is stable to heat ? _ .

The following is a list of metals in order of reactivity with three unknown metals

X, Y, and Z include in the list. Which of these unknown metals

X, Ca, Mg, Y, Zn, Fe, Pb, Cu, Z

(a) will react with cold water ? '

(b} will react with steam ?

(¢) will not react with dilute acids? _

(d) will form a hydroxide which is stable to heat ? - o

(¢) will form a nitrate which decomposes on heating to form an oxide ?

What other products are formed ? o
() will form a least stable oxide ?

Bk kAR koA ok Rk kK
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| CHAPTER 9
METAL REACTIVITY -

9.1 Metal Reaction with acid :

When magnesium metal reacts with dilute hydrochloric acid, effervescence
takes place which is caused by bubbles of hydrogen gas being formed as the reaction
between the two substances proceeds The other product of tlus reaction is the salt
magnesium chloride. ‘ :
magnesium -+ hydrochlonc ~—3 magnesium -+ ' hydrogen

: acid chloride .
Mg (S) +  2HCl(aq) —> MeChap + H: ()

If a metal reacts with dilute hydrochlonc acid then hydrogen and the metal
chloride are produced.

If similar reactions are carried out using other metals with acid, an order of
reactivity can be produced. This is known as a reactivity series. An order of
reactivity, giving the most reactive metal first, using results from experiments with
dilute acid, is shown in Table 9.1. The table also shows how the metals react with
air/oxygen and water/steam, and, in addition, the ease of extraction of the metal.

Table 9.1 Order of reactivity of metals

Reactivity Reaction . | Reaction . Reaction Ease of
series with dilute acid | with air/oxygen with water extraction
Potassium (K). ||Produce H, with |} Burn very brightly Produce H; with Difficult to extract
- and vigorously decreasing vigour || . A
Sodium (Na) decreasing vigour|Y Y with cold water )
Caloium (Ca) o " |} Roact with steam || Easier to extract} £
Magnesium (Mg) - {{Burn to form an with decreasing o "§
. ‘|| oxide with vigour &
Aluminium (Al) e ‘decreasing vigour Y 50
Zinc (Zn) -§
Iron (Fe) -8
Lead (Pb) Y Y Y k=
Hydrogen (H) yI'React slowly to
_ form the oxide
Copper (Cu) Do not react with || Do not react | Do not react with
dilute acid ' water or steam ' -
Silver (Ag) , Found as the
Gold (Aw) o : ‘ - ||element {native)
Platinum (Pt}

Because aluminium reacts so readily with the oxygen in fhe air, a protective oxide layer 18
formed on its surface. This often prevents any further reaction and disguises aluminium's
true reactivity. This gives us the use of a light and strong metal.
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With air/oxygen / _ ,
‘ Many metals react with -0xygen to form. oxides. For. example, magnesium
burns brightly in oxygen to form the powder magnesium oxide. -

magnesium  + oXygen -——> magnesium oxide
2Mg (s) + O:(g) —> 2MgO(s)

With water/steam

' - Reactive metals such as potassium, sodium and calcium react with cold water
to produce the metal hydroxide and hydrogen gas. For example, the reaction of
sodium with water produces sodium hydroxide and hydrogen.

sodium +  water —> sodium hydroxide  + hydrogen
2Na(s) + 2H;O0()——> 2NaOH (aq) - + Ha(g)

The moderately reactive metals, magnesium, zinc and iron, react slowly with
water. They: will, however, react more rapidly with steam. In their reaction with steam,
the metal oxide and hydrogen are formed. For example, magnesium produces
magnesium oxide and hydrogen gas.

magnesium  +  water ——> magnesiumoxide -+ hyd‘ro'gen"
Mgls)  + HiO(—> MgO(s) - +tHa(g)

Generally, it is unreactive metals that we find the most uses for; for
example, the metals iron and copper can be found in many everyday objects.
However, magnesium is-one of the metals used in the construction of Concorde.

Both sodium and potassium are so reactive that they have to be stored under
kerosene. However, because they have low melting points and are good conductors of
heat, they are used as coolants for nuclear reactors.

9.2 Using the reactivity series
What predictions can be made using the reactivity series? It is useful in
predicting how metals react.

Competition reactions in the solid state

If a more reactive metal is heated with the oxide of a less reactive metal, then
it will remove the oxygen from it (as the oxide anion). You can see from the
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reactivity series that iron is less reactive than aluminium. If iron(IIl) oxide is mixed
with aluminium and the mlxture is heated using a magnesium fuse, a very violent
reaction occurs as the ,compet:t;o_n between the aluminium and the iron for the oxygen
takes place. ' '

The aluminium, being the more reactive metal, takes the oxygen from the less
reactive iron. It is a very exothermic reactlon When the reaction is over, a solid lump
of iron is left along with a lot of whlte ahm:nmum oxide powder

iron(III)-oxide + aluminium -——3>  aluminium oxide. + iron
Fe203(s) + 2Al(s) —> ALOs(s) - + 2Fe(s)

This is a redox reaction.This partlcular reaction is known as the Thermite
reaction. Since large amounts of heat are’ given out and the iron is formed in a molten
state, this reaction is used to weld together ‘damaged railway lines. It is also used in
incendiary bombs.

Some metals, such as chrormum and tltamum, are prepared from their oxides '

usmg thxs type of competmon reactlon ‘

Competition reactions in aqueous solution .

In another reaction, metals compete with: each other for other anions. This:
type of reaction ‘is kirown as a dxsplacement reaction. As in the previous type of
competmve reaction, the react1v1ty series can be used to predxct which of the metals
will “wi

In a displacement reaction, a more reactwe metal w111 displace a less reactive
metal from a solution of a salt. Zinc is above copper in the Teactivity series. When
a piece of zinc metal i is left to stand in a solution of copper (II) nitrate the copper
(IT) nitrate slowly loses its blue colour as the zinc continues to displace the copper
from the solution and eventually becomes colourless zinc nitrate.

zinc + 'copper(II) nitrate ——> zincnitrate . +  copper
Zn(s) + CuNOsh(ag —> ZnNOs)(aq)  +  Cu(s)

The ionic equation for this reaction is:

zinc  + ' copper jons —> zincions -+ " copper
Zn) + C¥ag) = —> @y + Cu9

144




‘ This is also.a redox reaction involving the transfer of two electrons from the
zinc metal to the copper ions. The zinc is oxidized to zinc iotis in agueous solution,
while the copper ions are reduced. (See Chapter 5, for a- dlscussmn of oxidation and
reduction in terms of electron transfer.)

It is possible to confirm -the reactivity series for metals. usmg competltlon
reactions of the types-discussed in this sectlon :

For example,

iron(lll) + sodium 5 iron(ll) - + sodium
chloride hydroxide hydroxide chloride
FeCly(aq) + 3NaOH(aq) —> Fe(OH)3(s) + 3NaC1(aq)
The ionic equation for this reaction is:

iron(Ill) ions - + hydroxide ions —> _iron(II) hydrokide’ '
Fe''(aq) - + 30H(@g) - > Fe(CH)(s)

9.3 Extraction on metals from their ores _

The majority of metals are too reactive.to exist on their own in the Earth’s crust,
and they occur naturally in rocks as compounds in ores. These ores are usually
carbonates, oxides or sulphides of the metal, mixed with impurities.

Some metals, such as gold and sﬂve:, occur in a native form as the free metal
They are very unreactive and have withstood the action of water and the atmosphere
for many thousands of years without reacting to become compounds,

Some of the conumon ores are shown in Table 9.2.
Table 9.2 Some common ores '

Chemical name of . .‘ Usual method of
Metal Name of ore - |. compound in ore . Formula .:| . . extraction
Aluminium | Bauxite Aluminium oxide = | AL03.2FL0 [ Electiolysis of oxide
-t : ' ' * | dissolved in'molten
cryolite
Copper | Copper pyrites | Copper iron sulphide | CuFeS; The sulphide ore is
: L roasted in air
Iron . | Haematite  * { Iron(III) oxide Fe,0; Heat oxide
with carbon .
Sodium Rock salt Sodium chloride NaCl ‘Electrolysis of molten
: ' sodium chloride
Zinc Zinc blende Zinc sulphide ZnS *| Sulphide is roasted in
‘ ' air and the oxide
produced is heated with
carbon
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Large lumps of the ore are first crushed and ground up by very heavy
machinery. Some ores are already fairly concentrated when mined. For example, in
some parts of the world, haematite contains over 80 % Fe;O3. However, other ores,
such as copper pyrite are often found to be less concentrated, with only 1% or less of
the copper compound, and so they have to be concentrated before the metal can be
extracted. The method used to extract the metal from its ore depends on the position
of the metal in the reactivity series. ' /

‘Extraction of reactive metals - R _ : _

Because reactive metals, such as sodium, hold on to the element(s) they have
combined with, they are usually difficult to extract. For example, sodium chloride (as
fock salt) is an jonic compound with the Na* and CI' ions strongly bonded to one
another. Consequently, the separation of these ions and the subsequent isolation of the
sodium metal is difficult. ' - ‘ - T

Electrolysis of the molten, purified ore is the method used in these cases.
During this process, the metal is produced at the cathode while a non-metal is
produced at the anode, As you might expect, extraction of metal by electrolysis_js
expensive. In order to keep costs low, many metal smelters ixsing electrolysis are.
situated in regions where there is hydroelectric power. - ' '
Extraction of fairly reactive metals . : - :

~ Metals towards the middle of the reactivity series, such as iron and zinc, may
be extracted by reducing the metal oxide with the non-metal carbon.

Iron

Iron is extracted mainly from its oxides, haematite (Fe;Os), and magnetite
(Fe30y), in furnace. The blast furnace is steel tower approximately 30 m high lined
with heat-resistant bricks. It is loaded with the “charge” of iron ore (usually,
haematite), coke (made by heating coal) and limestone (calcium carbonate). A blast
of hot air is sent in near the bottom of the furnace through holes which makes
the "charge" glow as the coke burns in the preheated air. . '
‘ | catbon . + oxygen —> carbon dioxide

Cs)  + Ofg) —> COue)
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A number of chemical reactions follow:
The limestone begins to decompose:

calcium —_— calecium + ‘carbon
carbonate oxide dioxide
CaCOs(s) —> CaO(s) + COxg)

The carbon dioxide gas produced reacts with more hot.coke higher up in the
furnace, producing carbon monoxide. o .

carbon dioxide + coke —> carbon monoxide
CO:(g) + C(s) —=> 2C0(g) |

Carbon monoxide is a reducing agent. It rises up the furnace and reduces the
iron(IIf) oxide ore. This takes placeat a ‘temperadllre of around 700 °C.

iron() + carbon —— ron + carbon
oxide monoxide dioxide
FexOs(s) + . 3CO(g) =——> 2Fe(l) + 3C0;(g)

The molten iron produced trickles to the bottom of the fumace.

The calcium oxide formed from the limestone reacts with acidic impurities.
For example silicon(IV) oxide (sand) (S105), in the iron ore forms a liquid
slag, which is mainly calcium silicate. -

caleium +  silicon(IV) —> calcium
oxide ‘oxide silicate
CaO(s) + SiOx(s) —> CaSiOs(l)

This material also trickles to the bottom of the furnace, but because it is less
dense than the molten iron, it floats on top of it. The molten iron as well as the
molten slag, may be tapped off (run off) at intervals. '
The waste gases, mainly nitrogen and oxides of carbon, escape from the top of
the furnace. They are used in a heat exchange process to heat incoming air and
so help to reduce the energy costs of the process. Slag is the other waste
material. It is used by builders and road makers for foundation.

The iron obtained by this process is known as “pig” or cast iron and
contains about 4 % carbon (as well as some other impurities such as small
amounts of manganese, phosphorous, silicon and sulphur).
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Removal of impurities: from pig iron-gives. wrought iron. To produce
wrought iron, cast iron is heated in a current of air;using a furnace lined with
haematite. The carbon of cast iron is used up in the'reduction.of iron(I11) oxide.
Fe,Os(s) + 3C(s) —> 2Fe(s) + 3CO(g)

Some impurities are converted into gaseous oxides, €.g.,

4P(s) + 502g) —> POnlg) |

Other impurities,e.g., manganese and silicon , are oxidized and form a slag.
Wrought iron is the purest form of industrial iron. It is tough, malleable and
ductile.It is used for making wire and for ornamental iron work and horse-
shoes. ‘ |
Gas cylinders are sometimes made of cast iron, since they are unlikely
to get deformed during their use. . , ‘

_ The majority of the iron produced in the blast furnace is converted into
different steel alloys such as manganese and tungsten steels as well as
stainless steel. o D

- Zine

THE principal source of zinc is zine sulphide or zineblende. This ore occurs
‘mainly in Australia, Canada and the US. The zinc ore is first concentrated by a
iprocess called froth flotation. The crushed ore.is fed into tanks of water-
containing a chemical collector and frothing agent. ‘The collector sticks to the
surface of the zinc sulphide particles giving them ‘a-water-repellant coating.
Alr is blown through so that the whole mixture froths up. The zinc sulphide
particles are forced up the tank by the air bubbles and are skimmed off and
dried. This ore now contains 55-75 % of zinc sulphide. The zinc sulphide is
then heated very strongly in a current of air in a furnace to convert it to the
oxide:

zinc sulphide + oxygen -——> znc oxide +  sulphur dioxide
2ZnS(s) + 30:(g) ‘ 2Zn0O(s) + 280:(g)

The sulphur dioxide is a useful cbepr,t)duct and is used in the manufacture of

sulphuric acid. The zinc oxide is mixed with- powdered coke in a furnace and

heated very strongly to a temperature of approximately 1400 °C.The zinc oxide is
reduced by the coke te zinc. ' ‘

zincoxide +. coke (carbon) —> zinc +  carbonmonoxide
ZnO(s) + Cs) - —> In(g) + - CO@® -
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‘The mixture of zinc vapour and carbon monoxide passes through an outlet
near the top of the furnace and the zinc metal cools and condenses: The -
heating costs of the furnace are reduced by burning the carbon monoxide
which is produced. -

Zinc is used in alloys such as brass. It is also used to galvanise steel and for
electrodes in batteries. ' '

Extraction of unreactive metals
Copper .
Copper is quite a long way down the reactivity series. Copper can be found as
“the free metal element or “native” in the US. It is principally extracted,
however, from copper pyrites, CuFeS,. The crushed ore is concentrated by
. froth ﬂotation."A chemical known as a collector sticks to the surface of the
copper pyrites particles, giving them a water-repellant coating, Detergent is
added ‘and air is blown into the mixture to make it froth. The copper pyrites
" particles are concentrated in the froth and can be removed easily. They are
then roasted in a limited supply of air to ensure conversion of "c,obper pyrites

to copper(I) sulphide: , . ;
copper  + oxygen —s copper(l) + ‘sulphur + iron()
pyrites sulphide . - dioxide oxide -

2CuFeSy(s) + 40x(g) —> CwS(s) + 380x(g)  + 2FeO(s) ,

Silica(Si0, ) is then added and the mixture is heated in the absence of
air; The iron(Il) oxide is converted into iron([)silicate (FeSiOs), which is run
off. The remaining copper(I) sulphide is then reduced to copper by heating in
a controlled amount of air.” -~ o :
copper(l) ~ + oxygen ~— copper + sulphur
sulphide dioxide
CuaS(s) + O, —> 2Cu(s) + SOp)

Copper is then refined by electrolysis to give a product which is at
least 99.92 % pure. The purified copper is easily drawn into wires (it is highly
ductile), which makes it useful for electrical wiring. It is also used in alloys,
such as bronze and brass. Copper is also used to make water and central
heating pipes, as well as steam boilers (it is a good conductor of heat).

Extraction of silver from silver glance by the cyanide process.

The crushed or fine state of silver glance or argentite ore is digested in large
vats in a sodium cyanide solution.
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4 Ag(s)+ 8 NaCN(aq) + 2 H20(l) + Ox(g)}—» 4 Na[Ag(CN),](aq)+4 NaOH(aq)
Silver sulphide and silver chloride also dissolve in cyanide solution.
AgCl(s)+ 2NaCN(aq) ———> Na[Ag(CN)](aq) + NaCI(aq)
AgS (s)+ 4NaCN(aq) .y 2 NaJAg(CN)2](aq) + NazxS(aq)
The silver bearing solution is treated with zinc shavings, silver is thrown out
as a precipitate .

Zn(s) +2 Na[Ag(CN)z](aq)———> 2 Ag(s) + 2 NaCN(aq)+ Zn (CN)z(aq)
silver
. The silver is collected washed and melted It is punﬁed eIectrolytlcally

9 4 Recychng metals
~ Recycling “banks” have become commonplace in recent years Why should
we really want to recycle metals? Certainly, if we extract less metals from the Earth
then the existing reserves will last that much longer. Also, recycling metals prevents
the creation of a huge environmental problem. - However, one of the main
considerations is that it saves money 4
The main metals which are recycled include alummlwn and iron. Alummmm
is saved by many households as drinks cans and milk bottle tops, to be melted down
and recast. Iron is collected at local authority tips in the form of discarded household
goods and it also forms a large part of the miaterials collected by scrap metal dealers.
Tron is recycled to steel. Many steel-making furnaces run mainly on scarp iron. “'x.\

9.5 Rusting ofiron
After a period of t1me objects. made of iron or steel will become coated with

rust. The rusting of iron is a serious problem and wastes enormous amounts of money
in the UK each year. It is estimated that iron of £500 million a year.is spent on
replacing iron and steel structures. ‘

Rust is an orange-red powder con51st1ng mainly of hydrated n'on(III) oxide
(Fe;03.xH,0). Both water and oxygen are essent1al for iron to rust, and if one of these
two substances is not present then rusting will not take place. The rusting of iron is
encouraged by salt.

Rust prevention

To prevent iron rusting, it is necessary to stop oxygen (from the a1r) and water
coming into contact with it. There are several ways of doing tlns
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Painting : . )

-Ships, lorries, cars, bridges and many other iron and steel structures are
painted to-prevent rusting. However, if the paint is scratched, the iron beneath
it will start to rust and corrosion can then spread under the paintwork which is

.~ still sound. This is why it is essential that the paint is kept in good condltlon
. and checked regularly.

Oiling/greasing :
The iron and steel in the moving parts of machmery are coated w1th 011 to
prevent them from coming into contact with air or moisture. This is the most

common way of protecting moving parts of machinery,but the protectlve film

must be renewed.

Coating with plastic ‘
The exteriors of refrigerators, freezers and many other itéms are coated with
plastic, such as PVC to prevent the steel structure rustmg '

Plating .
Cans for food can be made from steel coated with tin. The tin is deposited
onto the steel used to make food cans by dipping the steel into molten tin.
Some car bumpers, as well as bicycle handlebars, are electroplated ‘with
chromium to prevent rusting. The chromium gives a decorative furnish as well
as protecting the steel beneath.

Galvanising
Some steel girders, used in the construction of bridges and buildings, are

_galvanized. Coal bunkers and steel dustbins are also galvanized. This

involves dipping.the object into molten zinc. The thin layer of the more
reactive zinc metal coating the steel object slowly corrodes and loses electrons
to the iron, thereby protecting it. This process continues even when much of
the layer of zinc has been scratched away, so the iron contmues to be
protected.

Sacrificial protection

Bars of zinc are attached to the hulls of ships and to oil rigs. Zinc is above iron
in. the reactivity series and will react in preference to it and so iron is piotected.
As long as some of the zinc bars remain in contact with the iron structure, the
structure will be protected from rusting, When the zinc runs out, it must be
renewed. Gas and water pipes made of iron and steel are connected by a wire
to blocks of magnesium to obtain the same result, In both cases, as the more
reactive metal corrodes it loses electrons to the iron and so protects it.
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Corrosion : \ o S
Rusting is the most common form of corrosion. Corrosion is the ‘name given
to the process. which fakes place when metals and alloys are chemically
attacked by oxygen, water or any other substances found in their immediate
environment. The metals in the reactivity series will corrode-to a greater or

Jesser extent.- Generally, the higher the metal is in the reactivity series, the

more rapidly it will corrode. If sodium and potassium were not store under oil

they would correde very rapidly indeed. Magnesium, calcium and aluminium

are usually covered by a thin coating of oxide after initial -reaction with
oxygen in the air. Freshly produced copper is pink in colour. However, it soon

_ turns brown due to the formation of copper(Il) oxide on the surface .of the
- metal. ' o . Ce

In more exposed environments, copper roofs  and- pipes -quickly become

covered in verdigris. Verdigris is green in colour and is composed of copper

salts formed on copper. The. composition of verdigris varies depending on the
atmospheric conditions, but includes mixed copper(Il} carbonate and

copper(Il) hydroxide(CuCOs. Cu(OH). T

Gold-and platinum are unreactive and do not corrode, even after thousands of

 years. , x B
9.6 Alloys : : ' R
, The majority of the metallic substances used today are alloys. Alloys are
mixtures of two of more metals and are formed by mixing molten metals thoroughly.
It is generally found that alloying produces a metallic substance that-has more useful
propertiés than the original pure metal it was made from. Steel, which is a mixture of
the metal iron and the non-metal carbon, is also considered to be an alloy. -

Of all the alloys we use, steel is perhaps the most important. Many steels have
been produced; they contain not only iron but also carbon and other metals. For
example, nickel .and chromium are the added metals when stainless steel is produced.
The chromium prevents the steel from rusting while the nickel makes it harder. '

- Production of steel ' —
‘The ‘pig iron’ obtained from the blast furnace contains between 3%
~ and 5% of carbon and other impurities, such as sulphur, silicon and
- phosphorous. These impurities make the iron hard and brittle. In order to
improve the quality - of the metal, most of the impurities must be removed and
in doing this, steel is produced. = - ' ST

The impurities are removed by the ‘basic oxygen process. In this process,

molten pig iron from the blast furnace is poured into the basic oxygen furnace.
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A water-cooled ‘lance’ is introduced into the furnace and oxygen at-5-15 atm
pressure is blown onto the surface of the'molten metal: Carbon is oxidized to
. carbon monoxide. and carbon- dioxide while sulphur is” oxidized to sulphur
- dioxide. Silicon and phosphorous are silicon (IV) oxide and phosphorous

(V)oxide, which are solid oxides. Some calcium oxide (lime}) is added to remove these

" solid oxides as slag. The slag may be skimmed or poured off the surface.

Samples are continuously taken and checked for carbon content. When the

required amount of carbon has been reached, the blast of oxygen is turned off

The-basic oxygen furnace can convert up to 300 tons of pig iron to steel per

hour, ' o |

There are various types of steel that differ only in their carbon content. The

differing amounts of carbon present confer different properties on the steel

and they are used for different purposes (Table 9.3). Steel with carben content

- vof 1.5 % makes the maximum tensile strengh of itIf other types of steel are

-required then up to 35 % scrap steel isadded, along with other metals (such as
tungsten), are added and the carbon is burned off

Table 9.3 Different types of steel

Steel Typical Properties Uses
composition _ ' ‘
Mild steel 99.5 %iron, | Easily worked, lost most Car bodies, large
. 0.5 %carbon of brittleness structures
[}
Hard steel 9? % iron, . Tough and brittle. Cutting tools, chlsels,
1 %carbon razor bIades
Manganese 87 % iron,
steel 13 %manganese Tough springy Drill blts sprmgs
0/ = . .
Stainless Z 4 % iron, Tough , does not Cutlery, kitchen sinks,
steel 13 A;chrf)mlum, corrode surgical instruments
8 Yenickel : N o -
Tungsten 95 % iron, Tough hard, even at . Edges of high speed
steel S Y%tungsten high temperatures cutting tools
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Uses of common alloys

Alloy Composition - ' Uses
' o _ o Jewellery, machine
' ) X ) » - 1 - -
Brass . 65 %copper, 35 %zinc begpngs,o © ectnqal
: IR PR connections, door
S S furniture
Bronze - 90 %copper, 10 %tin | Castings, machine parts
Cu ro nickel 30 %copper, 70 %nickel Turbine blades
pro 75 Y%copper, 25 Yonickel ‘ Coinage metal
. ~95 Y%aluminium,4 %copper, 1%magnesium, Adircraft construction,
Duralumin . ' . :
manganese and iron bicycle parts -
Magnalium 70 %aluminium, 30 %magnesium Aircraft construction
30 %lead, 70 %tin, a small amount of Plates, ornaments and
Pewter \ . I .
antimony _ drinking mugs
Solder " 70%lead, 30 %tin. Connecting electrical
: : : wiring

SUMMARY

In this chapter, reaction of metals with acids, air/foxygen, water and steam
have been presented followed by extraction of these metals from their ores using the
reactivity series. Extraction of reactive metals such as sodjumt, extraction of fairly
reactive metals such as iron and zinc, extraction of unreactive metals such as copper
and silver have been elaborated. ’ )

"The topic on recycling metals, rusting of iron, rust prevention methods,
corrosion of metals have been presented . In the final section of this chapter, different
types of alloys, such as steel, their productions in industry are also provided.

Questions and Problems

1. Pig iron is obtained by feeding a mixture of iron ore, coke and limestone into a
blast furnace. Give an account of the reactions that take place in the furnace.

2. Use the following list of metals to answer the questions (a) to (1):
Tron, calcium, potassium, gold, aluminium, magnesium, sodium, zinc,
platinum | '
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(a) Which of the metals is found native?
(b) Which of the metals is found native as the ore :
(i) haematite? (i) bauxite?
(c) Which metal is a carbonate found in nature called marble?
(d) Which of the metals will not react with oxygen to form an oxide?
(&) Which of'the metals will react violently with cold water?
(f) Choose one of the metals in your answer to (¢) and write a balanced chemical
equation for the reaction which takes place.
(g) Which of the metals has a protective coating on its surface? :
(h) Which of the metals reacts very slowly with cold water but cxtremely
vigorously with steam? ;
(i) Which of the metals is used to galvanise iron?
. Explain the following,. _
(a) Recycling metals can save money. :
'(b) Metals such as gold and silver occur native in the earth’s crust.
(c) The parts of shipwrecks made of iron rust more slowly in deep sea water .
(d} Zinc bars are attached to the hulls of shxps to prevent the hulls from:
rusting. .
(e) Copper roofs quickly become covered with a green coating when exposed to
the atmosphere.
. Answer the following questions about the manufacture of iron.
 (a) Give the name and formula of one mineral from which iron is extracted
(b} Explain how carbon monoxide is formed in the furnace.
(c) Explam why limestone is used in the blast furnace.
(d) Name three impurities likely to be present in pig iron.
(e) Explain how these impurities are removed dunng the conversion of pig-iron
_ to wrought iron. -
. Iron is extracted from its ores haematite and magnetite, Usually it is extracted
from haematite (iron(IIT) oxide) .The ore is mixed with limestone and coke and
reduced to the metal in the blast furnace. The following is a brief outline of the
reactions involved. Coke + oxygen —> gas X ’ :
GasX + coke 3 gasY
Iron (IIT) oxide + gas Y —> iron "+ gas X
(a) Name the gases X and Y.
(b) Write balanced chemical equations for the reactions shown above .
(¢) The added limestone is involved in the following reactions: '
) Limestone —> calcium oxide + gasX
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Calcium oxide + silicon (IV) oxide: ——> - slag "~
(i) Give the chemical names for limestone-and slag. -
(ii) - Write balanced chemical equations for the reactions shown above.
(iii) Describe what happens to the liquid iron and slag when they reach
the bottom of the furnace. -+ - . -
(d) Explain why blast furnaces are usually found near to or-on coal fields.

6. The iron obtained from the blast furnace is known as pig or cast iron. Because of
the presence of impurities-, sach as carbon , it has a hard and brittle nature. Most
of this type of iron is therefore converted into steel in the basic oxygen process.

. During this process either. all -or' some.of the carbon -is ‘removed. Calculated
quantities of other elements are then added to produce the required type of steel:
(a) Explain the meaning of the term alloy as applied to steel. .
(b) Name two impurities, other than carbon, which are present in cast iron and
which are removed completely during the steel manufacture.
(¢) Describe the method of steel manufacture used which removes the
. impurities referred to in (b). o
(d) . Name two metallic elements which may be added to the basic oxygen
furnace to produce different varieties of steel. :
(e) Give two uses of stainless steel. . , ‘
(f) Give two advantages of stainless steel compared to cast iron. ‘

7. How and under what conditions do the metals iron, copper, silver and zinc react .

with . o : —_—
. (a) water (steam if necessary) '
(b) oxygen o
(c) dilute sulphuric acid? : L

8. Zinc is extracted by roasting zinc blende in-a current of air. ‘This converts the
sulphide ore to the oxide. Zinc oxide is then mixed with powdered coke ina
furnace and heated very strongly. The oxide is converted-to the metal according to
the following equation. R S

- - ZnO(s) + C(sy —> Zn(s)y-. + .CO(g)
Approximately 500 tons of zinc are produced per day from this process. - .
{a) (i) What is the name of the chemical process by which zinc oxide is-
. ... converted fo zinc ? - e o B
(i) At what temperature does this process take place ?
/(b) It is' very expensive business-to-maintain the-high temperature needed to -
efficiently convert zinc oxide to zinc. How are the heating costs offset 7

156




(c) Calculate the quantity of zinc oxide required to produce 500 tons of zinc .
(Zn'=65 O =16, C= 12)
9. Give the name and formula of a2 common ore of zinc and desctibe the chemistry
involved in extracting zinc from it. : -
10. State and explain the results of placmg pieces of zine in aqueous solutlon of
copper (II) sulphate. i :
11; Explain what happens when D
(a) dilute sulphuric acid is added separately to copper ‘and zinc.
(b) aqueous sodiura hydrox1de is added separately to ‘aqueous solutions of
- copper (IT) sulphate and zinc sulphate respectively until it is present in excess.
12, Write balanced equations for the reactions between : - '
"(a) iron and dilute ydrochloric a01d
- {b) calcium and oxygen
(c) potassium and water
(d) magnesium and steam
(e) magnesium and oXygen ‘
13. Discuss the extraction of silver ﬁ'om s1lver glance by thé cyamde process.
14, What is ‘Themutereactlon’? Explam with suitable example (
15. Write an account on the extraction of copper from copper pyntes
16. What is meant by the term * ‘Tusting of ifon>? - :
17. What are the methods used to prevent iron rustlng‘? .
18. What do you understand by the term * Sacrlﬁc:lal protectlon’ ?
19. Explain the following terms: ‘
(a) Galvanising (b) Corrosion (c) Platmg (d) Alloys
20. Explain different types of steel with suitable examples.
21. Write an account on the uses of common alloys.
22. What is meant by the term ‘Recycling metals'?
23. Write TRUE or FALSE for each of the following statements: - -
(@) The silicate impurity from the iron ore may be removed as calcium silicate.
(b) The properties of steel depend upon the composition.
(c) Iron as impurity in copper ore may be removed as a form of iron (II)
silicate.
(d) Steel with carbon content of 1.5 % makes the minimum tensile strength
of it.
(€) Frothing agent is used in copper production to float the copper bearing
particles in froth. - :

157



24. Fill in the blanks with a suitable word or phrase or numerical value with unit as

. necessary.
(a) Iron ore is roasted to convert the carbonate and sulphide into ...........
O reaction is uesd to weld together damage railway line.
(¢) In electrolytic refining crude copper is attached tO w.coevvunrnenes
(d) The formula of blue copper (II) sulphate I8 veerrereereens
~ (e) The elements above............ in the electrochemical series can displace
hydrogen from the acids.

25. Select the correct term or terms given in the brackets.
: (2) (Wrought iron, Pig iron. Slag) is the purest form of industrial iron.
(b) Galvanization is the term for deposition of thin layer of (zinc on iron, iron
on copper, iron on silver).
(c) The most important source of silver is (argentite, calamine, haematite).
(d) The iron ore is reduced by (carbon monoxide, hydrogen, chlorine).
(¢) (Electrolytic, Reduction, Oxidation ) technique gives the metals of the

highest purity.
26. Match each of the items given in List A with the appropriate item given in List B.
, List A List B
. {a) Haematite (i) zinc sulphide

(b) Bauxite ' (i) copper iron sulphidé

(c) Copper pyrites (iii) iron (JII) oxide

(d) Rock salt (iv) aluminium oxide

(e) Zinc blende (v) sodium chloride

*******************************‘*****

158




CHAPTER 10
NITROGEN AND ITS COMPOUNDS

10.1 Occurrence

Nitrogen forms the major constituent of the atmosphere, being present to the extent of
about 79 percent by volume or 76 percent by weight of the air. In chemical
combination with other elements it occurs in sodium nitrate (Chilesaltpetre), in
proteins, and many other animal and vegetable products.

10.2  Methods of Preparation of Nitrogen

Preparation of nitrogen from the atmosphere

The most important gases present in dry air are oxygen (about 21 % by volume),
carbon dioxide (about 0.03 % by volume), and atmospheric nitrogen (about 79 % by
volume).

caustic soda copper to
solution to absorb abaorb oxygen |
carbon dioxide nitrogen

Fig. 10.1 Preparation of nitroger from the atmoslﬁhere

copper + air ——5 caopper (II) oxide + nitrogen

2Cu + N2+0) ——  2Cuw0 + N;
sodium +  carbon — sodium +  water
hydroxide dioxide carbonate o
2NaOH + CO, —_ Na;COs + HO
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‘ .The apparatus is set up as shown i in Flg 10.1 Water; is aliowed to flow into
bottle A at a slow rate Axr Trom this botile is displaged;and made to pass through
another bottle B containingcaustic soda solution to remove carbon dioxide.

The carbon dioxide free air is then passed over heated copper wh1ch absorbs
oxygen to form copper (II) oxide. - : -

' ‘The nitrogen, so freed: from oxygen, comes out fron "the: oombustlon tube.
Since: the nitrogen is only slightly soluble in water, it is-collected by the downward
displacement of water.

If the nitrogen is required dry. it may beé passed through-a U-tube contammg
glass:beads wetted with conceritrated sulphunc acid and then collected in a syrmge

Note: The product of this experlment is almost pure mtrogen /Tt contains about 1 %by

" voluine of the "noble’ gases",' ch1eﬂy argon The removal of these gases is not

~ possible by’ chemical meéthods. The presence of thése' gases makes "annospherlc‘
nitrogen" slightly denser than the pure gas. :

Laboratory preparation of nitfogen

Nitrogen gas may be prepared by heatmg a squtlon of ammonium nitrite. However,
ammortium: nitrite decomposes slowly at ordinary temperatures so that neither
ammonium nitrite itself, nor its solution in water, should be kept in stock. The
ammonium nitrite is obtained by.a reaction between sodium nitrite and ammonium,
chloride solutions. | :

““Bunsen valve

solutions of
sodium nitrite
and ammonium
chioride;

- nitrogen* -

water

Fig. 10.2 Loboratory preparation of nitrogen
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b

sodium - aimmoniim - A So dinm chlofide 4 ammoniuni

nitrite o eochloride - S ~ nitrite

NaNO, . + o NHgCl By ‘NaCl- -+ NHiNO,
ammonium nitrite© | ni'tro"gen." oo +_ water-

The apparatus is.set up as shown in Flg 10.2
Concentrated solutions of sodium nitrite and ammonium chlonde are rmxed m a
round-bottomed flask. The flask is then heated gently.

Decomposition to nitrogen occurs as the solution bécomes warm Since
nitroger: gas is slightly soluble in water, it may be collected over water The nitrogen
gas may be dried as described in the previous experiment.

Other chemical methods of preparatnmi of mti'ogen ‘
1. The reaction of chlorine and eXcess ammonia _ : :
chlorine +  ammonia E— nltrogen + ammomum chlonde

3ClI, -+ 8SNH; - _ No + . 6NH4C|
2. Passmg ammonia gas over heated copper (II) oxide - ‘
ammonia  + copper (II) oxide - ———  copper + nitrogen + - water
2NH; + 3Cu0O —_ 3Cu -+ N, | +. 3H;0
3. Reduction of oxides of nitrogen by' heated copper
nitrogen . T
copper + oxide ——3 copper (II) oxide - "+ nitrogen
2Cu- 4+ INO N 2Cu0 + Ny

Manufacture of nitrogen
Nitrogen is obtained in industry by the fractional distillation of hqmd air. ‘This
process is described in Chapter 10. When liquid air is distilled nitrogen boils . off at

-196 °C(77K) Oxygen is left as liquid since its bo;lmg point is hlgher than that of
nitrogen. The separated nitrogen is then reliquefied. '
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10.3 Properties of Nitrogen
Physical properties
1. Nitrogen is colourless and odourless. It is slightly less dense than air and only

slightly soluble in water. It condenses to a liquid (b.p. -196°C), and freezes to a

colourless solid (m.p. -210°C).

2. ‘Nitrogen gas is relatively inert and does not support combustion.
Chemical properties ' )
1. Nitrogen combines with hydrogen and oxygen at higher tempei‘atures.
- finely divided powder Fe
nitrogen + hydrogen < = —  ammonia
200 atm, 450°C '
Na + 3H; T —  2NH;
nitrogen + oxygen — - nitrogen oxide
Nj + O, SN 2NO ‘
2. It combines with many metals, on heating to a dull red heat or higher

temperatures, to form nitrides.

magnesium + nitrogen =~ —— magnesium nitride
3Mg + N, —_— MgaNz

Nitrides react with water to liberate the ammonia gas.

magnesinm . magnesium -
+ S +
nitride | water ammonia hydroxide
Mgz N, + 6H,O _ 2NH3 + 3Mg(OH)2
3. - It combines directly with calcium carbide at about 1000°C to form calcium -

cyanamide, CaCN,, an important nitrogenous fertilizer.

calcium | o A : :
. + nitrogen ——> calcium cyanamide + carbon
carbide 1000°C

CaCy + N, —p CaCN; + C
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A mixture of calcium cyanamide and carbon is known as:/nitiGlime". Calcium
cyanamide reacts with water to form ammonia.

calcium .
+ A

) water ——>  calcium carbonate @+  ammonia
cyanamide |
CaCN, +  3H,0 A CaCO3; '+  2NH,
10.4 Uses of Nitrogen

This principal use of nitrogen is in the manufacture of ammonia, . from which
nitrogenous fertilizers, nitric acid and urea are riow mainly prepared.

10.5 Compounds of Nltrogen

Ammonia NH; :

This hydride of nitrogen, NHs, can be formed by decomp031t10n of nitrogenous
materials. This decomposition is brought about by bacteria.

Preparation of ammonia

Laboratory preparation of ammonia

Ammonia may be prepared in the laboratory by heating any ammonium salt with an
alkali. Usually, a mixture of ammonium chlonde and calcium hydroxide (slaked lime)
is used,

n ammonia

===

slaked lime
+

ammonium
chloride

quicklime

Fig. 10.3 Laboratory preparation of ammonia
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calcium = ammonwum caleivm -~ . am‘monial
hydroxide " chloride. ———)  chloride

Ca(OH), + 2NH,CI —2 3 CaCh + 2H20". " INH;

An excess of the slaked hme and ammonium chloride are mixed. The mixture. is
ground by using a mortar and pestle, and placed in-a round-bottomed flask. The
‘apparatus is set-up as shown in- F1g 10.3.When this mixture is heated ammonia gas is
evolved :
' It is dried by passage through a lime tower whxeh contams the drymg agent
qulckhme, CaO. -

Since ammonia is lighter than air and very soluble in water; it is collected by
downward displacement of air. The gas jar is known to be filled with ammonia if a
monst red litmus paper p]aced at the mouth of the gas jar turns blue | '

Note Ammoriia gas should not be dried by usual drying agents, such as, canlum ohlonde
concentrated sulphuric acid and phosphoras (V) oxide. These compounds react with

ammonia,

Manufacture of ammonia_
Haber Process -
. Ammonia is obtained on an industrial scale by the Haber Process (Flg 10. 4) Thls

: proeess is based on the direct combination of nitrogen and hydrogen.
mtrogen + ‘hydrogen e ammonia
N -+ .3H, S ‘ 2NH;

_ This is a reversible reaction.
For the process to be economically successful, the yield of the ammonia

should be increased by driving the reactlon towards the nght

This can be done
(a) - by conducting the reaction at the lowest possible temperature,

B (b) - by increasing the pressure and
(c) by using a suitable catalyst to reduce the time required for the reaction.
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P O . ELIIE R TS . T

aeer . catalyst chamber : Ce
heat exchanger . R S
-dection e ammionia’separators

 pump

- (1:3byvolume)4 |
. . . - '.. " ‘ ! \ : { . . ‘.
reciculatedgas -~ . - ¥ . R
o . 'qui.lid ammonia ¢+ ! .

F1g 10 4 Synthe31s of ammoma
The mixture of nitrogen and hydrogen, in the ratio of one to three by volume,
is compressed to 200 atmosphenc Ppressure and passed over the catalyst heated at-

with alumina, A1203 The hot gases leaving the catalyst chamber are passed throug‘h a4
heat exchanger in order to preheat the i incoming’ hydrogen mtrogen mixture.‘After, -
washing out the ammonia, or comperssing arid removing it-as the’ liquid, the residual
gases are mixed with more hydrogen and nitrogen and “again’ “passed through the
catalyst chamber. The recirculation is repeated as required.

The ammonia produced is liquefied and stored for further use, "

Test for ammonia

Ammonia gas has a characteristic pungent smell. It turns moist red lltmus paper "blue;
Dense white fumes are formed when the gas comes into contact w1th ‘hydrogen
chloride gas or concentrated hydrochlonc acid.

Physical properties of ammonia b |

1" Ammonia is a colourless gas with a pungent odour. It is lighter than air.

2. Itis extremely soluble in water. This considérable solubility is often demonstrated
in the laboratory by the "fountain experiment" as illustrated in Fig. 10.5

The glass vessel is filled with dry ammonia gas and the apparatus arranged as shown.
Some of the-air inside the vessel is expelled by gently warming the bulb. On allowing

165



. the vessel to cool, a little water is drawn up the capillary tube and is discharged into
the flask. This water immediately dissolves practically | the whole of the ammonia gas
in the flask to create a partial vacuum, Water rushes up the caplllary the flask to fill
the vacuum and a fountain like effect is produced.

i

'''''

‘ Fig. 10.5 Fountain experiment

The alkaline nature of ammonia can be shown in this experiment by adding a red
litmus soluiion to the water in the trough. When the ammonia in the glass vessel
dissolves in the litmus solution, it is turned blue.

Chemical properties of ammonia

1. Ammonia gas reacts with hydrogen chloride gas to form solid -ammonium
chloride.
ammonia + hydrogen ammonium chloride
chloride : (dense fumes)
NH; + HCl | — NH,Cl1

2. Dry ammonia will burn in oxygen or in an atmosphere of air shghtly enriched by
oxygen but not in air alone.

ammonia  + - oXygen- . _— nitrogen -+ water
4NH;  + 30, — 2N +  6HO

3.  When ammonia is passed over heated copper (II) oxide, it reduces the copper (II)
oxide to copper. | '
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copper (II) oxdide + ammoma ——> copper + water + nitrogen .

3Cu0 {;_ 2NH;  — 3Cu  + 3H0 4 N, -
4.  Nitrogen is obtained when excess of ammonia reacts with chlorine, _
ammonia  + chlorine —_ nitrogen + - ammonium chloride
8NH;3 + 3C1, —_—y N, + 6NH4Cl

but if the chlorine is in excess, the explosive oily substance, nitrogen trichloride is
formed.

onia + chlori : nitrogen + hydrogen -
' orie trichloride : chloride -
NH; + 3CL —y NCl; + - 3HCI

5. Ammonia combines directly with some metals on heating. Thus, dry ammonia
passed over sodium metal heated to red heat forms sodamide. Magnesium however
forms the nitride.

ammonia +  sodium — " sodamide +  hydrogen
2NH;  + 2Na —_ 2NaNH, + H,

amrr.ibn‘ia + magnesium ———  magnesiumnitride +  hydrogen
ONH; © + Mg - — MgsN, B 3H,

- Both sodamidé and magnesium nitride are decomposed by water to regenerate
ammonia gas, :

sodamide  + ‘water — sodium hydroxide ~+ ammonia
NaNH, + HO  — NaOH + NH;

magnesium N wa;ter magnesium + oni
nitride | > hydroxide S Amond
MgsN; + 6H,0 N 3Mg(OH), + 2NH;

6. Anammonium hydroxide solution, obtained by dissolving ammoriia gas in water
is also known as ammonia solution.

ammonia o+ ~ water — ammonium hydroxide
NH; + | 5 010) N -NH,OH -
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Uses of ammonia LR

The liquid of gas is used i in refngerators, hrid i thé large—sc{dé"fﬁanufacture of

(1) fertilizers; such as ‘ammonium sulpﬁate, an'lrnonn.l.mj "rﬂf:rate and ammomum,
phosphate, A cT

(2) nitric acid and nitrates,

(3) urea and - : ' -

(4) certam other orgamc compounds o R

Oxides of nitrogen

There are three’ common oxides of nitrogen. They are dinitrogen. oxide or nitrous
oxide, N,O; nitrogen oxide .or nitric ox1de, 'NO; and nitrogen d10x1de NOz or
‘Adlmtmgen tetroxide, N204, dependlng on the condmons e :

_Dm;trogen oxldeN;,O P L e
Preparatlon of dmltrogen ‘oxide DI L
Dlmlrogen 0x1de gas may . be prepared by heatmg ammonium nltrate (or any mlxture
of salts which will yield ammonium nitrate on double decompos1t10n)

ammonium
‘sulphate | -

+

... potassium ..
nitrate

STt

. Ce et T
1 1

Fig. 10.6'I:ai?0rét6ry perp}a_r_ation of diiiitrbgén oxide

o - P oo L. 5

ammonium . potassium . A . ammonium potassium
-+ L X =y S, o . L .
sulphate nitrate - " npitrate - -~ sulphate
 (NHi»SO,  +  2KNOs. - -A  2NH/NOs; +  KiS804
‘ammonium nitrate  —— dinitrogen oxide + water
NH4NO; L — ‘N20 + 2H,0
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A ‘mixture of potassium nitrate and ammonium sulphate is. Placed ina ﬂask
The apparatus is set up 25 shown in Fig: 10.6.

The -flask is heated gently. On heatmg, the ammomum mtrate melts and
effervesces (i.e., gives off bubbles of gas). : :

The gas liberated is collected over hot water. This gas is fauly soluble in. cold

water.

‘Note: 'Ammonium nitrate can give dinitrogen oxide on heatmg Itis, however, lxkely to explodem
heating, But the reaction is quite safe if ammonium mtrate is generated in the flask by double
decomposmon during, the preparation as above ' .

Test for dlmtrogen oxide '
Dinitrogen oxide gas rekindles a brightly glowing sphnt

Since the above test is similar to the test for oxygen, the two gases cannot‘be
distinguished by this test. To distinguish them the following test may be carried out

Invert a jar of the gas over cold water in a trough and shake it. If the: gas i8
dinitrogen oxide the water level in the gas jar will rise above the level in the trough,
showing the gas to be fairly soluble in water. Oxygen is almost msoluble in water and
no rise in the water level would be observed. ‘ '

- Dinitrogen oxide does not give brown fumes w1th nitrogen ox1de ‘while
oxygen with nitrogen oxide forms brown fumes of nitrogen dioxide.

Physical properties of dinitrogen oxide .

l. . Dinitrogen oxide is a colourless gas with a sweetish odour It is falrly soluble
1in cold water. It is a neutral oxide. . :
2. It will relight a glowing splint, and will ‘support combustlon HoweVer, lf a

splint is feebly glowing it will be extinguished.

To be rekindled, the glowing portion of the splint must be not enough to decompose
some dinitrogen oxide into nitrogen and oxygen. The-mixture will then be rich
enough in oxygen to stimulate the combustion of the splint. S

dinitrogen oxide —— nitrogen + ' oxygeh'
MO == A Yoo
Chermcal properties of dinitrogen oxide o
1. Dmitrogen oxide is readlly decomposed above 600 C
dinitrogen oxide ' * nitrogen  + Oxygefi'.
- | 60°C i
2N;0 SN N, +. O
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2. Dinitrogen oxide will support the combustion-of those burning materials the
flames of which are not enough to decompose it and so. J;[berate free oxygen with
which the material may combine, c

dinitrogen ‘ o -
carbon + _““ . & _ — catbon dioxide  + nitrogen
- - oxide R ,
C - F 2N20 _  — CO, + 2N,
dinittogen hosphorus (v _
phosphorus .+ ) 8 — Phosp . \ + nitrogen
oxide oxide ,
4P + N0 — P40y + 10N,
. dinitrogen . o o
sodium + ) L — sodivm oxide =~ + nitrogen
. oxide - : _ -
- 2Na + N»O — Na,O o N,
L dinitrogen : magnesium .
+
magnesium + oxide ey  oxide .n.ltrogen

Mg + N;O —— MgO + . Na

Uses of dinitrogen oxide

It is used as an anaesthetic for minor surgical operations.
Hysteria sometimes follows recovery from the anaesthetlc and thls gave fise to the
name " Laughing gas". -

Nitrogen oxide NO
Preparation of nitrogen oxide

Some copper turnings are placed in a ﬂat-bottomed ﬂask The apparatus is set up as
shown in Fig. 10.7. - :

Dilute nitric acid, made by adding an equal volume of concentrated nitric acid
to water, is slowly added to the copper turnings. Vigorous effervescence occurs and
the flask is filled with brown fumes. These brown fumes are nitrogen dioxide,
produced partly by the action of the acid upon the copper and partly by the oxidation
of the nitrogen oxide by the oxygen of the air in the flask.
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S l-—mtnc acid(dil)
. _c j . Ya :

nitrogen oxide

‘cold water
copper
Fig. 10.7 Laboratory preparation of nitrogen oxide
nitric acid copper(1l nitrogen )
COPPET i) xﬂfrat(e - gt et

3Cu + 8HNO; 5 3Cu(NOz), + INO + 4H0

nitrogen oxide . + oxygen —_— nitrogen dioxide
2NO + 0 - — 2NO;
The brown fumes dissolve in the water and the nitrogen oxide is collected as a
colourless gas by the downward displacement of water.

Tests for nitrogen oxide _

1. Remove the cover from a gas jar of nitrogen oxide. Reddish brown fumes are
produced immediately when the nitrogen oxide comes into contact with oxygen of the
air,

nitrogen oxide + oxygén L — nitrogen dioxide
2NO + 0O _ 2NO,
2. Pour a cold acidified solution of iron (II) sulphate into a gas jar of nitrogen

oxide. A dark brown colouration caused by formation of a black compound, miroso
iron (II) sulphate, FeSO,. NO, is obtained.

. nitrogen nitroso iron (II)
iron (ID) sulphate + oxide e sulphate
FeSO4 + NO SIS FeSO,NO
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Physical properties of nitrogen oxide .
1. Itisacolourless gas.

2, It is insoluble in water.

3. - 'ltis neutral to litmus.

Chemical properties of mtrogen oxide
1.  Nitrogen oxide combmes du'ectly w1th oxygen to foml the brown gas, mtrogen

dloxlde L
© itrogen o:'dde 4+ oxygen . —-—-—-) | nitrbgen dioxigl'e
- 2NO - S 0 s T 2NOs

2, Nltrogen ox1de s soluble in solutlons of iron (II) salts w1th which it forms
brown mtroso ‘complexes.

u'on(II) sulphate 4 . migogem - mifrosolron ()
' . .oxide . sulphate
FeSO, -~ . + .- 'NO — FeSOs; N(

3. It combineés directly with ch]orme in the presence. of charcoal to form mtrosyl
chlonde, NOCl : ' '

' mtrogen oxide o+ chlorine — nitorsyl chloride
2NO - '+ S Ch “ _.;.5 o 2NOCL

4, Nltrogen oxide will support the combustion of those burnmg materials whose

temperatures are high enough to decompose it and so liberate’ free oxygen w:th wh:ch
the matenal may combme ' :

n;ttogen ‘ phOSphOlfllS (V) i

+ 1 ... ' .
phosphorus & “oxide | — T oxide | | _mtl"olgen
4P IONO- e P4010 ..+ 5Nz
G | mtrogen .. magnesmn PR
e+ TG —o Mo s
- 2Mg T+ - 2NO s 2MgO + Ny
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Nitrogen dioxide NO, ,
Laboratory preparatior: of nitrogen dioxide

lnitric acid (conc)

7.
T nitrogen dioxide

copper

heat

St

Fig. 10.8 Laboratory prépa_ration of nitl_'ogeh 'dioxiclé _

. 4 nifricacid - A copper(Il) -,. . s . g0 nitrogen:
c?p per + (cone) nitrate . _Water_ + ., .dioxide ;-
- Cu'  +°  4HNO; _A_, CuNOs); + 2H0 ; ,2N02

.Some copper turnifigs are placed in a round—bottomed flask. The. apparatus is
set up as shown in Fig. 10.8.
Some concentrated nitric acid is cautiously added. The flask is heated ‘gently.
Since nitrogen dioxide reacts with water and is heawer than air, the gas is
collected by the upward dlsplacement of air. ! T
Since nitrogen dioxide is reddish brown, it is easﬂy observed when the jar is fuil.

Physical properties of nitrogen dioxide - :
1.. Nitrogen dioxide is usually seen as a reddish brown gas at room temperature. It

may be liquefied at 22 °C under normal pressure and solidified at —10 °C under the

same pressure. The solid is colourless when pure, and the liquid has a pale yellow
colour. The depth of colour increases as the temperature is increased from the melting
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point o about 150°C. These colour changes result from the following dissociation

reactions.
heat _ : _
dinitrogen tetroxide ,,_.__---—-—._.-*1 nitrogen dioxide
€00
N»O4 —_ 2NO,
(light yellow) " (dark brown)
This reversible reaction is an example of thermal dissociation.

2. It has a pungent, irritating smell.

Chemical properties of nitrogen dioxide
1. Thermal dissociation of N2Os

At —10°C, nitrogen dioxide exists as a solid. The solid consists of the colourless

"double” molecules NoQs, dinitrogen tetroxide. These molecules dissociate on heating
to form the brown NO, molecules. At above 150 °C it begins to dissociate into the

colourless nitrogen oxide and oxygen. The dissociation is complete at the temperature
of 620°C.

dinitrogen nitorgen

, _ _ N
tetroxide = dioxide ——  hitrogen oxide oxygen

Since all the above reactions or dissociations are rever31b1e reducmg the temperature
will cause the reverse reactions to occur.

2. It dissolves in water to form a mixture of nitric and n1trous acids, and may
therefore be regarded as a mixed anhydride. :

nitrogen

NSO + water ——>  onitricacid  + nitrous acid
dioxide . -
2ZNO, + H,O Y - HNO3 4+ _ HNO; -
3. When nitrogen dioxide is absorbed in aqueous alkalis, the corresponding
nitrates and nitrites are formed.
~sodium nitrogen — sodium sodium
hydroxide _ dioxide nitrate _ nitrite

INaOH +  2NO; _— NaNO; + NaNO; + HO
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Manufacture of nitric-acid e o
Nitric acid is manufactured by the Ammonia-Oxidation Process (Fig.10.9).

Q—o nitrogen oxide

_  platinum rhodium
[ ] gauze catalyst

fueter - e e

[ rrr—

\\T/‘ i

©@ir -—»-j

!

' ammonia
Fig. 10.9 Catalytic oxidation of ammonia in the manufacture of nitric acid

The oxidation of ammonia is carried out by passing ammonia gas and excess of air
through a multilayered very fine gauze consisting of platinum (90%) rhodium (10%)
catalyst. The reaction is initiated by heating the catalyst to red heat. Once the reaction
is started the heat generated maintains the reaction temperature,

Pt-Rh
ammonia = . +  oxygen ———  nitrogenoxide -+ water
‘ . red heat :
4NH; + 50, _— 4NO - +  6H0

The nitrogen oxide so formed is rapidly cooled and made to combine with
oxygen from excess of air to form nitrogen dioxide. :

nitrogen oxide +  oxygen ——» ~ nitrogen dioxide
2NO + 0, — 2ZNO,

The nitrogen dioxide in the presence of more air, is then absorbed in water to
yield nitric acid. :

nitrogen : I
water  + dioxide oxygen ——>  nitric acid
2H,O + 4ANO, + 0, —_ 4HNO;
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Physical propertnes of nitiicacid
Nltnc acidisa colourless ﬁmnng liquid.

Chemical propertles of nitric acid
{tis a very strong acid as well as a powerﬁﬂ oxidizing agcn
(a) Nitric acid acting as an acid

"(i) It neutralizes bases, forming metallic nitrates.

otassu.lm nitric acid ' otassmm _
p
— &

hydroxide @ nitrate water
KOH + HNO; _ KN03 + H,O
copper (II) nitric copper (II)

oxide acid(dil) nitwate o

CuQO + 2HNO; —_— Cu (NO3)2 + HzO
(ii) It liberates carbon dioxide in reaction with metallic carbonates and

hydrogencarbonates.
calcium nitric calcium - carbon
. carbonate awiddl) —  onirae T dioxide < oo

CaCQOs + 2HNO; —s Ca(NO3), + CO, +  HO0

sodium hydro- nitric sodium cartbon | ' .
gencarbonate acid(dil) 5 nitrate ~dioxide .
NaHCO; + HNO3 — 3 NaNO; + CO, + H0

(b) Nitric acid as an ox1dlzmg agent
(i) It oxidizes metals to give nitrogen dioxide or nitrogen oxide. -

copper + nitricacid — copper(ll) + water + nitrogen
(conc) nitrate _ dioxide
Cu + 4 HNOG; —— Cu(NO;); +- 2H0 + 2NO;,
nifric acid - copper(1l) ~ nitrogen
copper ¥ {di) : nitrate * water ¥ oxide

3Cu-  + 8HNO; —3  3Cu(NOsz)y + 4H20 + 2NO

. Other metals react similarly to give oxides of mtrogen, the nature of the.
gaseous product depending on the metal, the concentration of the acid and the

temperature employed. (See the following section.)
(ii) Nitric acid can also oxidize, certain non-metallic elements and certam

compounds.
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iron (II) 4 sulphuric nitric ron({): -« - - . - nitrogen
sulphate acid * acid -7 . sulphate’ T, water  + oxide
6FeSO; + 3H,S0; + ZI—[N03 —> 3Fe2(SO4)3 + 4H,0 + 2NO .

In the given example, the mtnc acld has oxidized the green iron (II) sulphate
to brown iron (IIT) sulphate.
Further examples, of the oxidizing actmns of hot, concentrated nitric acid are

the following.

niti'ie acid nitrogen carbon
. + : o 1 +
_ carbon  (conc) watet dioxide . dioxide
C +  4HNO; ——y 2H0 + 4NO, CO;
nitric ' phosphoric mtrogen | '
+ 3 e
phosphorus acid(conc) ' -acid dioxide water
P, + 20HNO; — 4H5PO, + 20NO; 4H,O
nitric acid sulphuric nitrogen :
- N +
sulphur (conc) acid dioxide water
S. + 6HNO; — H>S04 + 6NO, 2H20
iodine + nitric acid ——> iodicacid + _mfr egen water
- (conc) - dioxide T
I + 10HNO; 2HIO; +  10NO, 4H,0
Hydrogen nitric acid . nitrogen :
. + N o+ .
sulphide (dil) sulphur oxide water
3H,S + 2HNO; 3S + 2NO 4H,0
Hydrogen nitric acid . nitrogen .
iodide (dil) lodine oxide water
6HI- +  2HNO; —— K10 + 2NO 4H,0

()  Action of nlmc acid on the metals

The action of nitric acid on the metals is particularly mterestmg in view of the
number of different products that may be obtained. The only metals not attacked by
the acid are the noble metals like gold and platinum, although certain other metals,
such as iron and chromium become passive when treated with the strong acid. This
passivity is thought to be due to the formation of an insoluble oxide film, which
prevents further attack by the acid. :
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All the other metals react with nitric acid and the: products of the reaction
appear to be dependent-on the reactivity of the metal, as determined by 1ts posmon in
the activity series and by the concentration of the nitric acid. ;o
® With the very reactive magnesmm metal and very dilute'nitric acid, the rate of
formation of nascent hydrogen is so very excessive that part of it is hberated as

hydrogen gas.

nitric acid magnesium

magnesium + (dil) ———> " nitrate - Hydrogen
Mg +  2HNO; —> Mg(Nos)z' + H,

- With shghtly more concentrated acid the balance is restored and the main
product is now ammonia, which is however neutralized by the excess acid to form
ammonium nitrate. :

magnesium -+ nitric acid (conc) —— ma;lgi?:;tl:m + ammonia + water
Mg +  9HNO; 5 4Mg(NOs) + NH; -+ 3H0
ammonia + nitric acid (conc) —— ammonium nitrate
NH; + HNO; —_ NHLNG; -

(i) With a slight less reactive metal such as zinc or aluminium and hot dilute nitric
acid, no free hydrogen escapes. The main product is ammonium nitrate, but this may
decompose at the temperature of the reaction to liberate dinitrogen oxide gas.
. nitric acid .. ammonium -
zine + . e zinc nitrate  + . +  water
(dil) nitrate

4Zn - + 10HNOQ; —_— .4Zn(N03)2 + _ NH;NO; + 3H;0

ammonium nitrate — dinitrogen oxide + water
NH4NO; , —_ | NO 0 o+ 2H O

(iii) With the metals, such as copper, 'silv'er and mercury which are below hydrogen
in the electrochemical series, the reaction is an oxidation reaction. Copper with cold’
dilute nitric acid gives mainly nitrogen oxide, :
nitric - copper (II) nitrogen
E +
acid(dil) nitrate oxide ‘
3Cu + 8HNO; ——  3Cu(NO;), + 2NO + 4H;0

copper o+ + water'-
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but with the concentrated acid nitrogen. dioxide is the mainproduct. *
nittieracid - copper(Il) - i vmitrogen

(conc) . - nitrate - dioxide ,
Cu +  4HNO; — - Cu(NOs), + 2NQO, + 2H,0

copper + water

(iv) In the case of tin with cold dilute nitric acid, the reaction is
; nitric acid ) . ammonium
+ . ' trat + . -+ ate;
tin (dil) ——  tin{II) nitrate  pitrate water

4Sn +  10HNO; 45n(NO3); + NHNO; + 3H,0

with-hot concentrated nitric acid, metastannic acid is produced.

nitric acid metastannic . hitrogen
(conc) acid - dioxide

Sn + 4HNO; —_ H>8n04 + 4NQO, + H0

tin +.  water

(d) The ability of aqua-regia (3 volumes concentrated HC1 +1 volume concentrated
HNO3) to dissolve the noble metal gold, is due to the oxidation of the hydrochloric
acid by the nitric acid to liberate chlorine which converts the gold into gold (II)
chloride. The latter dissolves in excess of hydrochloric acid to form the soluble
chloroauric acid, HAuCl,. '

hydrochloric o . ~ nitrosyl
+ .
acid nitric acid —— chlorine + chloride + wafer
3HC1 + HNO; — Cly + NOC1 + 2H,O
gold +  chlorine — gold (IIT) ctdoride
2Au + 3Cl, —_ 2A0C]

gold (II) chloride + hydrochloric acid ~——>.  chloroauric acid
AuCly + HC1 — HAuCly

Uses of nitric acid L

Nitric acid is used mainly of the manufacture of explosives and dyes. A valuable
fertilizer can be obtained by neutralizing the acid with lime. The calcium nitrate
obtained, mixed with excess lime forms a non-deliquescent basic salt which is applied
to the soil. | '

Nitrates - ‘
The properties of the nitrates vary according to ‘the position of the metal in the
activity series. ‘
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K Nitrates of these metals are decomposed by heat tg)
Na the nitrite and oxygen.

.8 2KNO3 ——-—)2KN02 + 0y

Ca ‘

» Mg 1 Nitrates of these metals are-decomposed on heating S
Al }t the oxide of the metal nitrogen dioxide and > All nitrates are
Zn (oxygen. | v f soluble in water.
Fe . ‘ \
Pb | e.g., 2Pb(NOs), —— 2PbO +4NO+0y
Cu ' ‘

Hg Y Nitrates of these metals are decomposed on heatigg
to the metal, nitrogen dioxide and oxygen.
Ag' e. Z.s Hg(NO:;)z —_— Hg + 2N02 +0, )

Note: ~Ammonium nitrate is decomposed mto dinitrogen oxide and steam on heatxm

. ammonium nitrate —— dlmtrogen oxide +  water
NH4N03 —_ NO . + . 2HO -

Test for nitrate radlcal '
Add a little dilute sulphunc acid and two or three crystals of iron (II) sulphate into a
solution of nitrate salt. Shake to dissolve them. Hold.the test tube in a slanting
position and pour a slow continuous stream of concentrated sulphuric acid down the
side. It will form a separate layer underneath the aqueous layer and, at the junction of
the two, a brown ring will be seen. ;

The formation of this brown rmg is the characterlstxc test for a solublc mtrate
and is known as the Brown Ring Test. ' :

Explanation: The concentrated sulphuric acid and the nitrate rcact to yield nitric acld

potassium +  sulphuric’ = ——» potassium 4+ nitric
nitrate acid (conc) - | hydrogensulphate - acid
KNO4 + H,804 —— KHSO, + HNOj3;

The nitric acid is then reduced by some of the iron (II) sulphate to nitrogen oxide. -
iron(Il) +  nitic + sulphuric —  iron(Il) + water +- nitrogen
sulphate acid acid sulphate - oxide
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6FeSO4 + ZHNG™4 BHySO; -y 3Feg(SO4)3 J+ 4H0: +. 2NO

The nitrogen oxide reacts with iron (I} sulphate to give the brown compound
FeSO4.NO, which appears as the brown ring.

iron (II) sulphate + -nitrogen oxide njtroéo iron (I} suiphate
FeSO; - o+ NO SN  FeSO4NO
| SUMMARY

Nitrogen is colorless and odourless. It is slightly less dense than air and only
slightly soluble in water. It condenses to a liquid (b.p. -196 °C), and freezes to a

colourless solid (m.p. -210 °C)

Nitrogen forms the rna_]or constxtuent of the atmosphere bemg present to the
extent of about 79 percent by volume-or 76 percent by weight of the air, In chemical
combination with other elements it occurs in sodium nitrate (Chile saltpetre), in
proteins, and many other anirnal and vegetable products. :

Nitrogen can be prepared from.the atmosphere (air) and. also from the
ammonium -nitrite in the Laboratory. Nitrogen is obtained i’ industry by the
fractional distillation of liquid air. This principal use of nitrogen is in the
manufacture of ammonia (industrial scale by  Haber .process), from which
mtrogenous fertilizers, nitric. a01d and urea are now mainly prepared
. * There are three commen oxides of nitrogen. They are d1n1trogen ox1de or
nitrous ox1de NgO mtrogen ox1de or mtnc ox1de, NO; and nitrogen dioxide, NOz or
dmltrogen tetrox1de, N204, depending on the condltlons :

Nitric acid is manufactured by the Ammonia-Oxidation Process. Nitric acid is

a: colourless, fuming liquid. Nitric acid is used mamly of the manufacture of
exploswes and dyes. A valuable fertilizer can be obtained by neutral:zmg the a01d
with lime.

Questions. and problems
1. How would you prepare nitrogen from

(a)theair (b) an ammonium salt? _
What difference, if any, would there be, between the two samples so prepared?
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2. Draw a fully labelled diagram and give an equation to show how you would
prepare a dry sample of ammonia in the laboratory startmg ﬁom a named
ammonium salt and a named alkali. S
Describe the Haber Process for the manufacture of ammonia.
4. erte equations for the following reactions. When ammonia is passed
@) into dilute sulphuric acid (i) over heated copper (II') oxide.
5. In the laboratory, a steady stream of ammonia can be prepared by th7 reaction
between ammonium sulphate and an alkali.
(a) Name the alkali you would use.
(b) State whether it is necessary to heat the mixture.
- {c) Write the equation for the reaction.
(d) Name the reagent you would use to dry the gas and explam your chmce
(é) State how you would collect a sample of dry ammonia.
6. Ammonia is manufactured by the Haber Process. :
(a) Name the sources from which the starting materials are obtained.
(b) In what ratio by volume, should the nitrogen and hydrogen be mixed? Explain
-why this ratio is used. :
(c) What is the purpose of the catalyst‘?
~ (d) Is there complete conversion of all the nitrogen and hydrogen to ammonia?
(e) How can the ammonia be separated from the uncombined nitrogen and
hydrogen?
(f) How are the uncombined n1trogen and hydrogen left after removal of the
ammonia treated?
7. Give the name, formula and colour of three gaseous oxules of rutrogen Whtch of
these gases is very soluble in water? Qutline briefly the preparation of this oxide?
8. Which of the oxides of nitrogen could be confused with oxygen? Why? By what
test can you distinguish between a jar of this gas and a jar of oxygen?.
9. If you are provided with concentrated nitric acid, copper, and water but no other
chemical substances, describe briefly the reactions you would use to prepare
nitrogen oxide and nitrogen dioxide. =

b

w

10. (a) Describe the manufacturing process of nitric acid from ammonia.
(b) Describe two reactions each in which nitric acid acts
(1) as an acid and (ii) as an oxidizing agent.
11, Qutline the chemical reactions involved in the synthe31s of nltnc acid starting
from nltrogen _
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12.

13.

14,

15.

Describe and explain. the action. of aitri¢ acid of varying concentrations on
magnesium, :

Write equations to illustrate the action of heat on ammonium nitrate, calcium
nitrate, sodium nitrate and mercury (II) nitrate. _.

Give a chemical test which would enable you to decide if a given colourless
solution contained the nitrate jon. -

A concentrated acid. A, is added to copper turnings and water in a flask and 2
browh gas, B, is seen to fill the flask. In a second experiment the air is removed
by filling the flask with nitrogen before the acid is added. It is found that a
colourless gas, C, is formed. A fresh portion of acid. A, is diluted and neutralized
with potassium hydroxide solution. The solution is carefully evaporated to
dryness to give a white solid,:D. On heating D a new solid, E, and a gas, F, are
formed. F is found to ignite a glowing splint.Identify A, B, C; D, E, F and give
equations for the reactions.

16 Write TRUE or FALSE for each of the following statements.

17.

18.

(a) Nitrogen is present to the extent of about 79 percent by volume of the air.

(b) Nitrogen gas is relatively active and support combustion,

(¢) The principal use of nitrogen is in the manufacture of ammonia, -

(d) Nitrogen can be manufactured by the Haber process.

() Ammonia gas turns moist red litmus paper blue.

Fill in the blanks with a suitable word or unit or phrase.

(a) Ammonia gas has a characteristic .................. smell.

(b) A mixture of calcium cyanamide and carbon is known as ceoresssntneneng

(c)The considerable solubility of ammonia is often demonstrated in the laboratory

by the .conrvverenrnen, experiment.
(d) Dinitrogen oxide is used as anaesthetic for minor operation and is given the
NAMe ..covvvrnrnrnenen. gas. o

(e) Nitric acid can be prepared by heating potassium nitrate crystals “with
concentrated ................. '

Select the correct word, or words given in the brackets. :

(a) Ammonia is prepared in the laboratory by heating ammonium chloride with
(sodium oxide, calcium hydroxide, slaked lime). ' '

(b) Nitrogen is obtained in industry by (destructive, fractional, vacuum )distillation
of liquid air. ' '

(c) Nitrogen combines with many metals or heating to a dull red heat or higher
temperatures to form (oxides, nitrates, nitrides).
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- (d) The prmclpal use of mtrogcn is in the manufacturmﬂﬁ (ﬁmmoma urea, mtnc

acid).
(€) When nifric oxide -comes in contact w1th oxygen of thq Jalr. (whité hrown, red)

fumes are formed.

19. Match each of the items given in List A w1th the approprxatc 1tem in LlSt B.

- Llst A Llst B
- (a).Nitric acid neutralizes bases O Habcr process
(b) Dinitrogen oxide is also known as (i) Forniing metallic nitrates

-(¢) The manufacturing method of ammonia  (iii) Nitrogen monoxide
(d) The solubility of ammonia can be tested (iv) Laughing gas
(e) Reddish brown fumes are formed when  (v) Fountain expermlent
‘a gas comes in contact with oxygen of -
the air

20. What would be a suitable drying agent for ammonia gas?
(A) Calcium chloride (B) Concentrated sulphuric acid
(C) Phosphorus (V)oxide . (D) Calciumoxide
21. A gas was neutral, colorless and did not support combustion. Which gas
might it be? _ ,‘
(A) Ammonia  (B) Oxygen (C) Nitrogen dioxide (D) Nitrogen

22. Ammonia gas is collected by the ‘upward delivery’ when prepared in the
laboratory. The reason for this is because : :
(A) itis an extremely soluble gas (B) itis alkaline
(C) itislighter than air = (D) itis poisonous
23. Which of the following when heated would not give off ammonia?
(A) Ammonium nitrate and sodium hydroxide
(B)Sodium nitrate and potassium hydroxide
(C) Ammonium sulphate and calcium hydroxide
(D) Sodium hydroxide and ammonium sulphate
24. When a gas X is mixed with hydrogen chloride gas, a dense white smoke forms.
Gas X is therefore: (A) carbon dioxide (B) ammonia (C) oxygen
(D) nitrogen
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25.You are given the following gases and answer the following questions given
below. nitrogen, ammonia, nitrogen oxide, dinitrogen oxide, nitrogen dioxide
(a) Which of the gas(es) is (are) neutral oxide? '
(b) Which of the  gas(es) is (are) very soluble in water? .Name the
experiment to confirm its solubility. _
(c) Which of the gas(es) is (are) used in minor surgical operations? ‘
(d) Which of the gas(es) solidify at —10 °C and under normal pressure?
(¢) Which of the above gas(es) will give a brown ring when reacted with
' irQn(II) sulphate?, G_ivé the formula of the brown ring compound.

******#*#************#**************
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-~ ¢ CHAPTER-11
SULPHUR AND ITS COMPOUNDS

111 Occurrence : - C
Sulphur is found in the fiee state in dep051ts ;slow the surface of the earth. Free

sulphur occurs in Sicily and USA It is a yellow, strong smélling solid element

Besides its occurrence in the free state sulphur also occurs as natural
compounds, chiefly combined with metals in the earth's crust. These compounds are
iron pyrites, FeSs; gypsum, CaSO4. 2H20; epsom salt, MgS04.7H,0 and others.
Sulphur is a very abundant element, constituting about one percent of the earth's
crust by weight and is a very important raw material for industries.

11.2 Extractlon of Sulphur‘from Underground Deposits

Different processes are used in mining sulphur according to the nature of the deposits.
Sulphur is found in shallow or deep deposits below the earth's surface. Sulphur,
which is deposited at about 700 feet below the earth's surface, is mined or extracted

by the Frasch Process.

The process description for extracting sulphur by the Frasch Process may be
summarized as follows :

Three concentric pipes as shown in Fig. 11.1 are driven down to the deposit of
sulphur.

Superheated steam at about 160 °Cis forced down under pressure through the
outermost pipe. ,

When superheated steam reaches the deposit, it melts the sulphur, formmg a
pool of molten sulphur. | :

Hot air under high pressure is forced down through the innermost pipe.

The pressure of hot air forces up the molten sulphur through the central pipe,

between the inner and outer pipes.
The molten sulphur is collected in wooden contalners and allowed ‘to solidify.

Sulphur obtained by this process is 99.5 per cent pure.
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4— hot air under
high pressure

E-—-—b molten sulphur
4— superheated steam

1; ground Jevel

. -‘ i

Fig. 11.1 The Frasch Process of mining sulphur

11.3 - Structure of Sulphur : ,
Sulphur is a molecular element. A molecule of sulphur consists of eight atoms
joined together to form a ring as shown in Fig. 11.2. Therefore the formula Sg should
be written to represent the sulphur molecule, when it takes part in chemical reactions
as the free element. ‘ : '

But to simplify the  balancing of
equations the empirical formuld § is
usually used instead of Sg since the
formula of most sulphur "compounds
contain only an atom of the element.

Fig. 11.2 A molecule of sulphur
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11.4 Forms of Sulphur .
Sulphur can exist in different allotropxc forms ‘like carbon and oxygen.We shall
discuss three allotropes of sulphur two of wh1ch are crystalline forms and the other

non-crystalline.

Crystalline forms of sulphur :
Solid sulphur can exist in two crystallme forms They are, rhombic sulphur and

monocllmc sulphur.

Rhombic sulphur
When a solution of sulphur in carbon disulphide is allowed to evaporate slowly at
room temperature, the crysta]s of rhomb1c sulphur are dep051ted from the solution

(Fig.11.3).

Fig. 11.3 A crystal of thombic sulphur -

Rhombic sulphur occurs as yellow, solid crystals. It has a specific gravity of 2.06. On
rapid heating it melts at 112.8. C. On gradual heating it undergoes slow transformatlon

1

mto the monoclinic form of sulphur at 94.5° C.

Each crystal is composed of the Sg ring ; molecules i 1n orderly arrangement to.
form ‘the characteristic shape of the crystals of rhombic sulphur Rhombic sulphur is
the most stable form of sulphur.

Monochmc sulphur

Molten sulphur is poured into a wet ﬁlter, paper in a funnel. When the sulphur has
nearly set to solidify, the filter paper is: careﬁllly unfolded Long, dark yellow, needle-
like crystals of monoclinic sulphur will be seen (Fig.11.4). 'Monoclinic (or prismatic)
siilphiur slowly changes into the rhombic form at temperatures below94.5 °C which
is the, transition temperature. It has a specific gravity of 1 96 The meltmg pomt is

119°C,
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Fig. 1L4 A crystal of monoclinic sulphur

Monoclinic sulphur is also composed of Sg ring molecules, but their arrangement is
different from that of rhombic erystals. If monoclinic sulphur is left at room
temperature for a sufficiently long time it ciianges: into rhombic sulphur,
Plastic sulphur . ,
When any form of sulphur is heated almost to its boiling point and then poured into
cold water, plastic sulphur is formed. ) ' _ ‘

Plastic sulphur is a soft, sticky, rubber-like substance with a transparent,
brown colour. o |

In plastic sulphur the Sg ring molécules. are ruptured and the sulphur atoms:
join together to from long chains with a zing-zag arrangement as shown below (Fig. 11.5).
The elasticity of plastic sulphur is due to the stretching and recoling of these. chains of
atoms.

Fig. 11.5 Arrangement of sulphur atoms in plastic sulphur
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11.5  Structure and Properties
Some elements such as carbon, oxygen; sulphur, exhibit allotropy, i.e., the same
element may occur in different forms. The same element in different forms may have
different physical properties, because though they are made up of the same atoms in
each form, the arrangement of atoms is different in the different forms.

Therefore it is clear that the properties of the substances depend on
(1) the kind of atoms present in the substance, '
(2) the arrangement of atoms in the substance.

Physical properties

The different allotropic forms of sulphur show different physical properties. You have
studied the phys:cal properties .of these forms under the general heading of each
allotropic form

Chemical propertles

We will discuss the chemical properties of sulphur with respect to its reactions with
metals, non-metals, water and a01ds

1. Reaction with metals

Sulphur can react with almost metals except gold and platmum Sulphur reacts with
metals forming sulphldes The oxidation number of sulphur in these compounds i is -2.

calcium + sulphur {S s  caloium sulphlde _
Ca + .8 A ' CaS

iron +  sulphur A iron ‘(H.) sulphide
Fe | + S A ; FeS

silver +  sulphur A silver sulphide
2Ag + S . A AgS

2. Reaction with non-metals

Sulphur can react with some non-metals such as oxygen, hydrogen and others.

(a) When sulphur reacts with non-metallic elements which have negative oxidation
numbers, the oxidation number of sulphur in the compound is either +4 or +6.
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action with oxygen sulphur  +  oxygen burns ) Zulphgr ‘
under ordinary Nl : 1oxide
conditions ' S + o)} L - 80

. - catalyst sulphur
in the presence of sulphur  + oxygen ca =
catalyst and excess : S trioxide
oxygen 28 + 30, _9;..__) ' 2803

(b) When sulphur combines with non-metallic elements which have positive
oxidation numbers, the oxidation number of sulphur in the compound is -2. . -

hydrogen +  sulphur —2 hydrogen sulphide
H, =+ s A HS
3. Reaction with water N
Sulphur in the solid state does not react with cold water. But when steam is passed

through the boiling sulphur, reaction occurs to form hydrogen sulphide and sulphur
dioxide.

hydrogen sulphur
+
sulphur -+ steam  —— sulphide dioxide
38 -+ 2H,0 — 2H,S + SO,
4. Reaction with acids '

Sulphur does not react with non-oxidizing acids such as dllute sulphuric acid and
hydrochloric acid. But it can react with oxidizing acids such as hot concentrated
sulphuric acid and nitric acid. :

(a)  With hot concentrated sulphuric acid

Hot concentrated sulphuric acid ox1d1zes sulphur mto sulphur d10x1de, and is itseif
reduced to sulphur dioxide.

' - sulphuric . ~ sulphur
sulphur acid(conc) - water ' dioxide
S + 2H,S0, —_— 2H,0O + 380,

(b) With hot concentrated nitric acid | _
Hot concentrated nitric acid oxidizes sulphur into sulphur trioxide. The sulphur
trioxide then dissolves in water to form sulphuric acid.
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stagesof - - S . 4 2HNO3 - - =i SOz . HO ¥ 2NO
‘rn_:action - SO, + H,0 > HpS0, H Coe L

H

11.6 Hydrogen Sulphlde H,S o e C
Hydrogen sulphide is the hydride of sulphur : , RS RN
Laboratory preparation '

In the laboratory, hydrogen, sulphlde is prepared by the actlon of non—oxldmmg a,c;ds
such as dilute sulphuric acid and dilute hydrochloric acid on ‘metal sulphides. IronQI)
sulphide is the metal sulphide usually used in the preparation.of hydrogen sulphide.

‘dilute sulphuric acid

I

. T hydrogensulphlde

iron (@)
sulphide

\

_ Fig. 11.6 Laboratory @reparatiop of hydrogen sulphide .

iron(l) sulphuric . - jron () , - hydrogen
sulphide .. acid@l) -~ T~ - ‘sulphate. sulphide
Fe§ A4 HSOy 0 —  FeSOy -+ 0 HS

A few p*eces .of iron (IT) sulphide are put into a flat-bottomed flask. The apparatus is
set up as shown in Fig. 11.:6. Dilute sulphuric acid is poured into the flask through-
the'thistle funnel. Effervescence takes place. and hydrogen sulphlde gas is evolved

The gas is “soluble i 1n colu water and heavier than air, so it 1s collected by

upward displacement of air.
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A piece of blotting paper is soaked w1th lead (II) nitrate’ solutlon and placed in
the mouth of the gas jar.

The gas jar is full with hydrogen su]phlde if the lead (II) mtl‘ate paper is
turned black.

If the gas is required dry, it may be passed over anhydrous calcmm ehlonde
and collected by the upward displacement of air.
Why nitric acid cannot be used in the reaction -
Nitric acid dilute or concentrated, is an oxidizing acid. If nitric acid is used in the
reaction the acid will oxidize hydrogen sulphtde into. water and sulphur or 0x1de of
sulphur. - '
Test for hydrogen sulphide '
The gas turns lead(Il) nitrate paper black. Lead D) mtrate solutxon is, turned black
due to precipitation of lead (II) sulphide.

hydrogen - lead(Il) - lead(II) i
sulphide * nitrate - sulphide ‘ mtnc act
HS ~ + Pb(NO3), —— PoS = +. 2HNO;
Physical properties a : o - '
1. Hydrogen sulphide is a colourless gas. . I
2 It has the smell of rotten eggs. (The gas is very poisonous.)
3. Tt is an acidic gas, soluble in water. The solution is acidic. '
4 It is heavier than air.

You can calculate the relative density from its formula and comparc wlth that
of air which is 14.5. :
Chemical properties
Test the gas with burning splint. Dry hydrogen sulphlde bums m air.
Test the gas with blue litmus paper. The blue litmus turns pinks. ‘
Now we have observed three chemical properties of hydrogen sulphide, they are :
Hydrogen sulphide burns in air.
" Hydrogen sulphide turns blue litmus slightly pink.
Hydrogen sulphide turns lead (II) nitrate paper black. :
These three very simple properties of hydrogen sulphide represent: the three
sets of important properties of hydrogen sulphide. Let us study these propertles in
detail.
1. Burning of hydrogen sulphide in air -
The burning of hydrogen sulphidz in air gwes the lnformatxon that the gas’ can
combme with oxygen from air and therefore pure oxygen as weIl
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“'The reaction with oxygen forms different products in different conditions.

Reaction with oxygen under different conditions
(a) In a limited supply of oxygen, hydrogen sulphlde burns producmg water and

- sulphur.
hydrogen sulphide ~ + oxygen —— - "W'é‘tel_‘ :‘ + sulphur
2H,8 + O s 2H,0  + 28

(b) In excess of oxygen hydrogen sulphide burns producing water and sulphur
dioxide.

drosen sifiiide |+ : C . N sulphur

€11 SU e OXyEen —_— o water :
yerogen sulph : yg e , dioxide
2H,8 o+ .30, s 2H,0 + . 280,

(©) When a solution of hydrogen sulphide in water is exposed to air for some time,
sulphur precipitates out from the solution.

hydrogen sulphide  + oxygem ——» water  +  sulphur
2H,S + 0 — 2H,0  + 28
2. Reactioﬁ with iitnius

The reaction with litmus gives the information that the gas has weak aeidie properties.
But being a weak acid it does not show all the general properties of acid.

Reaction as a weak acid
As an acid, hydrogen sulphide reacts w1th metals and alkali solutions. It is a weaker

acid than carbonic and sulphurous acids. Hence it cannot react with solid salts of the
stronger acids such as carbonate and su_lphite. ' -

Reaction with metals

Hydrogen sulphide reacts with all metals in the activity series except gold and

platinum. When the metals is heated in a stream of hydrogen sulphide reaction occurs .

as follows: !
zinc + hydrogen sulphide = ——»  zincsulphide + hydrogen
Zn + HaS — ZnS + H,
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silver +  hydrogen sulphide s silver sulphide + hydrogen
2Ag + H,S iy AgS + H,

Reaction with alkali
Since the molecule of hydrogen sulphide consists of two replaceable hydrogen atoms,
it can produce two acid radicals, the hydrogen sulphide radical, HS and the sulphide

radical, S*" .Therefore, when it reacts with alkalis such as potassium hydroxide,

sodium hydroxide and calcium hydroxide, it can produce sulphide salts .and
hydrogensulphide salts according to the condition of the reaction. If hydrogen
sulphide is in limited amount metallic sulphides are produced and if hydrogen
sulphide is in excess, metallic hydrogensulphides are produced. These
hydrogensulphides exist only in solution.

limited amount of | hydrogen sodium 5 sodium ..
hydrogen sulphide | sulphide “hydroxide sulphide

H,S + 2NaOH e NasS + 2H,0

in excess of hydrogen | sodum - sodumbydro- - L.
hydrogen sulphide sulphide hydroxide gensulphlde

H.S +  NaOH » NaHS + H0

3. Precipitation of metallic sulphides from suitable salt solutions. Metallic salts may
be classified into soluble and insoluble salts. Soluble salts generally include:

(a) all nitrates, ‘
- (b) all ethanoates except calcium ethanoate,

: (¢) all chlorides except lead, mercury, silver and gold chlorides,
(d) all sulphates except lead, barium, calcium and silver sulphates. A
When hydrogen sulphide is passed into the solution of one of these salts, the

metalhc sulphides are formed according to the general reaction given below
solutionof hydrogen metallic

'

metal salt sulphide E— sulphide + acid of salt
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‘The solubility of metallic sulphides may be'summarized as shown'below. -

SRR UL

] . RO L .
13221‘ .sulphldes are soluble n |
-Ba2+ water, acnd and alkah
Mg.2+ | :
L ‘sulphlde is hydrolysedm |
: » AP* aqueous solution. PI'BCIpI-
colour of preclpltate . e tate of AI(OH)3 results
: 2 . .
L I:E:g ;‘;1;:; S gzz.p' sulphides are soluble in -
. SoS  brown g acid; insoluble in alkali -
_PbS  black Pp* : |
| 1(-:1:2 plack g} insoluble in acid and alkel
. 'Agzs dark brown Ag’

When hydrdgen ‘sulphide is passed into solutions of soluble salts of Sn2+ Pb2+ C
Hg?"and Ag"the sulphides formed, being insoluble, are prec1p1tated out '

coppor_(II) ,  hydrogen © copper(ID) + sulphuric

sulphate =~ sulphide- - . sulphlde n - acid

CuSOy '+ - HiS — cusd .+ HaSO4
silver hydrogen = . s .
nitrate sulphide . === . silver sulphldo -+ lmtnc acid
2AgNO; + H,S —_— AgSl -+ 2HNO3

When hydrogen sulphlde is passed into the soluble salt solution of zinc and i iron {dn
salts the sulphlde formed does not pre01p1tato out as it is soluble in‘the acid produced
by the reaction, When an alkah solution is added to neutralize the acid- the sulphlde
is precipitated out. ' ‘ ‘ I

ZnSdoesnot . - ZnCl,  + CHS  — ZnS A 2HCY

precipitate out - ' : - I
acid is neutralized | 2HCI  + 2MH,OH — 2NH,Cl® + 2H0

| %Pe%ii;fitated. ZnCl; .+‘ HS + 2NHOH —— ZnS + 2N}14Cif + 2H0

out 7

-zinc  hydrogen _ ammonium zing' _|_ ammonium + water
" chloride  sulphide  hydroxide’ sulphide’  chloride
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4. Reducing pl;o%msscof hydrogen sulphide . .., . ;...
(a)  Reduction by addition of hydrogen :

Hydrogen sulphide reduces halogens to hydrogen halides.

hydrogen " hydrochloric

sulphide * c%ﬁxbr.lpe > acid sulphur

H;S + " Cly —_ 2HCI + 8
~ hydrogen ST hydrobromic o

sulphide; | : brpnllme % acid * sulphur
HS. + | Bn —_— 2HBr + .08

hydrogen | o L hydroiodic | ; "

sulphide * iodine - > acid sulg?lur
H>8 + I —_— 2HI + | -, -, S

In these reactions :sul,phhr is precipitated from the solution.

(b) Reduction by removal of oxygen o

Hydrogen sulphide reduces. concen‘trated -nitric acid, concentrated sul_phunc acid,
acidified potassium permanganate and potasswm dJchromate in selutwn fby rcmovmg
oxygcn fromthese: compounds

o hydrogen . mitricacid : - . mtrogen

nwll’ttrl'llcczentrated ] sulphide T fconc) water + : .dlomﬁe

' f f & ) +  2BNQO; ey .ZH_z@ A 2ZNO,
48

Because iof ¢he reaction mmc acid carmot be msed. in the preparation of hydrogen
sulphide from metal sulphzdes . . , S -

sulphuric ' sulphur

vithconeenzed | QBN+ e —s w3 TR
sulphuricacid .. {fconc) _ ; -
, HS + o HS04 ——  2H0 50
’ | e ;s.u?llihurﬂ

Because of this reaction concentrated sulphmcacldxcanne‘t be used in: fhe preparatl on
of hydrogen sulphide from :metallic sulphide and @ dryi ing agent for hydrogen
sulphide. Hydrogen sulphide reduces - viclet coloured acidified potassiom

permanganate solution te a-colourless solution.
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hydrogen +  potassium  + sulphuric. —— - manganese + . potassium
sulphide permanganate acid . Iy  sulphate
. | L . sulghate | .
5SHS  + 2KMnQy4 .+ 3HpSO4 —— 2MnS0, +  KiSO4
- B S 4 water + sulphur
+. 8H,0 + 58

Hydrogen sulph1de reduces orange coloured acidified potassmm dichromate solutlon

to a green solution. - :
chrormum

hydrogen potassium . _ - sulphuric (m potassium
sulphide dichromate acid > sulphate
_ ., sulphate
3H.S  + K>CrOq .+ 4H,804 —— CraSOg)s + KﬁSO4

+water  + sulphur
+7H,0 + 38

11.7 Oxides of Sulphur

Sulphur in combination with oxygen has oxxdatxon numbers oft+4,+6 and oxygen has
an oxidation number of - 2. The oxygen cornpounds of sulphur with ox1dat10n number
of + 4'is SO, and with sulphur of oxidation number + 6 is 803

Oxides and acids of sulphur

Element - .~ ~ Oxide  Acid . Acidradieslsin
(acid anhydride) S w salts * -

S SO, H;S0;(weak) HSO; and SO3"

s 'S0,  HSOi(strong)  HSOj and SO%
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Laboratory preparatipns of sulphur dioxide, SO,
1. By the action of 'diliiﬁ; sulphuric acid on sodium sulphite

dilute sulphuric acid , lconcentrated sulphuric acid

7
Sodium sulphur sulphur
sulphite dioxide ~ “OPPer T dioxide
C————
®)
Fig 11.7 Preparation of sulphur dioxid-g
- sodium sulphuric A sodium - sulphur
AN + 4
sulphite acid(dil) sulphate water dioxide
Na;S0;  + H,S0, —A_) Na;SO4 H,O + SOz

Some sodium sulphite is put in a flask.The apparatus is set up as shown in Fig.
11.7.(a) Dilute sulphuric acid is added to the sodium sulphite in th‘e flask.The flask is
gently heated.Since sulphur dioxide gas is very soluble in water and is denser than air,
it is collected by upward displacement of air. '

To test whether the gas jar is full with sulphur dioxide, a piec'g: of blotting paper
soaked in potassium dichromate solution is placed in the opening of the gas jar. When
potassium dichromate paper is turned green the gas jar is full with sulphur dioxide.

2. By the action of concentrated sulphuric acid on copper. |

sulphuric copper

copper + acid A, . ) +  water S‘.le l}ur
: : - : dioxide
{conc) sulphate
Cu + 2H,80, -A..) CuS0O, 2H;0O SO,
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A few pieces of copper foil are put in-a flask. ‘The apparatis i¥-set up as:stiown in
Fig.11.7(a) Concentrated sulphurtc acld ts added t0 the eopper“r‘oﬂ ‘The flaskis gently
heated.Since sulphur dioxide gas is very ‘soluble ‘in ‘water and, S, denser than dir, it is
collected by upward displacement of air,

“"To test whether the gas jar is, full w1th sulphur d10x1de a prece of blottmg paper
soaked in potassmm dtchromate sohifion is placed in the opening of the gas jar.-When
potassrum dtchromate paper 1s turned green the gas Jar is full w1th sulphur drox1de
Physrcal propertles R E B )
1. Sulphur dioxide is a colourless gas. B
2. It has a pungent smell of burnmg sulphur.
3. Iti denser thapair. . .
4 It is very soluble in water

Chemical propertres :" ,
1. It tmns blue litmus red

This shows-that sulphur ‘dioxidé'is an acidi¢ oxide.
2. It does not burn in air.

This shows that sulphur d1ox1de does not react wuh oxygen, of the air under ordinary
conditions.

3: -Addition reactlons ‘of sulphur d1ox1de _ - ~ o
Sulph"': dioxide: does not react with oxy en under ordmary condttrons However, 1t :
combmes with oxygen m the presence of catalyst atthe approprlate temperature. ..

sulphur d10x1de .' sulphur tno:ude SR

oy T e, e D 2s03”
It also drrectlyr combmes w1th chlonne and lead(IV)ox1de R T S

.? —-sstphuryr :

chlonde ' . _.;
) S0Cly
Ej.,,‘,'Sulphu:r dioxide™ o —AA . k:ad(ﬁj éfl'-11:5115“5e

PbSOs .

80,

—
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4, It is an acidic oxide. .t
Sulphur dioxide dlssolves in water to form sulphurous ac1d ‘ \ o
sulphur dioxide - - . water . ——  sulphurpusacid
SO; o+ . B0 —  "H:S0;
It reacts with basic ox1des such as potassmm oxnde sodium OdeB and calclum oxu:le
to form sulphites. . I U :

sulphur dxoxide; o+ potassiumoxide ; — ;. potassium sulpliit_é'

. S0, + . KO — KoS0;
- sulphur dioxide '~ + = sodium oxide ) -——> sodlum*sulphlte
SO, o Na;O — T Na2803 }
‘A'sulphur dioxide + calcium 6‘xide —_— | calcxum sulphxte _
SO; + CaO —_— CaSO;

It also reacts with alkali solutlon formmg sulphnte or hydrogensulphlte accordmg to
the amount of the reacting gas.. : R : .

With potassium hydroxide o o
sulphur . potassium. =~ potassium - - -
+.
in limited amount of dioxide . - hydroxide. - sulphité- " . water.
sulphur dioxide

SO, + 2KOH —_— KzSO;; + HzO\ '

~ potassium’ . ' potassium -

in excess amount of | sulphur + .
sulphur dioxide dioxide ... hydroxide hydrogensulphite
' S S0, + KOH = — KHSO;

When limited amount of sulphur dioxide is passed through the lime water, jt
turns milky. '
' sulphur calcium ~calcium .
dioxide ' hydroxide. - ' sulphite
80, + CaOH) —5 ~ CaSO; = + - HO"

In excess amount of sulphur dioxide, milky lime water is cleared up again, e

+"  water

- sulphur calcium

dioxide " sulphite water . ——  calcium hydrogensulphite
SO, + ‘CaS0; + H,O s  Ca(HSOs),
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5. Reducing properties of sulphur dioxide

(a) Sulphur dioxide reduces halogens to hydrogén halides:” - , '

with sulphur . sulph‘lg‘xi_c_.i ‘ hydrochloric
chlorine | dioxide watgr * chlogm acid, - * acid
solution SO, + 2H,0 + Cbh —— H?SOI; + 2HCI -

with | sulphur : sulphuric ‘hydrobromic
bromine | dioxide *+ water + bromine acid acid .
solution SO, + 2H.O + Bra — S0, -+ 2HBr -

- . (yellowish brown) : (colourless)

with sulphur water + iodine sulphuric + hydroiodic

iodine dioxide acid acid
solation SO, + 2H,O0 + I ——>  H,80, + 2HI
(brown) - (colourless)

(b) Sulphur dioxide reacts with nitric acid to produce nitrogen dioxide.

sulphur e : _ L nitrogen
dioxide nitric-acid ——  sulphuric acid + dioxide
SO, + 2ZHNO; — HaSO,4 + 2ZNO,

In this reaction sulphur dioxide reduces nitric acid to nitrogen dioxide.
(¢)  Sulphur dioxide can also reduce violet coloured acidified potassium
permanganate solution to a colourless solution.

sulphur potassium potassium manganese (II)
dioxide water permanganate ~  sulphate sulphate
580, .+ 2H, O + 2KMnOy4 ———— K280y -+ 2MnSO4
(violet) (colourless) (colourless)
'+ sulphuric acid
+ 2H,S0,
(colourless)

Sulphur dioxide can also reduce orange coloured acidified potassmm
dichromate solution to a green solution.

sulphur sulphuric . potassium : otassium chromium (111
diolr)(ide * zI:cid * c?ichromate - psulphate o sul_nhate(: )
380, + HaS0; + KyCrOy —_ K;80, + Cr2(80y4)3 -

(orange) (green)

+ water

+ HO
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(d)  Sulphur dioxide bleaches colouring matter by reduction. |

Sulphur dioxide gas 408§ not contain hydrogen atoms, the gas alone cannot reduce
other substances. But when water is present in the reaction, SO, reacts with water
molecule to produce 2H as shown in the equation below.

sulphur sulphuric . nascent _
dioxide =~ WAt acid .~ hydrogen [°the tc;:her sul?stance
SO; + 2H,0 >  H;S0, + @) - inthereac 1on_>

Therefore, the bleaching action of sulphur dioxide is due to the reducing
property of the nascent hydrogen, which may add H to the molecule of the colouring
substance, or remove O from the molecule of the colouring substance.

In this way sulphur dioxide decolourizes the colouring substances sush as wet flowers,
wet litmus papers. |
6. Oxidizing properties of sulphur dioxide

Sulphur dioxide can oxidjze magnesium, carbon monoxide and hydrogen sulphide.

magnesium +  sulphur dioxide ——  magnesiumoxide +  sulphur

Mg+ SO, — _2MgO .+ g
carbon .. . :
monoxide sulphur dioxide = —— carbon dioxide = + . su!phur |
2Co T 80, — 2CO, + .8
hydrogen sulphur | | 5 _
+ +
sulphide dioxide | T Water sulphur

2H,S 80—, MO0 o+ 38

A
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Manufacture of sulphurlc acld

Contact Process e ‘.,cqnc_enn'ated‘sulphuric_;aeid".._ G

o oawater o i , R

P TS F AT IE SRR : S
[ B [ PR 4 ' - P
. T Dot e o L. te e SRREAT - o P )
. 1 . -t : . . B T
N . I B [ S
& i . s R . S K )
- . . i T o — -
r—
PN
———

wash | drying: Gy absobing:
tower - " tower  chamber t'ow_er;;; PR

[}

F1g 11 8 Flow sheet of the Contact Process™.

Manufacture of sulphurlc acld by the’ Contact Process (F 1g 11 8) consxsts of the

followmg main steps ROCRI R
1. - Preparation of sulphur. d10x1de
. Removing :mpuntles

2
3. 'Drymg the gas: = I
4, 'Catalytlc oxidation of sulphur dioxide to sulphur tr10x1de at the approprxate

temperature
S. Dlssolution of sulphur tnoxlde

i; Preparation of su!phur dioxide
* Sulphur or iron pyrites 1s burnt in excess of air in the burner to produce

sulphur droxlde ‘
sulphur ~ + oxygen ——>  sulphur dioxide -

bu'miﬁg-;-sulphur»-' _
. L S 0+ Os — SO,
| iron ' -
. . sulphur
. t + s - SR
“ buming iron pyrites u‘on pyries oxygen 0(326 ~ dioxide
B 4Fes;  + 110,  —— FeO; + 850,
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2. Removing impur‘ities _j‘ 'a : o
ol : i S
- The gas mixture s contains 1mpunt1es (especially arsenious ox1de) Wthh lmght
poison the catalyst. To remove these impurities the gas mixture is passed into a.wash
tower.
3. Drymg the gas o
. The mixture of sulphur d1ox1de and excess air, ﬁ'ee from 1 1mpur1tles is passed

'. into the drymg tower and. dned by spraymg with concentrated sulphunc ac:d

4.. Oxidation of sulphur dioxide to. sulphur irioxide. LTI IR
The sulphur dioxide mixed with excess air is passed into the catalyst chamber
where it i brought into contact with platinized asbestos or ‘vanadium (V) ‘oxide, V;0s
at the temperature of 450 °C - 500 °C.In the presence of catalyst at 450 °C -500 °C the
sulphur dioxide reacts with oxygen producmg sulphur tnoxuie . .

‘ . _ catalyst .
- “sulphur dioxide - +" ' oxygen = sulphur tnox1de
: , R 450500 °C .
280, ¥ 00y ,..".:j').:; -::280_3‘:'

el

5. Dissolution of sulphur trioxide R B '
Sulphur trioxide is easily dissolved in 98 % concentrated sulphunc acid; 'Iherefore,
sulphur trioxide produced in the catalyst chamber 1s absorbed i n 98 %sulphunc ac1d
to form oleum. : -

suphurtioxide  +  suphuricacid  — s oleum. :

$Os o 4. HSO. 5 ' HSO0uS0j0r
. - e e H28207
"I'he oleum so formed is mixed ‘with water to ‘obtain the acid of any des1red
:I:concentratlon PR : = o L .
oleum + water —_— .sul_phuﬁg.aci'c?’l,;;-%

HaS04.80;  + 1,0 —s . 2HS0,

205



Physical properties

1. Pure sulphuric acid is a colourless 011y, heavy 11qu1d
:_2 ts. den31ty 15.1.84 g cm , R TP I
:3.‘ -It boils about:338.°C: . v

Chemical properties
Sulphuric acid can:act as’ an acid; an oxidizing agent and as a dehydratmg agent It
can displace more volatile acids fromn their salts. '

1. Action as an acid
Dilute sulphurlc acid has the general propertles of an ae1d It turns blue litmus to red.

Reactmn mth metals

Dilute sulphunc adid reacts w1th 1ron and the metals above 1t 1n the act1v1ty series
producing sulphates and hydrogen R .

Jdron. .+ sulphuric ac1d —> iron (II) sulphate -+ . hydrogen
Ff—.’a + HzSO4 Lo —). FCSO4 + H2
Similar reactions occur with zinc and magnesium. '

‘Reaction with metallic oxides :
Dilute sulphuric acid reacts with metallic oxides to produce sulphates and water.

sodium-oxide - + ' sulphuficacid’ -3 sodium sulphate +  water

Na,O + H,S0, — NasSOy + HO
copper (ID) <, sulphuric acid ~ ——» copper (I, o er
oxide - - sulphate
LSCuQ s e oL T HR804 e Ly CuS0Oy o+ H,O

Similar reactions occur with potassium oxide, magnesium oxide, zinc oxide and iron
(D)-oxide. - s

Neutralization with hydroxides

It reacts with hydroxides producing sulphate and water.

sodium hydroxide + sulphuricacid ———  sodiumsulphate +  water
2NaOH + H,S0, Y NasSOq4 + 2H,O
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calcium hydroxide + sulphuricacid —-—» - calciumsulphate + water

Ca(CH); o+ H,S04 - S - CaS0q .+ 2H,0
aluminiuin N Inhuric acid aluminium + water '
sulphuric _
hydroxide wp a sulphate - :
2A1(OH); + 3HS0, _— Aly(SO4)s +  6H0

Similar reactions occur with potassium hydroxide, magnesium hydroxide, zinc
hydroxide and other metal hydroxides.
Reaction with salts of weak acids
It reacts with salts of weak acids displacing the weak acid and producmg the gases
corresponding to the weak acids. :
It reacts with carbonates producing sulphate, water and carbon dioxide.

sodium . sulphuric | ‘sodium ‘ carbon
-+ ) —_— - +  water + |

carbonate acid sulphate dioxide
Nax;COs + H,80, _— Na,804 + H. O + COy

It reacts with hydrogencarbonates producing sulphate, water and carbon
dioxide.
sodium hydro- + sulphuric sodium + water 4 carbon
gencarbonate acid sulphate dioxide

2NaHCO; +  HyS0y4 _ ‘Na;S0s + 2H,0  + 2C0O,

It reacts with sulphités producing sulphate, water and sulphur dioxide.

sodium, sulphuric sodium sulphur
) + ) _ + + i .

sulphite acid sulphate _ water dioxide

NazSO; + H,80, e Na,SO, + H,O + SO,

It reacts with sulphides producing sulphate and hydrogen sulphide.

copper (1) sulphuric copper (II) . hydrogen
sulphide * acid sulphate ' sulphide
CuS + H,S80, Y CuS0Oy -+ H,S

b
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2. Displacement of more.volatile acid fromviis:salt-

Concentrated sulphuric acid is less volatile than nitrié #cid ikl “hydrochloric “acid.
When the salts of these acids react with hot:concentrated :sulphuric-acid the-acids of

these salts are displaced.

with nitrate
at low
temperature

with nitrate -

at high
temperature

with
chloride at
low tem-
perature

with
chloride at
high
temperature

potassium
nitrate

KNOs
potassium
nitrate
2KNO3
sodium
chloride

NaCl

sodium
chloride

- 2NaCl

=+

-+

-

-+

Iohuric pofasgium o
Su al:ci‘:incr __— Thydfogensulphate + "‘t:cl:i'tli '
H804 —— KHSO;, + HNO;
. pdtassiil'm s
sulphuric nitric
— dr. hate +
acid hy ogensulp ate acid
H:80, —> KHSO, -+ HNO;

. dum
sulphuric sociim . hydrogen
acid hydrc:agensulp hate' + * Chloride
H,80; —— | NaHSO, +  HCI
sulphuric sodium hycfrogen
acid - sulphate . chloride . -

H,SOy " —— NaSOs + . 2HCL -

With bromides and iodides, sulphuric acid first displaces the acids from the
salts and then oxidizes the acids so formed to produce bromine and iodine.

(iyit <.ilsplaces the sodium
acid first .
bromide
NaBr
(ii) Then it oxi- | hydrogen
dizes the HBr bromide
f 3
ormed m. the YHBr
first reaction

sulphuric

acid
+  H3S804
sulphuric
acid
+  HyS04
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. lodides react in the same manner with hot concentrated-sulphuric acid.
3. Action as an oxidizing acid ‘

Hot concentrated sulphuric acid can‘oxidize non-metals and metals.

Oxidation of non-metals '

Hot concentrated sulphuric acid oxidizes carbon and sulphur to the correspondmg

0x1des : | _

sulphuric | o sulphur * carbon
acid T T gioxide T dioxide

C +  2H,S0, — 2H,0 + 280, + COz'

carbon

sulphuric sulphur
acid dioxide
S + 2HS04 ——y  2H,0 -+ 380
Hot concentrated sulphuric acid reacts with red phosphorus. At first phosphorus is -
oxidized to phosphorus (V) oxide.

sulphur -+ —_— water  +

sulphuric ‘sulphll.u" . hhosphoms
phosphorss  + Togia T WMt giide T (V) oxide
P + 10H2504 _— i0H,O + 1080, + P4Oyo

Then phosphorus (Vj oxide reacts with water to form phosphoric acid.

phosphorus (V) oxide + water o phosphoric acid
P4sOyo + 6H,0O _— -~ 4H3POg4

Oxldatlon of mwtals.

The reaction of hot concentrated sulphuric acid wnth metals involves two successive:
processes, i.e., oxidation and salt formation. It oxidizes the metal to metallic oxide.
The metallic oxide so formed reacts with the excess sulphuric. acid to form metal
sulphate and water.

(D) Cu + HS0, — CuO + H0 + 8O,
(ii) CeO + HSO4 —> CuSO; =+ HO :

overall - Cu + 2H,S04 —_— CuS0Q, + 2H, 0 + - SOy
reaction Lo

sulphuric copper () .- -, sulphur

copper -+ . —_— T s
PP acid sulphate ginxide .
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4, Action as a dehydrating agent WL

Concentrated sulphuric acid is a very powerful dehydrating agent. It can absorb not
only free water, such as moisture, but also the combined waterior the elements water
in some compounds. ' - -

Blue copper ('II) sulphate becomes white when it is rmxed w1th concentrated sulphunc
acid, ‘ v :

HzSO4 (conc) .
copper (1I) sulphate crystal > ‘copper (1) sulphate
-5H,0
CuSO4 5H20 — ) CuSOy4
(blue) - (white)

Methanoic (or formic) acid reacts with concentrated sulphuric acid decomposing it
into carbon monoxide due to the loss of the elements of water.

‘H,80;4 (conc) : ,
methanoicacid . @——— © owater ..+ carbon monoxide
HCOOH ° - H,O . + - CO

 Ethanedioic acid reacts with concentrated sulphuric acid and is decomposed
to carbon monoxide and carbon dioxide due to the loss of the elements of water.
H>S04 (conc) :
ethanedloxc acid ——— 3 water + carbonmonoxide + carbon dioxide

OOH o ' ! o
————y HO + . CcoO + ~ CO
OOH

Sugar, starch and other carbohydrates are dehydrated by concentrated sulphuric acid.
Carbon is formed as the final product. Hence, when concentrated sulphuric acid is
added to these compounds, they turn black.

H>504 (conc) o .
sugar- iy carbon - . + water
Ci2H2201 T 12C + - 11H0
| | (black)
H,S04 (conc) :
starch L — carbon = + ‘water
(CHioOs)a  ————eim 6nC -+ 5nH0)
(black)
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Salts of sulphuric acid
Sulphates ke i S :
Sulphates which.are.normal salts of sulphuric acid are all solids.

Solubilities of sulphaftes _ :
Barium, silver,lead (II) sulphates are insoluble in water. Other sulphates are soluble
or slightly soluble in water.

Test for sulphates

1. Sulphates do not react with dilute and concentrated sulphuric acid.

2. (a) When barium chloride solution is added to a solution of suiphate, a white
precipitate of barium sulphate is formed. '

iron (II) barium iron (II) ' barium
sulphate chloride chloride “sulphate
FeSQy + BaCl, — FeCl, S+ BaSQOy

(b)  Carbonates and sulphites also form white precipitates. of barium
carbonate or sulphite with barium chloride solution. To distinguish the
barium sulphate from the carbonate and sulphite, dilute hydrochloric acid
must be added to the precipitate. Barium sulphate does not dissolve in
dilute hydrochloric acid whereas carbonates and sulphites of barium are
soluble in the acid. :

SUMMARY

Sulphur is a molecular element containing eight atoms with the formula Ss.
Sulphur exists in different allotropic forms. Rhombic sulphur and monoclinic sulphur
are crystalline forms and plastic sulphur is a non-crystalline form, Sulphur can react
with metals, non-metals and oxidizing acids such as hot concentrated H>S804 and
HNO;.

HNO; cannot be used in the preparation of HS as it can oxidize H,5(g) to
sulphur or oxide of sulphur. Manufacture of sulphuric acid by the Contact Process
consists of five main steps. Sulphides possess the reducing properties.

SO, has both oxidizing and reducing properties. Concentrated H,SO; is a
very powerful dehydrating agent. : |
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Questions and Problems
1. (a) Name two crystalline allotrop:c forms of sohd sulphur
(b) Briefly describe the preparation of each.
{c) How would you show that these two allolroplc forms represent the same
element sulphur?

2. " (a)Starting from sulphur how would you obtain the followmg substances"
Mention the conditions required for the reactions to take place. Give
equation for each of the reactions.

(i) sulphur dioxide -
(ii) sulphuric acid
(iii) hydrogen sulphide :
(b) What mass and volume at STP of sulphur dioxide could be obtaitied from
16 g or sulphur?

3. (a) You are provided with iron filings, powdered sulphur, dilute sulphunc acid
and the requlred laboratory apparatus including a burner-but no other
chemicals.

With the aid of a diagram show how you wouid prepare and collect hydrogen
sulphide.

(b) Explain why nitric acld cannot be used for. the preparatnon of hydrogen
sulphide in the laboratory.

(c) Explain why concentrated sulphuric acid cannot be used as a drymg agent for
hydrogen suiphide.

4. (a) What happens when dry hydrogen sulphide burns -in air?

Give two equations for the reaction under different conditions of bummg
~ (b) What property of hydrogen sulphide is represented by its action on litmus?
Give two different representative reactions to illustrate this property.

Write equations for the reduction of the following substances by sulphut dioxide.
(a) chlorine  (b) bromine

6. Write the equations for the reduction of the followmg substances by sulphur

- dioxide.

(a) nitricacid  (b) iodine

S.."i.
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. sulphide and sulphui‘dioxide.
(a) KMnOs (b) KoCr,O,
Mention the-conditions required for the reactions to take place.
8. If you are provided with a solution containing zinc and copper (1) sulphates, how
would you separate ¢opper and zinc as '
(a) copper (II) sulphide ~ (b) zinc sulphide."?.

7. Write equations for the reduction of the following substances” by hydrogen

v 1

9. Sulphur dioxide has two reactions with the following substances. State the
condition for each reaction and give equations.
(a) chlorine (b) sodium hydroxide

10. Give representative reactions for each set of properties which show that sulphur
dioxide is an acidic oxide as well as a reducing agent.

11. :(a) With the aid of equations briefly describe the steps to prepare sulphuric acid
from sulphur, '
(b) Write equations representative of the reaction of dilute sulphuric acid with
metals, metallic oxides and hydroxides.

12. Write equations for the oxidizing reactions. of hot concentrated sulphuric acid
with the following substances : ' _ '
{a)carbon (b) sulphur (c) phosphorous  (d) copper

13. (a) Give the reactions of kot concentrated sulphuric acid with two non metals and
one metal.

(b) What property does sulphuric acid show in the reaction with nomn metals?
(c) What properties does sulphuric acid show in the reaction with metals?

14. (a) What are the actions of concentrated éulphuric acid on
(i) methanoic acid (ii) ethanedioic acid (iif) blue copper (II) sulphate ?
(b) What property does sulphuric acid show in the following reaction?
C + 2H,80y4 —_— COz + 2H,O + 250,

19.6 g of pure sulphuric acid are involved in the above reaction, how
many moles of sulphuric acid are involved in the reaction? How many moles of
carbon are involved in the reaction? What is the mass of carbon dioxide in the
reaction? (C=12;H=1; $=32;0=16)
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15. (a) Describe the industrial process for the production of pure sulphuric acid.
(b) 18 kg of water is added to every 178 kg of oleum produced by the above
process. What is the percentage purity of sulphuric acid by weight after addmg this
amount of water? (H=1;5=32;0=16) -

16. (a) Write the equation for the reaction of sulphur ‘trio'xide with concentrated
sulphuric acid. - - |
(b) What is the molecular mass of 100 % pure sulphurlc acxd?
~(H=1;8=32;,0=16) : :
(c) How many kilograms of water is needed to convert 98 kg of oleum to 98 %
pure sulphuric acid? ‘

17. Write TRUE or FALSE for each of the following statements.
(2) Sulphur is a yellow, strong, smelling solid element. :
- (b) Sulphur cannot exist in different allotropic forms like carbon and oxygen.
(¢) Solid sulphur can exist in two crystalline forms. :
(d) Sulphur can react with non-oxidizing acxds such as dilute sulphurlc acid and
hydrochloric acid.
(e) Hydrogen sulphide turns blue litmus shghtly pmk

18. Fill in the blanks with a suitable word (s) or unit (s) or phrase (s)
(a) Two crystailine forms of sulphur are ............... , sulphur and ....eeeeineenns sulphur.
(b) Hydrogen sulphide turns ........cecu... paper black..
(c) Sulphur dioxide can be prepared by the action of dilute sulphurlc acui on

----------------

(d) Sulphur dioxide eveeeeersaon colourmg matter by, reduction.

19. Select the correct word or words given in the brackets.
(2) Sulphur dioxide can turn potassium dichromate paper (red, green, orange)
(b) Hydrogen sulphide gas can turn lead (IT) nitrate paper (white, blue, black)
(c) Hydrogen sulphide (oxidizes, reduces, displaces) halogens.
(d) Sulphur dioxide (bleaches, oxidizes,'reduées) colouring matter.
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20. Match each of the 1tems given in L1st A with the appropriate 1tem m List B.

» List A : Llst B
(a) Sulphur can emst 111 different allotroplc (i) plastic sulphur is formed.
forms :
{b) When any form of sulphur is heated (ii) like carbon and oxygen -
almost to its boiling point and pour into
cold water
(c) Dilute sulphuric acid is reacted with (iii) contact process
iron (II) sulphide -
(d) Sulphur dioxide gas is ‘treated with (iv) hydrogen sulphide is
potassium dichromate paper produced
(&) The manufacture of sulphuric acid (v) the paper turns green

21.(a) A gas "G" is obtained by heating copper turnings with concentrated sulphuric
acid. . :
What is gas "G"?’ Wnte down the equatlon

(b) The gas "G" is collected by the upward displacement of air, Why?

(c) What is the odour of gas "G"?

(d) What would happen if gas "G" is passed into iodine solution?
22. Sulphuric acid is manufactured by the following processes. The reactions

involved are as follows.

(a)  sulphur T OXYZEN ey gas A

(b) gasA .+ oxygen catalyst B sulphur trioxide
(¢) sulphurtrioxide + liquid C ——p oleum

(d) oleum '+ liguid D ——— sulphuric acid

Give the names of gas A, catalyst B, liquid .C,liquid D and write down
the chemical equations in symbols for the processes (a), (b), (¢} and (d).

************************************
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IR PR TR AR TE R TRr CHAPIERIl‘ Y ConTaiy
- THZE HALOGENS |

The four elements, ﬂuorme, chlorine, bromme and. 1odme ares known as, the- haiogens
"Halogen”" is a term derived from Greek,: meamng "salb formers", because they
combine readily with metals to form.salfs, 1o v o 0L e e et

- Halogéens. resemble each other very closely in general chermcal behawour ‘but
the first member of the- group, fluorine, shows some ‘differerices: from:the rest: The
chemical behaviour of the individual elements such as chlorine; bromine.and .ieding
will be-examined ﬁrst and then a companson of their chemlstry w111 be’ dlscussed

P

R LT e R ._ !t
121 Chlorine o N
Laboratory preparations of chlorite SRR

1. Preparation of chlorine from concentrated hydrochlorlc acld and manga- -
nese (IV) oxnde : :

manganese (TV) oxide
N
hydrochloric acid (conc) |} -

chlorine

water sulphurlc acid (cone)

Fig. 12.1 Preparatxon of chlorme from concentrated hydrochlonc acid and

manganese (IV) oxide " -
manganese(IV) + hydrochloric lmanganese(II) + water + chlorine
oxide . acid (conc) chloride -

MnOfs) '+ 4HCla)) —> - Mang(aq) + 2H20(1) + 012(g)

| Concentrated hydrochlonc actd is ox1dlzed to chlorine by manganese (IV)
oxide.

The apparatus is set up as shown in Fig, 12 1. Some manganese (IV) ox1de is

placed in the round-bottomed flask and concentrated hydrochlonc acid poured down the dropping
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funnel.- The mixture in the flask. is heated .and.effervescence will take place. A
greenish yellow gas. w1t11 misty- fumes is evolved (The misty fumes are hydrogen
chloride’ gas)

'The gas mixture is passed into the first: bottle whzch contains water. This
removes the hydrochloric acid gas which is very soluble in water. The gas-is then
passed into a second bottle which contains concentrated. sulphurlc acid. This dries the
gas which is collected by upward dlsplacement of air since the gas'is denser than air.
Because of the greemsh yellow colour of the gas 1t can be seen qu1te clearly when the
gas _]ar is-full of chlorine. . - -

2. Preparatlon of chlorme from concentrated 'hydroch'loric acid and potassium
permanganate

— concentrated hydrochloric acid -

—~——— chloiine

':::_::l: o — brine .

Flg 12. 2 Preparatlon of chlorme from concentrated hydrochlonc
acid and potassium permanganate

. Note:. " If the chlorine is reqmred pure and dry, insert wash-bottles containing (a) water and
(b) conentrated sulphuric acid as in Fig. 12.1.

potassium. . + hydrochlonc ., Potassium ,_manganese(II)
permanganate -acid (conc) chloride chloride
2KMn04(s) + 16HCl(aq)'. —— 2KClaq) + 2MnCIz(aq) + 8H20( 1)-+ 5Clx(g)

+ water + chiorine

) Concentrated hydrochlorlc acid’ is oxuhzed to chlorine by potassium
permanganate, :

. The apparatus is set up as shown in Fig, 12 .2. Solid potassium permanganate
is put in the flat-bottomed flask and concentrated hydrochlonc acid is dropped onto it
ﬁ'om the droppmg funnel. Heat is not required.
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As each drop of acid reaches the permanganate, theresds evolved at once the
corresponding quantity of chlorine. Coilectthe ‘gas by ‘downward displacement of
brine (concentrated aqueous sodium chloride). v -

3. Préparatio_n-of chlorine from sodium chloride

sodium  manganese(IV) + ~ sulphuric sodi&h 4 r_nangé.neSé(II)
chloride oxide _'acid(conc)-" " hydrogensulphate sulphate

INaCls) + MnOyfs) + 3HxSOsconc) ——> 2NaHSOsag) ~ MnSOsaq)
' ' L+ water. _+1 chlorine
+ 2H0() +  Chg)

Concentrated sulphuric acid acts upon the sodium chloride to form hydrogen
chloride, which is then oxidized to chlorine by manganese (IV) oxide. .

The apparatus is set up as shown in Fig. 12.1. An intimate mixture of sodium
chioride and manganese (IV) oxide is placed in the round-bottomed flask.Concentrated
sulphuric acid is added into the flaskand the flask is heated. '

The gas evolved is washed with water, dried with concentrated sulphuric acid
and collected by upward displacement of air.

4, Prepafation of chlorine from bleaching powd'er . : o
(i) CaOCl (s)+ 2HNOs(ag) —— Ca(NOs)x(aq) + H20(1) + Cla(g)

bleaching _ chlorine
powder

(i) CaOCly(s) +2HCl(aq) — 5 CaCly(aq) + H20(1) +Clx(g)
Bleaching powder ~ chlorine

The apparatus is set up as shown in Fig. 12.2. Some bleaching powder is
placed in the flat-bottomed flask and a dilute acid, e.g., nitric acid, is dropped onto the
powder. Effervescence occurs with the evolution of a greenish yellow gas which may
be collected by either of the methods mentioned previously. Heat is not required.
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l\@nufacture of chlorine: -
Flgure 12.3 shows the apparatus for the. 1ndustr1al preparatlon of chlorine.

chiorine graphite anode

: flow of mercury
sodium amalgam (Na/Hg) - _
Flg 12.3 Manufacture of chlorine by electrolysis of saturated sodlum chlorlde so!utlon
The reactions at the electrodes may be represented as

reaction at the cathode Na- + e _— 5 Na

reaction at the anode c — CI + E‘

a + ¢ — L -

In the electrolytic process, chlorine is liberated at the graphite anodes whilst
sodium is liberated at the mercury cathode.Sodium dissolves in the mercury forming
as sodium amalgam which then flows into another cell where it reacts with water
to form hydrogen and a solution of sodium hydroxide. '

: | : s
Na/Hg(l) + H0() ——» Na'(aq) + OH7aq) + 5 Ha(®) + He()
sodium '

amalgam

Physical properties of chlorine
Chlorine is a greenish yellow gas with a choking, unpleasant smell.Chiorine is very
poisonous if inhaled even in small quantities. One part of chlorine in 50,000 parts of '

air may be harmful. Chlorine is about 2 % times as dense as air.

Chemical properties of chlorine
1. Affinity for hydrogen
Chiorine reacts with most compounds containing hydrogen.
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SR ,-‘1

(a) Action on hydrogen -

.When a fube contalmng equal volumes of chlorme and hydrogen Is exposed to

sunhght it cxplodes
o Hgh+ Clh®) — 2HCl(g)
(b) : Action on warm turpentme - o
Chlorine reacts wrth warm turpentme to form carbon and, hydrochlonc acld
CroHig(l) - 8C12(g) ——) 10C (s) + 16HC1(g) ' '
L turpentme S . LD
(c) " Action on hydrogen sulphlde < Sy
Chlorme reacts with hydrogen sulphide to form sulphur and hydrogen chlonde
©HaS(g)t Cla(g) | — 2HCI(g) + S(s) L
Note In this reactxon chlonne is the oxrchzmg agent and hydrogen sulphrde IS the reducmg agent
8- ——-+ S+ Ze ’, ox1datron

L Cl:r‘-{-‘ 2 —-—-—> 2(:1- .:I‘Gdl.lc_t“_n}. -

2. Action on metals
(a) . Action on copper co S
When a very thin sheet of an alloy of copper and zmc, mamly copper, is dropped into
a chlorine jar, it buras brightly with a green flame. - L o o
Cu(s) +* Cig(g) —_ CuClz(s)
Zn(s) + Cl(g) — ZnClz(s)
®) Actton on iron .
Hot iron wire. bums in chlorine. _
2Fe(s) +3Ch(g) — 2FeCl3(s)
3.. .Action on non-metal .
Action on phosphorus
Phosphorus bums spontaneously in chlorme
. . Pa(s) + 6C12(g) ""'—) 4PCli(g) -
P4(s) + 10012Cg) ——--) 4PCls(g) RV
4. Oxidiziug propertles R
(a) Bleachmg action of chlorine : o < A '
The chlorme reacts w1th water, formmg hypochlorous ac:d HOCl and hydrochlorlc h
acid 2 T I :
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Ch® +H,00) —— HOCl(aq) +HCl(ag)

VPRI i

This hypochlorous acid s 4 very ‘Yeactive co’mpound and readﬂy gIVBS up its oxy'éen
to the dye, to form a colourless ‘compound. - S

®)

dye + HOCI —— HC! + ‘ (dye+ 0)
coloured ' colourIess
Action on iron tIIS chloride solution

Chlorine reacts with iton(f) chloride solition to form iron (I chIomde _

©)

@

2FeCly(aq) + Cly(g) — 2FeCls(aq)
Action on sulphurous acid
Chlotine oxidizes su’lphurous ac1d into sulphunc ac1d

H,S0s(aq) + Clz(g) + H20(1) —-—-> HZSO4(aq) + 2HC1(aq)
“Action on caustic alkalls

(i) On the cold dilute aqueous solution

When chlorine is passed into a cold (<15 °C ) solution of dllute sodium
hydroxide solution, a, soluble hypochlorite and chloride of the metal are
formed. The colour of this solution is yellow.

Cl(g) +2NaOH(aq) _“"-> NaOCl(aq) + NaCl(aq) + H20(I)
dilute solution

Clz(g) + 2KOH(aq) _—“'—> KOCl(aq) + KCl(aq) + Hzo(l)
dilute solution ‘

(i)  On the hot concentrated aqueous solution

When chlorine is passed into a hot ( 270 °C) concentrated sodium hydroxide.

+ . solution, a mixture of sodium chloride and sodium chlorate is formed.

6NaOH(aq) + 3Cly(g) —— 5NaCl(aq) + NaC,lO3(aq) + 3H20(1)
concentrated sodium chloride sodium chl'orate
sodium hydroxide solution ,
A similar reaction occurs when ch]orme is passed mto concenu'ated potassmm
hydroxide solution. - *
(iii) © On slaked lime :
When chlorine is passed over solid calcmm hydroxide, bleaching powder is

formed.
- Ca(OH),(s) + Clz(g) —_ CaOClz HZO(s) bleaching powder
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5. Displacement of bromine and iedine from bromide and.iodide
When chlorine is passed into a solution of sodium bromide.,er sodium iodide, the
respective halogen is released by the substitution action of chlorine.

Cly(g) + 2NaBr(aq) ——2NaCl(aq) +Bra(aq)
Cly(g) +2Nal(ag) — 2NaCl(aq) + Iz (aq)

Uses of chlorine
Chlorine is used to sterilize water for domestic and industrial use, and as a bleaching

agent. With the help of chlorine, many organic substances are prepared.

Tests for chlorides ,

The tests for chlorides are based on some of the reactions you have already studied.
Details of these tests are given in the experimental chemistry book for the
grade 10 students.

12.2 Bromine
Laboratory preparation of bromine

potassium bromide i
* ‘ | bromine
manganese (IV) oxide A
+
sulphuric acid (conc)
Fig. 12.4 Preparation of bromine X
Potassium N manganese(IV) + sulphuric A potaésium _ manganese(Ii)
bromide oxide acid(conc) hydrogensulphate sulphate

2KBrs) + MnOns)  +3B:SOs(conc) O JKHSO4(aq) + MnSOs(aq)

+ water + bromine
+ 2H,0(1) + Bry(g)

Bromine is prepared in much the same way as chlorine.
. Al
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A mixture of potassium bromide and manganese (IV) oxide is placed in the
retort as shown in Fig. 12.4. Concentrated sulphuric acid is added to this mixture and
the mixture warmed. A reddish brown gas of bromine is given off, together with some
misty fumes of hydrogen bromide which condense to a red liquid in the cooled
receiver. : .

Physical properties of bromine- :

Brormne is a heavy, red, volatile. Ilquld Tt has a chokmg, irritating smell. (Bromine
means "a stench") Liquid bromine causes burns on the ‘flesh, which heal with
difficulty. Bromine is slightly soluble in water, forming a yellowish red solutlon
containing about 3 percent- of brormne at ordinary temperatures S

Chemical properties of bromine

1. Affinity for hydrogen . .

Action 0 O hydrogen

Bromiine combines with hydrogen, but not as readily as chlorine does. A mixture of
chlorine and hydrogen will explode when merely exposed to sunlight, but a mixture
of bromine and hydrogen needs the application of heat to make them combine. Also,

the hydrogen bromide formed s not as stable as hydrogen chloride.

Ha(g) + Brag) — 2HBx(g)
2. Reaction between bromine and otherelements

Bromine combines readily with most metals and non-metals to form bromides. For
example, copper, iron, sodium and sulphur give the corresponding bromides.

Bromine explodes when mixed with yellow phosphorus. Phosphorus
tribromide 1is made by gradually adding a solution -of bromine in carbon tetrachloride
to red phosphorus. (The solution is used to moderate the action.)

3. Oxidizing property of bromine

Bromine is an oxidizing agent, but it is not as strong -an oxidizing agent as chlorine.
Bromine will also give majority of oxidation reactions given by chlorine.

(a) Bleaching action of bromine

~ Bromine is a bleaching agent but 1t is not so effective as chlorine, Bromine bleaches
moist litmus papers.

(b)  Action-on iron (If) sulphate solution

On sha.kmg an acidified solution of iron (H) sulphate with a few drops of bromme ina
test tube, the colour of bromine soon fades and the iron (II} sulphate becomes
converted into/ifon (11D su]phate
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2Fe*(aq) . +Br2(1) -——->2Fe3+(aq) +2Br” (aq)

'(c) Actxon on the alkalis -
Bmzmne reacts on solutxons of alkahs in the same way as chlonne

g, - -2KOH@q  +- Brz(l) —old_y KBr(aq) - +KOBr(aq) +H20(1)<
dilute solation . -

. 6KOH (aq) +3Br (aq) ——> SKBr(aq) +KBro; (ag) + 3H20(1)
. concentrated sokution . . . .

oo I allt these reactions. bmmme shows & great smnlanty to. chlonne, but dxﬁ‘ers
fromt it by its lower reactivity. - S , N ‘
4. Blsplacement of iodine from tochdes R
Action on iodide- . T v R S

When bmmme is passed mto a solution of sodmm mdxde, jodiné is hberated
MNallaq) + Bn(%) — 2NaBr(aq) + fz(aCD

Tﬁtfwbmmdes ' : :
The tests for bromides. are: b based on some of the re,actions you, have already stud,ted
Details of these tests: are gwem in, your expertmamal chmstry book for gmde 10
students. - . .

1%5 l;qune . | \ o
habora,toxg pmmamn o.ﬁ‘mdme v
‘ W%tet - ey

tap water -+

m&m iodide
m%msﬁ(w)\ Qx.tdc e
. S!-HEMQ Q&Ld* (cone),

Fig: 12,5 Rﬁmatmm offiedine

224




Potassium 4 manganese(IV) " sulphuric A pdt'aélsiumf i manganese(Il)
iodide oxide acid{conc) hydrogensulphaté '; .. sulphate

2KI(s) + MnOz(s) + 3H2804(conc) A, IKHSO4aq) + MnSO4(aq)
+ water ‘ -+'__ - todme
| O+ T

Some potassium iodide and manganese (IV) oxide are mlxed and ground ina
mortar and the mixture placed in a beaker.

Cencenirated sulphuric acid is added to the mixture inthe beaker and a round-
bottomed flask with arrangements to circulate ﬂowmg water from the tap is placed on
the beaker as shown in Fig, 12.5. : :

The mixture is carefully warmed when v1olet vapours of xodﬂ';e evolve and are
condensed on the outside of the bottom of the cooled flask, as-black shiny plates. . .
Note: Preparatlon of iodine is similar to that of chlorine ﬁom common salt. However, HI is

easier to oxidize than even HBr.

Physical properties of iodine :
Iodine is a black shiny solid. It sublimes when heated rapidly, fonmng a vxolet vapour
from which the black solid can again be obtained by cooling,” .~ = .-

Iodine is almost insoluble in water but readily dissolves in aqueous potassium
iodide. This is due to the formation of a compound of potassitim iodide and iodine,
KL, which is very soluble. This solution is brown. lodine also dissolves in ethanol
and ether, forming brown solutions, and in carbon. dlsulphlde and carbon tetrachloride,
formmg violet solutions, - -

Chemical properties of iodine -

1. lodine does not bleach, and has little afﬁmty for hydrogen When HI Is heated it
decomposes.

2. lodine is fairly active and will combine with many metals to, form iodides, but it
does so, much less readily than either chlorine or bromine.

3. Oxidizing properties

(@)  Iodine is a mild oxidizing agent; but it will not perform many of the ordinary
oxidizing actions attributed to chlorine and bromine. However; 1od1ne oxldlzes H:S to
form hydrogen 1od1de and liberate sulphur.- :

HSGe) + L) — 2H@ + S(s)
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(® Actiononalkalis™ * o T
The action of iodine on alkalis is similar to those of chlorine and-bromine. = - -

4; - -Actionomstarch - -~ - - oo T Lo Lo
To a freshly prepared solution of starch add the smallest possible quantity of a
solution of iodine. A blue colour forms immediately. [This test is sensitive to and is
capable of detecting jodine if this element is present even in ppm (parts per million)
amounts. Warm the mixture and this blue- colour will disappear. It will return on cooling.
Note:  This test is given only by free iodine and is not given by a solution of KI'in water. -~

Uses of iodine » Sl , S

The antiseptic properties of iodine, due to its oxidizing nature,. have been used in the
treatment of small cuts and wounds. "Tincture of iodine", a dilute solution of iodine
in alcohol.is a household medicinal. Todine is used ‘as free iodine’ and as iodide in
medicine to treat cases of goitre, a disease which is sometimes due to a deficiency of
jodine intake into the body. o Peo e

Tests for jodides Tests for iodides are based on some of the reactions you have
already studied. Details of these tests are given in your experimental chemistry ‘book
for grade 10 students. A B

.. ' Fluorine, chlorine, bromine -and iodine are known as halogens. They have
oxidizing properties. Chlorinie and ‘bromine have bleaching power but iodine cannot
bleach. With the exception of fluorine; all other halogens form compound in which
they have positive oxidation numbers up to +7.The preparation, physical and
chemical properties and their uses are also presented in this chapter. Questions and
problems are given at the end of the chapter so that students can understand and
practice about various aspects of halogens. - Lt : '

Questions and Problems B

1. = What does the term "halogen” mean? ' -

2. What are the halogens? : = SENLIE

3.. - Why are all the halogens in Group VII B of the periodic table?- .- - N

4, ©  Write the name of three members of the halogens other than chlorine: .~
State whether each of these halogens would react with hydrogen more
vigorously or less vigorously, than would chloritie.” -

5. How would youprepare pure, dry chlorine? Describe what you would observe |
and say what is formed when S ‘
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10.

11.
12.

13.

(a)  alighted candle is placed in a jar of chlorine? (Candle is madc of
a hydrocarbon C - N :
(b) ~ chlorineis passed into a potassmm iodide solution?
Describe a method of manufacturing chlorine by an clectrolytlc process
Name the electrolyte and give the name, sign and material of each electrode.

- Name also the products for the reaction occuring at the etectrodes.

When dry hydrogen burns at a jet in a gas jar of dry. chlorme the followmg

changes are observed;

(a)  the colour of the chlorme disappears

(b) a gas is formed with fumes in moist air and turns moist . Iue L s
red. Explain these observations. : _

Chlorine can be prepared by the oxldatlon of concentrated hydrochlorlc acid.

Name three oxidizing agents which will bring about this o;udatlon

. Give equations for the three reactions which show the oxidizing prop_crty of

chlorine,

Write equations in words and symbols for the following reactlons o
(@) Fe(s) +  3CL{g) . L — ? '
()  Ca(OH)(s)+ '012(g)_ 2

) Ch) + .' NaOH (2q) (dllute)c—om—) ?

@ KBrs) + MnOss) + HySO4aq) — 2

() Nal(aq) + ‘Brfg) - —_— .7 -
O HSE ¢ ke — 2

(8 Ch + HO® -  ?

How many grams of potassium chlorate will be formed when chlorine is
passed into a concentrated solution of potassium hydroxide ‘containing 8 g of
the alkali? (K = 39, 0=16,H=1,C1=355) o

You are shown two colourless salts which are supposed to be an alkali-
chloride and an alkah iodide. How will you dlstmgmsh the two by chem cal'
means?

Sea water contams .about 2.5 % by mass of sodlum chloride and traces \of
potassium bromide, JSuggest practlcal methods for obtaining from sea water.

(a) water, free from sodlurn ions anfl potassmm ions. \\
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14,

15,

16.

17.

18.

_{b) reasonably pure sodium cl}londe
-(c) 3 sample of chlorme

Fluorine reacts. with sodzum to form fluoride. What propert:es wou!d you -

expect this fluoride to have?

Which of the naturally occurring halogens prowde examples of
(a) the largest atom :

- (b) the smallest ionization energy and

(c) the weakest acid HX?

State TRUE or FALSE for each of the followmg statements,

(a  All halogens always take positive oxidation number.

(b)  All halogens have similar properties but not identical,

(¢)  Halogens are usually found as metal halides,

(d)  Chlorine is stronger than bromine to bleach the eolour..

(&)  Bromine can displace the chlorine from chloride.

Fill in the blanks with a suitable word or phrase or numerical value with unit

as necessary, .

(a)  Chlorine gas can be dried by passing through ........ersreseenr

(b)  Chlorine can be collected by downward displacement of ...o.vveusns

©) A disease, goitre, is caused due to deficiency of o eeeereress

()  Inhalogens ..orrrerernns exists as solid at room temperatire.

(e)  Bromine explodes when mixed with yellow............ » .

Select the correct term or terms given in the brackets,

(8 - The most reactive halogen is (fluorine, chlorine; bromine),

(b)  (Chlorine, Bromine, F Iuorme) never shows the posmve ox1datmn
- number, :
(€) (ClyBry, Ip) is a liquid at room temperaturc

(d) (Cl, Bry,ly) cannot bleach .

e Jodine readlly dlssolves in aqueous potasmum 1od1de

forming (brown, violet, reddish brown) solution.
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19. Match each of the items giver in List A with the 'apprépriate item in List B.

20.

List A o ListB '
(a) Amalgam : (i) Br, - .
~ (b) Solvent for Iodine - () Cly : S e
(e) Sterilizing agent . (iif) potassium jodide solution ' - .
(d) Halogen in solid form (iv) Na/Hg ' o
(¢) Reddish brown liquid ™k

Answer the following questions.

(2} Which compound is formed Whe;h chlorine is 'pasged"oyar he;ated“i'l_'.c:)p?
Write equation in symbols only. '

(b) Which of the following statements about chlorine is NOT TRUE?
(A) In industry it is produced by the electrolysis of lime . =~ "
(B) Itis used for purifying water. . |
(C) 1t is one of the most reactive of halogens.

(D) It combines directly with metals and non-metals. |

(¢) Which of the following pairs would react together most violently?.
(A) sodium and iodine - (C) magnesium and bromine
.(B) potassium and chlorine

(d) Which ofthe following statements is the correct use.of chlorine? .-
(A) Chlorine gas is used to sterilize drinking water. " -
(B) Chlorine is used to make the polymer Teflon.

(C) Chlorine is used in the manufacture of fertilizers:
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“Complete the following table on halogen family.

Name

State

- . Colour

Fiuorine

_Symbol

pale yellow

pale green

Bromine .

" Br

sol\id,‘_’_‘\-: —

LN

"********¥*¥*************%***;***f**?
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| CHAPTER 13
ACIDS, BASES AND THEIR NEUTRALIZATION |

13.1 Development of the Theory of ‘Acids and Bases

Lavoisier (1777) and Davy (1816) ' N : -
One of the first generalizations about acids came from the French Scientist A.L.
Lavoisier (1777). Many acids can be produced by reacting non-metallic oxides with
water e.g., H;SQ4, H,803, HPO3, H;PO4, H3AsO3 which contain oxygen. Lavoisier
made use of this fact to propose that all acids contained oxygen.

This generalization was proved to be incorrect when H. Davy (1816)
demonstrated that hydrochloric acid contained only hydrogen and chlorine. Davy
therefore proposed that all acids contained hydrogen.
| M.P.E. Berthollet had also recognized that the acids HCN and HS did not
contain oXygen. ' : .

Arrhenius (1887) | | |
S.A. Arrhenius defined an acid as a compound which could produce hydrogen ions in
water solution, An alkali, according to him is a compound which could produce
hydroxide ions in water. A strong acid produces an abundance of hydrogen ions and a
weak acid produces relatively fewer hydrogen ions. ‘According to the Arrhenius
theory, hydrochloric acid (a strong acid) is essentially completely ionized in water.
HCl(aq) —— H'(aq) + Cl (ag) |

but ethanoic acid (a weak acid) is only partially ionized.

CH3COOH(aq) S CH3COO‘" (aQ)+ H'(ag)

Strong bases such as sodium hydroxide are completely ionized in aqueous
solution,

NaOH(aq) '—"-—) Na+(aq) “ “+ OH_ (aq)
but weak bases such as aqueous amumonia are only partially ionized. |
NH;(g) + HoO(l) == NH(OH(aq) === NH} (aq) +OH" (aq)

The process of neutralization occurs by the reaction of hydrogen and hydroxide ions.
| HaQ) + OH (ag) ——H0(1)

Atrhenius theory has some weak points, one of which is that its application is limited

to aqueous solutions. B
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Bronsted and Lowry 1922y -~ - - - : C

J:NiBronsted defined an‘acid as a proton donor anid a base as a’ proton acceptor: This
definition applies to all solvents, not only to aqueous solutions. As far as. aqueous
solutions of acids are concerned, there are similarities between the Bronsted theory
and the Arrhenius theory. But, the Bronsted theory does not consider an acid or a base
sépirately. Every acid can function as such only in the presence of a base giving rise
to- an equilibrium. Tn this equilibrium, the original acid is related to fhie Base in the

févese reaction; ‘which is called the conjugate basé. Similarly the original base is
related to the acid in the reverse reaction which is called the conjugate acid: -
For example when hydrogen chloride dissolves in water a reaction takes place
and an equilibrium is established. . S
- ‘HClaq) + H0() = H;0%aq) -+Cl” (@)
‘acid1 . base2 - . acid2  basel o
" According to the Bronsted theory, HC1 is an dcid for the forward reaction, but
the hydroxonium (hydronium) ion, H;0", is an acid in the reverse reaction. It is the
conjugate acid (acid 2) of water (base 2). Similarly, the chloride ion (base 1) accepts
protons' in the reverse reaction to form its conjugate acid (acid 1). Inv this theory acids
are tiot confiried to neutral species or positive-ions. The hydrogensulphate ion can
behave as an acid. ' o 3 S
| HS0; (aq) -+ H0 (1) == H:Q(aq) +SO%" (aq)
... .The hydrogen ion is extremely small consisting of a proton only. Its diameter
is about 10~ cm as compared with other ions-which have diameters of the order of

107 cm. The charge density of the proton,is very h.igh' and therefore it may -not
possibly be able to exist on its own in water or any-other solvent. There is evidence to
suggest that the proton attaches-itself to water molecules by sharing the lone pairs of
electrons on the oxyge: atom. R E . - oo
It is very difficult or impossible to indicate the exact number of water
molectles which $urround the ion. The' species is writtén ‘as H;O"-(aq) and called
hydroxonium jon. Sometimes it is written as H' (aq) to simplify an equation.

* Note that the presence of a "lone pair™ of electrons is characteristic of & base.
Lewis(1939) -

GiNEEeWig.,deﬁned‘baseS’hs species which can donate é'r;l"éljcctron' pair, and acids as
species Which can accept an electron pair. Under this definition the hydrogen ion of
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proton is not the only acid. There are many othert species which can function similarly
For mstance, the reaction of ammoma with boron tnﬂuonde is an ac:d-base reactlon

NHs(g)+BF3(s) — HN'- BF3

base acid salt :

The ammonia molecule possesses a lone pair of electrons (on. nm'ogen atom)
which is shared by the electron deficient BF3 molecule. For this reaction, the NH3
molecule donates an electron pair. Therefore it is a base. The BF3 molecule, acceptlng
an electron pan' from NH3, behaves as an acid. :

13 2 ACldlty, Alkahmty and Neutrahzatlon , : -

An acid which is capable of losing a proton readlly is called a strong acld an acld
which loses a proton with difficuity is called a weak acid. A strong acid has a weak
conjugate base and a strong base has a weak conjugate acid. :

HCl(aq) + HO() ‘=-—-‘ H30+(aq) + CI7 (aq)
For this reaction HCl(aq), which loses a proton with ease, is a strong a01d and Cl-

(aq)lsaweakbase : - T .
- Nitric acid HNO;, in aqueous solution, behaves as a strong acld and 1ts

conjugate base NO; is a weak base.
HNOs(aq) + Hzo(l) — H0 "(ag) + NOjJ (aq) - .
Ethanoic acid CH3COOH, losing a proton with difficulty, is a weak acld, but
its con_]ugate base ethanoate ion CH;COO ™ is a strong base. = - -

CH;COOH (ag) + H;0 (1) = H;0" (aq)+CH3COO (aq)

: When used with reference to: ac1ds and bases, the terms "strong" and "concen-—
trated" denote quite distinct meanings. - ~ Co CL T e
A strong acid is one which is highly 1omzed in speclﬁed GOl‘ldlthllS For example,
dilute solution, hydrochloric acid and sulphuric:acid aré strong. Under this condition,
both dissociate completely (almost 100 %) into their ions.

A concentrated acid is one wh:ch contams the pure acid or a. predommantly large
proportion of the acid. - S - -

A weak acid is one which loses.a proton *w1th dxfﬁcuity and is only shghtly 1omzed

A dilute acid is one, which contains a relatively small. amount.of the.acid in.the, form
of a solution in water 01: some other solvent An example of concentrated, weak ac1d is
ethanoic acid (or glaclal ‘agetic acid). The percentage of water in it is very small and
the acid loses its proton with difficulty. These terms can also be applied to bases.
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The ionic dissociation-of water . . - '

An acidic solution contains hydrogen ions, H (actually hydroxomum 1ons, HgO*) A
basic solution contains hydroxide i jons, OH . The question is : "Are these ions present
in pure neutral -water? The answer is that they are- present, in equal but very small
concentration.

" " The'means by which it has been found that pure water contains hydroxomum
jons and hydroxide ions as the measurement ox electrical. conductmty of ‘water. If
pure water cohtained no ions, its electrical conductivity would be zero,

Water is purified by distilling it over and over again. ‘The progress of the
purification can be followed by measurement of the electrical conductance of the
water. The electrical conductance will be found to fall gradually to a very low value,
which cannot be further reduced. This constant electrical conductance is considered to
be that of water itself. Th.\s 1s also conmdered to be. the result of an ionization Wthh is
represented as : :

HzO(l) = W(aq) I OHT' (aCD.
or .+ 2H50(1) == H30'(aq) + OH (ag) '
A molecule, such as the water molecule, which can have both proton»acceptmg
(protophilic) and proton-donating (protogenic) properties, is called an amphiprotic
molecule. To write an equilibrium expression for the abovem\a;tlon the upper simpler
la

equation is generally used, except for special cases, when the lafter is-written.
By the apphcatxon of the ethbnum law, -

K %[%—]——] the square brackets denote the concentrauons in mol dm 3

Since water ionizes toa very slight extent, the eqmllbrlum coricentration of
undissociated water does not differ appreciably from the -original concentration. In
which case [H,0O] may be considered constant and is mcorporated in the equlhbnum
constant. The equanon can now be written as - ' -

_ K[H20] [H+] [OH ]
. or - [H*] [OH ]

The very small electncal conductance of pure water corresponds 1o the very
small concentratlons of hydrogen ion H', and hydrox1de lon OH". Both ions have

equal concentratlons, each bemg 1 x10° mol dm™? at the temperature 298K
o= [OH 1 = 1x10"m01 dm-sat298K
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Frem these figures, the product of the concerittation of' hydrogen and hydrox:de ions
is given by

Ky = [HT [OH] o at 298K
{(1x107)ymoldm ™} {(1x 10 ’)mol dm~? }
= 1x10 ™ mol* dm~*®

This quantity, K., is called the ionic product of water Thls constant is always
maintained unchanged in an aqueous solution at 298 K.
In pure water at 298 K, the concentrations of H" and OH ions are equal both

bcmg 1 x 107" mol dm >,

A neutral aqueous solution is one in which the concentratlons of hydrogen ion
H" and hydroxide ion OH ™ are equal.at the value of 1 x 10~ mol dm "% at 298K.

At any other temperature, K, will have a different value,
However, at 298 K the value of K, is maintained at1x10” -4 Any variation in

the concentration of one of the ions must be balanced by a change in the
concentration of the other ion.
For example, suppose hydrochlorlc acid is added to pure water until, the

concentration of HCI is 102 mo} dm - At this concentratlon hydrochlorlc acid is

considered to be completely dissociated. Therefore the concentration of hydrogen ion
contributed by the hydrochloric acid is 10~ >mol dm =3 ((H] =103 M). Compared to

this, the hydrogen ion concentration contributed by the dissociation of water is
negligible. The hydrogen ions H' participate in the equilibrium of water.’

['1[OH"]= K, = 1x10™*mol2dm"¢ N )
Consequently [OH "] falls to 10~ mol dm™~>. The i ionic product of water Kw

is still maintained, but by an unequal concentranon of H+ and OI-I ions.

Similarly, suppose SOdlU.IIl hydroxlde is added to pure water until the
concentration of NaOH is 1072 mol dm™>. At this coneentratlon sodium hydroxide is

considered to be completely dissociated. Therefore the concentration of hydroxide jon
is 10~ 2mol dm‘a ([OH ] =10 M). (The [OH" ] ions contnbuted by the dlssoclatlon

of water is neglected.) - ‘
Kw=1x 10~ " is still mairitained by a fall of H* concentration to 10~ ! mol dm ™3,
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.- From the above-examples, it is important to note that

(1) whatever the concentratlon of H' may be, there i is enough OH" concentratlon to

satlsfy the reqmrement
- [H*] [OH 1= C1x107™

(2) whatever tbé oonc_enu'atlon of OH" ‘may be, there is enough H" concentration to
satisfy this requirement - -~ - _ - L
K = [H*] [OH"] = Ix 10~ 1,
The hydrox1de jon OH is'a very strong base. The equlhbmum posmon of 1ts
proton-acceptmg reactlon ' " :
| OH' + H = HO .
o - "OH™ + H 0" = 2H0 lies far to the right.
For practwal purposes this reaction is considered fo be 1rrever31ble Thls
~reactlon is the very famlhar phenomenon of acxd-alkah neutrallzauon '

The hydrogen ion exponent (pH) : : S
Instead of" saymg that the concentratlon of hydrogen i ion in pure wateris1x 10" mol
dm y 1t is customary to say that the pH of pure water is 7. This symbol, pH is

'deﬁned as the negatwe loganthm to base 10 of the molar. concentrauon hydrogen 1ons.
| pH ="~ log[H:0" (aq)]
orsimply. pH = —log H ] -

Another useful way of rcmembermg the relatlon is
[H] = .10 = antllog(-pH)
Example i ’What is the pH of a solution with [H*] 0.02 mol dm gy 0
o T = 002moldm™ ke

cap oy i log [H" 1= e __-_.(,2,_301)
34-'-.1""55"". , _.:”_':‘,&_:_:V_ ili‘-_:i‘)qlf:’:":‘-'-‘- 2-—0'301 “ " K
' : ' L.z_;-,:'._‘:PH,'.:A:: i 1699 NSRRI I

[T TN P . PR T RS Lerego gt by b T PRI Tt
S HI TN SR ATt IE ISt LN E LA U PR R IR P AR LTSS T (VR SIPCE BT
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Example2 = What is the hydrogen ion concentration.of:a;solution with pH4. 30‘?

= 430
X —_Iog[H*] = " 430 | S -
log[m - .. ,____4_30 - | | . Py ‘, | C eyl il—_‘uf;rri
= _4-030 L
' = | _4_ 1 +'1 _0'30 e '.: R L
= 5.70
o [HT = antilog. 5.70
o =" 5x10° 5 mol dm™2

Water neutralxty The term water neutrahty refers to the srcuatxon 1n pure water at
298 K. The pH of pure water is 7 i.e., a neutral aqueous solutlon at 298'K has a pH “of
7.

Acid solutions: Consider a solutlon containing 0.001 M. in HCl At this
concentration, HCl is considered to be completely dissociated and may be expressed

| HCl — H + 17
or ° HCl + Hb O —— H;O'+ ClI™
Therefore, the concentration of hydrogen ion is represented as’ {H*] =103 moldnfé

From this the pH of the solution is 3. ' CRE
Similarly it can be shown that all other acidic solutions have pkl less than'7..¢

Alkaline solutions: Although alkalmlty is associated with hydroxlde 1011 OH

aqueous solution always shows the relation.

In aqueous solutions at 298 K,

[H'[OH"] = 1x 10'}“}@15 dm~¢
~ log[H'] +log [OH"] : - Iogliiflilf‘ﬁ
or  —log[H'+{-log[OH ]} =  —log10~%
pH + pOH = _14.00
= 14

From this, it follows that'pH + pOH=14. Therefore pOH is always related to pH in
the same solution by the relation pH + pOH=14. For this reason, it is quite convenient
to state both acidity and alkalinity in terms of pH.
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| * Consider a soluition contairing 0. 001 M in NaOH: If the NaOH is completely -
dissociated, the concentratlon of hydromde 1on [OH ] = 10‘3 mol dm From this

the pOH is 3 and the pH = 14 —3= 11 for this solutiori. It can also be shown
that all other alkaline solutions have pH greater than 7. -
Basicity: - The basicity ofan acid may be defined as the number of H"’ jons that one
molecule of an acid can. prodﬁce The bas:clty of ah acid consequently may be
measured by the amount in moles of NaOH which wﬂl react with 1 mole of acid.

~ For example hydrochlonc acid.is said to be a monobasic acid or its basicity is
~one, because each molecule can glve only one H' ion and neutrahze one molecule of
NaOH. '

' HCl(aq) _— H+(aq) + CI (aq)

Sulphuric ac1d 1s dibasic or its ba51c1ty is two, smce each molecu]e can
prov1de two H" ions. : o
- H,SOxaq) —— 2H*(aq) + so 2= (aq)

ACIdlty The acidity of a base may be deﬁned as being equivalent to the number of
molecules of a monobasic acid; like HCl -which will neutralize one molecule of the
base, e.g., one molecule of NaOH neutralizes one molecule of HCI and therefore has
an acidity of one. Na;CO; neutrahzes two molecules of HCl and therefore has an
acidity-of two. : :

133 Strength of Ac:ds
It has been mentioned that a strong acid is one which’ readily loses a proton and is
completely ionized in- dilute aqueous solutions. A weak ‘acid: is one whmh loses a
proton with more difficulty and-is only slightly ionized., : :
The most common strong acids are the. three mmeral acids, hydrochlorlc
sulphuric and nitric acids. Hydrobromic acid and:perchloric acid are also strong acids.
Ethanoic, ethanedioic, tartaric, citric and otlier organic acids are weak acids.
The division between strong and weak. is. not. definite. Certain acids (like
sulphurous acid H,S03) which are moderately d1ssoc1ated in-aqueous solution, cannot
be classified definitely as. e1ther a strong or.a weak acid. . ' :

Method for comparing strenoth of acids
The formulation of acid-base theory in ‘terms of an equlhbrlum suggests a way of

measuring the strength of an acid. ‘
In aqueous solution of acid HA the equlhbrlum is wntten as:
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ST HA@Q + H© () == H0"(aq) + A(aq)

The equilibrium constant for this reaction is the dissociatior Eoristant for the acid, K,,
where | s "’ ' '
Ka = [H0'(9l[A (ag)]
- HAGYT |
~ - The water is not includéd in the équilibrium expression as it is in such great
excess that the concentration of water does not change significantly with changes in
the concentrations of other species, ' | ‘

The dissociation constant of a weak electrolyte is sometimes expressed on a
logarithmic scale, which for an acid isdenoted by the relation pKe=-log K, , and for a
base, by pKj, = -log Ky. The advantage of this scale is that the rather clumsy numbers
are converted to relatively simple ones.

For example, for ethanoicacid = K, =199 x 10~mol dm ™
logK, = 5.2989
= _5+0.2989
C o= 4701
PKe = —logKs = 4.7011 = 4.7

‘Some typical dissociation constants for acids are given in Table 13.1.

Table 13.1 Some dissociation constants of acids at 298 K

Acids Kq(mol din?) - - PKa
Hydrogensulphate ion 1.2x10°2 . 1.9
Chloroethanoic acid | 1.4x10-3 | 2.9
Methanoic acid - _‘ 1.8x 10~* ‘ 3.8

- Ethanoicacid - .~ ' 1.8x10°° | , 4.7
Hydrogen cyanide. S 4.8%I07 o 9.3

Small K, values (corresponding to large pK, values) indicate weak acids.
Similar terms for bases, K, and pKs may be used to give an indication of their
comparative strengths. . .. '
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134  Salt Hydrolysis.- - = e

Hydrolys:s (which means cleavage by water) is tradltlonally treated as a separate,

‘distinct phenomenon,’ ‘butit'is an aspect of acid-basé equilibrivm.” ,
The following-discussion will show: that salt- hydrolys1s is appreclable except

when the salt is derived from a strong acid and a strong base. There are four posszble

cases.
Salts are strong electro}ytes and can be conmdered completely dlssoelated in

aqueous solution, . T . : PR

Salt ofa strong acid and a strong base- T
Consider the solution of salt, sodium chloride whxch is denved from strong" acid,
hydrochloric acid.and the strong base, sodium hydroxide. It dissociates completely

into sodium ion (Na") and chloride ion (C1™) which may be represented as
.NaCl(ag) —> Na fag) + Cl7(aq)

and for water CHO(M) = OH" (aq) + H' (aq) |

Aqueous solution of NaCl contams four jons, Na*, CI, H and OI-I' The catmn of the salt,

Na*, is such a weak acld 1.hat it does not react apprecxably with water The anion of the salt,

.CI', is such a weak base that it does not react appreciably with water. Sodium chloride
solution is neutral because neither ion of such a salt reaets to disturb the equﬂibnum of water.

| Saltofaweakacldandastrongbase | --: [ PR
The salt, sodium ethanoate is taken as an example. Thls salt 1s obtamed from ethanoic
acid (a weak acid) and sodium hydroxide (a strong base) In.sodium ethanoate
solution, the equilibria are represented as : -

CH,COONa (aq) —— CHgCOO (aq) + - Na (aq)

H;0(1) =  H(ag +O0H (@)
The aqueous ethanoate (CHzCOO ™ (aq) ) ion reacts with HoO to form

ethanmc acid and hydroxide ion (OH™) as follows o

CH;COO (ag) + H,0() == CH;QOOH(aq) +OH"™ (aq)

Since sodfum hydrox:de is a strong base, it can tdlconsidered to be completely
dissociated into-sodium and hydroxide ions. The NaOH molecule does not exist as
such in.aqueous solution. Ethanoic -acid, being a.weak acid, it can . exist as
undissociated molecules in aqueous solution as shown above. The H” ions from water

are used up by CH;COO" ions to form undissociated CH;COOH. This disturbs the

240




equilibrium of water ((H'}[OH ~])=K~ leﬂ' “mol2dm at 298K) More water ionizes

to maintain K,, constant This produces more [OH ] whrch causes the solution to be

alkaline. A solution of a salt derived from a weak\acld and a strong base always
contains undlssocrated molecules of the weak acid and the resulting solution is
alkaline. e '

Salts of a strong acid and & ‘weak base

A salt, like ammonium chloride, is derived from the strong acrd hydrochloric
acid and the weak base, ammonium hydroxide. The equilibria in ammonium chloride
solution are represented as

. NHCl@ag) —— NH{(ag) + CI” (aq)
H,O0() == OH" (aq) + H"(aq)
NH, + HOp == NH.OH,, + Hg,
Ammonivin chloride (NH.C1), like, all other strong electrolytes, can be con-

s1dered as completely dissociated. As explained above, hydrochloric acid is a strong
acid, and in aqueous solution does not exist as HCl molecules. Ammonium hydroxrde

is a weak base so that the NH4OH molecules are formed by using OH ~ ions from

water.This disturbs the ionic equlhbnum of water((H'J[OH =K, =1kl 07'* mol? dm at

298 K.) To restore Ky, , water ionizes further. This produces more H" which causes
the solution to be acidic. A solution of salt from a strong acid and a weak base always
contains undrssocrated molecules of the base and the resultmg solution is acidic.

Salt of a weak acid and a weak base ‘
Ammonium ethanoate is obtained from a weak base, arnmomum hydrox1de and the
weak acid, ethanoxc ac1d The eqx.uhbrra in this type of solutlon are represented as

CHg.COONH4(aq) —’ CH;COO (aq) + NH (aq)
CH?,COO(.‘I) +H20(|) . : CH3COOH(,Q} +0H(.q)

NH,, . *+H0, = NHOH, . + Hg
Since the acld and base are both weak, undlssocxated molecules of both must
be formed by using H" and OH " ions derived ﬁ'om water ThIS dlsturbs the 1omc

equlhbrlum of wafer ([H’][OH‘]— Kw~1x10”“molz dmat 298 K). In. this partlcular
case both acid and base are equally weak (Ko = Ky =2 x 10~ ) So the H' and OH"

241



concentrations are mairitained at about equal ¢ concentratlons in the solution in sprtq of
the hydrolysis. Ammomum ethanoate is strongly hydrolysed m solutlon, but the '

solution remains almost neutral _
- In general, if the acid from which the salt i is obtamed is stronger than the base,

" the solution tends to be a01d1e or'vice versa.

13.5 Buffer Solution
A buffer solution is defined asa solutlon that remsts changes in pH as-a result of (1)
dliutlon (2) small addition of acids or bases

- The most effective buffer solution contains fairly. large and approxxmately
equal concentrations of a weak acid and its conjugate base. :

A typical buffer solutron for-acidic values of pH; (e.g, pH‘4‘ 7) contains a
weak acid and its sodium salt. A mlxture of ethanoic acid and sodium ethanoate is

commonly used.
The salt, sodium ethanoate, provrdes a Iarge reserve of ethanoate ion. The

weak a01d ‘ethanoic acrd, provides a large potentlal reserve of hydrogen ion, whlch
can be obtamed by i 1omzmg as required. ‘
Sodrum ethanoate belng a salt drssoc:lates into Na" (aq) and CHg,COO (aq)

CH3COONa(aq) ~—> CH3COO (aq) + Na (aq)

and ethanoic acid glves rise to the equ111br1um ‘ '
CHgCOOH(aq) ==- CH;COO~ (aq) +. H (aq)

Ifa small amount of strong acui is added to this ‘buffer solutton. the hydrogen
ions react with the base CH3COO to form undrssoc1ated ethanoxc acld ThlS
prevents a change in pH of the solution. ‘ '

| CH,CO0°, *H',, &= CH, COOH o

If a small amount of strong base hke NaOH is added the hydrox1de fons react
with the undlssoclated weak acid, to form the con_]ugate base CH3COO and
undissociated water. Change of pH is therefore res1sted '7

| CH,COOH,, + OH, — CHC00,+H0,

A buffer solunon of pH 7-11 can: be prepared wrth a weak base and its
con_]ugate acid. ' A mixture of ammomum “hydroxide - and ammonmm chlonde is

usually used. The salt prov1des a. large source of NH 1on, and abase potent1a1 source
of OB~ L .

thel ot
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NHCl(ag) — ~ NH? (aq)+ CI” (aq)

NH(OH(aq) == NH} (aq) + OH" (89)

If a small amount of strong base is added to the above solution, the OH "

will be used up by the formation of molecules of the weak base. :
OH™ (ag). + NHj (aq) == NHOH (aq)

If a small amount of strong acid is added to the above solution, the H' jon
will be used up by the OH™ ion from the base, which then ionizes to restore the
original situation almost exactly. . .

| H, +NHOH,, — NH. +H20(,) |
Example  Calculate the pH of a buffer solution containing 0.01 mol of ethanoic
acid (Ko = 1.8 x 10~ %) and 0.1 mol of sodium ethanoate per dm®, |

[cr,coon]= 2219 o 01m
[CH,COONa =2 0. 1m°1 =0.IM
Sodium ethanoate is completely dissociated.
CH3COONa (aq) —— CH3COO" (aq) + Na* (aq)
1 mol "1 mol | 1 mol °
0.1M - 01M . 0AM
[CH,COO0 ]=0.1M \ -
CH3;COOH (aq) === CH3COO" (aq) + H (g
Ka _ [CH,COO;, 1H%, ] P
: [CH,COOH(aq)]
| " [CH,COOH]

= Ka -3 - -
(] | . " [CH,CO07]

= 18x10°x 2%
[H'] = 18x10°M
pH = - -log[H"]

-log.(1.8 x 10

-log 1.8 —log 107

-0.2553¥ 6
5.7447 7

]

Other buffer soiutldns'may be prepared by using, citric acid and its sodium
salt, sodium carbonate dnd sodlum hydrogencarbonate, the two sodlum phosphates
Na;HPO, and NaH,PO;. P
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SUMJVIARY

“This chapter deals with acids, bases, and itheir neutralization. It covers the
understanding of  the dcvelopment of ac1d-base theory, acidity, alkalinity,
neutralization, pH , pOH . strength or ac_xds and bases , hydrolysis of salts and
buffer solution.. Exercises are given to solve the problems on pH and buffer solutions.

Questions and Problems o

L. When hydrogen chlonde gas is d:ssolved in water, an ethbrmm is
represented by ‘ _ - 3 _
HClg) +  HO00)  +—— H30+(aq) 4+ Clag)
1 - o m v

Using the Roman numerals shown below each formula, which of thése com-
binations represents to two bases? (a) [and III (b)Iand IV (c) Hand I (d) -
I and IV (¢) I and IV |
2. - Which of the following facts is true?
A weak acid is best described as
(a) adilute acid
(b) an acid that is harmless
(c¢) an acid that does not easily donate protons
~ (d) an acid that reacts with very few other substances
(e) an acid that easﬂy donates protons
3. What is meant by
(2) aneutral aqueous solution?
(b) pH of an aqueous solution?
(¢) neutralization in aqueous solution?
4, - Calculate the pH of the following solutions.
(2) 0.01 M HC1 (b) 0.001 M XOH
-(¢) an aqueous solution containing 7.3 g of HCI per dm?®
(d) an aqueous solution containing 4g of NaOH per dm® L
5. Calculate the hydrogen ion concentration of the solutlons havmg pH values of

(@ 55 (b) 7and(c) 8.7 : i
6. (a) Explain the terms "strong" and "weak" as apphed to acids.

.(b) What are the characteristic properties of an acld?k N
7. Describe one method by which the strength of two 4cids can be compared.
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10.
11,

12.

13.

14.

(2) What do you understand by the term hydrolysis?

(b) What are the properties of the solutions obtamed by dissolving the

. following salts in water?
(1) Sodium ethanoate (iif) Ammomum nitrate
(ii) Potassium chloride (iv) Ammonium methanoate

Some arhmonium chloride was dissolved in water and the solution had a pH
- of 5. Explain this result clearly.

Would the pH of a solution of sodium ethanoate be greater or less than 72
Give an explanation for this.
(a)  What is meant by a buffer solution?
(b) Mention appropriate buffer solutions for
(i) moderately acidic conditions (if) moderately alkaline conditions.
Caleulate the pH of a buffer solution containing 0.01 mo! . of methanoic acid
(PKs=3.8)and 0.1 mol of sodium methanoate per dm’.
Write TRUE or FALSE for each of the following. .
(a) A weak acid is formed by the addition of a large ;argQUht of water into a
streng acid. : :
(b} Strength of acid can be measured i in term of pKa L
(c) Acid defined by Arrhenius is more common than that of Bronsted and
Lowry. :
(d) All salts are neutral. :
Fill in the blanks with a suitable word or phrase or numencal value with unit
as necessary.

(a) The hydrogensulphate ion is still acidic because it has a replaceable .......
- (b) According to lew1s an acid is an acceptor of ..u.uvueeuneen. e |

(d) . Strength of an acid may be indicated by the value [ IR

15. Select the correct term or terms given in the brackets

- (a) Acids pKa
HSO, N
HCOCH - 38
HCN © 93

(HSO}, HCOOH, HCN) has the }nghest strength

(b) A base is an acceptor of (lone pair of electrons, protons, H ions, )

(c) The presence of lone pair electrons is the characteristic of (an acid, a base,
a salt).

. (d) The purity of water may be indicated by (conductivity, K, Kb)

(e) Water is (protophilic, protogenic, amphiprotic).
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16.°

Match each of the items glven in L1st A with the appropr1ate item in List B. :

o ," . ListA . ... . . .- ListB - |
() Acid by Arthenius - (1) ‘Neutral solution
(b) Acid-Base by Bronsted and Iowry (if) Anacid
" (¢) Acid- Base by lew13 . . (iiiy proton transfer
@ pH<7 .. - .. (iv) transfer of lone pair
: | - electrons .
() pH=7 (v) Hion

17.

18.

19,

Alongside the names of various chemicals are shown their respectxve pH
‘values in aqueous solutions. ,_ . R
Potassium hydromde ' ..pH-.13 '

Hydrogen bromide = . pH 2
Calcium hydroxide pH 11
Sodium chloride - pH 7
Hydrogen chlotide ©  "pH 2

* Magnesium hydroxide = pH 10
Ethanoic acid pH 4

Which of these substances 1s/are
‘(a) astrong acid? oo
(b) a weak acid?
(c) astrong atkali?

"+ (d) aweak alkali?

‘() aneutral substance?
In each case vmte a chermcal equation to show the moleculehons present in

solution.

Write a chemical equation to’ represent the neutrahsatmn of sulphurlc acid by
sodium hydroxide. Reduce this to the ionic equation. Account for any
difference you see between the ionic equatlon you have written and that
shown above for the reaction between hydrochloric acid and sodium

hydrexide.
Complete the word equations, and write balanced chermcal equatlons for the

following soluble salt preparations : : o
(a) calcium carbonate + hydrochloric acld —->‘? e
(b) zinc oxide - +_ hydrochloric acid - ;. ——7?

(c) potassium hydroxide + nitric acid s ‘.
Also write ionic equations for each of thé reactions.
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: CHAPTER 14
o | - ORGANIC CHEMISTRY

Organic chemistry, at one time, was defined as the -chemistry of carbon
compounds derived from living things, both animal and vegetable. In modern terms,
however organic chemistry is the chemistry of carbon compounds in which there is at
least one carbon to carbon bond or carbon to hydrogen bond. The elements carbofi
-and hydrogen combine to form an unlimited number of different compounds.. Further-
more, the elements oxygen, nitrogen, sulphur and the halogens form strong covalent
. bonds to carbon, making the number and variety of poss1ble organic compounds
_ almost limitless. Some idea of the work being done in the area of this subject may be

‘obtained from the fact that every year some 100,000 new organic compounds are
being discovered or prepared. _

The elements which are commonly part of organic compounds are all located
in the upper right corner of the periodic table. They are all non-metals and the bonds
- between atoms of this part of the periodic table are essentially covalent

The carbon atom has four valence electrons represented as C ..

In order to complete. its octet, this carbon atom must share a total of four
electron pairs. The bonding between carbon and “hydrogen m the SImplest organic
compound, methane, may be given as an cxample.

H
Cr + 4H — > HC.H

X e

H

In the case of carbon, the dnvmg force for the union with hydrogen is the
tendency to complete its octet and so acquire the stable electronic structure of neon.
With hydrogen, the tendency is to acqulre one more electron and so obtain the stable
electronic structure of helium.,

- In organic compounds, each carbon atom forms a total of four bonds with
other atoms. The total bond order of carbon i 18, therefore, four. The bond order of
hydrogen is one.
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Table 14.1 Bond orders in organic compounds

Element Symbol with Number df electrons Total bond
valence required to complete. ~ order(or
. electrons octet (or stable ~ .valence)
.  electronic structure)
Carb T oy — %
arbon N R _ 4
Hydrogen - - H' . B T
. ‘.. e L o 2
Oxygen 0o 2 '
Niti'ogeﬁ - 3 -3
N-
Sulphur 5. 2 2
Halogen e | R ' i
g K- | |
Phosphorus I.’ 3 ' 3

Example Write an electron dot structure for each of the following:
(2) CHa (G)NH; ~  (c)H0
The sharing of electrons in each of the molecules may be written as :

H H
@H*C H ) NIH () HIOMH
H H

14.1  Graphic or Structural Formulae S , .

We have learned in the above discussion that each pair of electron shared
between two atoms is equivalent to a bond order of one. Hence, in writing the
graphic or structural formula for a compound each shared electron pair is
represented by a line between the symbols of the elements.

The structural formulae for the compounds discussed in the preceding
example may then be written as follows: -
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l ’ I ' \ . /
H—(IJ —H :IlsT ~H

H - H
methane ammonia water

o |
The structure for methane is H—C,J —H
H

Each bond (represeﬁted by a line) linking the carbon to a hydrogen atom
consists of a pair of electrons. If we remove one hydrogen atom together with one -

of the bonding electrons from the methane molecule we would be left with H—-(f .

: H
or CHs* which is called a methy! radical.

The group of atoms comprising the methyl radical is referred to simply as a
methyl group (CH;—). It is obvious that the methyl group has a bond order or valence
of one. The methyl group is derived from methane. '

Other examples of derived groups are the following :

Molecule =+ - Structure Derived group Name of derived
, S group
ﬁ* i
Methane H_(ID —H or CH, H_c': — or CHs— - methyl
Ammoria .H_iﬁ_H or N H; H—If B e aniino
H NH—
H
I - e
water H-O. or H,0 H—O—or HO— -hydroxyt

f



Itis sometlmes*convement to cons:der orgamc molecules as bemg built up of

such derived groups.

Example: Write graphic formulae for the followmg (a) Ethane C2H5 ('b) Propane
CsHg (c) Ethanol C,He¢O (The ethanol molecule contains a hydroxyl group)
(d) Methanal or formaldehyde CH,O (e) Methanoic acid or formic acid CHz03.

Tn writing graphic formulae for organic compounds we must always remember that

carbon has a bond order or valence of four, -

@  H H . Ethane may be considered as consisting of .
S e .- two methyl groups linked together. Removal
H-C — ¢ —Hor CH3 ""CH3 “of one hydrogen atom from ethane would

ethane :
b 1|{ H. H
. |

H H H- orCls
propane
(c) H H

|
H_(f — ? — OH or CH; CH,~OH

H H or C,HsO
ethanol '
@ I‘|I
H—C = or HCHO
or CHO

methanal or formaldehyde

2507

I .
—CII — (IZ — (IJ'_—-H or CH3;-CH,—CH;

|
I—lI H or Cotlg  give CH3CHy- or CoHs— which is an ethyl

group.

|

Tﬁe linkage of an ethyl group

. witha methyl group would glve
' propane. ,

Ethanol consists of a hydroxyl
group which is linked to an -
ethyl group. :

Note that the valences.of
carbon, oxygen and hydrogen =
which are respectively 4, 2 and
1 are all satisfied.




(e) 0 O. . - Thisgraphic structure of
I ' Il methanoic acid satisfies the
H-C -O—-Hor H-C —OH valences of carbon, oxygen and'

or CHgOz S hydrogen. -

methanoic acld or forrmc acid

14.2  Alkanes

This class of compounds is sometimes referred to as the "saturated
hydrocarbons”. They are represented by the general formula CyHansz. The simplest
member is methane CHy, followed by ethane CH; CHs (or C;Hs) and propane
CH;.CH,.CH; (or C3Hy), to mention three of the lowest members. We may consider
ethane as being derived from methane. If one hydrogen atom from methane is
removed and a methyl group substitited in its pIace, the result is ethane.

ol +HC Hs)
CH,4 i~ CH;3— —————— (CH;-CH;

We may substitute any hydrogen atom in methane, CH4 with a methyl group
and still get ethane CH;3.CHs.

Propane may similarly be considered as derived frpm ethane by substituting a
hydrogen atom in it with a methyl group.

‘ H +CH,) |
cHrcl; —Ho cmem, — ¥y cH,CH,CH

The replacement of any hydrogen atom in ethane by a methyl group would
result in the same compound propane, CHsCH,CHs, -

Let us continue this process of substitution with propane and ¢xamine the
results we get. For convenience, we shall label the carbon atoms in propane with the
superscripts 1, 2 and 3.
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1 -2 3
CH3%:H2%H3 ——I-I—i CH3-CH2-CH2. -—i{—-—j—--) CHs-CHz-CHz-CH3

I
H .2 3 3) ‘3
: ‘CH3-CH-CH3 --—---——-—-——) CH3-CH -CH3
CH;

R | S

g b2 o3 HCHy) 1 ‘3.
—— CHz-CHz-CH3—-———-—-> C H3-CH2- CHz-CHg
Note that there is no d1fference between &:Hg-E:Hz-éHz- CH3 (I) '

1 2 3 '
and CH;- CH»-CH,-CH; (1II). 'I'hey represent one and the same compound Thxs
compound CH‘CH;CH;CH;; is cafled normal butane (n—butane) and

o203
the compound CHj-CH-CH; (II) is different form n—butane, and is, called 1so-butane

Hs

Normal butane and iso-butane both have the same molecular formula C4Hm ,

but they have different structural formulae and hence different propemes _
. Compounds havmg the same molecular formula but dlfferent structural
formulae have different physwal and chenucal propertles a.nd are sald to be
structura! isomers. The phenomenon is known as structural 1somerxsm '

Alkyl radicals or gronps SN
The radicals derived from alkanes are called a]kyl radicals. For mstance methyl CH3-
ethyl CH3;CHg-, propyl CH3CH,CHy- and butyl CH;CH,CH,CH;- radicals or groups
are derived from the corresponding alkanes by removal of an H atom and are called
alkyl radicals or groups.

Alkyl groups are represented generally as R—, where R = CuHone1- All alkyl

groups have a bond order or valence of one as mdtcated ‘oy the single horizontal line
following R.
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Nomenclature of alkane - _
Three different naming systems are currently in use.

The Trivial System : In the Trivial system, the alkanes are simply called by the
names which have become established through common usage. For instance, methane,
ethane, propane and butane are the trivial names for alkanes with 1,2,3 and 4 carbon
atoms respectively. .

Alkanes as derivatives of methane: This system uses the trivial system partly and
considers the alkanes as alkyl substituted methane.

It is interesting to make a companson of the two nammg systems so far
dlscussed

The Trivial System Naming as derivative of
o o me_thapq _ o

According to the Trivial o

System, this compoundis ~ CHj

called iso-butane. The . !> CH- CH;

preﬁx iso-is used CH;

whenever the group '

CH; : " " (CH3)CHCH; - According to the system of
. > CH-or (CH3)s CH- -~ * " " naming alkaries as derivat-

CH; - - o or | ives of metharie, this

is present © 7 (CH3)CH - . compound is called

' trimethyl'methane. The
name is obvious if we

There are four carbon ) ' note that three hydrogen
atoms in the molecule, = - ~©- . atoms in CHy are replaced
hence, the name iso-butane, "~~~ by three‘methyl groups to

give thls COmpound

Both these systems héve only limited applicability and use. They break down
when alkanes with comphcated structures have to be named. o
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TUPAC (International Union of Pure and Applied Chiemistry) System or Geneva
System: In this system, the structure of the alkane to be named must first, be
examined to determine the longest carbon chain,
1. The number of carbon atoms in the longest chain determines the name of the
_parent alkane ‘
.CH3 S CHZCH;;
| |

CH; —CH— CH, —CH - CH,~CHj;
- 1 2 3 4 5 .6

6 5 4 3 ._2' 1<—"

The alkane shown above has six carbon atoms in the Iongest cham The Jparent
hydrocarbon is, therefore, hexane.
2. In the next step, each carbon atom in the selected long chain must be
numbered with consecutive numbers starting with 1; The end of the chain to. be
numbered 1 must be that end nearer to those carbon atoms which have substltuted
groups or substitutents. o o

In the given example, if we number the 1ongest cham from left to mght the-
methyl substituents fall on carbons numbered 2 and 4. If the chain is numbered from
right to left, the same methy] substituents fall on Garbens numbered 3 and 5. We must
therefore number this particular carbon chain from left to right since 2 and 4 are
smaller numbers than 3 and 3. '
3. The alkane can now be named by wntlng for each :substituent: the number of
the carbon atom carrying the substituent, the name of the substituent and ﬁnally the
name of the parent hydrocarbon.

The compound given as an example then takes the name 2-methyl-4-ethyl
hexane.
The compounds given below are named according to the IUPAC or Geneva System.
Examine the structures and the names to familiarize yourself with this system.

2,3-dimethyl pentane

H; (The longest carbon chain has five
CH3;—CH--CH—CH,—CH3 atoms. We do not say 2-methyl-3-methyl
Hy =~ : pentane. Instead of repeating methyl -

twice, we mention their positions, 2 and
3, and write di-to indicate the presence
of two methyl groups as substituents.)
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CH;
CH; —C — CH == CH;CH,CH; 2,2,3-trimethyl hexane.
H; CH; . ‘
CH; S
CH; — (P — (;H — CH,;CH,CH2CHz  2,2-dimethyl-3-ethyl heptane.
CH; CH, CH3

Preparation of alkanes
Laboratory method of preparation
In the laboratory, alkanes are prepared by hieating the sodium salt of a carboxylic acid
with soda-lime. Soda-lime is a mixture of calcium oxide (lime) and sodium hydroxide.
CH;COONa+ NaOH  —~—— CH; + NayCO;
-sodium soda-lime . methane
: ethanoate :
The reaction is generally apphcable for the preparatmn of other alkanes.

CH3CH2COONEI. +NaOH 5 CH3CH; + Na2003
sodium propanoate ' ethane

R-COONa + NaOH —> R-H + Na,CO,
or : o : A )
(CnHan)COONa + NaOH —— C Hanea + NayCOj

Other 'methods of preparation :
Of the many other reactions which may be uséd for the preparatlon of alkanes, only
two methods will be mentioned. ‘ - .

1. Reduction of alkyl halides

@ CH,CH,I  + . HI —— CHCH; + I
ethyl iodide :hy{drc?"gen ethane:
LR iodide : -
. RI. .+ HI —> R-H+ I
Calkyliodide - alkane -
N " Pd :
by CH;l + H, -'—"*')A__.CH4+ HI
methyl iodide " methane
- ' Pd
R-X +H, — R-H+ HX
. alkyl halidle - = alkane.

The reduction of alkyl halides with molecular hydrogen takes place in the:
presence of catalysts like platinum, Pt; and palladium, Pd.
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2. Reduction ot atkenes.

. ,s;,;_‘;'};‘f_\.‘ . Ni, 3000@;‘-_‘; s | o .
ethene orethylene - * w0 ethane
: "Ni, 300°C" '
CHCH = CH, . Hy W eem—— CH;CH,CH; -
ptopene or propylene \ . ©° propane
Pnpmiuohhmms |
Under ordinary conditions, the alkanes are nnreacnve towards acid, alkahs, oxxdlzmg
yeagenis and redueing reagents.

The normaal alkanes from C; to Ci (ie, fmm methate 10 butane) are
colourless gases, Cs to Cyy are colowrdess liquids and from Cyg onwards they are solids.
The boiling points rise faiy regulady with increasing nusaber of carbon atoms. Other
physical properties such as melting point, viscosity, refractive index also increase in
the same way. _

Ohernical propexiics :
As mientioned above, the allkanes are rera‘tweiy inert towards other chemical reagents.

The tost nmpbmm chemical reactions of these saturated hydrocatbons, as the
allkanes are called, fs fheir reaction by substitation. When methane is mixed with
chilotive in dithised sunlight the following Stepwise reactions oeur, where one
chilotine atom feplaces one hydrogen atom in ¢ach step.

CHy v gy (sd CHC + HCl

whethane mﬂ@t maethyl chlotide -
cmel o+ o, IR CHCl, — + HO
SOt o tytene chiotide
CHO, %+ O o s CHOs 4 HCI
@.‘_‘ﬂfﬁm ehilorofottn
CHOL, + O O OCl4 + Ol

SR rbon tetradilotide

These reactions are iown o Shlotiniion memrzm@nha‘r allteines dlso umdeigo Shlori-
maffion with chlotite Chilorimition mary be biought about by light, et or camlysts.
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Homologous series S . _ S . :
A series of compounds like the alkanes in which each member differs from the
preceding or succeeding one b){'a CH; group is known as a homologous series. Each/
member of the series is known as a homologue. The members of a homologous series
behave in a particular way and many properties are common to all members. Hence
generalizations may be made regarding the properties of the members of a
homologous series. The homologues may also be prepared by methods commen ta all.
They are also represented by a general formula.

Molecular ~ Melting ~ -Boiling  Density

Name formula point °C point°C : gem™?
Methane CH,  -183 182 gas
Ethane  CyHg 172 89 gas

~ Propane  C3;H; - 188 42 . gas
Butane CHo  -135 -1 ' gas
Pentane CsHp  -130 36  0.626

" Hexane  CeHy 95 69 0.659
 Heptane.  CyHg 91 . 98 . 0.684 -
Octane  CsHig . -57 . 126 0703
'Nonane  CoHy 54 151 0718

Decane  CioHa, 30 174 - 0730

14.3 Alkenes ‘ R :

The alkenes of olefins, as they are often called, are another. series of homologous
hydro-carbons having the general formula CyHazq, where n is a number equal to or
greaterthan2. . - R o :
Alkene molecules contain a double bond each, commonly called ethylenic bonds:

Nomenclature of alkenes T

Three different methods may be used for naming the.alkenes. o

The Trivial System: In this naming system, the name of the alkene is derived from
the corresponding alkane by changing the suffix ~ane of the alkane to -ylene, The
first member of this series CH;=CH, which corresponds fo ethane become ethylene. )
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Following this nammg system, CsHs or CH;CH = CH: is named propylene.
C4Hs ¢orresponding to the alkane; butahe should then be named butylene There are,

however three structurally 1somenc butylenes g e |
e el 'CH:J;"'-' LN

| JCH;"’C_H; = "‘(._:Hzl; ,cH;CH:ch‘_',c'H;afr‘;d o Ne= CH;
. CI—I3/

The positions of the double bond in the first two butylenes are mdlcated by using the
Greek letters &, B, etc., or by using the numbers 1, 2 efc.
CH;CH.CH = CHz then becomes ¢ butylene orl -butylene e
CH3CH=CH.CH; then becomes B butylene or 2-butylene .
The other butylene is named 1so-buty1ene

Nammg as derivative of ethylene There are four hydrogcn atoms in ethylene.
Other alkenes may be considered as alkyl substltuted ethylenes

CH;CH=CH, - methyl ethylene , ._
CH3CH= CHCHQ‘ symmetncal or s-dnnethyl ethylene

The IUPAC or Geneva System: In this system, alkanes are named after the alkanes
with the same number of carbon atoms, the suffix -ane of the alkane being replaced
by ~ene. The first member of the series CHz-CHz Wthh corresponds to ethane is
named ethene, g aal L

CH:CH = CH; isnamed propene

CH;CH,CH = CH; 1-butene

CH;CH = CHCH3;  2-butene

* For nammg structurally more comphcated molecules the followmg IUPAC
rules must be observed. : : ARSI T
1. The longest chain in the molecule contammg the double bond.is selected as-
representing the parent compound and the alkene is named as a derivative of
this compound. -
2. The carbon atoms in the long chain are given consecutlve numbers. starting
from the end nearest to the ‘double bond. The posmon of the double bond is
o then defined using the smaller of the two numbers whlch represent the two
" double bonded carbon atoms. o
3. Side c¢hains and substituents are mcluded in the name after properly mdlcatmg
the number of the carbon atoms to which they are lmked
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Example | A
'(FH3 RN

CH3-CH;-C = CHCH; = 3-methyl -2-pentene’
Gl

7 65 4 32 1

- CH;- G - CHy- CH- CH,CH=CH, 4,6,6-trimethyl 1-heptene . .

Preparation of alkenes

1. Dehydration of alcohols ‘

Ethene may be prepared by the dehydratlon of ethanol. Two methods may bé used
for this dehydration.

(a)  Heating with concentrated. sulphunc ac1d at 160 °C :

When ethanol is heated with concentrated sulphiuric acid at 160 °C ethene is formed
The reaction which results in the loss of the elements.of water occurs by two stages.

' . 100 °C .
CH;CH,OH +  HyS504 ——) CH30H2304H A - H,O -
ethanol. - : . ethyl hydrogensulphate
CHyCHySOH- 160°C  CH=CH, . + S0
ethyl hydrogensulphate — etherie. - :

Sulphuric acid is regenerated at the end of the dehydratlon reaction.
The net reaction may be summarized as follows: : '

- HaSO4(conc) T
- CHaCH,OH “"_o> CH,=CH, + H,O
ethanol 160 °C L ethene ' :

According to this understanding of the reaction, since the sulphuric acid is
regenerated in the reaction mixture, we should be able to use the sulphuric acid over
and over again and obtain ethene indefinitely so long as.we go on addmg ethanol.
However, the hygroscopic sulphunc acid traps the water produced in the reaction and
is diluted by it. At the same time, sulphuric acid, being an oxidizing acid, is reduced
to sulphur dioxide by part of the alcohol. In this way, a stage is reached when the
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sulphuric acid is no longer strong enough to generate ethene,; ’

Syrupy phosphoric acid (metaphosphoric acid, HPOg) may be used mstead of
sulphuric acid. Since this acid is not hygroscopic and i 1s not an oxidizing agent 1t may
be used over and over again for dehydrating ethanol.

* Other-alcohols are also similarly Jehydrated.

H,S0y4, 160 °C S
CH;CH.CH,OH — - CH:CH=CH; . + H0
- ppropylalechol =~ or . . propene = .
| (or) propylene
‘H3S804,160°C . - _ ‘
RCH2CH,0H — 3 .. RCH=CH; - +  HO
" alcohol . alkene . ... .
(b) Passmg the vapours of the alcohol over alumma, Al2Os, heated at 350°C
A1205,350°C o
‘ ) CH3CH20H ——y CH,=CHy '+ : ~Hy0
“ethanol o o ethene st o
‘ Al,03,350°C - . (or)ethylene . s
RCH,CH,0H et iy RCH=CH, + ‘HyO -

alcohol . | alkene
2. Dehydrohalogenation of alkyl halides 1 e
The term dehydrohalogenation is used When a halogen atom and a hydrogen atom on
an adjacent carbon of the same molecule are simultaneously removed as hydrogen

halide.
" 'When ethyl chloride is heated w1th an alcohohc solutmn of potassmm hydrox-

ide on a water bath, ethene is formed.

CHaCH,Cl + B..OH - eree—3 - CHa=CHz. -+ - KCl -+ H;0
. A
ethyl chloride © o cethene

Similarly, the dehydrohalogenatton of n-propyl chloride or 1so—propy1 chlonde
results in the formatlon of propene. ‘ e

CchHQCHzCI + KOI—I —-—~—————-—a> CHgCH CH; KCI + HO

n-propyl chlorlde e A_ RPN _propene .
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CH; — CH— CH-> ' o . o
~ n-propyl'chloride ' :

' : .~ ethanol ' ' S
CH;CHCICH; + KOH ~——— CH;CH=CH: + KCl + HzO :
iso-praopyl chloride , A Pr opene :

1 |
CH;:—CH — CH;
o iso -propyl chloride
Generally, : o
. ethanol : ‘
RCH,CH, X + KOH ———5 RCH=CH, + KX + H,0
n-alkyl chloride A * alkene
. _ ethanol :
RCHXCH; + KOH —— 5  RCH=CH, - KX+ H0
sec-alkyl chloride A . alkene ’
(secondary alky! chloride) ' ‘
Properties of alkenes
Physical properties

The members containing two to four carbon atoms are gases; those containing
five to fifteen are liquids; alkenes containing more than sixteen carbon atoms are
solids at room temperature. They are all lighter than water in which they are
insoluble. They burn in air with a luminous, smoky flame,

Chentical properties .

Ethene, CH; = CH,, under proper reaction conditions can add on one
moleeule {or two atoms) of hydrogen to form ethane. This reaction shows the
unsaturated character of ethere which accomodates the addition of two atoms of
hydrogen to become saturated as ethane. This unsaturated nature of ethene and ‘other
alkenes s shown in the reactions of alkenes. :

/Addition reactions | )
- L Addition ofhydrogen (Hydrogenation) - |
PtorPd catallystin finely
=0t + M — . s CHCH
witiche - divided form reom ftemp | ‘ @tham@
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Although platinum and palladium metals in ﬁnely dmded form catalyse the
addmon of hydrogen to ethénearid other alkenes at"rddm femperature, higher
temperatures are required when nickel is used as the hydrogenatmg catalyst

Pt or Pd catalyst in firiely -
RCH=CH, + H; e SEE RCH,CH,
calkene <o ~divided form Room temp 2. alkane;. -
T Ni catalyst
RCH=CH, + Hy — RCH,CH;
alkene 200-300°C .. . alkane
2. Addition of chlorine and bromine | S

The addition of halogen to alkenes can take place in’ the dark, but is accelerated by
light. This reaction also takes place readily in the liquid phase or in a solvent such as
petrol or ethanol and is catalysed in solution by} hahde ions.- "
- cr. gl
CH,=CH, + Cl —— CH,—CH, or CHCLCHCl
L o ethylene chloride or eth_ene dichlori'de' :
B B s

CH,=CH, + Brn, —— CH-CHy or - CHgBrCHBr Co

ethene

_ethene  reddish ethylene bromide

R brown - - o (or) ethene ‘dibromide

s R I 7 colourless ‘
RCH =CH; '+ X,  ~—> RCHXCHX

alkene (X=CLB) =~ = alkene dihalide

3. Addition of hydrogen halides or halogen acids
The conditions for the addltlon are snmlar to those for halogens o

1 EERE

(symmetrical) (unsymmetrical) e ' eth)'/l halide - -~
(X=0al Br,I) o (only one product formed) -
CH; CH%CH; 4. HX __+ CHsCHX.CH; + - CHiCH,CH,X
: } Lo " : - : ; I H
iso-propyl halide
(unsymmetrlcal) (unsymmetrlcal) major product - propyl halide
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Note' that the halogen atom X is mcre nega‘pve than H.

- Although both products I and II are formed, 1 is usually produced in larger
proportion than ‘II. This reaction and similar .ones, provide the basis for
Markowmkoff's rule wh1ch may be stated as follows ;

When an. unsymmetncal addendum (HX) adds on to
an unsymmetrlcal alkene, two products are possible;
‘but that product where the negative part of the
addendum adds on to the carbon with the least
-number of hydrogen atoms is the major product. :
4.©  Formation of ozonide and ozonolysis '

When a stream of ozonized oxygen is passed into a solutlon of alkene in glamal
ethanoic acid (acetic acid) or chloroform, addition of ozone to alkene takes place with

formation of alkene ozonide. .
. - chloroform . /SN
"CHy=CHz . + 03 . T '(I:HZ - CHy.
e i o0 b
ethene ozonide -

This ozonide is readily decomposed by water. _ : ,
O | o . H

CHz‘ / CHz +  HO Zg;i 2H-C=0 +H0,
0 b 0 : - (ox) 2HCHO '
oo ) ‘ methanal
ethene ozonide N (formaidehyde)

The complete process of prepanng the ozonide and decomposmg it is called
ozonolysis. A Lo '

In practice, the ozomde is treated with water and zinc dust in the presence of
traces of silver and hydroquinone. The function of zinc dust and hydroquinone is to
destroy the hydrogen peroxide and prevent further ox1dat10n of the aldehyde

methanal. L .

5. Hydroxylation of alkenes | - :

When ethene is passed into cold dilute potassmm permanganate solutlon ethene

glycol is formed. = - .
dil KMnOy4

CH,=CH, + H0 + , — CHy
2 _ 2 2 0] {violet) (?Hz ?Hz
- OH OH

ethene nascent oxygen ethene glycol .
(colourless)
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In the process the colour of dilute (1%) KMnOj is discharged. : .~~~

* The useful reactions for qualitative identification of alkeres are the following.
‘(a)-' Decolourization of bromine solution: If an aikene‘is ‘shaken with or passed
into a 1% solution of Br, in carbon tetrachloride, CCly, the bromine' colour is
discharged. - L o )
(b)  Decolourization of 1% KMnO4 solution: The violet colour of aqueous 1%
KMnO; solution is discharged by passing the vapours of an alkene into it.
Uses of ethene and alkenes S ‘ ' :
Ethene is used for ripening fruit. Unripe fruit on exposure to ethene gas for a few
days ripens just like the natural ripened fruit. Ethene- is used industrially in the.
manufacture of chemical solvents and intermediates and also in the manufacture of
plastics. ‘ ' ‘ '

14.4 Alkynes _ |

The alkynes, or acetylenes, are yet another class of unsaturated hydrocarbons. They
contain" one triple or acetylenic bond. The general formula for this homologous series
is CpHaq.2, where n is a number equal to or greater than 2.

Nomenclature of alkynes

The first member of the series is known as acetylene or ethyne.

The Trivial System: In this naming system, the higher homologues are named as
derivatives of acetylene. - '

'CHsC =CH methyl acetyléne .
CH;C = CCH; dimethyl acetylene
CH;C = CCH;CH; - .methy] ethyl acetylene

The IUPAC or Geneva System : The alkynes are named after the alkane having the
same riumber of carbon atoms. The suffix -ane of the alkane is replaced by -yne. The
rules for numbering are the same as for the alkenes. - ‘ ' :

CH =-CH -+ ethyne
CH;C = C.CH; 2-butyne
e

[ : ! .
"CH;-C -CH; *C =°C -2CH; 'CH;  6,6-dimethyl 3-heptyne
I o i N ’
m | | |
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Preparation of alkynes::. UM TR :
1. . Calcium carbide isitreated with water to 11berate ethyne

CaC,  + 2H 0 - ——  CaOHy - "+  CH=CH
calcium oo . ethyneor
carbide . acetylene

The calcium carblde reqmred for this reaction is mdustnally prepared by
heating ca1c1um oxide Wlth coke in an electric ﬁlrnace

S N electrxc . - L
0 o+ 3¢ el o+ co
calcium - coke  fumace - calcium’ -~ carbon
oxide - _ carbxde monomde

2. . By the dehydrohalogenatlon of ethene. dlbromlde or ethyhdene chlonde

ethanol T N
_ CHBrCHBr  + 2KOH — CH=CH -+ 2KBr + 2H0
ethene dibromide - . . ethyne (or) e
© acetylene . .

H_C C_H | R R

".ethaﬁel R
CH:CHCl, + 2KOH - ~—>. CH=CH +. 2KC1 + 2H,0

-4 . ethyne (or -

ethylidene chloride ac:trjlrle(ne)

| i
H_(ijf?_H A 5

Properties of alkynes T ‘
Owing to the presence of the tnple bond the alkynes are also unsaturated In fact they
are more unsaturated-than, the- aIkenes as will be ev1dent from the adchtlon reactions,
‘we shall study o
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Addition reactions : S i
1. Addmon of hydrogn . . | L
C L Pftor Pd
‘ CH-— CH + Hy — 5 CHp= CHz
" ethyne , ethene ..
o PtorPd

CH;= CHt+ Hz T CH3CH3 B
ethene N ethane ) 5
The reaction proceeds in two distinct stages It is p0551b1e to control the |
reaction and stop it after the first stage of " hydrogenauon" as the addition reactlon of
hydrogen is known. Generally, it can be shown as follows o

RCHzC CH —-———9 RCH20H~CH2 —_— RCH,CH,CH3
.. -PtorPd - - . PtorPd .
uallcyne ‘ alkene R R ‘alkan' e

2.. . Addition of halogens .

Ethync adds on chiorine and bromine in the dark to form acetylene “di- ‘and

tetrahalides. The direct combmatlon between ethyne and chlorine can- be exploswe

This is prevented by the presence of a catalyst. ‘
The addition is catalysed by light and the metallic halides.

CH=CH + Cl;, —— CHCI=CHCL
ethyne ethyne dichloride

CHCl=CHCl +Cl; ——> CHCL.CHCL
With aqueous bromine, ethyne tetrachloride
CH'Z CH + Bry(ag) ——> CHBr=CHBr
. ethyne - -+ ¢thyne dibromide
With liquid bromine, in the absence of solvent.
' Bra(D) Bra ()
. CH=CH -—— CHBr=CHBr—— CHBr,CHBr2 S
: ethyne ethyne dibromide ethyne tetrabromide . - .
Iodine adds on with difficulty S
. ethanol
CH=CH + I, — CHI=CHI
ethyne © ethyne diiodide
3. Addition ‘of the hydrogen halide or halogen acids, HX. :
The order of the Teadiness with which these hydrogen hahdes add onis
HI>HBr>HCI>HF. ST
' The addition takes place in the dark but is catalysed by light and metalhc
halides. : ‘ ;
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CH = CH + HBr ~——3 CHy =CHBr

ethyne _ vinyl bromide
Vinyl promide, being still unsaturated adds on another mqlecule of HBr.
CH, = CHBr+HBr ~ ——> CH;.CHBr, |
unsymme- ~ unsymme- ethylidene bromide
trical . trical

Note that the addition is in accordance thh Markownikoff's rule.

4. Addition of the elements of water .
When acetylene is passed mto dilute sulphuric acid contalmng mercury an sulphate,
at 60°C, the following reaction occurs.

. Hz804, 60 °C 9
CH=CH + H;0 : , [CH=CH-OH] — CH;—C-H
_ Hg" " . ~ (or) CH,CHO
ethyne : S vinyl alcohol : ethanal
: : ' ' (unstable) (acetal—
- dehyde)

5. .  Substitution reactions

Formation of nietallic acetylides

When acetylene is passed over heated sodium, one or both hydrogen atoms may be
replaced or substituted by sodium to form monoband di- sodium acetyhdes

CH = CH + Na —_— CH=C-Na ""I.' B %Hz
Acetylene or | monosodium
‘ethyne - ~ acetylide
CH = CNa + Na @ — NaC = CNa + %Hz |
~ disodium o
_ acetyhde ;

.The H atoms in ethyne wh1ch are replaeed by metals are, therefore, acldm
Similar replacements with Cu or Ag give the acetyhdes of these metals.

When ethyne is passed into an ammoniacal solution of copper (T) chlonde or -
silver oxide, the corresponding metallic acetylides are précipitated.
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2ZHC=CH '+ CuCl, #'2NH; —  2HC'E'C-Culd  + . 2NH,CI

acetylene V.o . monocopper(]) acetylide
: o o (redppt) |
2HC=C-Cu’ + CwCh '+ 2NH; -5 2CuC=C Cul % -2NHCI
monocopper (1) B ST A dicopper(l) acetylide_ -
acetylide T N - [(tedppt)
2HC= CH + AgO + NH, —— 2HC =CAg | +NH, OH
acetylene o " monosilver acetylide
(whlte ppt)
HCOS CAg + Ag0 + NH, —— AgC =CAg | +NHOH
‘monositver acetyhde S - disilver acetyhde o
' - (whiteppt)

CHgC CH still contains a hydrogen atom on 1 the mple bonded carbon and wﬂl form
metalhc acetylxdes ‘ -

2CH3C CH '+ Cu2C12 + 2NH; — 2CH3C CCu»L + 2NH,CI

" methyl ’ : copper(I)methyl acetylide
. acetylene . (red ppt.)
XHC=CH + AgO + NH; — 32CHC= CAgl . .+ NHOH -
methyl silver. methyl acetyhde
acetylene . o o (white ppt.) .

CH;C = CCHg contams no hydrogen on the triple bonded carbon and Wlll not
form metalhc acetyhdes

Uses of ethyne
The most important use of ethyne is as one of the gases in the oxy-acetylene ﬂame

Ethyne is also an important startmg material i in the manufacture of plasucs

14.5 The alcohols

The alcohols may be con31dered as denvatwes of alkanes. The replacement of one
hydrogen atom in an alkane by a hydroxyl (-OH) group gives the corresponding
alcohol.:They fort a homologous series havmg the general formula CnH2n+2O where
nlsanumberequal to orgreaterthanl B TN T IR S AT
Nomenclature o B L Y N L PR L SR S Tt e

. The first member of the series”is- methanol CH;OH called vanously ‘as- methyl
alcohol of wood spirit. The next member, corresponding to ethane is called ethanol,
ethyl alcohol or simply alcohol.Since you are by now familiar with the naming
systems for the hydrocarbons, you should have no difficulty in understanding the
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way the alcohols in Table 14.2 are named. Note that the suffix -ane in alk;ine’ is
simply replaced by -ol in/the IUPAC system. ‘ s

Table 14.2 Naming 6f dl¢ohols

‘ _ . Name acc;;rding o -
Formula Sm@ture o Common name TUPAC system
CH/O CH;OQH * wood spirit, methyl alcohol methanol '
CH¢O CH;CH,OH | rectified spirit, ethyl alcohol ethanol -
- or simply alcohol N .
CsHO  CH;CH, CHOH n-propyl alcohol propan-1-ol or 1-propanol
: CH3;CHOHCH; iso-propyl alcohol propan - 2 - ol or2-propanol
CsH;0 CH;CH,CH,CH,OH n-butyl alcohol * butan -1 -ol or I-butanol
CH;CH,CHOHCH;  secondary butyl alcohol ~ butan-2-ol or 2-butanol
| CH3\ - or(sec-butyl alcohol) 2-methyl propan-1 -of
_~CHCH;OH iso-butyl alcohol
CH;
(IlHa ’ _ *2-methyl propan-2 -ol
CHy— C—OH tertiary butyl alcohol :
(’3H3 or (ter-butyl alcohol)

Ethanol or ethyl alcohol is one of the most important alcohols.

Preparation of alcohols
By the hydrolysis of alkyl halides

CH;CH,Cl+NaOH —— CH;CH,OH + NaCl .
ethyl chloride ethanol -

The ethyl chloride is heated under reflux with an aqueous solution of sodium or
potassium hydroxide. Similarly,

RCH X + NaOH —> RCH,O0H + NaX

alkyl halide alcohol A o

This reaction may be extended and alkyl hydrogensulphate used instead of
alkyl halides. Here simple reflux with water is sufficient to effect hydfolysis.

CH;CH,S0OH + H, 0O —— CHiCH,0H + H2804

ethyl hydrogensulphate ' ethanol :

Ethene may be used as the starting point for the preparation of ethanol. _
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‘Manufacture of ethanol from petroleum refinery products - .

Hydrocarbons of very hlgh molecular weight are heated to 520. °C under 12 atm
pressure when they break down to give alkanes in the range of CsHu to CsHao which
may be usedas petrol. At the same time, ethene is produced as a gaseous by-product
This gas is passed into su]phunc acid when ethyl hydrogensulphate and diethyl
sulphate are formed.

CH,=CH;+ HSOs ——-——> CH;CH,SOH

- ethene - S " ethyl hydrogensulphate -

CH, = CHy + CH:CHSOH —>  (CH3CH,):804

. ethene ethyl hydrogensulphate dtethyl sulphate R
If these products are diluted w1th water, hydroly51s takes pIace to gtve ethanol

CH3CH2504H -+ H20 "'_"'} CH3CH20H + H2304

" ethyl hydrogensulphate R ethanol
© (CHsCHp),SOs + 2H20 —-——-> ZCchHgoI-I + sto4
diethyl sulphate : ' “ethanol '

- The ethanol formed is fractlona"ily distilled. Ethanol is commonly k:nown as
ethyl alcohol.

Manufacture of ethanol by fermentatlon . -
Starch is used as the raw material for the preparation of ethanol 1ndustr1ally Potatoes,
maize, rice and other starchy cereals may be used in the process.

The major steps in this manufacturing process may be summarized as- follows:
(a) Starch is pressure-cooked to release the starch granules. The cooked starch is
cooled and then treated with freshly germinated barley which is called malt for 1 hour
at 60 °C. Malt contains the enzyme diastase. Starch so treated, breaks down into a
sugar called maltose _ L C -

diastase, JEVE

(CsHioOs)n  + EZEHZQ_ RN __""_’E‘CiléHz:On o

starch L . maltose
(b). - Yeast is added to the maltose at room temperature when an enzyme, maltase
present in 1t, catalyses its breakdown into glucose. : :
' yeast | ' -
Clezz_On- Lot H20 (maltase) - - 2 CeH1206
maltose ' glucose
In the next step, another enzyme, Zymase, present in yeast catalyses the
decomposition of glucose to ethanol '
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C5H1I005 T%;—a::e? 2”H3C‘H"20H + 2CO§T

glucose - ethanol '

The product contains: about 11 % ethanol. It is: fractxonally distilled to yield
the rectified spirit of commerce which contains about 95 % ethanol.

Cane sugar and fruit juices contain the sugar, sucrose, C2H»nOy and glucose,
CsH1204 respectively. They may be used to manufacture ethanol. To do- so, the
manufacturing process follows the outline in paragraph (b) above. -
Properties of alcohols -

Physical properties o _ ' L ,

Alcohols from methanol, CH30H to-  butanol, CH3CH,CH,CH,0H, are mobile
liquids : those from CsH;,OH to Cy;Hz;0H are oily liquids; above CjpHys0OH they are
usually solids. The first two members methanol and ethanol are miscible with water
in any proportion. The most toxic member is methanol, '

Chemical properties
1. Reactions of the hydroxyl group _
Since the hydroxyl group (-OH) is common to all alcohols; most. of the common
reactions of all alcohols are due to the reactions of this group.
(a) Reaction with metallic sodium
When a piece of sodium is added to ethanol reactlon oceurs at room femperature,
liberating hydrogen. ‘

CH3;CH,OH + Na —— CH;CH,ONa + ', H;

ethanol _ sodlum ethoxide

Methanol and most of the 11qu1d alcohols also behave s1m11ar1y
(b)  Reaction with PC],
PCl;s reacts with ethanol at room temperature liberating HCI gas, and CH,CH Cl gas
CH;CH,0H + PCls —— CH;CH,CIH P0013 + HCIT
ethanol* -~ - ethyl chloride - : o
Methanol and the other liquid mobile alcohols also behave similarty. -
(©) Reaction with sulphuric acid
When ethanol is heated with an excess of concentrated sulphunc acid at 160 °C,
ethene is the product (see alkenes).
With a smaller proportion of concentrated sulphuric acid, dl—ethyl ether is

formed when the reaction temperature is kept at 140 °C.
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19S5 @HsCHSOH + H;0

CH:CH,OH + H)S804

ethanol . gthyl hydrogensulphate

140°C e e
CH3CH,|SOH] + CH3CH2dg-_Il 0T s CHEH,0CHCH, + HySO4
ethyl hydrogensulphate di}e_tbyl ether

(d) © Formation of esters _ L ‘
Sulphuric acid and the halogen acids (HI, HBr and HCI) are inorganic acids. They
react with alcoho! to form alkyl hydrogensulphate and the alkyl hahdes These
derivatives are called inorganic esters.
CH;CH,OH + HI —_— CHgCHgI + Hzo
ethanol (concentrated . ethyliodide
‘acidorgas) (morganlc ester)

. ,'-“-' .

" HBr reacts similarly. I-ICl reacts only m the presence of anhydrous zinc

*hioride.
ZIICIZ
CH;CH,0H + HCl ——— CH;CHCl +H;0
ethanol ethyl chloride - -
Fthanoic 2cid (acetic acid) also reacts with ethanol when a small amount. of

concentrated sulphuric acid is added as catalyst.

: H,S04
CH:CODH] + CH3CH2dIL-I_| Y CHICOOCHCH; + H0
ethanoicacid  ethanol H' ethél ethanoate
yl acetate)

Ethyl ethanoate is an ester. It has a pleasant frulty odour charactenstlcs ‘of
most esters. o

{e).Oxidation . e IEE o E R "
(i) Dehydrogenation | .~ . :

When ethanol is passed over freshly reduced copper heated at’ 300 °C removal of
hydrogen occurs with formation of ethanal or acetaldehyde. :

Cu, 300 °C

CH;CH,OH —-—-—-)CH:;CHO + Hy
ethanol ethanal
(vapour)
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(ii) Oxidation by ox:dlzirig mixtures

When heated with a mixtire of potassium dichromate and dilute sulphuric acid,
oxidation takes-place in two stages to finally give ethanoic acid. .

o KsCryO5 +
CH;CH,0H + [O] > CH30HO + H;0
ethanol dil H;SO4 ethanal
. KyCrO7 +
CH;CHO +[0] > CH;COOH -
ethanal dil H,804 ethanoic acid

14.6  Petroleum Industry and Petrochemicals
Crude Ol and other Fossil Fuels
This section covers the following ideas:
(i)  fossil fuels '
(ii)  the formation and fractional dxstlllauon of crude oil
(iii)  catalytic cracking
(iv)  alternative transport fuels

(v)  coal
(vi)  biogas.

There are three major fossil fuels:
(i) coal,

(i)  crudeoil,
(iii)  natural gas.

. Fossil fuels were formed in the Earth’s crust from material that was once
living. Coal comes from fossil plant material. Crude oil and natural gas are formed
from the bodies of marine microorganisms. The formation of these fuels took place
over geological periods of time (many millions of years). These fuels are therefore
non-renewable and finite resources.

14.7 Crude Oil "

The Formation of Crude Ol _

Ciude oil is one of the Earth’s major natural resources. The oil is the result of
a process that began up to 400 million years ago. Prehistoric marine creatures died
and sank to the sea-bed and were covered and surrounded by mud. The change into
crude oil and natural gas was brought about by high pressure, high temperature and
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bacterial acting over millions of years The original organic;material broke down into
hydrocarbons. : C

Compression of the mud above the hydrocarbon mlxture transformed 1t mto
‘Shale. ‘Then geological movements and pressure changed thxs shale into harder rocks,
“squeezing out the oil and gas. The oil and gas- moved upwards through the porous
rocks, moving from high-pressure to low-pressure conditions. Sometimes they
reached the surface, but often they became trapped by a layer of non-porous rock.
Reservoirs of oil and gas were created. These occur where the rock layers form an
anticline or at the junction of a fault, These reservoirs are not lakes of oil or pockets
of gas. Instead, the oil or gas is spread throughout the pores in coarse rocks such as
sandstone or limestone, rather as water is held in a sponge ‘

oil rig

| -~ drilling

——Sea

sea bed

sand, clay-

non-porous
rock

gas - |
petroleum
sea water

Non-porous -
-rock

Fig. 14.1 The e};t;sction of petroleom froni an undorse.a-depOSit. |
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Oil-fields and:‘gas-fields are detected by: a-séries of geological searches, .
Surveys from aeroplanes and satellites can provide detailed pictures of surface
features. These give clugs about the underlying .rocks. Variation in gravity and
magnetic field can also give clues. Finally, a seism;gi_spwcy is carried out. These can
be carried out both at sea and on land. Shock waves in the ground are produced by
setting off small explosions. At sea, compressed air guns are used. Detailéd
information on the rock formations in an area can be found by tracking and timing the
shock waves. Promising areas are then drilled. These drilling can simply be to gain
more geological information. But if oil or gas is found, they can be used to see how
extensive the oil-field or gas-field is. Once a field is stablished, then production oil-
rigs can be set up. ' ' '

Fractional Distillation

Fractional distillation is the separation of a liquid mixture into fractions differing
in boiling point by means of distillation using afraaﬂonating column.

Crude oil is a mixture of many different hydrocarbon molecules. Most of the
-crude oil that is extracted from the ground is used to make fuel, but around 10 % is
used as a feedsteck, or raw material, in the chemical industry. Before it can be used,
the various hydrocarbon molecules are separated by refining.

At a refinery, crude oil is separated into different fractions — groups of
hydrocarbons that have different boiling points. These different boiling points are
roughly reiated to the number of carbon atoms in the hydrocarbon (Table 14.3).

Table 143 Various Crude Oil* Fractions
Fraction Approximate number of Approximate
carbon atoms in " boiling range (°C)
hydrocarbons
Refinery gas 1-4 (Ci1-Cys) Below 25
Petrol* 4-12 (Ca-Cy2) 40-100
Naphtha 7-14 (C3-Cys) 90-150
Paraffin® 9-16 (Cs-Cis) 150-240 b.p. and
) _ viscosity
Diesel 011 15-25 (Ci5-Cas) . 220-250 increasing
Libricating oil  20-70 (C20-C0) 255-350
Bitumen over 70 (> Cxn) above 350
residue -

* Different terms are used in the UK and the USA. Note that ‘crude oil’ (UK) is the |
same as ‘petroleum’ (USA); “petrol’ (UK) is the same as ‘gasoline’ (USA); and
- ‘paraffin’ (UK) is the same as ‘kerosene’ (USA).
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«'Separation of the hydrocarbons takes place in a fractional distillation -

_ Column, or fractiopating tower. At the start of the refining:process, crude oil is
 pieheated to a temperature of 350-400 °C and pumped in at-the base of the tower.

As it boils, the vapour passes up the tower. It passes throuigh- a series of bubble
c‘aps and cools as it rises further up the coiumr. The different fractions cool and

" condense at different temperatures, and therefore at different heights in the

column. The fractions condensing at the different levels are collected on trays.

Fractions from the top of the tower are called ‘light’ and those from the bottom

‘heavy’. Each fraction contains a number of different hydrocarbons The
individual single hydrocarbons can then be obtained by further distillation.
Figure 14.2 shows the separation into different fractions and some of their uses.

[renay

- refinery gas used as a fuel '

! H o -"-.\_z
- ﬂ' 1
=0

gasoline
used as fuel in cars (petral)

71 naphtha
=4 used ta make chemicals

{ kerosene ]
use! as a fuel in jet engines

tractionating '
tower

diese) oil or gas oil
used £s a fuel in diesel
engines ’

used as a fuel for ships and
for home heating systems

resldue ;
used to make bitumen for’
surfacing roads

o Figure 142 Fraétional distillétibn c;f crude oilin a f.efmery. N
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Catalytic Cracking = - . | SENEENT : :

The demand for the:various fractions from the reﬁnery does not. necessanly-
match with their supply from the oil. For lighter fractions such as gasolirie (pettol),.
the demand is greater than the supply. The opposite is-true for heavier fractions such.
as kerosene (paraffin) and diesel. Larger molecules from these heavier fractipns can
be broken into smaller, more valuable, molecules. This process is called catalytic
cracking (‘cat cracking’). Cracking takes place in. huge reactor. In this reactor,
particles of catalyst (made of powdered minerals such as silica, alumina and zeolites)
are mixed with the hydrocarbon fraction at a temperature around 500 °C..The cracked
vapours containing smaller molecules are separated by distillation. :

The shortened hydrocarbon molecules are produced by. the followmg type of
reaction:

decane _%_t:a;? octane + ethene
CioHzz - = = CsHig + Colly ,
H H H H H H H H H H
e
H C C C C C C C C C C H
N A A Y Y
H H H H H H H H H H
H H H H H H H H H H
ot |
H C C C C C C Cc C H + C=—cC
A O I A |

This is just one possible reaction when décanc is cracked. The molecules may
notallbreak in the same place. The alkene fragment is not always ethene; propene and
but-1-ene may also be produced. All eracking reactions give two types of products:
(i) an alkane with a shorter chain than the original, and
(i)  ashort-chain alkene molecule.
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Both these products are useful. The shortened alkanes can be. blended with the
gasoline fraction to enrich the pctrol The alkenes a.re useful as raw materials for
making several important products Figure 14.3 shows the various uses for the ethene
produced. Propene polymerises to poly(propene) (trade—namc polypropylene’), while
butenc polymenscs to produce synthetic rubber. - _ :

cthcne
(from cracking)

' react with
henzene

react with
chlorine

" react with
steam

_' ‘phenylethene
(styrene)

i;
: poly(chlorocthenc) i

poly(phenylethene)
PVC (polystyrene)

chlorocthcnc .
(vmyl chloride)

Fig. 14.3 Irnportant products can be made from the cthene produced by catalytlc
- __cracking

1

'Blendmg Gasolme ' B S
~Some of the products from crackmg are addcd to the gasolme ﬂ‘actlon to

improve the quality of the petrol As many as 12 d1ffcrcnt compounds (contammg
over 300 different hydrocarbons and additives)” mdy be used it a blend of petrol for
the motorist. An important consideration is how easily the fuel vapour ignites. If the
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fuel ignites too easily, then the engine will not run smoothly ‘knocking’ will occur.
However, if the fuel is too d1fﬁcu1t to ignite, then the engme will be difficult to start,
especlally on cold mornings. High-quality petrol contains many branched-chain
hydrocarbons, make in a process known as reforming, so that the fuel does not ignite
too soon.

‘Lead’ (actually tetraethyl-lead) was added to gasoline to prevent ‘knocking’.
But this caused high levels of lead in the air, particularly in large cities. This led to
concern over the link with brain damage in young children. Unleaded fuel is now
widely available and has to be used in modern cars fitted with catalytic converters
(the lead would poison the catalyst and so prevent it working).

The removal of sulphur from gasoline fractions is now very efficient. Car
exhaust emissions contain very little sulphur dioxide. The carbon monoxide (CO),
unbumt hydrocarbons (HC) and oxides of nitrogen (NOy) in exhaust fumes do
continue to cause concern. The levels of emission of these compounds are reduced by
fitting a catalytic converter to the exhaust.

Gasoline vapour also escapes into the air at petrol stations. Modern pumps
now have hoods on the nozzles to cut down the escape of fumes. When handling
hquld fuels generally, you need to consider the flash-point and ignition temperature
of the fuel. These are not the same. The flash-point is the temperature at.which the
vapour will ignite in air in the presence of a flame. ThlS temperature is usually low
for a fuel(Table 14.4). The ignition temperature is the temperature at which a fuel:
air mixture ignites without a flame-for petrol it is 550 °C.

Table 14.4  Flash-points of Some Common Flammable Liquids

Liquid Flash-point (°C)
Methanol +11
Ethanol +13
Hexane -21
Octane +13
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14.8  Alternative TransportFiels - CRIREENNE
Gasoline from methanol - i

New Zealand has large reserves of natural gas (mainly methane) but very little
crude oil. The problem of producing petrol has been transformed by a catalyst known
"as zeolite ZSM-5 (A zeolite is one of a large group of alumino-silicates of sodium,
potassium, calcium and barium). Methane is first converted into methanol. The
methanol produced is then turned into hydrocarbons usiz, the ZSM-5 catalyst:

methanol _ZM5 o hodrocarbons + water

nCHOH —— (CHpa+nH:0 - .

ZSM-5 is an artificial zeolite composed of aluminium, smcon and oxygen. It
was first made by two chemists working for the US Mobil Oil Qompany I

Diesel ‘ :
High-speed diesel engines in cars, buses and trucks use fuel (DERV - Diesel
Engine Road Vehicle) containing hydrocarbon molecules consisting of between 9
and 20 carbon atoms per molecule. Slower-speed diesel engines for ships, etc.,
use a slightly heavier fuel. Diesel engines are compression ignition engines
(the fuel ignites spontaneously without a spark). Diesel engines are more efficient
than petrol engines and produce much less carbon monoxide. However, because
their working temperature is- higher, they produced more oxides of nitrogen. The
major problems are smoke and odour.

Biodiesel _

Ia organic chemistry, transestenﬁcatlon is the process of exchanging the alkoxy
group of an ester compound by another alcohol.

Plants and animals oil may serve as the source of biodiesel.

The plant or animal oil has to be converted to biodiesel by the chemical process known
as "Transesterification”. The conversion involves four stages. First stage is the
preparatlon of nearly 100% pure methanol or ethanol. Second stage is the addition of
potassium 'hydroxide or sodium hydroxide basic catalyst to the prepared pure
methanol or-ethanol . Third stage is the treatment of the seed oil with the prepared
hasic catalytic solution and the solution heated to 60°C  which is the
transesterification process producing methyl or ethyl ester as the product
(biodiesel) of the reaction . Fourth stage is the removal of glycerine and sodium or
potassium salt of fatty acids (soap) from the reaction mixture by washing with water
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and pure biodiesel is separated out by using the biodiesel processor. At present in
Myanmar, biodiesel is used to power tractor engines, petro-diesel engines .and
elecfricity generating engines. It is the potential substitute for petro-diesel since the
source of the biodiesel is very much cost effective.

LPG and CNG

Liquid petroleum gas (LPG) is composed of propane and butane. Compressed
natural gas (CNG) is 90 % methane. These products already have a significant market
in some countries. For example, all the taxis in Japan use LPG. Their use requires
pressurized tanks for on-board storage. In Myanmar, most of the taxis , buses and
vehicles use CNG since we have abundant supply of natural gas from Yetagun and
Yadana Offshore Natural Gas Oil Enterprises. LPG has been utilized in most
Myanmar households, restaurants, hotels and motels for cooking and frying and for
other heating systems.

Rapeseed oil

The potential for adding plant oils to diesel fuel is being investigated world-
wide. Such fuel is widely used in China. The future use of these fuels will depend on
‘economic factors. Some countries grow oil-producing crops , such as rapeseed plant ,
sunflower plant, palm oil plant etc. but do not have their own reserves of crude oil.

14.9  Coal and Biogas
Coal :
Coal is our most abundant fossil fuel. Many of the organic chemicals we now
make from cil can also be made from coal. It may well be that coal will again become
an important source of chemical raw materials. _

Coal is not a single substance. It is a complex mixture of compounds that
occur naturally in varying grades. It has the approximate composition formula
Ci3sHogOsNS. There are several different types of coal depending on, the geological
processing of the deposit (Table 14.5). Peat is the first step in the coal-forming
process, but it is not itself a coal. With heat and pressure over a long timescale, it first
forms ‘lignite’ (or ‘brown coal’), and then the harder types of coal. Anthracite is the
hardest coal, with the highest carbon content.

The future use of coal will need to be cleaner. It must be visibly cleaner (less dust
and soot), and must also produce lower amounts of acidic gases (SO, and NO,).
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These chemicals can be obtamed from coal: C ;
(i) ammonia (often turned into ammonium sulphate) for fertilizers,
(ii) coal gas (mainly hydrogen and carbon monox1de) — for industrial heating,
(iif) coal tar (separated into varicus fractions like crude 011)f for paint, dyes,
creosote and pitch, :
(iv) coke - for iron- and steel—makmg and for home and industrial heatmg

Tablé 14.5  The Different Types of Coal

Type Description Heat Sulphur

' A ~eontent oo ntent

Peat partially decay plant low -

(notacoal) matter in bogs and

heat | pressure - SWamps

Lignite ' limited supplies in most low low

(brown coal) areas

heat | pressure ‘nereasin increasing

Bituminous'coal vasing heavily used because of heatand |high  high
moisture . .

(soft coal) content high heat content and carbon

heat { pressure wide availability content :

Anthracite very desirable because \_’high low

(hard coal) . of high heat content and

- low sulphur content, but
limited supplies in most
areas

Bmgas
Methane gas is formed naturally under a number of different circumstances.
Anaerobic bacteria helped decompose organic mafter under geological conditions to
produce natural gas, Methane accumulates in coal-mines, where it can cause
explosions. Marsh gas, which bubbles up through the stagnant water of marshes,
swamps and rice paddy-field, is also methane Methane produced in this way
contributes to the ‘greenhouse effect’.
" Methane is produced from organic waste (biomass) when it decays in the
absence of air. Thlls can be exploited as a source of energy. In developing countries
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such as India and China, biomass digesters are important sources of fuel for villages.
The methane is useful for heating and cooking, and the solid residue is used as a
fertlhzer

Industrialised countnes produce large amounts of waste, which is deposited in
landfill sites. Biogas forms as the rubbish decays. This gas can be used as a fuel for
local industry. In some parts of Myanmar, biogas has been generated from cow dung .
The generated biogas has been utilized to power the electricity generating engines .
Many villages in Myanmar such as villages in kyaukse township have electncuy
supply from generating engines powered by biogas.

Summary of core material -
You should know that:

(1) there are three major fossil fuels coal, crude oil and natural gas,

(i)  these fuels were created by the action of heat. and pressure on buried organic
material acting over geological periods of time,

(iii)  these resources are a source of energy and also of a wide variety of chemicals,

(iv) the fractional distillation of crude oil produces -a series of dJﬁ"erent
hydrocarbon fractions, each with its own uses, ‘

(v)  these hydrocarbons can be further changed by processes such as catalytlc
cracking — producing shorter-chain alkane molecules and alkenes from the
original longer chains. '

SUMMARY

After studying this chapter, the students could understand the meaning of
organic chemistry. Itdeals with the studies of writing graphic or structural formulae of
organic compounds nomenclature of organic compounds especially by TUPAC
system, laboratory and manufacturing methods and also properties of orgamc
compounds such as alkanes, alkenes, alkynes, and alcohols, including their uses. In
addition, in the final section, students would be able to study about petrol chemicals,
and polymers, which covers the topics such as fossil fuels, the fonnation and
fractional distillation of crude oil(producing petrol (gasohne), paraffin
(kerosene)(aviation turbine fuel), diesel oil, and’ other lubncatmg oil,) catalyth
cracking, alternative transport fuels, such as biodiesel or plant oil , coal and biogas.
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Problems on Petroleum Industry;... . o T

1.

(@
(b)
©

(d)

Petroleum {crude -oil) is a mixtl#é=---?6f several' ‘cdttipounds which are

separated in 2 refinery by means of aﬁ.éﬁparatus as s‘fioi#ﬂ below.

What is the name of the apparatus?

What is the name of the process which is used in separating crude oil?

On what physical property of the compounds in the mixture does the
separation depend? oy

Use the letters A to G to describe where the fo llowmg could be found.

(i) The faction that represent gases, -

(i The fraction with the largest r_n‘olecu}es.

(iii) The fraction that represents liquids with the lowest boiling point,
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11.

Deposits of crude oil are found trapped in some rocksstructures. Crude oil is 4
mixture of many diffegent hydrocarbons. . .

(2)

- ®

(©

Descnbe how Eetxol is obtained from crude 011

i A

Petrol (octane) can be made into ethene:

CgHip —=574CHs+H,

octane ethene  hydrogen

(i)  State what happens to the octane in this reaction.

({iy  Give two conditions needed for this reaction.

(1) Give a balanced symbolic equation for the complete
— combustion of petrol (octane) (CgHis).

(i) - What is the mass of one-mole of octane (CgHjs)?

(ifi) Tue combustion of one mole of octane produces 5500 kJ. The
density of octane is 0.7 g cni’. Calculate the energy produced
by one litre (1000 cm %} of octane. Show clearly how you obtain
your answer.

Fill in the blanks with the correct word(s) notation(s), term(s), umt(s), etc., as
necessary.

(a)
(b)
(©
(d)

(e)

Petroleum is a complex mixture of eenerneen .

Petroleum is composed of compounds of covvevvrnecand ..l .
Petroleum is a fossil fuel and was formed millions of years ago from
dead ....... and animals.

......... is produced from organic waste (biomass) when it decays in
the absence of air.

Methane is useful for heating and cooking , and the solid residue is used
AS @ currvenns .

What is meant by ‘cracking’?

What is a fuel?

What are the three major fossil fuels?

What is the long form of (i) LPG and (ii) CNG ?

What are the uses of LPG and CNG in Myanmar?

Name the chemicals which can be obtained from coal and mention their uses,
What is meant by the term ‘biodiesel’? Explain the uses of biodiesel in

Myanmar.

—

What is ‘Biogas®? Explain the uses of biogas in Myanmar.
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Questions and problems
1. \ (a) Give the graphic representatlon of the structural formulae of
(1) ethane (it) ethene (iii) ethyne.
(b) How does ethene react with _
(i) hydrogen (ii) hydrogen chloride (iii) - sulphuric acid?
In each case mention the reaction conditions.
2.  (a) What products would you expect when
(i) CH3COONza is heated with soda-lime?
(i1) RCH;COONa is heated with soda-lime?
(b) Discuss a substitution reaction of alkanes. ‘
3. (a) Under what conditions does ethyne react with an excess of
(1) hydrogen (i) hydrogen bromide (iii) bromine?
(b) How would you obtain ethanal from ethyne? '
4. (a) Briefly explain, in terms of the electronic theory the bonding between
atoms in
(i) methane (if) ethane. :
(b) Discuss the Markownikoff's rule for the addition reaction between an
unsymmetrical alkene and an unsymmetrical addendum. ]
5. Outline an example each to illustrate the following reactions.

(i) - Chlorination . (iv) Dehydrogenation
(i)  Dehydrohalogenation (v) Esterification
(iii)  Dehydration : (vi) Polymerization

6. (a) How would you obtain ethanol from rice starch?
(b) Discuss the reactions of ethanol with

(i) ethanoic acid (iit) H,SO4 at 140°C
(ii) PCls (iv) freshly heated copper at 300 °C.

7. (a) Describe how you would obtain ethanol from ethene.
(b) How would you differentiate between two isomeric compounds having the
formula C4Hs ? Discuss, giving the relevant equations.
8. (a) Name the following compounds.
(i) CHsCH,CH = CHCH;
CH;
(ii) CH;-C-CHC=CH
CH;
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(iti) CHsCH-CH,GH§OH

H; -
Hs
(iv) CHz CHOHCH OH &-CH,
Hs

(b Give the graphic structural formuiae of the followmg
® 3 methyl 4 ethyl 1-heptene '
(i)  3,4,4 - trimethyl hexan-1-o0]

9. (a) Write full structural formulae for the two isomers of butane. Butene has 3
isomers. Write their structural formulae and name them. :
(b) How do you think iso-butene would react w1th
(i) HBrand .
(11) H804?
10. State TRUE or FALSE for each of the following,
(a) Carbon atom has a bond order of four.
(b) Alkanes may undergo substitution reaction.
(¢) Colour of bromine solution may be discharged by passmg it through aikene
(d) First four members of alkanes are gases.
(e) Structural isomers may have different properties.
11. Fill in the blanks with a suitable word or phrase or numerical value W!th umt as
necessary.
(a) {UPAC name of isobutylene is ........cceererne
®) ..., alkenes give two products by the reaction with HBr.
© (¢) Hydration of ethene gives .......coo........ |
(® Glucose is converted to ethanol by the enzyme, ............... -
(e) Hydrogen from the .......... bonded carbon may be dlsplaced by metals
12. Choose the correct term or terms given in the brackets.
(a) (Alkanes, Alkenes. Alkynes) are saturated hydrocarbons. .
{b) (Alkanes;-Alkenes, Alkynes) may undergo both substitution and addition
-reactions. . '
(¢) (Alkyl.chloride, Alkyl brormde, Alkyl iodide) is usually used to preparc :
an alkane by the reduction with hydrogen. ' :
(d) Starch is hydrolysed by (diastase, maltase, zymase)
(¢) Hydration of (acetylene, ethene. ethane) gives acetaldehyde.
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13. Match each of the items g1ven in List A with the. appr@pnate 1tem in L1st B.

List A P CListB wen o ,
(a) acetaldehyde o »'(1) .Hydrqgena_txon_.,-. a
(b) ethanol . - . -+ (i) 1,2-dichlotoethane -
(¢) isomerof 1, I-dlchloroethane . ({ii) chlorination
(d) photochemical reaction (iv) -ethanal -
(e) reduction R N 4. ethyl alcohol

'14. What happens when

-.(a) ethene is passed into a bromme solutlon'? - - .

(b) ethene is passed into 1% KMnQOy solutlon? :

(c) ethyne is passed into an ammoniacal solutlon of copper (I) chlorlde‘?
15. How would you distinguish between the followmg pa1rs‘? (Gwe the- relevant

equations.) ‘ =

(a) ethane and ethene

(b) ethene and ethyne

16. Complete the following equations and name the orgamc compounds

(a) CHg-COONa +" NaOH -—"'*) 2

- A
(b) CH, + 02 -——} ? .
" (c) CH;Br-CH;Br + KOH __ thanol..
A
(d) n(CH=CHp) . _. >1000 2t 59
A
- - Ag0 '
. ' NH3 . T ]

17. '(a) A gaq "X" is obtamed by heating a mlxture of sodium ethanoate and sods-
lime . What is gas "X" ? Write down the equation.
 (b) Gas "X" can also be obtained by hydrogenation of an alkyl hahde usmg a
palladium catalyst. Name the alkyl halide. Write down the equation.
(c) . Is the gas "X" saturated or unsaturated hydrocarbon? .
18. (a) Byheating a mixture of sodium propionate and soda-hme, a gas "A"is
evolved. Whatis gas "A"? Write down the equation.
. (b) Gas "A" can also be formed by hydrogenation of an alkene usinga mckel
catalyst at 300 °C.Name the alkene. Write down the equation.
(c) Isthe gas "A" saturated or unsaturated hydrocarbon? Write down the
general formula .
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19.

20.

21,

2.

(@) A gas "G" is obtained by passing the vapour of ethanol over alumina at.
350 °C. What is gas "G"? Write down the chemical equation. 7

(b) Gas "G" can also be-produced by heating an alkyl halide with alcoholic
potassium hydroxide. Name the.alkyl halide. Write down the equation. ‘

(c} Isthe gas "G" saturated or unsaturated. hydrocarbon‘? Give a chemical
equation to support your answer.

A gas "B" is obtained by treating-calcium carbide with water.
(a) What is gas "B"? Write down the chemical equation.
(b) A gas "B" can also be obtained by heating alkene. dibromide with alcohohc
potassium hydroxide. Name the alken# dibromide, Write down the equation.

| (c) Is the gas "B" saturated or unsaturated hydrocarbon?

(d) What type of reaction can gas "B"undergo (addition or subst:tutmn)" Gwe
a chemical equation to support your answer, .

(@) A gas "Y" is obtained by heatmg a mixture of ethanol and concentrated

-.... sulphuric acid at 160 °C. What is gas "Y"?- Write down the chemical

equation.

‘ (b) Gas "Y" can also be obtained by heatmg an alkyl halide with alcohohc

solution of potassium hydroxide on water bath. Name the alkyl hahde Write
down the equation,

(c) Is the gas "Y" saturated or unsaturated hydrocarbon" Give .the general

formula of gas "Y".

(@) When ethyl chloride is refluxed with an -aqueous solution of sodium
hydroxide, compound "Z"is formed: What is compound "Z"? Write
down the equation.

(b) Compound “Z" can also be formed by the fermentation of glucose with
- enzyme (yeast). Name an enzyme and write down the equatlon

(c) What will happen when compound "Z" is heated w1th ethanoic acid in
- the presence of small amount of concentrated squhunc acid? Write
down the equation. =~ - :

(d) 'Give the general formula of orgamc compounds to whxch compound nzy
belongs. '

***************************_********* o
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CHAPTER 15 | SRR

T CI-IEMISTRYINSOCIETY B Ty . S

'151 ChemlstrymMode:'nAgrlculture R AR

The world po ulation is increasing day by day and yedt by yea.r There 1s an urgent
need for increasing food production- to feed the mefeasmg populatmn Chemlstry
helps to increase food ptoductlon in agnclﬂture ' '
Elements required by plants - S
All plants require at least 22 elemerits for then' growth The teri elefnents which are
required in significant quantities are carbon, hydrogen, oxygen, nitrogen, phosphorus,
potassium, calcium, squhur, magnesmrn and 1ron The other elements are requ1red in
very small fraces. " ' :
Sourees of plant nutrients : -
Plants get their nutrient elements from thiee ‘sources; lau' water and soil Plants ‘get
carbon and oxygen from air, hydrogen and oxygen from water and other elements
from the soil. :
How plants obtain carbon, hydrogen and oxygen from air and water -
Alr is a'gaseous mlxture/of nittogen; oxygen and carbon dioxide. Plants get oarbon
dioxide from the air and water from the soil. In the presence of sunlight the green
parts of the plant can bring about a chemical reactioni that combines carbon dioxide
and water to form sugar which is further converted to other food forms and is stored
in the plant. This chemical reaction is known as photosynthesis, the process of which
is very complex. But the overall reactlon of photosynthesxs may be expressed by the
following equation. _ ~
. PN sunhghtm T -
ﬂﬁcoz(g)"" 6H0(1) —— c ;C5H1205(s).+ 60:(g)
. green parts -

Sugaris a compound of carbon, hydrogen and oxygen Thls sugar 1s used by
the plant to build new compounds and also to furnish eenergy, both of which are
essential in all vital processes, for sustaining the plants‘ life. With the exception of
carbon, hydrogen and oxygen, all other elements are obtained from the so1I
Soil
The soil is the source of plant nutrients. It supplies water and other elements to the
plants. Plants absorb their mineral nutrients from the soil in the form of dissolved
salts. Rain water washes away the available soluble salts. Thus the amount of plant
nutrients in the soil is continually depleted. Therefore it'is necessary to 'supplement
these plant nutrients to produce better crops This is’ achieved through the use of
fertlhzers '
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Fertilizers
Fertlhzers are substances thatsuppiy nutments to plants They may be classified as
(a) natural and (b) chemicalfertxlmers
Natural fertilizers
There are two types of natural fertlhzers manure and humus Manure is obtalned/ by
the decomposition of animal. dung and urine. Humus comes from plant residues. .

" Although natural fertilizers are excellent nutrients for _plants, theése are not
enough for adequate yields: Therefore chemlcally synthe31zed fertlhzers are used to
supplement this need, a : '
Chemical fertilizers ‘

‘Chemical fertilizers are, salts and. other chemical compounds contammg elements
necessary for plant growth. Roots of plants absorb the food from.the soil in the
form of soluble salts. : ot :
Nitrogen, phosphorus and potassnum (NPK) :
The most important elements that are required by plants from the; soﬂ are nltrogen
phosphorus and potassium (NPK) because these three elements are essential for the
growth of plants, Therefore the basic composition of chemical fertilizers may consti-
tute any. one, two or all three of these elements (NPK).,

Effects of nitrogen, phosphorus and potassium (NPK) on plants

Nttrogen is an essential and important constituent of the plant's body. leevwse,
phosphorus is another important constituent. Potassium is not a constituent element,
of the plant body. It, thever, occurs in the plant as soluble salts, Its role is catalytic. ..

. Leaf crops like cabbage, require abundant nitrogen, a fair amount of ‘phosphorus but.
not much potassium. Root crops require a good amount of potassium, fair amount of
phosphorus but very little nitrogen, Seed bearing plants such as peas, beans and
tomatoes require a good amount of phosphorus and potassium, but little nitrogen.

Flowering needs a fair amount of phosphorus and potassium, -but little nitrogen.
Fruiting and seed formation require higher potassmm but very little mtrogen
Classification of chemical fertilizers
According to the elements contained i in them: the ohemlcal fertlhzers are d1v1ded into
the following groups : -

(1) nitrogen fertilizers,
(2) phosphorus fertilizers,

" {(3)potassium fertilizers.

Nitrogen fertilizers *

The important nitrogen fertilizers are: ‘urea, ammomum sulphate, ammonium nitrate,

sodlum nltrate and calcmm mtrate '
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Urea s bt : i

The composition . of urea accordmg to 1ts formula 1s CO (NHz)z The percentage of
mtrogen in this compound is 46 %. It ha§ an ac:ld reaction and the appltcatlon of.urea
to the soil increases the acldlty of the.scil. S LT et -
Production ofurea .- - IR S s

‘Urea is manufactured on a very large scale by heatmg ammoma -and carbon d10x1de
under pressure with a suitable catalyst. L

- A pressure

COne) + NEa(®) _ >cocNﬁ;)2(s) +ﬂ20(g)
catalyst -

. Ammonia may be obtained by the Haber process and carbon d1ox1de ﬁoin the
combustion of petréleum produets like natural gas. ‘ o

.,,"

Urea is bemg produced from natural gas in some fertilizer plants 1n Upper
Myanmar. The urea fertilizer i 1s produced as white pellets. ~
Reaction in the soil :

In the so1l urea reacts with water to form ammonia and carbon dioxide. -

CO(NHy)(s) + H,0() —— 2NH3(g) + COxg) .
The bactena in the soil converts ammonia to mtntes and then to mtrates

. 'bacteria - ' - bacteria” -
ammoma ‘ ;————-————) , n;tntes -———-—-—-—-——--—) mtrates~

The pIants absorb squbIe mtrogen m the form of NH+ and NO; 1ons whleh

are dlssolved in the soil.
Ammomum sulphate

.....

has an acid reaction and 50 it mcreases the acrdlty of the sotl

Ammomum nitrate

The composition according toits formu]a is NH4N03 It contams 34, 35 % mtrogen
Calcium nitrate :
The composmon accordmg to'its formula is- Cﬂ(NOs)z Commeroral calclum mtrate'
fertilizers contain 13 to 16 per cent of nitrogen.
Phosphate fertilizers

Superphosphate ' ' '

The important phosphate fertthzer is superphosphate Superphosphate is marketed m_,
two grades containing 18 and 45 percent phosphonc acid respectively. The compo- |
sition of superphosphate may be represented as Ca (H2P04)2 2Ca80,.. 18 percent
superphosphate contains 18 % P4Oyo solution in water. 45 percent superphosphate

.’”’I“'i- o
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contains 45 %P4O1 soluble in -water. Sunerphosphate is a white or grey powder or
granule. : :
Bone meal - T : : ‘ '
Bone meal is not a chemlcal fertilizer. It is prepared.by crushmg defattcd bones It
contains about 3 percent of mtrogen and 22 percent phosphoric acid. Therefore it is
used as a phosphate fertilizer.
Potassium fertilizers C
The important potassium fertilizers are potassxum chloride and potassmm sulphate
Soil reaction . : :
You have learned that some chemical fertlhzers such as urea and ammonium sulphate -
increase the acidity of the soil. Acidity and a]kahmty of the soil is one of the
important factors because the plants do not grow well on the soil of high a01d1ty or
high alkalinity.
Tést for soil reaction
Soil reaction is easily tested by litmus papers, The given samples of soil are taken in
separate test fubes. Some water is added in cach test tube and stirred well. ‘The
contents are filtered and the filtrate tested separateiy with blue and : =4 litmus papers.
Neutralization of soil acids
Lime is added to the soil to neutralize the soil acids. Lime is usually supphed to the
so0il as limestone, CaCQOs, quicklime, CaO and slaked lime, Ca(OH),. Quicklime
should not be applied direct to growing plants. Lime not only neutralizes the soil
acids but also supplies calcium to the soil. Calcium is one of the elements necessary
for the growth of air crops.
Neutralization of soil alkali
Gypsum, CaS0Q4. 2H;0 is added to the sotil to neutralize soﬂ alkah
Insecticides
Insecticides are chemicals that kill insects. BHC or benzene hexachlorlde CsHgClg,
also known a Gammexane is used for spraying or dusting of plants, especially cotton.
The insecticide Endrin is toxic to mammals and should be used W1th caution. Endrin
1s an excellent all purpose plant spray,

" Aldrin and Dieldrin are other well-known insecticides which can be obtained as’
emulsion or powder, and are used as soil fumigant.
Growth substances
Indoleacetlc acid(IAA) is the principal chemlcal substance which in the normal plant
is respon31ble for many different growth regulatory activities.

Dependmg upon its concentration IAA can variously actlvate the growth of leaves
stems roots, flowers, fruits and seeds. _ l
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~The artificial application of IAA to a plant brings, about charactenstlc _growth
responses.

JAA and its structurally related chermcal compounds, for example, naphthalene
acetic acid(NAA) could be readily. synthesized. The latter substance, showing-similar
activities to IAA, could be manufactured more cheaply. Thus. it is.-more. gconomical
for utilization. : - Lo

These growth substances can be used in many ways in agnculture They\are used
to induce flower initiation, fruit development to.delay leaf fall and fruit drop, and to
produce seedless fruits. Some of them are used even as herbicides. ;

For example,. naphthalene acetic acid could, bring about flower initiation and is
successfully used for promoting simultaneous fruiting in pincapple plantatlons

15.2 Cement Production , C ‘ : BT O
Cement ‘ .
Cement is used in the construction of bulldmgs It is mixed w1th sand and wateh
and sometimes- with qmckhme, CaQ.. Cement finds use as binder in construction
works. ‘ : —
Cement is a grey powder. It is composed of hme alumma, s111ca and iron (III)
oxide (haematite) as tetracalcium alumino-ferrate, ACa0. Al;Os, Fe 03, dlcalclum
silicate, 2Ca0. Si0,, tricalcium siticate, 3Ca0. SiO3, and tricalcium alummate, 3Ca0.
AlOs. : . :
Raw materials for makmg cement : :

Raw materials used for cement productlon are haemat1te Fe203, limestone, CaCOs
and clay which is composed of silicon dioxide, SiO; and. aluminium oxide, A1203
These raw materials are ground and heated in.a special furnace called Rotary Klln

Rota:fyl(iln S A 1

: buming gas

rotating

- cooling
cylinder

Fig. 15.1 The Rotary Kiln
; .
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The rotary kiln is essentially a wide long steet tube tined inside with fire clay bricks(Fig.15.1).
‘The kiln rests on rollers and is held in a slightly inclined position. The kila can be
rotated slowly by a motor and so it is called a rotary kiln. ‘The mixture in the- kiln is
heated by burning gas at the lower end of it. ‘ > :
Manufacturing process :

The four main stages in the manufacturmg process of cement are, mxxmg, heating,
cooling and grinding; a :

;

1. Mixing o I :
Limestone, haematite and clay are finely ground and mlxed in the right proportlons
2. Heating

The rotary kiln is rotated by the motor. The mlxture of ground hmestone haematite
and clay is fed continuously from the top end of the rotary kiln'and heated by the
burning gas at the lower end of the kiln. As the mixture moves slowly down the
inclined kiln it meets an 1ncreas1ngly higher temperature. The roastg;d product which
is called clinker, comes out from the lower end of the kiln. S

3. Coolmg : :

The roasted clinker is allowed to cool in a rotating cylmder by cooI a1r

4. Grmdmg ‘ ' ‘

After cooling, the clinker is mixed with the rlght percentage of gypsum CaSO4 2H,0,
and ground in a grinding mill. The resuItant powder is cement. The gypsum regulates
the sefting time of cement,

Cement productlon in Myanmar
There are a number of cement factones in Myanmar, the oldest of which i 1s sxtuated
near Thayetmyo. :

15.3  Plaster of Parls POP)
\Plaster of Paris is a fine white powder which is used for makmg casts of various
objects. Plaster of Paris is hydrated calcium sulphate 2CaSQq. H,0. This hyélrate
2CaS04.H,0 is obtained by heating gypsum, CaSO4. 2H,0 to about 125°C.

~ When Plaster of Paris is mixed with water, the hydrate, ZCaSO4 H>0 forms a
paste, which hardens quickly, expanding slightly in the process, as a result of
crystallization. Due to this property, Plaster of Paris is used for making casts and for
cementing glass to metals. - :
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15.4 » Salt Production ~ : :

Dlssolved and undissolved substances in sea water - o

Sea water, consists of some undlssolved substances and dassolved substances About
3.5 % by weight of salts are dmsolved in sea water out of which 2.7 % is commonsalt

NaCl.

The undissolved and dissolved substances in sea water are as foll‘ows::“
1. Suspensions :

- undissolved 2. ALOs
substances 3. CaCOs3
Y ' 4, CaS0,

5. NaCl

dissolved ! ‘6"KCI : . . .

substances 4 7. Mg80q4., increasing solubilities

8. MgCly _ ' '

9. MgBr2 ‘ L J

Salt production areas

The principal areas for production of salt from sea water are coastal reg1ons
Traditional method of productlon

'Production: sites are usually chosen where the underlying ground is almost
impermeable to water since it is not economical to line the salt ponds (salterns) with
concrete in small scale production. The'sea water is channelled into ponds or is
allowed to flow into the ponds at high tides and sealed off.

In some sites engines are used for pumping sea water. In these ponds suspensmns
are settled down from: the sea water and clear sea water is obtained. Then the clear sea
water is pumped or channelled in stages through a series of ponds during which the
sun evaporates the water and- the sea water is concentrated. This concentrated sea
water is evaporated in iron pans by wood fires until only a small amount of water
remains. The common salt crystallizes out.

" Common salt obtained by the traditional method or productton is not pure since
dissolved substances such as MgSO4 and MgClz together with small amounts of
CaSOq4 remain mixed with common salt.

Pure sodium chloride is not a deliquescent ‘substance. But it is common
experience that common salt become damp when it is exposed to dir for some time.
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The dampness is due to the presence of magnesium chloride as one of the impurities.
Magnesium chloride is hygroscopic and can absorb moisture from the atmosphere.: -

- Disadvantages of the tradifional method of productlon )
1. The percentages of the different impurities are high'in the common salt produced
by the traditional method, and therefore, it is not very suitable for industrial use. '
2. Iﬁ\the traditional method of production wood fires are used for evaporatxon and
considerable areas of forest are destroyed yearly because of the felling of trees for
firewood. It is estlmated that 15000 acres of forest are depleted every year due to the
use of firewood in the traditional method of salt production.

Preventlon of unnecessary wastage of forests may be achleved to some extent,
by using solar”evaporatmn  for production of salt.

Salt productloh\by solar evaporation

The production of salt by solar evaporation may be carried out only durmg the
dry, hot season, Therefore December to middle of May - is the suitable time for the
production of salt by solar evaporation. The production process is as follows

A series of solar ponds, usually five in number, is made on the selected ground
which should be almost impermeable. In large scale production sites, the ponds are
lined with concrete. The sea water is pumped or channelled or allowed to flow ifito
the first pond during high tides. The undissolved suspensions settle down in the first
pond. This sea water is pumped or channelled into the second.solar. pond.in. which:
AlO; settles down. The sea water is next allowed to flow into the third pond where
CaCQ;j settles down.

In this way undissolved particles from the sea water are removed in the ﬁrst three:
of the series of ponds. Evaporation also takes place i in these ponds and the 'sea water,
to some extent, is concentrated. ~

Then the almost clear water, free from undissolved substances is allowed to ﬂow.
into the fourth solar pond. In the fourth pond crystallization ‘of dissolved substances
starts to take place. During the day evaporation takes place and crystalhzatxon Ocurs,
mainly at mght when the temperature drops '
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‘Salt productlon by solar evaporatnon takes place at thefﬁfth pond located in the

In this ponf aS0; Wthh is less soluble than NaCl KCl and MgSO; : starts to
crystallize out. The concentrated sea water is next channelled into the fifth solar pond
and NaCl crystalhzes in th1s pond. After the crystalhzauon of NaCl is complete the
water in which KCl, MgSO4, MgClg and MgBrz are std] dlSSOlVGd is allowed 10 ﬂow
out from the pond. The crystals of NaCl remain in. this pond The crystals of NaCl ate
then scooped out, washed w1th concentrated salt solutlon to clea.n them and drled in

the sun.
" In this way 99. 5% pure solar evaporated sodlum chlortde 1s obtamed

Bittern
The water that flows out from the fifth solar pond consists of dissolved MgSQOsq, .

MgCl; and MgBr,. This water is called bittern. Blttem is the source from which
MgSQyq, MgClz and MgBrz can be extracted

-,

15,5 Plastxcs and. Polvmers o

Polymm u:stm'i .

This section covers the followmg 1deas

(1) - = addition polymerization-.

(i)  condensation polymerization -

(i)  thermoplastic and thennosettmg polymers
(iv)  the disposal and recycling of plastic waste.

' All liying things contain polymers. Proteins, carbohydratés, wood and natural
rubber are all polymers. What nature first invesited, chemists have learint to copy, alter
and use successfully. Synthetic polymers, often called plast1cs are’ to be found
everywhere in modem technologlcal societies,made into bulky objects films and ﬁbres.
They have propemes to suit partlcular needs, ranging from car and a1rcraﬁ
components, to packaging and clofhmfr _ :

Polymers are large organic macromolecules. They are made up of small
repeating units known as monomers. These units are repeated any number of times
from about a hundred to more than 2 million. Some are homopolymers, containing
just one monomer. Poly(ethene), poly(propene) and poly(chlorocthene) are three
examples of homopolymers. Other macromolecules are copelymers made of two or

- more different types of monomers. For example, nylon is made from two MONOIMeErs,
and biological proteins are made from 20 different monomers, the amino acids.
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The alkene fragments -from the catalytic: cracking of crude oil fractions

produced the starting monomets for the first plastics.
15.5.1 Addition Polymerisation | |

Alkenes such as ethene contain a C=C double bond. These molecules can take
part in addition reaction where the double bond is broken and other atoms attach: to
the carbons. The double bond in ethene enables many melecules of ethene to join to
each other to form a large molecule, poly(ethene) (Figure 15. 2). This is an addition
polymer. When first. made by Imperial Chemical Industries (ICI), it was- a
revolutionary new material called ‘Alkathene’. It is now commonly called by the
trade-name ‘polythene’. _

Various conditions can be used to produce different types of poly(ethene)

Generally a high pressure, a temperature at or above room temperature and a catalyst
are needed. The reaction can be summarized by the equation:
high pressure

* ethene > poly{ethene
heat, catalyst P y( )

n c—= >
/ ; C\ heat, catalyst

where n is a very large number. . :
Poly(ethene) was found to be a chemically resistant materlal that was very -
tough and durable, and a very good electrical instructor.

H\ - /H' " high pressure /
\

m——n
m——o —E



monomer

ethene S i
H H H H H H H o
c—c o=c o=¢ o=¢ c=
/. \ / / N/ \

double bonds - . e o
break (open) .

A S o R O SO o S
T T T T e
polymer: o | l _ |
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; .

| Il
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Fig. 15.2 The polymerization of ethene produces poly(ethene), whose structure
' is shown.

Other alkene molecules can also produce add1t1on polymers Propene will
polymerise to produce poiv(propcne) .

propene ——» pol_y(prcpenc)

high préééufe\ / 1

" heat, catalyst”

This long-chain molecule is similar in structure to poly(ethene) but with a
methyl (—CHs), group. attached to every other carben atom in the chain. It is
commonly referred to, by its trade-name ‘polyprcpylene’.

Chemists also experimented with other substituted alkenes to produce plastics
with particular properties in mind, Poly(chloroethene) (known asthe trade-name of
polyvinyl chloride or PVC) and poly(tetrafluoroethene) (known asthe trade-name of
polytetrafluoroethylene, ‘teflon’ or PTFE) are two. such polymers:
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chloroethene —— poly(chloroethene)
~(vinyl chloride)’ - '+ (PVC)

\ / high pressure
-/ heat, catalyst
H Cl |

-0

tetraﬂuoroethene e poly(tetraﬂuoroethene)

I
y
\
]

(PTFE)
\ : / high pressure / I |
n C—C heat, catalyst Cc—C
/\ | |
¥ F F F

Poly(chloroethene) (PVC) was found to be stronger and harder than
poly(ethene) and therefore good for making pipes for plumbing: PTFE proved to have
some unusual properties. It was very stable at high temperatures and formed a:very
 slippery surface. The properties of some addition polymers are given inTable 15.1.
Such synthetic polymers have proved to be very versatile. Many, for example
poly(propene), are easy to shape by melting and moulding. Thus poly(propene) is
used to make sturdy plastic objeéts such as crates. However, it can also-be drawn out
into long fibres for making ropes.

. Some of the properties of addition polymers.
(i) . All polymers are long-chain molecules made by joining together a large

number of monomer molecules. .

(ii)  Addition polymerization involves monomer molecules that contain a C=C
double bond.

(111) Addition polymers are homopolymers, made from a single monomer.

(iv)  During addition, the dq,‘uble bonds open up and the molecules Join to
themselves to make a molecule with a very long chain. -
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Table 15.1 Examples of some w1dely used addltlon pblyrﬁe‘rs

.....

Polymer (and trade_-_ Monomer | Tfff’r_op_ertx'esr wh Exaloples of ose '
name(s)) : o I
Poly(ethene) - Bthene - tough,durable - P le_s:t_i“c bag?’ bO.WIS’
(polyethelene, =~ : CH,=CH; o bottles, p a_c}(agmg
polythene, PE) S _ Y
Poly(propene) propene . _tou_gh, durable crates and boxes,
(polypropylene, PP) CHgCH—CHz i ' plastic rope
Poly(chloroethene) chloroethene strong, hard (not  insulation, pipes and
{(polyvinyl chlonde CH2=C}-IC1 .88 ﬂexible. as suttering

PVC) S - polythene) S :
Poly(tetraﬂuoroethene Tetraﬂuoro- non-stick surface, non-sﬁck__ﬁying pans, .
, Spfolyteg;ﬂuoroethylene, eth ene Withstan-ds’ high - ek taps and
| etion. PTEE) —(CRy=CPy) . fomperafies oo
Poly(phenylethene) - phenylethene - light;poor - ~insulation, = -
-(po’lystyrene, ‘PS) ‘ _l(s?yreﬂe)" condu,ctor of heat - packagmg (foain) _
o o * C4H;CH=CH, Ca ., PAOREENIERE

Summary of core material: You should know that: :

(i)  alkene molecules (contammg a'C=C double bond) can be polymenzed into

7 veryusefulproducts - e ' o

(i)  other unsaturated-molecules can be polymenzed to. extend the range of useful
addmon polymers ' L SR '

15.5.2 Condensation Pol ymerlzatlon
Nylon o S
In the early 1930s, Dupont were interested in research into artificial fibres.
Knowledge of silk and wool gave ‘clues as to how protein molecules are built.
Carothers 1m1tated the lmkage in protems and produced the first synthetlc ﬁbre
‘niylon’. : : = X SR

Nylon is 4 solid when first formed, but it can then be melted and forced
through small holes. The Jong filaments cool, and the fibres produced are stretched to
align the polymer molecules and-dried. The ﬁbres can be woven into fabric to make
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shn’ts, ties, sheet, etc., or tumggl into ropes or racquet strings: However, nylon is not
just made into fibres. It has proved to be a very versatlle matenal and can be
moulded into strong plastic items:such as gear-wheels. .

Nylon is a copolymer of two different monomers, a d:amme and a
dicarboxylic acid, Fach mon,omer consists of a chain of carbon atoms (which are
shown in the followmg dlagrams s:mphﬁ@d as boxes). At both ends of the monomers
are funétional groups. An amine group {—NH;) on the first monomer reacts with a
carboxylic acid group (—COGH) on the second monomer to make a link between the
two molecules. Each time a'-lihk is made, a water molecule is lost: '

first monomer - " second monomer 5
(a diamine) | (a dicarboxylic acid)
H Q, O

S (H o HTTOU WOTTH
| | “"““ ----- ,\fo_rms awat;;'“
id 7 4] molecule
?Se?;t?ée; lmk\ polymer | -@olyamide) -
S = e
» +H20 ‘,+H20_ _ +H20_

“A§ a result, this type of polymer is known as a condensatlon polymer.
Because an amide link (or peptide link) is formed. during ponmenzatlon nylon is
known as a polyamide. A version of nylon polymenzatlon can be carried out in the
laboratory(F1gure 15.3).
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15.5.3 Polyester .

- Condensation polymerization can also be Iflsﬁd toi: make other polymers w1th
properties different from those -of nylon. Pelyestexs @re-condensation copolymers
made from two monomers: One monomer has an alcohol: group (—OH) at-each end.
The other monomer has a carboxylic acid group (~-COOH) at each end. When the
monomers react, an ester link is formed, with water being lost each time: '

_ second monomer .

first monomer |
has alcohol functional _ has carboxyhc acld functlonal
-~ groups 0 groups 0.

------------------

\ formsa water -
ﬁ molecule . . -

Tt o o o -

an ester link\:_??}?mer (polyester) o
0 o 0 -0
i'; Dﬂ omo !l E! |
FH0 +H;0 ;FHZO.

Fig. 15.3 Nylonisa polyamid_e and can be made in.the }aquatoryQ 3

One such polyester has the trade-name ‘terylene’. Like nylon, terylene can be
tumed into fibres and woven into clothing. Terylene clothmg is generally softer than
that made from nylon.

1554 Thermoplastlc and thermosetting polymers

Most of the plastics that we use, like poly(ethene) [ polythene’],
poly(chloroethene) [‘PVC ] and poly(phenylcthene) [‘polystyrene’], can be softened
on heating and melted. They set again when cooled. Such plastics are useful because
they can be re-moulded. These polymers are kuown as thermoplastlc polymers (or
thermoplastics or thermosoftening polymers).
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- Amnother, more restricted, group of polymers can be heated and- moilded only
once, for example melamine: Such polymers are known as thermosetting polymers
(or-thermosets). The chains in these polymers are _cross«l_inkcd to each other.

These cross-links in the plastic are permanent chemical bonds. They make the
structures rigid when moulded, and no softening takes place on heating.

15.6 = The Re-use, Recycling and Disposal of Plastic Waste
Plastic rubbish is a comtnon but unwelcome sight around the world. Over the
pas‘é 30 years, plastics have taken over as replacement materials in many applications.
This is not surprising because they are light, cheap and corrosion-resistant, and they
can be easily moulded and dyed bright colours. The problem arises from the fact that
most plastics are not biodegradable — there are no natural microorganisms that can
break them down. _ : .
Incineration (pyrolysis) can be used to burn plastic waste, though care must
be taken not to release toxic fumes into the air. Most of the products from pyrolysis
can be used as fuels or 'separaied.by fractional distillation. They can then be made
into monomers for making more plastics. Research is also being carried out
to produce plastics that are-biodegradable or photodegradable. One poly(ethenol)
plastic has been developed that is soluble in hot water. '
15.6.1 Methods for recycling plastic waste:
(a) thermoplastic polymers — (i) heat at low temperatures, (ii) obtain molten or
softened polymer; (iii) re-mould into new thermoplastic products), | '
(b)  thermosetting polymers ~(j) heat at high temperatures (700 °C) in the
" absence of air; (i) obtain néw mMOROMErs and other chemicals; (jii) re-
polymerise into new product(s). o

15.7 Soaps and detergents

Millions of tons of soaps and soapless detergents are manufactored worldwide
every year. Soap is manufactured by heating natural fats and oils of either plants or
animals with a strong atkali. The fats and oils, called trighycerides, are complicated
ester molecules. . ' .

Fat is boiled with aqueous sodium hydroxide to form soap. The esters are

broken down in the presence of water- hydrolysed. This type of reaction is called
saponification. The equation given below is that for:the saponification of glyceryl
stearate (a fat) with sodium hydroxide.
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H3sCi7:COOCH, S Hoqm,
HsCi-COOCH() +3NaOHGaq)  ~—» 3Ci7H;sCOONa*(1) + . HO-CH().
Hy;sC-COOCH, .. HOCH

.;-él)'d:efyl tristearate + sodium flydi'oxide —-» éodiufn stearate (soap) + glyceroi _

The cleaning properties of the soap or detergent depend on jts structure and
bonding, Sodium stearate consists of a long hydrocarbon chain which is hydrophobic
(\:vater hating) attached to an ionic head which is hydrophjlic (water loving),

'1'5.‘7.1 "Soaple.ss detergents o - L
.. Wediscussed the way in which, in hard water areas, an insoluble scum forms
when soap is used. This problem has been overcome by the developn_:en’t of synthetic

environment, , e o .
' _..Sodium alkyl benzené‘sulphonates_ were deve_lbﬁgd in. the early 1970s, The
‘structure of sodium 4-dodecyl benzene sulphonate, CgHpoSQ;Na, is ‘given below.




SUMMARY :
This chapter deals with the various roles of chemistry in himan society. In

this chapter , the students Wonld-be ablé to learn that chemistry plays an important
role in food production in agriculture sector such as chemical fertilizers production,
cement production for building construction, plaster of paris production , and solar
salt and its by-products prodttion from sea water for household use and industrial
application. The final section of this.chapter is concerned with production of plastics
and polymers involving recychng of thermoplastic polymers and thermosetting
plastic polymers, soaps and detergents that are essential -commodities for every
household. ' : - '

Questions and Problems

1.

Calculate the percentage of nitrogen in the following nitrogen fertilizers.

. (a)Urea, CO(NHz),  (b) Ammonium nitrate, NH4N03
 (C=12; N=14; H=], 0=16)

A field of rice needs 15 kg nitrogen per acre. How many kllograms of
amimonium nitrate are requned for 10 acres" '

The pnce of 100kg of amrnomum sulphate is 15000 kyats and the pnce of 100

. kg of urea is 40000 kyats.

(a)  What is the price of 1 kg of mtrogen in ammonium sulphate?

(b) - What is the price of 1kg of nitrogen in urea? -

The price of 100kg of sodium nitrate is 80000 kyats. The price -of 100kg of
urea is 40000 kyats, Which fertilizer will you buy for nitrogen? Give reasons.
If 20 kg of nitrogen is taken by crops and 3 kg of nitrogen is carried away by
running water from one acre of soil, how much of urea should be added to the

-soil to recover its original nitrogen content?

Ammonjum sulphate increases the; soil acidity. To prevent the increment of
acidity;-a-farmer wants to mix the ammonium sulphate with lime, Ca(OH),

before adding these substances to the soil. Do you agree with hlm‘? Give

reasons w1th necessary chemical equations.

Ammonium fertilizers should never be stored together w1th lime, Ca(OH)z nor
should they be put in empty lime containers. With the help of the relevant
equation explain why,

Which element N or P or K is most suitable for growmg cabbage" Give
reasons. Lo

(a) Write an-equation for the preparation of ammonmm,sulphate.

307



10,
1L

12, -

13.
14.

18.

16,

17.

(b) Write an equation for the preparation-of ammenium nitrate.

- (c) Write an equation for the preparation of sodium nitrate.

(d) Write an equation for the formation of calclum dlhydrogenphosphate ’
.Ca(H2POs)2. :

- (&) Write an equation for the preparatxon of potass1um chlomde
(f) Write an equation for the preparation of potassium sulphate. -

You are provided with sodium hydroxide, -barium chloride : solutlon, dilute

hydrochloric- acid, and some test tubes. How would you 1dent1fy a glven‘“

ammonium sulphate fertilizer?

You are provided with calcium: hydromde, concentrated sulphunc acld, the

crystals of iron (II) sulphate, distilled water and some test tubes How would

you identify the given ammonium nitrate fertlhzer?

(a) Draw and label a dlagram of'a Rotary Kiln,

(b) What are the raw materials used in the production of cement?

(¢) Why is gypsum mixed with clinker and ground in the final stage of cement
production?. -

(a) What are the chief compounds present in cement? !

(b) Describe the four important stages in the manufacture of cement.

- (¢) Describe how Plaster of Paris is obtained from gypsum,

When common salt is exposed to the air it becomes damp,

~ (a) Is sodium chloride a deliquescent substance? -

(b) Why does common salt become damp when it is exposed to the air?

(a) Arrange the substances that dissolve in sea water accordmg to their
increasing solubilities. '

(b) Describe the substances that separate out from sea water before the
. erystallization of sodium chloride. :

() Describe the substances that remain in-solution aﬂer the crystalhzatlon of
sodium chloride.- :

{a) Describe why common salt produced solar evaporatlon is relatwely more

pure than that produced by wood fire evaporation.. :
(b) Write a paragraph to describe why salt productlon by solar evaporation can
help forest conservatlon

B Write TRUE or FALSE for each of ﬂle followmg statements

(@  Plants absorb oxygen and release carbon dioxide. :
(b)  Natural fertilizers are more preferrable than cherical fernhzers
(c) Sodium chloride is a deliquescent substance. '

(d  The growth of the plants is activated by IAA (mdoleacetlc acid).
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18.

19.

20.

21.

22,

23,

(e)  The plants growoon:the soil of highracidity. :
Fill in the blanks witlrashitable word or phra'se:or numerical value with unit
as necessary. :
(a)  Plants produce the food by the process of..............
~(b)  Sugar is utilized by the plants to produce new: compounds and..‘ .........
(©) NPK means........ii.... A
(d)  Animportant nitrogen fertilizer is .....cerssvmrenscirevivaians
(&)  The function of soil bateria is to convert ammonia £0 resiveremeninens
Select the correct term or terms given in the brackets.
(@)  Plants get(carbon, hydrogen, oxygen) from air.
(b)  (Flowering plants, Seed bearing plants, Root crops) require good
- amount of phosphorous.
(¢}  Over use of (humus, manure, chermcal) fettlhzcr changes the acidity
of soil.
(d)  (Gypsum, Lime, Urea) is used to neutralize the soﬂ acid.
(&)  Gypsum used in cement is to (improve the binding capaclty, increase

the bulk volume, regulate the setting time),

Match each of the items given in List A with the appropriate item in List B

- (@)
(b)
(©
(d)
(e)

List A . C " ListB
POP (i) activate the growth of plants. -
Gypsum . _ (ii) Plasterof Paris.
IAA (iii) phosphate fertilizer
Bone meal (iv) CaSQ4.2H,0
.Endrin (v) an insecticide.

Answer the following questions.
(a) What is meant by a polymer?
(b) What are the properties of addition polymcrs‘?
(¢) Draw the structural formula of the following compounds
(i) Chloroethene(Vinyl chioride)
(ii) Tetrafluoroethene and suggest the name of the polymer formed from

each compound. Write down the equations. .

What type of polymerization would the following compounds can undergo?
Write down the equotions. ‘
(a) CHs-CH=CH, (b) CF;=CF..
Draw the polymer formed between the following compounds.

() HOOC—[ ]

COOH and HN—of  }— NH,

(b) HO ] OH and HOOC—{ }——COOH
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24, Fill in the blanks wzth a su1table word or phrase or, numerlcal value with unit as
necessary. -, T - ‘ : 0
. {a) Propene will polymenze to produce ceereenanes .
(b) The trade name for polyester is ...... iy
_{c) . The trade name for polyamide is .........0.. ..
(d) Ethene will polymerise to form ......... e
(e} Chioroethene will polymerise to produce ..... e
(f) Tetrafluoroethene will polymerise to form ......,... . -
25. What is the long form of each of the following substances? Mentlon thelr uses.
(@ PVC (b)- PTFE. ()PP (d) PS (e) PE
26. ‘Select the correct term or terms given in the brackets _
(a) (CH3-CH=CH, , CH;-CH,-Cl, CH3COOH)W111 undergo addltion
polymerization. - .
(b) ( HO-CH,-CH,-0H , CH3 CH;-COOH HOOC-CH;-CHZ-COOH)
- will not undergo condensation polymerization. . .

(c) (CH3-CH CH; , CH3-CH2-COOH HOOC CHz-CHz-COOH)wﬂI
-+ undergo condensation polymerization.
(d) ( CH3;-CH=CH; , CHg-CHz-Cl CI-Iz = CH, ) will not undergo
addition polymerization. : ‘
27. . . Explain the following terms: -
 (a) - thermoplastic polymers
) thermosettmg polymers
(c) nylon
(d) polyester
28, How can the plastic wastes be recycled? .
29 What is soap ? Explam with suitable example
30.  What is meant by the following terms? :
(a) detergent {or) soapless detergent (b) sapomﬁcatlon
3L Explam the cleaning action of soap. :

o e e e e e e e ok e e e e ke e e e o e e e Rk

310




(SpIoMERI) 1 ¥

Appendix 1

]

] -
SOLISS WNUEIUe | .

* y

m
wroi )

S[e)m IGRHO

STHJOUE GO ISTRLY,

IJE3t ey

S[R1WTON] :

e
g
8¢9
uzZ
0E

a0

|

nap

iLe 89¢ £92 92 99%

TLt - 79
mp  sqg N SH LE: | 2g aa
111 o1t 601 moﬁ ) FAs 1 901 £01
L61 60'SGL -TTTEI TO61 I1T98T 98°E8l S608T 6F8LI 16°8€1
oy T - so oy M L
12 8L LL 9L . §L - ¥L €L
T2 pTIT 88°L0T +°901 T6°Z0T LOTOT L6 S6'S6  16'26
8y pa T oy 3L O/ 9N
TR EE- T &% w1
PSE9  IL'BS  ¥E'8S  SESS PEPS  10TS K608
Lo TR | SR+ S S L o A
-6T 14 i 9 7 s€ ¥T . ET.

192
Fa
I« ...aw

Ja 1
L LS
W6 1688
Z.. &
or .68

& 96
o 9§
T

T 1T

“ I

SJHOWIA]F] UOTISUBI],

TSINAWATH HHL 40 H'I9VL DIdO

I

__H..g.u..u*w._‘w.,.,.‘,._.p.‘.. N I

k.|

d

311



: : Appendix 2 start
Table of relative atomie. numbers and atomlc masses of the elements
Element [Atomic] Symbol | Atomic, Element - Atomic Symbol Atomtc

Gallium

31

312

Sr

Number “mmass ~ -7 |Number| - niass-
Actinjum -89 Ac 227 - Mercury 80  Hg ‘200.61
Aluminium 13 Al 2698 Molybdenium 42 Mo 95.95.
Americium 95 Am = 243,  Neodymium 60 = Nd = 144.24
Antimony 5t Sb 121.76 Neon . 10 Ne ' 20.I83
Argon 18  Ar 39.944 Neptunium 93 - Np - 237.05°
Arsenic =~ 33  As 7491 - Nickel . 28 Ni 58.71.
Astatine 8 At 210 - Niobium 41 - Nb - 9291
Barium 5%  Ba 137.36  Nitrogen 7 N 14008
Berkelium 97 Bk 247 Nobelium 102 No 255
Beryllium = 4  Be 901 - Osmium = 76  Os 1902,
Bismuth. 83 Bi 209.00  Oxygen g8 O 16
Boron 5 B - . 1082  palladium 46 Pd 1064
Bromine 35 Br  79.916 Phosphorus 15 P - 30975
Cadmium 48  Cd 11240  Platinum 78 Pt 195.09
Calcium 20 Ca 4008 Phitonjum =~ 94 . Pu 244
Californium 98  Cf 251 - Polonium 84 Po 209 -
Carbon 6 .C 12.011 Potassium 19 K 39.100
+ Cerium 58 Ce 140.12  Praseodymium 59 Pr 14091
Caesium 55 Cs 132.91  Promethium 61 Pm 145
Chlorine 17 Cl - 35457 Protactinium 91 Pa - 231.04
Chromium 24 . Cr 52.01  Radium 88  Ra  226.05
Cobalt 27 Co = 5894 Radon 8 Rn 222
Copper 2%  Cu. 63.54  Rhenium 75  Re 18621
Curium % Cm 247 Rhodium ~ 45 Rh 10291~
Dysprosium 66 © Dy . 1625 Rubidium 37 Rb 8547
Einsteinium 99  Es 254 Ruthenium 4  Ru 10107
Erbium 68  Er 167.26  Samarium 62  Sm 1504
Europium . 63 Eu 151.96  Scandium - 2]. Sc 44,96
Fermium 100 - Fm 257 Selenium 34 Se 78.96
Fluorine 9 F 19.00  Silicon - 14 Si 28.09
Francium 87  Fr 223 . Silver 47 +Ag . 107.880
Gadolinium 64 Gd 15725  Sodium 11 Na 22.991

Ga 69.72  Strontium

87.63




- Md

‘Element  |Atomiq Symbol | Atomic | Element Atomic, Symbol | Atomic

Number, mass , Number, .. mass
Germaniim 32 Ge 72.5¢  Sulphur 16 S 32.066
Gold 79 Au 197.0  Tantalum 3 - Ta 180.95
Hafnium 72 Hf 17849  Technetium 43 . Te. ™ 97
Helium 2 He 4003 Tellurium &2  Te  127.60
Holmium 67. Ho- 16493  Terbium 65 ' Tb 15893
Hydrogen 1 H 1008 Thalium 81 Tl 20437
Indum 49 In 11482 Thorum = 9%  Th  232.04
Todine 53 1 12691  Thulum 69  Tm 16893
idiom 77 I 19222 Tin 5 Sn 11870
Tron % Fe 5585  Titamum = 2 Ti . 47.90
Krypton 36  Kr 83.80  Tungsten 74 W 183.86

|  (Wolfram) .
Lanthanum 57  La 13891  Uranium 92 U 23807
Lawrencium 103 Lr - 260 Vanadium- 3 Y 50,94 _
Lead 8  Pb 207.21 . Xenon 54 Xe .- 13130
Lithium 3 Li 6940 Ytterbium 70  Yb  173.04
Lutetum 71 Lu 17497 Yiwm 39 Y _ 8891
Magnesium 12 Mg 2432 Zine 0 Zn 6538
Manganese 25 Mn 5494  Zirconjum 40 Zr 91.22
Mendelevium 101 258
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e D__iscbver}g of New Elements
St [ Atomic [Symbol|  Name  [Awmis]  Blectome | Metal [Discovered |
1| 104 | R |Rutherfordium| 261 | 2.8.18.33.33,102 | Transition| 1969
2 [ 105 | Db | Dubmium | 262 | 2.8.1832.32.112 | Transition| 1970 |
3106 | Sg | Seaborgium | 266 | 2.8.183232.12.2 | Transition | 1974
47107 | Bh | Bohmum | 264 | 2.8.18.3232.13.2 | Trausifion| 1976 |
5 108 Hs . Hassium | 263 2.8.18.32.32.14.2 | Transition .1984‘. ‘
ARCEES Meitnerium | 268 | 2.8.18.32.32.15.2 | Transition | 1983
7| 110 | Ds | Damstadfium | 271 | 2.8.18.32.32.172 | Transition | 1994
8. ‘___1,,11 Uuu | Unununium ‘272 2.8:_18..32.32.18.1 Transition ‘1994 
9 | 112 | Uub | Unumbium | 277 | 28183232183 | Transidon| 1996 |
10] 113 | Ut | Ubunttium | 284 | 28183232183 | Ofher | 2003 |7
- . | R elements
11| 114 | Unq |Ununquadium | 285 | 2.8.18.32.32.18.4 | Other | 1998
o | ' ' ‘elements o
12| 115 | Uup | Ununpentiom | 288 | 2.8.18.32.32.185 | Other | 2003
t o | elements
13| 116 | Uuh | Ununhexium | 292 | 2.8.18.32.32.18.6, Other | 2000
B | elements
14 117 Uns Ununseptium | - - Other -
| _ elements
151118 | Uuo { Ununoctium -} -- - .- Other -
. elements




_ : Appendix 3
Vapour Pressure of Water ' '

- Temperature Pre;sshre * Temperature . Pressure
“C o mmHg °C .mmHg

Y P
4.9 24 224
1 26 . 352
6.1 A A Y X
65 3 . s3.
70 3 300
75 | 30 318
80 3% a2
86 ; 40 553
92 45 719
9.8 | so . o925 ..
10.5 55 11807
12 . 6 . 1494
2o 6 . 1815
128 70 2337
136 15 2890
45 8 . 3551
155 . 85 . 4336
16.5 90 5258
175 s 639
87 100 7600
98 105 9061
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Appendix4
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